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Ediswan now have available a new stabilised power supply unit

which has been specially designed to feed Photo -Multipliers.

It is particularly suitable as a supply unit for Ediswan Mazda
Photo -Multipliers type 27.M1, 27.M2 and 27.M3.

BRIEF SPECIFICATION TypeRI184

INPUT OUTPUT STABILITY OUTPUT RESISTANCE RIPPLE

200 - 250 v., 40 - 100 c.p.s.

High stability low ripple
D.C. supply variable be-
tween 300 and 1,100 volts.
Max. current 2 mA. Pos.
or neg. may be earthed.

A 10% change in mains
input voltage results in a
change of less than 0.1 %
between 1,100 volts and
600 volts output.

Approximately 1,500 ohms. Less than 0.01% R.M.S.

MOUNTING The Unit is suitable for standard rack mounting or for bench use. Bench Stands are available.

71' PRICE - £48
Further information is available on request

EDISWAIN
RADIO DIVISION  THE EDISON SWAN ELECTRIC COMPANY LIMITED

155 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London
Member of the A.E.I. Group of Companies
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CLASSIFIED ANNOUNCEMENTS
The charge for these advertisements is 6d.'per word. Minimum charge 12/-. Box number 2/- extra, except in the case of advertisements for " Situations
Wanted," when it is free. Specially spaced advertisements per inch single column 42/6. A remittance must accompany the advertisement. Replies
to Box numbers should be addressed to : " Electronic Engineering," 28, Essex Street, Strand, London, W.C.2. Advertisements must be received

before the 14th of the month for insertion in:the following issue.

OFFICIAL APPOINTMENTS

ADMIRALTY - ROYAL NAVAL Scientific
Service. Engineers and Physicists (particularly
with Electronics) required in Experimental Officer
and Assistant Experimental Officer grades in Ex-
perimental Establishments in London, Ports-mouth, Weymouth areas. Gloucestershire andScotland. Qualifications: British subjects, mini-mum of H.S.C. (pass Degree, H.N.0 or near
equivalent an advantage). London salary (men)
E.O. £750-£920, A.E.O. £302 10s.-£670 (according
to age). Appointments unestablished, but oppor-
tunities to compete for established posts. Appli-cation forms from M.L.N.S., Technical and
Scientific Register (K), 26 King Street, London,
S.W.1, quoting A214/5A. W 3420
ADMIRALTY. Temporary Production Inspectors
required with experience in either Mechanical,
Electrical, Electronic or Marine Engineering for
various places in the U.K. Duties involve work
in connexion with the manufacture, inspection,
test and installation of equipment in H.M. Ship3.
Inspectors with Radar and/or Radio experience
particularly needed. Candidates, at least 25,
should have recognized apprenticeship, or equiva-
lent training, plus additional relevant experience
with Industry or Government Department. They
should preferably possess H.N.C. or O.N.C. in
Mechanical or Electrical Engineering, or have
reached at least an equivalent standard of techni-
cal education with qualifications in appropriate
subjects. Appointments unestablished, but
opportunities may occur later to compete for
permanent posts. Inclusive salary scales £690 to
£810 per annum; entry at minimum of scale less
about £20 for each year by which age falls short
of 30. Salaries outside London somewhat lower.
Application forms from M.L.N.S., Technical and
Scientific Register (K), 26 King Street, London,
S.W.1, quoting D 355/5A. Closing date 9th
September, 1955. W 3501

AIR MINISTRY requires Scientific Officers for
Operational Research in or near London. First
or Second Class Honours Degree, or equivalent,
in mathematics, physics or economics. Salary
(London) £492 10s. to £885. Provincial rates
and rates for women slightly lower. Opportuni-
ties for promotion. Application forms, quoting
A384/54A from M.L.N.S., Technical and
Scientific Register (K), 26 King Street, London,
S.W.I. W 3502

ATOMIC ENERGY RESEARCH ESTABLISH-
MENT. Harwell, Didcot, Berks, has a vacancy
for an Engineer, for duties concerning the
development of new types of instruments cover-
ing a wide and interesting field. This will
entail the application of industrial control in-
struments and techniques to a wide variety of
experimental plant. He will also have control
of a small Standards Laboratory. Applicants
should preferably have served a recognised en-
gineering apprenticeship and be Corporate Mem-
bers of the Institution of Electrical Engineers,
or have exempting qualifications. The possession
of an Honours Degree in Electrical Engineering
is desirable, although candidates without an
Honours Degree, but having had exceptionally
wide experience, will be considered. Some know-
ledge of electronics would be an advantage. The
successful candidate will be appointed within the
salary scale £1065-£1,370 p.a. and he will be re-
quired to join the Authority's contributory
superannuation scheme. A house will be avail-
able for the selected officer within a reasonable
period if he is married and lives outside the
radius of the Establishment's transport facilities.
Requests for Application Form should be sent
on a Post Card to the Establishment Officer, U.K.
Atomic Energy Authority, A.E.R.E., Harwell,
Didcot, Berks, quoting 2/103/373. W 3523

CHARING CROSS HOSPITAL Medical School
(University of London). Applications are invited
for the post of Research Assistant in the Depart-
ment of Physiology for work on auditory
physiology. The work will involve audiofre-
quency electronic techniques, and the design,
construction and maintenance of such apparatus.
Applicants should possess an honours Degree or
equivalent qualification in electronics. Appoint-
ment for one year in the first instance. Salary
£750 p.a. Subsequent re -appointment would be
superannuable. Further details from the Secre-
tary, 62 Chandos Place, London, W.C.2. W 3520

APPLICATIONS are invited for pensionable
posts as Assistant Examiners in the Patent Office
to undertake the official scientific technical and
legal work in connexion with Patent Applications.
There are a small number of similar posts in the
Ministry of Supply. Applications may be
accepted up to 31st December, 1955 but early
application is advised as an earlier closing date
may be announced. Interview Boards will sit
at frequent intervals. Candidates must be
between 21 and 28 years of age during 1955
(up to 31 for permanent members of the Experi-
mental Officer Class) and have First or Second
Class Honours Degree in physics, chemistry,
mechanical or electrical engineering, or mathe-
matics. Candidates taking their Degrees in 1955
may apply before the result of their. Degree
examination is known. Starting emoluments in
London, including Extra Duty Allowance for 45+
hour week, between £532 and £729 (men) £642
(women) according to periods of National Service
and post -graduate experience rising to £896 (men)
and £799 (women). Promotion to Examiners-
£934 to £1,279 (men), £820 to £1,144 (women);
normally after 5 years (3 or 4 years in excep-
tional cases). Women's scales subject to increase
under equal pay scheme. Good expectation of
promotion to Senior Examiner. Candidates are
recruited by selective interview. Application
forms and further information from the Civil
Service Commission, Scientific Branch, 30 Old
Burlington Street, London, W.I, quoting num-
ber 128/55. W 3511

ELECTRONIC TECHNICIANS. The United
Kingdom Atomic Energy Authority, Aldermaston,
Berks, requires Several Technicians and Senior
Technicians to be responsible for the inspection,
testing, calibration to specification, fault finding
and maintenance of electronic equipment such
as oscilloscopes employing high speed time basis,
pulse generators, video amplifiers and stabilized
power supply units. Equipments involved are in
small quantities of widely varying design and the
testing is of a non -routine nature and attendance
at A.W.R.E. outstations and at contractors'
works for short periods will be required. Suc-
cessful applicants for the Senior Technician posts
will be required to lead a team of Technicians
on the above duties. Applicants should have
several years' approved practical training and
experience on electronic testing and fault find-
ing and possess technical qualifications in this
field to at least O.N.C. standard for the Tech-
nician posts and H.N.C. for the senior Techni-
nian posts. Salary Senior Technician £710
(linked to age 30) to £830 p.a. (male), Technician
£575 (linked to age 26) to £715 p.a. (male).
Contributory Superannuation Scheme. Housing
accommodation will be available on one of the
Authority's estates within a reasonable period
for married officers who live outside the radius
of the Establishment's transport facilities. Alter-
natively the Authority may be able to assist
successful applicants in the purchase of a house.
Until permanent accommodation is obtained a
lodging allowance may be payable. Requests for
application forms by postcard to Senior Recruit-
ment Officer, A.W.R.E., Aldermaston, Berks.
Quote Reference 728/42. W 3535

EXPERIMENTAL OFFICERS/ASSISTANT Ex-
perimental Officers required by the Atomic
Weapons Research Establishment, Aldermaston,
Berks. To assist as Electronic Physicists in a
group studying detonation phenomena. Appli-
cants should possess minimum qualifications of
H.S.C. in Science subjects, or equivalent, but
for the higher post a pass Degree in Physics is
desirable, and applicants should not be less than
26 years of age. Some experience in the elec-
tronic recording of high speed transients, in pulse
circuitry and in the handling of explosive charges

would be advantageous. Salary: Experimental
Officer-£775-£945 p.a. (male), Assistant Experi-
mental Officer-£310 (age 18) to £685 p.a. (male).
Contributory Superannuation scheme. Successful
married officers now living outside the Establish-
ment's transport area will be eligible for housing
on one of the Authority's estates; until housed
a lodging allowance may be payable. Requests
for application forms by postcard to the Senior
Recruitment Officer at the above address. Quote
reference 738/42. W 3540

GOLD COAST GOVERNMENT-Broadcasting
Engineers. Applications invited for one vacancy
in each post of:- A. Head of Engineering Train-
ing. B. Assistant in Engineering Training
(Radio Frequency). C. Assistant in Engineering
Training (Audio Frequency). Duties: Post A.
Responsible for formulating and carrying through
a training scheme in radio engineering for new
entrants to the service, courses of training "on
the job" for existing staff, and a course and
examination approximately equal to the B.B.C.'s
Grade C examination for Technical Assistants
who wish to qualify for promotion into the
Senior Technical Assistant Grade. Post B.
Responsible under the Head of Engineering
Training for the training of pupils scattered in
small groups over wide areas by lectures and
postal courses up to approximately the standard
of the B.B.C.'s Grade C examination with em-
phasis on radio frequency subjects- and on the
theory and operation of radio frequency equip-
ment. Will also be required to carry out some
operational duties. Post C. Responsible under
Head of Engineering Training for the training
of pupils scattered in small groups over wide
areas by lectures and postal courses up to
approximately the standard of the B.B.C.'s
Grade C examination with emphasis on audio
frequency and power frequency subjects; also for
specialized courses on the theory and operation
of audio frequency and wired broadcasting equip-
ment used in a broadcasting organization. Will
also be required to carry out some operational
duties. Qualifications: All posts. Candidates
should have passed or have been exempted from
Sections A and B of the Associate Membership
examination of the Institution of Electrical
Engineers or hold equivalent qualifications.
Additionally as follows:- Post A. Have had
previous teaching experience. Must be able to
organize the training scheme in all its aspects,
including postal courses, for its inception, and
must have a thorough knowledge of the require-
ments for the engineering division of a broad-
casting service. Post B. Candidates with excep-
tional experience but not so qualified may be
considered for appointment. Candidates should
have a thorough knowledge of transmitter, aerial
and feeder systems, receivers, etc. and should
also have a sound knowledge of the fundamental
theory of audio frequency and power frequency
equipment and be capable of lecturing on these
subjects. Previous teaching experience is desir-
able. Post C. Have had appropriate experience
in radio engineering. Candidates not so quali-
fied but of exceptional experience may be con-
sidered for appointment. Candidates should have
a Thiirough knowledge of studio apparatus and
acoustics, tape and disc recording and power
equipment and should also have a sound know-
ledge of the fundamental theory of radio fre-
quency equipment and be capable of lecturing in

thfis subject. Previous teaching experience is
desirable. Terms of Service: The appointment
will be on contract/gratuity terms of one tour
of 18 to 24 months with extension provision to
two tours. Salary in range £1,600-£2,050 accord-
ing to age, qualifications and experience. Gratuity
at rate of £37 10s. for each three months com-
pleted satisfactory service. Free passages appoint-
ment and on leave for officer: once each way
for wife and up to three children under 13 years
each tour. Vacation leave with pay 7 days for
each months service. Kit allowance £30 may
be payable. Basically furnished accommodation
at £90 p.a. rental. Income tax at low rates
Candidates in the United Kingdom should apply
to the Adviser on Recruitment, Gold Coast
Officer, 13 Belgrave Square, London, S.W.1, for
a form of application. Other candidates should
send full personal details and statement of quali-
fications, experience, emp'oyments, etc. with
approximate dates, to that address. W 3493
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OFFICIAL APPOINTMENTS (Coned.)

ENGINEER (Main Grade) required by The
United Kingdom Atomic Energy Authority, Wool-
wich Common to control production of elec-
tronic and light mechanical equipment in asmall production unit. To contribute to the
design and engineering of electronic equipment
and to liaise with sub -contractors on production
difficulties and progress. Applicants should have
served a recognised engineering apprenticeship and
be corporate members of either the Institution of
Mechanical or Electrical Engineers or possess
equivalent qualifications. They must be well
acquainted with modern light engineering machine
shop practice and have first-hand knowledge of
sheet metal work as used for electronic equip-
ment. Knowledge of simple plastic processes an
advantage. Salary £1,065 p.a.-£1,370 p.a. (male)
plus a London allowance. Superannuation. The
successful applicant will be required to join the
Authority's contributory scheme. Requests for
application forms by Post Card to Senior Recruit-
ment Officer, A.W.R.E. Aldermaston, Berks.
Quote reference 722/42. W 3522

HERTFORDSHIRE COUNTY COUNCIL. Hat-
field Technical College, Roe Green, Hatfield.
Principal: Dr. W. A. J. Chapman, M.Sc. (Eng.).
Applications are invited for the post of Assistant
Grade B in Electrical Engineering. Candidates
should be graduates in Electrical Engineering, or
possess equivalent professional qualifications, and
have appropriate industrial experience. Prefer-
ence will be given to candidates with experience
in the U.H.F. field. Applicants should be able
to lecture in Electronics and Telecommunications
up to H.N.C. level and to develop work in
these subjects to final Degree standard. The
successful applicant will be required to commence
duties as soon as possible. Applications (no
forms issued) should be sent to the Registrar
within fourteen days of the appearance of this
advertisement, together with the names and
addresses of two referees and copies of two recent
testimonials. W 3534
SENIOR EXPERIMENTAL OFFICER required
by the Atomic Weapons Research Establishment,
Aldermaston, Berks. To assist in research and
development on problems associated with high
voltage, high energy electrical discharges. Appli-
cants should be at least 35 years of age and
have H.S.C. (Science) or equivalent, but posses-
sion of a Degree of H.N.C. in Electrical Engineer-
ing or Physics is desirable. Applicants should
have a good basic understanding of electronics.
Practical experience of the generation of high
voltage pulses and the measurement of very short
time intervals would be an advantage. Salary
£1,090-£1,285 p.a. (male). Contributory Super-
annuation Scheme. Successful married officers
now living outside the Establishment's transport
area will be eligible for housing on one of the
Authority's estates; until housed a lodging allow-
ance may be payable. An initial period of
detached duty at Fort Halstead, Kent may be
necessary. Requests for application forms by
postcard to the Senior Recruitment Officer at the
above address. Quote reference 299/42. W 3541
SENIOR EXPERIMENTAL OFFICER (Elec-
tronics) required by the Research and Develop-
ment Branch of the United Kingdom Atomic
Energy Authority at Windscale, Sellafield, Cum-
berland, to take charge of a small section en-
gaged on design and construction of various
electronic equipment for the chemistry, metal-
lurgy, engineering and physics laboratories. The
range of work is extremely wide and interesting
and provides considerable scope for initiative
and ingenuity. Applicants must have at least a
Higher School Certificate in science subjects, or
equivalent qualifications, together with wide ex-
perience of the application of electronics. Pos-
session of a Higher National Certificate or appro-
priate City and Guilds Certificate may be an
advantage. Salary £1,09041,285 p.a. All new
entrants under the age of 55 automatically join
the Authority's contributory pension scheme.
Suitably qualified persons are invited to send
postcards for application form, to Recruitment
Officer, Industrial Group Headquarters, Risley,
Warrington, Lanes, quoting reference 1,048.

W 3460
SENIOR TECHNICIAN and Technician for
construction of prototype electro-mechanical
apparatus in Department of Medical Electronics.
Apply Personnel Officer, St. Thomas' Hospital,
London, S.E.1. W 3484
SOUTHAMPTON UNIVERSITY. Applications
are invited for a research studentship in Elec-
tronics on analogue computor work. Value
£450 p a. according to experience. The research
is expected to lead to a Ph.D. thesis. Applica-
tions not later than 1st October to Secretary
and Registrar, from whom further particulars
may be obtained. W 3519

LABORATORY TECHNICIAN required at
South East London Technical College, Lewisham
Way, S.E.4, as soon as possible, for work in the
applied physics laboratories. Salary scale: 77s.
6d. weekly at 16 to 108s. at 19; £303 15s. a year
at 20; additional increments of £20 5s. for each
full year of age above 20 years on entry (com-
mencing salary not to exceed £384 15s.), rising
by annual increments of £20 5s. to £425 5s.
Ho'ders of the intermediate certificate of the City
and Guilds of London Institute in laboratory
technicians work (or recognized equivalent) will
be granted three additional increments, but not
beyond the extended maximum of £479 5s.
Further particulars and application forms
(returnable within 14 days) available from the
Secretary (1268). W 3547

THE ATOMIC WEAPONS Research Establish-
ments, Aldermaston, Berks and Foulness, Essex.
Have the following vacancies in the grade of
Experimental Officer. Mathematical Physicists
(Theroetical investigations: fluid dnamics, quan-
tum theory, electronic computoyrs), Electronic
Physicists and Electronic Engineers (Nuclear
measurements-development of neutron spectro-
meters and counters-telemetry and control-
instrumentation), Metallurgists (To investigate
the metallurgy of radio -active and toxic materials,
processing, welding and fabrication-also beryl-
lium research), Chemists (Analytical studies and
explosive research - Physical, Inorganic and
Radio Chemistry) Physicists (Ckirnatic testing,
research into explosive phenomena, also Health
Physics and Instrumentation). Technical Admini-
stration and Information. Minimum Qualifica-
tion is Higher School Certificate (Science) or
equivalent, but a Degree or Higher National
Certificate would be an advantage. In addition,
applicants should preferably have some experi-
ence in the appropriate fields. Applicants not
selected for appointment as Experimental
Officers will be considered for posts as Assistant
Experimental Officers. Salary: £775-£945 p.a.
(male). Contributory Superannuation Scheme.
Housing: At Aldermaston housing accommoda-
tion will be available on one of the Authority's
estates within a reasonable period for married
officers who, now live outside the radius of the
Establishment's Transport facilities. At Foulness
Authority housing may be available at a later
date. Alternatively the Authority may be able
to assist in the purchase of a house and until
permanent accommodation is obtained a lodging
allowance may be payable. Requests for appli-
cation forms by postcard to:- Senior Recruit-
ment Officer, A.W.R.E. Aldermaston, Berks,
quoting reference number WG /720/42. W 3499

UNIVERSITY COLLEGE LONDON (Gower
Street, W.C.1) has vacancy for Electronics Tech-
nician for research and development work in
speech communication. Interest in acoustics
and ability to work independently an advantage.
Salary up to £620 p.a. depending on experience
and qualifications. Application forms from
Secretary quoting Phonetics /6. W 3525

UNIVERSITY COLLEGE London (Gower Street,
W.C.1) requires Electronics Technicians for
research work in Anatomy Dept. Commencing
salary up to £720 p.a., depending on age and
qualifications. Good holidays. Application forms
from Secretary, quoting Anatomy/8. W 3509

VACANCIES FOR SKILLED CRAFTSMEN in
Government Department at Cheltenham. Appli-
cants required with experience of:- (a) Mainten-
ance and Installation of Teleprinters, Autotrans-
mittens, Perforators, Re -perforators or experi-
ence in (b) Cabling. Wiring, Distribution frames,
Jack fields or a knowledge of (c) Long distance
radio communication systems. Line telegraph
systems (e.e.V.F.) Multiplex and five -unit tele-
graph code. Basic pay: £7 18s. 10d. plus merit
pay up to £2 10s., assessed at interview, based
on ability and experience. Opportunities for
permanent and pensionable posts. Five-day week,
good working conditions-single accommodation
available. Apply to: Personnel Officer. G.C.H.Q.
(Foreign Office), 53 Clarence Street, Cheltenham.

W 3302

SITUATIONS VACANT

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
Is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

A DRAUGHTSMAN with mechanical design
experience is required for the Electronics Divi-
sion of Saunders -Roe Limited. Applications are
invited from suitably qualified men, especially
those with a basic knowledge of the principles
of Electronics plus experience in the design of
electromechanical transducers, servomechanisms
and electronic assemblies. Housing assistance,
pension and assurance schemes and other ameni-
ties can be offered. Those interested should
write, quoting ref.: EE /36 and giving details of
age, experience, etc., to the Personnel Officer,
Saunders -Roe Limited, East Cowes, I.O.W.

W 3490

AERONAUTICAL OPPORTUNITIES Guided
Weapons. A well-known firm in the aircraft
industry is starting a new project in a London
Office. It is anxious to recruit staff to form an
Assessment Group. Vacancies with unusual
opportunities for rapid promotion exist to meet
the following approximate requirements:-
Assessment Group. Group Leader. Age 30/37,
Science or Engineering Degree standard, experi-
enced in aircraft, or G.W. project or assessment
groups, with knowledge of performance and
servomechanism problems and analysis of flight
and laboratory tests. Personality is important.
Section Leaders. Ages 27/35. Science or Engin-
eering Degree standard, general experience as
for Group Leader but to a lesser extent. Staff
to fill these sections, with various capabilities
from Computing to Honours Degrees in Science
or Engineering. The age groups specified are
given for guidance only and need not deter can-
didates outside these limits. Monthly staff
appointments carry a compulsory Pension Scheme
and Weekly Staff a voluntary Superannuation
scheme. Write in confidence, giving full details
of age, previous experience, qualifications held,
etc.; to:- Box A.C. 09768, Samson Clarks,
57-61 Mortimer Street, London, W.1. W 3462

A GRADUATE wishing to enter the field of
guided missiles is offered a post in the System
research laboratory of an advanced guided
weapon project. Theoretical knowledge of
general electronics, transistors, or servo mech-
anism is required, some practical knowledge
would be an advantage. Write in detail, quot-
ing Ref. 70, to:- The Personnel Manager
(Technical Employment), de Havilland Pro-
pellers Limited, Hatfield, Herts. W 3479

AIRCRAFT RADIO AND RADAR Technician.
Applications invited for the above pensionable
staff position in the Experimental Department of
Hawker Aircraft Limited, Dunsfold Aerodrome,
near Godalming, Surrey. Applicants should have
had sound experience of such work on modern
aircraft in Royal Air Force or Fleet Air Arm,
and should be able to arrange permanent accom-
modation within travel distance of Aerodrome.
Commencing salary to be arranged according to
age, qualifications and experience. Please write
fully to the Personnel Supervisor, Hawker Air-
craft Limited, Canbury Park Road, Kingston -
on -Thames, Surrey. W 3530'

CLASSIFIED ANNOUNCEMENTS
continued on page 4
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PRECISION RUBBERS LTD.

*Specialists in Rubber and Synthetic Rubber Mouldings for Industry
Manufacturers of Rubber Parts for ROLLS-ROYCE LTD

SEALS BONDED PARTS CORD RINGS DIAPHRAGMS SILICONE RUBBER COMPONENTS

Experimental Work

Prototypes

Bulk Production

k. PRECISION RUBBERS LTD BAGWORTH LEICESTERSHIRE Phone/ BAGWORTH 241/\\

THE

RECI PROCATI NG

TOGGLE

THEN ACTUATES

THE PLUNGER

IMPELLER

It's as clear as that, except
for endless modifications

and sleepless nights sorting
out production difficul-

ties. The spring part can
be left to Lewis, of course.
That has become a habit in

the last thirty-five years.

Established 1919

A.I.D. approved

THE LEWIS SPRING COMPANY LIMITED
RESILIENT WORKS, REDDITCH. Tel : Redditch 720/1/2
London Office : 321 High Holborn, W.C.I Tel : Holborn 7470 and 7479

LEAVE IT TO

OF REDD/TCH
SPRINGS, SPRING CLIPS
PRESSWORK, WIRE FORMS

VOLUTE SPRINGS
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SITUATIONS VACANT (Coned.)

The engagement of persons answering these
aldvertitements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
itschisive unless he or she, or the employment,
Is accepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

AN ELECTRONIC ENGINEER is required by
Decca Radar to fill a key position in a Radar
Systems Team. The post carries a substantial
salary on a rising scale, and there are excellent
prospects for further promotion. Applicants

should Le of H.N.C. or Degree standard and
have had considerable previous experience in this
field. There is a pension scheme in operation.
British Nationality essential. Please write, quot-
ing reference RLA.114, to Decca Radar Limited,
Radar Research Laboratories, 2 Tolworth Rise,
Surbiton, Surrey. W 3461

AN EXPANDING Instrument Company is inneed of Physicists, Electronic Engineers, and
mechanical Designers. The work to be under-
taken by a newly -formed division of the Com-
pany is broadly in the field of process control
and measurement devices. Qualifications are
essential, but the chief requirement is interest in
and enthusiasm for the work. These posts will
appeal to men under 30 who are anxious tobreak out of the rut and assist in the develop-
ment of new ideas. Please write giving brief
details of qualifications and experience to Dr.
D. H. Parnum, Industrial Division, Southern
Instruments Ltd., Camberley, Surrey. W 304
A NORTH LONDON Electronics Company re-
quire a manager for their large Transformer
Factory. The successful applicant, who will
receive an adequate salary commensurate with
his qualifications, will control a Planning and
Progress staff, Supervisors and approx. 300
operators. Applicants should be familiar with
modem manufacturing techniques as applied to
Television and Radio transformers, chokes and
coils and should have a good knowledge of
Government Contract Requirements. Write giv-
ing age, qualifications and salary required, to
Box No. W 3542.

APPLICATIONS are invited from engineers of
inter-B.Sc., or Higher National Certificate stan-
dard for investigational and development work on
thermionic valves. Five-day week, staff pension
scheme, modern welfare amenities. Apply, giving
full particulars of age, qualifications and experi-
ence to Personnel Superintendent, The Edison
Swan Electric Co. Ltd., Cosmos Works, Brims-
down, Enfield, Middlesex. W 3537
APPLICATIONS are invited for the following
vacancies in the development laboratories of a
subsidiary company of a large well established
electronic component manufacturer. (a) Graduate
in Inorganic and Physical Chemistry for research
and development work on oxide coated cathodes
and other semi -conductor problems associated
with the manufacture of modern electronic com-
ponents. Knowledge of electronics would be a
distinct advantage. (b) Graduate in Physics for
work on the fundamental physical problems associ-
ated with the manufacture of the above compo-
nents. Previous experience in vacuum physics
and/or electronics is very desirable but not essen-
tial. The laboratories are situated on the South
coast where the local authorities are very co-
operative on housing problems. The posts are
permanent and pensionable and provide excellent
opportunities for advancement. Apply giving full
particulars to Box No. W 3533.

A SENIOR Mechanical Designer is required by
a Midlands manufacturer engaged in the com-
plete engineering and production of a variety of
electronic products. First-class men with experi-
ence of Design work in the Light Engineering
Field are invited to write, giving details of
career and qualifications to the Personnel Mana-
ger (Ref. S.M.D.). Box No. W 3402.
ASSISTANT ENGINEERS required for radio
communication development work. Good pros-
pects for men with H.N.C. or equivalent. Com-
mencing salary according to age and experience.
Apply in writing, stating age, experience, etc.
to Siemens Brothers & Co. Ltd., Ref. 744/23,
Woolwich, S.E.18. W 3548
A TECHNICAL assistant is required for secre-
tarial staff of a Radio Manufacturers' Associa-
tion in London. Good technical qualifications
desirable and the ability to record accurately and
dictate reports, etc. Commencing salary f550 to
£600 p.a. or related to ability and experience.
Apply Box No. W 1387.

AUTOMATION IS COMING! With it come
new opportunities for designers of Jigs, Tools
and special purpose machinery. Are you aged
not less than 27? Have you a National Certifi-
cate? Can you claim practical Knowledge of
Automation? If you can answer "yes" there
is a future for you with Ford Motor Company
Limited of Dagenham. From pay to pension,
Ford is first in the first flight. Write to Salaried
Personnel Department quoting reference JTA.

W 3518

A VACANCY occurs for a Chief Inspector.
Applications are invited from candidates with
Engineering qualifications and experience in the
Radio and Television Industry. Salary range
from £80041,000. Apply giving full particulars
of experience, etc. To Personnel Manager, Radio
and Allied Industries Ltd., Hirwaun Industrial
Estate, near Aberdare, Glam. W 1388
BIRLEC LIMITED, Tyburn Road, Birmingham,
24, have room in their modern drawing office
for several Bright Young Men who like design
work and enjoy following a project, personally,
right through. Conditions are pleasant, pay is
good and there is a free pension for those who
recognize a good job and stay with it. Apply
in writing to the Personnel Officer. W 3497

CIRCUIT DESIGN ENGINEERS are required
by Decca Radar for positions created by the
continued expansion of their Research Labora-
tories. These cover work in a wide field, em-
bracing high and low power pulse, receiver,
A.F.C., radar display, and test equipment design
in standard and sub -miniature form. Applicants
should preferably be of Degree or H.N.C. stan-
dard, and have had previous experience in this
field. A pension scheme is in operation.
British Nationality essential. Please write to

Decca Radar Limited, 2 Tolworth Rise, Surbiton,
Surrey, quoting reference RLA. 103. W 302

CANADA. Large Montreal Electronics company
requires electronics Engineers, electronics Tech-
nicians, electronics Draughtsmen, Technical
Illustrators and Gyroscope Technicians. High
rates of pay; passage assistance; pension p'an;
group insurance; early September interview in
United Kingdom. Write outlining qualifications
to Department "A.C." Canadian Department of
Labour, 61 Green Street, London,W.l. W 3471

COMMERCIAL T.V. Commercial television and
F.M. broadcasting have resulted in vacancies
becoming available for men interested in the
development of V.H.F. tuners involving new
techniques of design and manufacture. Salaries
in the range L65041,000 are offered to
engineers with the required experience, and pros-
pects of future advancement are good. Write
in confidence, giving full particulars of experi-
ence and qualifications to Box No. W 3475.

CHIEF DESIGNER required by company manu-
facturing electronic and mechanical measuring
instruments for industrial and aircraft use.
Salary £1,00041,200, housing assistance, pension
scheme. Full particulars to Box No. W 3503.

COMPONENTS FOR COMMUNICATIONS.
The Plessey Company have a considerable pro-
gramme for the development of new components
for application to communication and electronic
equipment. Development engineers and designer
draughtsmen who are interested in this type of
work should write, giving particulars of experi-
ence and qualifications, to The Personnel Mana-
ger, The Plessey Company Limited, Ilford, Essex.

W 3474

DESIGNER for varied, special-purpose, auto-
matic and semi -automatic machines associated
with induction heating processes. This is impor-
tant work, contributing to productivity in a
rapidly expanding field and offers great scope.
Conditions are attractive and include a generous
pension scheme. Applications are invited from
men wishing to establish themselves in a pro-
gressive, senior position in a developing branch
of industry. Apply in writing to Personnel
Officer, Birlec Limited, Tyburn Road, Birming-
ham, 24. W 3498

DESIGN ENGINEER for electronic instruments
capable of designing complete instruments to
production stage. Experience necessary and a
knowledge of production problems desirable.
Academic qualifications Degree, national
diploma, or equivalent. Permanent situation
covered by Company's pension scheme. Apply
to Technical Director, Advance Components
Ltd., Marlowe Road. Waltharnstow, E.17.

W 1390

DETAIL DRAUGHTSMAN. Senior or inter-
mediate for design work associated with commer-
cial vehicle electrical equipment. Education up
to O.N.C. level. Please apply Personnel Mana-
ger, Simms Motor Units Ltd., Oak Lane, East
Finchley, N.2. W 1393

DEVELOPMENT ENGINEER (with Degree)
required for telecommunication cables and testing
equipment. Permanent and progressive position
with pension scheme. Please apply, giving full
particulars to Box No. W 1389.
DEVELOPMENT ENGINEERS and Techni-
cians required in research department of a well-
known firm of Precision Engineers, particularly
for work in connexion with Servo Systems,
Small Precision Motors, and Gyroscopic Instru-
ments. Apply stating age. experience and salary
required to S. G. Brown Ltd., Shakespeare
Street, Watford, Herts. W 220

DEVELOPMENT ENGINEERS. A leading
manufacturer of Domestic Radio and Television
Equipment invites applications from qualified
men with experience in this field for responsible
positions in the Laboratories. Those interested
should write, giving brief details of qualifica-
tions and experience, to the Personnel Manager
(Ref. D.E.). Box No. W 3403.
DEVELOPMENT ENGINEERS & PHYSICISTS.
Louis Newmark Ltd., have vacancies in their
rapidly expanding research and development
department for Engineers and Physicists for
work on industrial and aircraft instruments.
Stegree or similar qualifications desirable. Salary
according to experience and qualifications.
Pension Scheme, excellent working conditions,
etc. Please apply giving full details of career to:
Personnel Officer, Louis Newmark Limited, Pre-
fect Works, Purley Way, Croydon, Surrey.

W 3495
DRAUGHTSMEN with experience in Electronic
equipment are urgently required for work on
Aircraft equipment by S. Smith & Sons (England)
Ltd., at Cheltenham. High salaries for suitable
applicants. Ideal working conditions in pleasant
surroundings. Housing assistance. Pension
scheme. Permanent positions. Apply Personnel
Manager, S. Smith & Sons (England) Ltd.,
Bishops Cleeve, near Cheltenham quoting refer-
ence No. 63/EN. W 1404

CLASSIFIED ANNOUNCEMENTS
continued on page 6
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Creating the future

in Nucleonics

Ekco Nucleonics are vigorously growing, steadily adding to an already

worldwide reputation for leadership in nucleonic measurement.

This continuous increase demands continuous expansion of our

laboratories and production units, and to man them we need

Physicists and Development Engineers etc. Those who join us

will have the prospects of strong and well-founded growth in this

almost limitless future. If you are seeking a position which will give

you scope, a worthwhile salary, and pleasant working conditions,

consider joining the Ekco team-we shall be glad to hear from you.

EKCOelectronics
SCINTILLATION COUNTERS SCALING UNITS  COUNTING RATEMETERS  RADIATION

MONITORS VIBRATING REED ELECTROMETERS GEIGER'MULLER TUBES LEAD

SHIELDING LINEAR AMPLIFIERS POWER UNITS COMPLETE COUNTING

INSTALLATIONS THICKNESS GAUGES

EKCO ELECTRONICS LTD., SOUTHEND-ON-SEA, ESSEX
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SITUATIONS VACANT (Coned.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

DRAUGHTSMEN: Vacancies for senior
Draughtsmen with experience of Electronic and/
or Electro-mechanical engineering required, pre-
ferably with experience of Ministry requirements.
Excellent prospects with good commencing
salaries; non-contributory Pension Scheme in
operation. Applications will be treated in strict
confidence and should give full chronological
details of qualifications, experience and age to:
John A. Smith Ltd., 24 Lichfield Street,
Wolverhampton. W 201
EXPERIENCED Radio Testers and Inspectors
required for production of communication and
radio apparatus. Also Instrument makers, wirer
and assemblers for Factory Test apparatus. Apply
Personnel Manager, E. K. Cole Ltd., Ekco
Works, Malmesbury, Wilts. W 146

ELECTRICAL DEVELOPMENT Engineer re-
quired for work on A.A. defence projects at
the British associate company of the Hispano-
Suiza group. Candidates must have Grad. I.E.E.
or equivalent qualification. A sound knowledge
of the futidamentals of electronics and applied
mathematics and the ability to learn are of more
importance than detailed experience of similar
work. The successful applicant will work from
the design office but will also be engaged in trials
of prototype equipment in the factory and in
the field. The post is a permanency and entitles
holder to participation in superannuation scheme.
Applications with details of age, experience,
qualifications and salary required, by post only,
to British Manufacture and Research Co. Ltd.,
Grantham, Lincs, quoting ref.: AWK/Staff/EE.

W 1402

ELECTRONIC/ELECTRICAL ENGINEER re-
quired by London Component Manufactusers for
test gear development and supervision of main-
tenance. Minimum age 30. A good salary can
be offered to engineer with definite practical
ability. Write full details experience and present
remuneration. Box No. W 3446.
ELECTRONIC ENGINEER. An electronic
engineer is required for a development laboratory
on a guided weapon project. Degree or H.N.C.
preferable. The applicant should be capable of
working on his own initiative with a minimum
of supervision. Experience of pulse circuitry an
advantage. Write in detail, quoting Ref. 65, to:
The Personnel Manager (Technical Employment),
de Havilland Propellers Ltd.. Hatfield, Herts.

W 3463

ELECTRONIC ENGINEER required by a large
food concern in London for the development and
application of various forms of process control.
Must have the ability to plan the layout, draw
up specifications and supervise the installation.
Experience in the design of electronic control and
measuring equipment is desirable together with
some workshop experience. Salary dependent on
age and qualifications. Contributory pension
scheme. Apply stating age, qualifications and
experience to Box No. W 3508.
ELECTRONIC ENGINEER - an experienced
engineer is required for the research and design,
of circuits with application to a Guided Missile
System. He should have at least two years' ex-
perience and preferably be of Degree standard,
although applicants with H.N.C. or C. and G.
will be considered. The work is of great interest
and importance, offering responsibility and good
opportunities for promotion. Write in detail,
quoting Ref. 68, to:- The Personnel Manager
(Technical Employment), de Havilland Pro-
pellers Limited, Hatfield, Herts. W 3480

ELECTRONIC ENGINEER with good know-
ledge of H.F. measurements and interference
suppression renuired for work in connexion with
measurement of radio and television interference.
Superannuation scheme. Write giving full details
of age, qualifications, experience and salary re-
quired to Personnel Manager, The Telegraph
Condenser Co. Ltd.. North Acton. W.3. W 3257

ELECTRONIC ENGINEER required for Turbine
Laboratory. Should possess a Degree in elec-
trical engineering or suitable experience of instru-
ment technology. Superannuation Scheme. Apply
Personnel Officer, Sir George Godfrey & Part-
ners Ltd., Hampton Road West, Hanworth,
Middlesex. W 3527

ELECTRICAL LABORATORY ASSISTANT re-
quired for experimental work and electrical meas-
urements. Superannuation scheme. Write stating
age, qualifications and/or experience and salary
required to Personnel Manager. The Telegraph
Condenser Co. Ltd.. North Acton, W.3. W 3258
ELECTRONIC ENGINEER.-Degree or equiva-
lent, practical design experience of V.H.F.
Transmitters and Receivers essential. Small but
rapidly expanding organisation on South Coast.
Near Southampton. Write full details, age,
experience and salary expected. Box No. W 303
ELECTRONIC ENGINEERS and Physicists re-
quired for rapidly expanding Research Dept.
Candidates should have experience of electronic
instrument development. Experience in pulse
circuits or ultrasonics desirable but not essential.
B.Sc. or H.N.C. standard. Write full particulars
to Glass Developments Ltd., Brixton. W 3517
ELECTRONIC ENGINEERS required for work
on the application of Radio Valves for future
Development. Work calls for vision and imagi-
nation combined with circuit experience. 0 N.C.
or inter. minimum qualifications. Weekly or
monthly staff vacancies available according to
experience. Quote EE/3, Personnel Dept., M.O.
Valve Co. Ltd., Brook Green, Hammersmith,
W.6. - W 3531

-ELECTRONIC ENGINEERS with sound general
electronic experience, required by firm with
overseas connexions. Age about 30. Part of
each year would be spent abroad. Good salary
and allowances. Apply Box No. W 1392.

ELECTRONICS ENGINEERS. We are a young
expanding section of a well-known organization
in the S W. London area, and we are engaged
on Electronics. We are looking for a young
man (completed or exempted from National
Service) to join our team. He should have at
least the H.N.C., preferably in Electronics,
must understand pulse techniques, and the
generalities of radar equipment. He must be
able to design circuits, giving basic sp:c:fications.
Such a young man would be encouraged to
develop his ideas and improve his knowledge,
and his prospects would be bright. The starting
salary would be f450-£550 p.a. If you feel that
you fit these requirements, and would like to
hear more about the project, write fully and in
compete confidence (all applications will be
acknowledged) to Box No. W 3482.

E.M.I. Engineering Development Ltd., Instru-
mentation Engineers. An attractive vacancy
exists for an electronic instrumentation Engineer
(one senior and one junior), for the design and
development of electronic instruments and in-
strumentation systems. Applicants should have a
sound engineering background (preferably with
a Degree) and appropriate experience in the
design and development of electronic instruments
and systems, or closely allied equipment, is essen-
tial. In the case of the Senior Engineer, ex-
perience in the supervision of small development
teams is necessary. The posts are pensionable
and offer excellent opportunities for engineers
with an inventive and progressive outlook. Please
rend full details of training, qualifications and
experience in confidence to Personnel Dept.
(ED/253), E.M.I. Engineering Dev. Ltd., Hayes,
Middlesex. W 3521

E.M.I. Engineering Development Ltd., Experi-
enced Valve Engineer. An interesting vacancy
has arisen at the Company's Feltham Labora-
tories for a Valve Engineer with 4-6 years' experi-
ence of both valve and micro -wave generators.
Applicants who should be qualified, will have
some knowledge of testing both in quantity, and
for special purposes, will be able to design suit-
able test equipment, and have some applications
experience. The salary offered for this pension-
able post is attractive, and the prospects in this
active Company are excellent. Please address
your first reply to, Personnel Dept. (ED/252).
E.M.I. Engineering Development Ltd., Blyth
Road, Hayes, Middlesex. W 3526

ELECTRONIC HEATING. Senior and Junior
development engineers and applications engineers
required with experience of Induction, Dielectric
or Plastic Welding equipment. Excellent pros-
pects in an expanding division. Five-day week.
Pension Scheme. Canteen. Write confidentially
to the Chief Engineer, Industrial Electronics
Division, Redifon Ltd., Broomhill Road, S.W.18.

W 3546

ELECTRONICS ENGINEER.-B.Sc. or H.N.C.
for laboratory development work on miniature
transistors. Work in Slough/Marlow area. 5 -day
week, canteen, pension scheme. Wide scope for
energetic, versatile man with progressive ideas.
Eu.1 details of age, experience, salary required
to Box No. W 3507.

ENGINEERS and Assistant Engineers required
for research and development work on aircraft
navigation and flight instruments, automatic
pilots and electronics. Applicants should have
H.N.C. or equivalent, or a degree in Electrical
Engineering or Physics. Previous experience
desirable, but not essential. Permanent positions
with good prospects. Write stating salary re-
quired to Personnel Manager, S. Smith & Sons
(England) Ltd., Bishops Cleeve, near Cheltenham,
quoting ref. CHR.13. W 3383

ENGINEERS AND PHYSICISTS. Ferranti
Limited in their new Laboratories are engaged in
a programme of electronic development of great
industrial importance. The work involves the use
of digital computers to control machines and in-
dustrial processes and covers a wide and expand-
ing field of application, offering long-term
interest to those engaged in it. Development
activity for these projects is taking place in the
field of electronic circuitry (including pulse tech-
nique), digital computers, magnetic recording and
servomechanisms. Engineers and Physicists
having experience as well as interest in one or
more of these subjects are invited to apply. The
appointments are permanent and offer full scope
for initiative in an expanding organization. A
salary commensurate with the qualifications re-
quired will be paid. Staff Pension Scheme.
Application Form will be sent on request (quot-
ing Ref.: EP/AL) to the Personnel Officer.
Ferranti Limited, Ferry Road, Edinburgh, 5.

W 3225

ENGINEERS (Radio Valves) are reouired for
all grades of work on Development, production
and pre -production: Experience necessary for
senior appointments. No previous experi-
ence needed for the Junior Posts but O.N.C.
or B.Sc. (Inter.) minimum qualification. TA/8
Personnel Dept., M.O. Valve Co. Ltd., Brook
Green, Hammersmith, W.6. W 3532

FERRANTI LTD., London Computer Labora-
tory. The Company invites applications for im-
portant positions in a new and rapidly expanding
Development Establishment in the London Area
from Engineering Design Draughtsmen
(Mechanical and Electrical) age 25-40 for work
on commercial and Government projects. The
positions offer ample scope for initiative and
eventual advancement to Engineer Status in the
Engineering Design Group. The work is in the
following fields:- I. Process and Manufacturing
Automatic Control Equipment, involving servo-
mechanisms, gear systems, clutches, etc. 2. Ex-
perimental and Production Machines for auto-
matic and semi -automatic circuit assembly. 3

Analogue and Digital Computers. 4. Computer
Constructional techniques. 5. Magnetic Record-
ing Equipment. 6. Digital Conversion Mech-
anisms. 7. Circuit Design and Layout Engineer-
ing. 8. Information Storage Mechanisms. Desir-
able qualifications are possession of Higher or
National Certificate, or equivalent, some practical
workshop experience and experience or interest
in one or more of the above fields. A staff
Pension scheme is in operation. Salaries will
depend on age, qualifications and experience but
will in general be based on excellent scales.
Application forms from Mr. T. J. Lunt, Staff
Manager, Ferranti Ltd., Hollinwood, Lanes.
Please quote reference WSE/10/4. W 3390

CLASSIFIED ANNOUNCEMENTS
continued on page 8
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But for Uniformity JMC resistance wires
As with the fingerprint,

so with our wires-yet in the

opposite sense ! For, as surely as no two

fingerprints are ever alike, so JMC precision drawn resistance

wires are:unvarying in accuracy and

uniformity of characteristics

from batch to batch.

Johnson Matthey
JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I
Telephone : HOLborn 6989. Vittoria Street, Birmingham, I. Tel: Central 8004. 75-79 Eyre Street, Sheffield, I. Tel: 29212

E.7
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SITUATIONS VACANT (Coned.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a mart
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

ERICSSON TELEPHONES LTD. have in their
Research Laboratories a number of vacancies for
circuit designers and equipment engineers to work
on nucleonic instruments, and interesting new
developments in electronic computing and switch-
ing; both senior and junior posts are available.
Applicants should have a degree or equivalent
plus several years' experience of appropriate work
for the senior posts; correspondingly reduced
qualifications and experience will be accepted for
junior posts. Salaries will be in accordance with
age, qualifications and experience. Applications,
giving details of age, academic or other training
and qualifications, experience, and starting salary
required, should be sent to the Personnel Officer,
Ericsson Telephones Ltd., Beeston, Nottingham.

W 197

EX -SERVICE RADAR and Radio Technicians
are invited to apply for posts as Test Engineers
for work on Radar and other electronic pro-
ducts of a large Midland manufacturing organi-
zation. Further training will be given where
necessary. Five-day week, excellent prospects.
Apply giving details of experience to date, to the
Personnel Manager (Ref. E.S.R.). Box No.
W 3401.

FERRANTI LTD., Wythenshawe, have a num-
ber of vacancies for (1) Engineers and Physicists
for Research and Development work in the fol-
lowing fields:- Radar, radio and electronic
circuits. Microwave systems. Hydraulic control
systems and servo -mechanisms. Relays and
Electromechanical Devices. Test equipment
associated with the above. Applicants should be
graduates in Electrical or Mechanical Engineer-
ing or Physics, or hold equivalent qualifications.
For these vacancies some previous experience is
desirable. Salary range £80041,500. (2) Techni-
cal Assistants, possessing Degrees or Higher
National Certificates in Electrical or Mechanical
Engineering or Physics for experimental work
in the fields listed in (I). Salary range £6004900.
The appointments would be to the permanent
staff of the Company and offer the prospect of
interesting work in Modern, Well -Equipped
Laboratories in South Manchester within easy
reach of Residential Districts. The Company
operates a Staff Pension Scheme. Application
forms from Mr. T. J. Lunt, Staff Manager,
Ferranti Ltd., Hollinwood, Lancs. Please quote
reference W (1) or (2). W 3485

FERRANTI LTD. (London Computer Labora-
tory), have a vacancy for an Inspection Engineer
for electrical and mechanical inspection of proto-
type computers and allied equipment. The post
involves considerable responsibility for immediate
test and inspection work and for creating and
equipping an inspection group. Essential qualifica-
tions are sound practical knowledge of electronic
and mechanical measuring instruments and inspec-
tion procedure and Higher National Certificate, or
equivalent, in Electrical or Mechanical Engineer-
ing. The work is of an interesting nature and
working conditions are excellent. The Company
has a Staff Pension Scheme. Application forms
may be obtained from Mr. T. J. Lunt, Staff
Manager, Ferranti Ltd., Hollinwood, Lancs.
Please quote reference BGM 1. W 3458

FERRANTI LTD., London Computer and In-
formation -Handling Laboratory. Applications
are invited for vacancies as follows:- 1. Electri-
cal Engineers and Physicists for a Magnetic
Switching Group concerned with basic research,
development and the application of techniques
to specific projects. Applicants should preferably
be of Honours Degree standard with interest in
square -loop magnetic devices, ferro-resonant
circuits, magnetic amplifiers or pulse transformers.
Non-professionally qualified candidates with suit-
able experience would also be considered. For
the more senior positions, post -graduate experi-
ence in this field is desirable. The pursuit of
individual lines of investigation is encouraged and
considerable emphasis is placed on the ability to
make original contributions and to exercise initia-
tive. (Ref. W.S.E./12). 2. Electrical Engineer
to take a responsible part in a project including
digital and analogue information -handling, elec-
tronic circuitry, magneto-strictive delay lines and
magnetic amplifiers and storage. Knowledge and
experience of the above techniques and aware-
ness of the implications of information theory
and statistics would be valuable, but an open
mind and ability of original logical thought
together with the enthusiasm to follow a lengthy
project to a successful conclusion are essential.
(Ref. W.S.E. /13). 3. Electrical Engineers. Pre-
ferably with one or two years post -graduate ex-
perience, to take part in an information -handling
project using both digital and analogue methods
and including electronic circuitry, transistors,
magneto-strictive delay lines and magnetic
storage. (Ref. W.S.E./14). 4. Graduates of high
quality capable of preparing programmes for
and understanding the design of a new range of
electronic computer projects. The successful
candidates would probably have a mathematical
background and some knowledge of electronics,
but initiative and determination to succeed in an
expanding field would be rated as highly as previ-
ous experience. (Ref. W.S.E. /15). The positions
are permanent and offer excellent prospects for
advancement in a young and expanding organi-
zation with new and well-equipped Laboratories.
Attractive salaries will be paid to the right men.
The Company operates a Staff Pension Scheme.
Application forms may be obtained from Mr.
T. J. Lunt, Staff Manager, Ferranti Ltd., Hollin-
wood, Lancs. Please quote appropriate reference

W 3438

IMPERIAL CHEMICAL INDUSTRIES LTD.,
Dyestuffs Division, has vacancies for Assistant
Technical Officers (Physicists) to work on the
development of special instrument and auto-
matic controls for chemical plant using elec-
tronic, optical and other physical methods.
Candidates should be aged 25-30 and hold a
Higher National Certificate. Salary in accordance
with training and experience. Applications in
writing to Staff Dept. Hexagon House, Blackley.
Manchester, 9. W 3536
INSTRUMENT DEVELOPMENT ENGINEER-
Cambridge Instrument Company Limited, require
in their Research Department at Cambridge a
man to carry out interesting development work
on electronic instruments for medical and other
important but non-military purposes. The work
will be backed by an organization producing
instruments of the highest quality. Applicants
should have a Degree or the equivalent but
ability to produce results is even more important.
The post is permanent and pensionable. Apply
in writing giving full details of education. experi-
ence and salary required to Head of Research
Department. W 1400
LOUIS NEWMARK Ltd., have further vacan-
cies, both senior and junior, for Flight Trials
of Automatic Control Equipment for aircraft
and helicopters. Experience in Aerodynamics or
Flight Test Department in an aircraft or guided
weapons firm desirable but not essential. These
important positions offer a very wide scope for
establishing contacts with the entire aircraft in-
dustry and involve travelling for this purpose.
The firm operates a scheme by which assistance
can be given in the purchase of a house. Please
apply giving full details of career and salary
reouired (in strict confidence) to: Personnel
Officer, Louis Newmark Ltd., Prefect Works,
Purley Way, Croydon, Surrey. W 3496

JUNIOR ENGINEERS required for development
of Television with large manufacturing company
in N. London area. Excellent prospects forpromotion in a large research and development
establishment. Salary according to experience.
Pensionable position. Write in confidence giving
details of experience to Box No. W 3488.
JUNIOR ENGINEERS required for development
of electronic instruments with large manufactur-
ing company in N. London area. Excellent
prospects for promotion in a large research and
development establishment. Salary according to
experience. Pensionable position. Write in con-
fidence giving details of experience to Box No.
W 3487.

JUNIOR ENGINEERS having H.N.C. or equiva-
lent are required by long established progressive
firm in Croydon area for varied and interesting
planning and investigational work. Knowledge
of electronic relay circuitry advantageous. Apply
giving full details of experience, age and salary
required to Box GX 3920 A.K. Advg., 212a
Shaftesbury Avenue, W.C.2. W 3512
LABORATORY ASSISTANT required by Simms
Motor Units Ltd., Oak Lane, East Finchley,
N.2, for the research and development of elec-
tronic and electro-mechanical mechanisms associ-
ated with the commercial vehicle industry.
H.N.C. or equivalent standard. Apply by letter
stating age, qualifications and experience to
Personnel Manager. W 1394
LABORATORY ASSISTANT required for test
and calibration of Wireless, Radar, electronic
measuring instruments. Should be capable of
setting up basic calibration and experimental
equipment. Five-day week. Write or 'phone
Atkins Laboratories, Gowan Avenue, Fulham.
RENown 5931. W 1396
MARCONI COLLEGE. Applications are invited
for posts on the Lecturing Staff of Marconi
College, Chelmsford. The appointments will be
to the radio engineering section and candidates
should have had experience in modern com-
munications techniques, although applications
will be considered from engineers trained in
other branches of Electronics. Successful appli-
cants will be required to instruct graduate
engineers. The posts are permanent and pen-
sionable. Five-day week. Excellent working
conditions in new building. Please reply giving
full details of age, qualitizations and
and quoting Ref. 2910 to Marconi's Wireless
Telegraph Co. Ltd., Dept. C.P.S., 336/7 Strand
W .C. 2. W 3465

MICROWAVE ENGINEERS are required by
Decca Radar Limited for work on advanced
microwave and millimetric aerial design in a
rapidly expanding Aerial Group. Applications
are invited from Electrical Engineers and Physi-
cists of H.N.C. standard or above, having practi-
cal experience in microwave components; the
prospects for men of ability are considerable.
There is a pension scheme in operation. British
Nationality essential. Please write, quoting refer-
ence RLA.108, to Decca Radar Limited, 2 Tol-
worth Rise, Surbiton, Surrey. W 300

MURPHY RADIO Limited have vacancies in
their Electronics Division Laboratories for
engineers and assistants on design and develop-
ment work, and also on associated electro-
mechanical problems. Applicants will be con-
sidered in the following categories: 1. Candi-
dates with engineering or science Degrees or
equivalent who have experience in industrial
design. 2. Graduates who have completed Mili-
tary Service but have no experience in design
work. 3. Candidates with lesser qualifications
but who have considerable experience in indus-
trial design. 4. Candidates under 21 who are
at present engaged upon H.N.C. part-time
courses. The range of work involved is part o
an interesting long-term programme in an ex
pending field and includes: 1. Navigational Aids
2. V.H.F. and U.H.F. transmitters and receivers
3. Pulse systems. 4. Magnetic information
recording systems. These posts are permanen
and pensionable. and offer good scope to men
of ability. Applications giving full details o
qualifications, age, experience, should be
addressed to Personnel Department (EDL),
Murphy Radio Limited, Welwyn Garden City,
Herts. W 3466

CLASSIFIED ANNOUNCEMENTS
continued on page 10

ELECTRONIC ENGINEERING 8 SEPTEMBER 1955



TOROIDAL
RESISTANCES

Designed for
Arduous Duty

Embedded ring types. Single:or multiganged.
Back of board mounting. Shock and Vibration proof.

Enclosed ventilated type. Front
or back of board mounting.

For these and other Types
Write or phone

30, OXFORD ROAD,

111111111111111111111111111111111111111111111111111111111111111111111111111151

Open ring type.
Back of board mounting.

Open ring type. Multiganged.
Back of board mounting.

S'ISTAIC
LONDON, N.4. Arc 2155
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SITUATIONS. VACANT (Coned.)

The engagement of persons answering these
advertisements muvl be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
Is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

McMICHAEL RADIO LTD., Slough, Bucks,
have vacancies from time to time for Electronic
Engineers to be engaged on Government projects.
Those wishing to be considered are invited to
write fully to the Chief Engineer, Equipment
Division. W 205

NEWCASTLE upon Tyne Area. Electronic
engineers in all categories wanted for radar
development and investigation work. Salary in
accordance with experience and academic quali-
fications where requirements range from post-
graduate successes in electronic courses to O.N.C.
or C.G. certificates. Radar mechanics and tech-
nical clerks a'so wanted for associated work,
where experience is desirable but not essential.
The engineers and clerk positions will be
superannuated appointments. Reply to Box No.
W 1401.

OSRAM LAMPS Works, have vacancies for
Technical Assistants for work on Cathode Ray
Tubes. The two aspects of the work are:, (1)
Development, installation and maintenance of
electronic gear and test equipment. (2) Develop-
ment and pre -production of special type instru-
ment CRTs. Qualifications required are O.N.C.
or H.N.C. in (1) Electronics and (2) Chemistry.
Previous. experience in similar work is desirable
but not' essential. Apply giving details of age,
qualifications and experience to: Personnel
01 fficer, Osram Lamp Works, Horsenden Lane,
Perivale,' Midd'esex. W 3469

PHYSICISTS or Engineers required for Design
and Development work on thermionic valves.
Science Degree or equivalent qualification desir-
able together with a least two years' experience.
Applicants must have completed National Service
or be exempt. The positions are permanent
and offer opportunities for a progressive career.
Attractive salary according to experience and
ability. The Company operates a Staff Pension
Scheme. Please write for further details, quoting
Ref. No. LK. 10, to the Personnel Officer,
Ericsson Telephones Limited, Beeston, Notting-
ham. W 3515

PLANNING ENGINEER required for medium-
sized industry. Apply in writing giving details of
experience and salary required to Personnel
Manager, Simms Motor Units Ltd., Oak Lane,
East Finchley, N.2. W 1395

RADAR, Television and Radio Testers. Practi-
cal men, with a sound basic knowledge of elec-
tronics and preferably some experience in one
of the above categories are required by the
Teat Department of a leading Midlands manu-
facturer. The work is of considerable interest
and offers scope for technical advancement.
Ex -Service technicians are particularly suitable.
Applicants should write, giving details of experi-
ence to the Personnel Manager (Ref. R.T.R.).
Box No. W 3400.
RADIO MANUFACTURERS in North London
require Electronic Engineers and a Qualified
Physicist for original work in connexion with
Semi -conductor materials, circuitry, etc. (includ-
ing transistors) and for development of wick
range of Electronic devices. (a) Applicants for
the Engineering posts should have (for senior
appointments) Technical training to Degree
standard with experience in research or deve.op-
ment work of this kind. Or (b) Sound education
and technical training to standard of City and
Guilds full Technological Certificate or equiva-
lent. In both cases consideration will be given
to applicants who, whilst not possessing the
above cualifications, can show to the company's
satisfaction that they have equivalent knowledge
and the ability to successfully pursue the pro-
jects contemplated. The concession applies mainly
to those in the older age group who have corres-
pondingly greater practical experience. Applicants
should give full details of education, technical
training, experience, age and salary required to
Box No. W 3539.
RADIO VALVE ENGINEERS required for
Senior positions on Development with London
Company. Experience on this type of work
essential. Starting salary ranging from £750 to
£1,000 according to ability. Apply Box No.
W 3529.

RADIO COMPONENTS. The Plessey Company
Limited, Ilford, Essex. Components Division.

Vacancies exist for Technical Design Staff with
experience in the fo!lowing field: 1. T.V. and
F.M. Tuner Design. 2. Relays and Vibrators.
3. Radio and T.V. Circuit Application Work. 4.

Acoustics. 5. Variable Condensers and Switches.
6. Senior Design Draughtsmen. Invitations are
extended to applicants with the requisite experi-
ence to meet representatives of the company,
without prior appointment, at the Charing Cross
Hotel, Strand, W.C.2, for a confidential and in-
formal interview. The representatives will be

available on Saturday the 3rd September and
10th September, from 9.30 a.m. until 12.30 p.m.

W 3473

SALES ENGINEER required with a good know-
ledge of the application of components and
materials to the following: ultrasonic equipment;
radar equipment; guided missiles. Preferably with
commercial background in addition. Salary in
accordance with experience. Excellent oppor-
tunity for progress in a rapidly expanding
organization. Box No. W 3504.

R. B. PULLIN & Company Ltd., invite appli-
cations for the following vacancies in their
recently formed and expanding Electronic
Development Division-(a) Senior Development
Engineers: App:icants should possess an
Honours Degree or equivalent qualifications, and
should have had several years' experience of
the development of electronic circuits, prefer-
ably including work on electrical servos and
magnetic amplifiers. (b)' Development Engineers:
Qualifications to O.N.C. or H.M.C. standard
together with some previous experience of valve
circuit design. The positions are of a permanent
nature; they offer excellent prospects and the
opportunity to work in a newly equipped Labora-
tory on a variety of projects requiring consider-
able individual technical responsibility and
initiative. A commensurate salary will be paid.
Contributory pension scheme, canteen and
recreational facilities. Applications will be
treated as confidential, and should be made to
the Superintendent, Electronic Development
Division, R. B. Pullin & Company Ltd., Phoenix
Works, Great West Road, Brentford, Middlesex.

W 3470

SCIENCE GRADUATE or equivalent required
for development work on dielectrics. Knowledge
of one or more of the following an advantage-
statistical methods, polymers, electrical measure-
ments, insulating materials. Very good prospects
and conditions of service. Men interested to
visit the works should write or telephone the
Personnel Manager for an appointment.
Telephone Manufacturing Co. Ltd., Sevenoaks
Way, St. Mary Cray, Kent. Orpington 26611.

W3528

SENIOR RADIO ENGINEERS required for the
development of domestic radio receivers, includ-
ing portables. Applicants should have had at
least 5 years' previous experience and be capable
of progressing designs up to Production stage.
Knowledge of AM/FM technique advantageous.
Write, giving full particulars of age, qualifica-
tions and salary expected to: Personnel Mana-
ger, Vidor/Burndept Ltd., West Street, Erith.
Kent. W 3491

SENIOR DESIGN and development engineers
required for work of an interesting nature in
connexion with Microwave, electronic and
mechanical development of guided weapons and
associated equipment. The vacancies offer ample
opportunity for advancement in a modern
laboratory. The positions are permanent and
the commencing salaries will be in accordance
with experience and will be based on a gener-
ous and progressive scale. Degree or H.N.C.
Please reply, in confidence, giving full particu-
lars to: The Personnel Manager, The Plessey
Company Limited, Vicarage Lane, Ilford, Essex.

W 3505

SENIOR ESTIMATOR required by a large and
progressive engineering company. This vacancy
occurs owing to normal expansion of company
business. Applicants should have a compre-
hensive experience of the light electro-mechanical
engineering fields with special emphasis on Mini-
stry contracts. This is an attractive vacancy

and calls for a man with sufficient ability and
initiative to justify a salary of up to £1,000 per
annum. All staff privileges including super-

annuation and insurance scheme are available to
selected candidate. Applications which should
give full details of r'Ialifications and experience
should be addressed to Box No. W 3472.

SENIOR TECHNICAL Engineering Staff. A
London engineering company invite applications
from project engineers who are capable of taking
charge of microwave, electronics and mechanical
engineering development in connexion with
guided weapon and" other applications. These
positions are permanent and offer ample oppor-
tunity for further advancement. The commenc-
ing salaries, which will be in the region of
£1,000 per annum upwards according to quali-
fications and experience, will be subject to
review on a generous scale Engineering Degree
or H.N.C. Replies which will be treated in
utmost confidence, should give full details of
qualifications and experience and be addressed
to Box No. W 3476.

SYLVANIA THORN Colour Television. Tele-
vision Laboratories Ltd., require Circuit Engin-
eers for research work on Colour Television
Systems especially receiver display devices. 1.
Senior Engineers. Must have had a number of
years experience of actual design work on Elec-
tronic Circuits but not necessarily for Television.
Academic qualifications to Degree standard pre-
ferred. Men of inventive character capable of
making their ideas work are required. 2. Assis-
tants to above senior men. Some experience of
circuit work and at least H.N.C. or the equiva-
lent essential. Salaries in line with present-day
standard. Pension and Life Assurance scheme.
Apply in writing to:- (Quote B2710), Sylvania
Thorn Colour Television, Laboratories Ltd.,
Great Cambridge Road, Enfield. W 3492

CLASSIFIED ANNOUNCEMENTS
continued on page 12
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Serves
a dozen
different
ways

1. Industrial Research

2. Production Testing

3. General Electronics

4. AC/DC Voltage Measurement

5. Arc Welding Research

6. Electro-Medical Research

7. Engineering Training Schools

8. Television Servicing

9. Dealer Servicing

10. "Services" Workshop Testing

11. Radio Servicing

12. Technical Colleges

NEW MINIATURE

MEASURING

OSCILLOSCOPE
TYPE W.M.1.

Price £49

' EA.!. ELECTRONICS LTD
HAYES  MIDDLESEX ENGLAND  TELEPHONE SOUTHALL 2468 (Ext. 655, 857, 1013 & 858)

EE 10
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TUATIONS VACANT (Coned.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

SENIOR ENGINEERS required for development
of electronic instruments with large manufactur-
ing company in N. London area. Excellent
prospects for promotion in a large research and
development establishment. Four -figure salary.
Pensionable position. Write in confidence giving
details of experience to Box No. W 3489.
SENIOR ENGINEERS required for development
of Television with large manufacturing company
in N. London area. Excellent prospects for pro-
motion in a large research and development
establishment. Four -figure salary. Pension.
Write in confidence giving details of experience
to Box No. W 3486.

SOUND recording equipment maintenance and
operating staff required. Essential qualifications
-Higher National Certificate or equivalent, plus
experience servicing amplifiers and allied equip-
ment. Five-day week, pension scheme, perma-
nent employment, generous salary. Write giv-
ing full particulars to Box No. W 1391.

SERVOMECHANISMS applied to Guided Mis-
siles. An experienced engineer is required to
work on the research and design of a complex
servo forming part of a missile system. A sound
theoretical knowledge, coupled with practical ex-
perience, is required. The work is of great
interest and requires the use of advanced ana-
lysis and computing techniques. Write giving full
details of qualifications and past experience,
quoting Ref. 72, to:- The Personnel Manager
(Technical Employment), de Havilland Propellers
Limited, Hatfield, Herts. W 3478

SIEMENS BROTHERS & CO. LTD. Develop-
ment and Research Laboratories. There are
vacancies for:- Senior Engineers to take charge
of long-term development in:- (a) New types of
Mercantile Marine radio communication equip-
ment. (b) Multi -channel carrier current tele-
phone and telegraph equipment. (c) Carrier
current terminal equipment for radio links, and
submarine cable systems employing submerged
repeaters. (d) Transistor applications. (e)
Electronic switching and computing. (f) Electro-
acoustics. (g) Design of new components includ-
ing miniaturization. Assistant Engineers and
Laboratory Technicians to carry out the
detailed development for the above. Technical
Sales Engineers for Carrier Equipment to under-
take preparation of tenders, editing and writing
technical publications, and training customers'
engineers. Applicants with any of the following
qualifications will be considered:- (i) Degree in
Physics or Electrical Engineering with some
previous industrial experience. (ii) Recent and
prospective Science Graduates. (iii) H.N C.
Electrical or Telecom Engineering or A.M.I.E.E.
(iv) O.N.C. or equivalent City and Guilds
Certificates with practical industrial experience.
All are pensionable staff posts with good pros-
pects of advancement. Salary according to quali-
fications and experience. Apply in writing to
Siemens Brothers & Co. Ltd., Ref. 744/21,
Woolwich, S.E.18, stating age, educational quali-
fications, experience and salary required. W 3467

TECHNICAL LIAISON. Belling & Lee Ltd.,
Great Cambridge Road, Enfield, Middlesex,
manufacturers of electronic components, receiving
aerials, etc., require a man for this work, which
includes attendance at technical committees, co-
ordination of this function inside the establish-
ment and drafting of specifications: there is a
small amount of European travel entailed: perma-
nent, pensionable position, age limits 28/42.
Applications (in confidence) to the Secretary.

W 3513

TECHNICAL OFFICER (Communications) re-
quired for Middle East service with large Oil
Company. Not less than six years' experience
Radio Transmission equipment; practical experi-
ence maintenance multi -channel carrier equip-
ment and V.H.F. Radio equipment; knowledge
V.F. Telegraph and Automatic Telephone Ex-
change installations (non -director) useful. Grad.
I.E.E. or H.N.C. qualified. Age limit 35;
bachelor preferred. Total minimum emoluments
£1,600 p.a. and paid home leave with passages.
Write quoting No. 503 to Box No. 8973, c/o
Charles Barker & Sons Ltd., 31 Budge Row,
London, E.C.4. W 3510

TECHNICAL WRITING. Ferranti Ltd., have
a vacancy which will provide the opportunity
for a Young Graduate in Electrical Engineering
or Physics interested in Technical Writing to
pursue this career at a high level of technical
interest. The vacancy occurs in the Patents
Dept. of the Company and involves close contact
with research and development work in the many
and varied sections of the Ferranti organization.
There would be particular emphasis on Elec-
tronics. Training would be given in this special-
ized branch of technical writing and the suc-
cessful candidate would be encouraged to qualify
as a Patent Agent. Permanent staff appointment
with Pension benefits. Application forms may
be obtained from Mr. T. J. Lunt, Staff Manager,
Ferranti Ltd., Hollinwood, Lancs. Please quote
reference PD. W 3459

TECHNICAL SALES ENGINEER. The Manu-
facturers of "AVO" Electrical and Electronic
Instruments invite applications from young men
having completed National Service, for a post
of Technical Sales Engineer. Applicants must
have Ordinary National Certificate, City and
Guilds Radio II, or similar qualification, and
will, in addition to other duties, be expected to
take a special interest in data relating to receiv-
ing valves. Applications to, R. E. Hill, Acweeco
Ltd.. Westminster, London, S.W.1, or phone
VICtoria 3404. W 3543

TELECOMMUNICATION ENGINEERS (2) are
required as Section Leaders for submerged re-
peater development by the firm which is manu-
facturing the major portion of the transatlantic
telephone cable. Applicants should possess ex-
tensive experience of carrier telephone systems
as applied to long-distance land cables. They
should also have specialized knowledge on the
selection of filters or feedback amplifiers. Mini-
mum academic qualifications: Second class
Honours Degree in Physics or Engineering.
Ability to read technical German preferred. The
work is interesting and in clean surroundings.
Salary according to experience £800-£1,000 per
annum bonus normally added after qualifying
period. Applicants having the same academic
qualifications but less experience will be con-
sidered for posts as junior engineers on the same
work. Salary in the range £600-£800 per annum
plus bonus. Women applicants will also he con-
sidered. Pension Scheme, five-day week, all wel-
fare facilities. Write details to: Personnel Mana-
ger, Submarine Cables Ltd., Telcon Works.
Greenwich, S.E.10. W 3500
THE GENERAL ELECTRIC CO. LTD..
Brown's Lane, Allesley, Coventry, requires
Mechanical Development Engineers, Designer -
Draughtsmen and Draughtsmen. preferably with
experience of Radar type equipments for work
on Guided Weapons and like projects. Also
required, Senior and Junior Electronic Develop-
ment Engineers. particularly in the field of
Microwave and Pulse Applications. Salary accord-
ing to age, qualifications and experience. Apply
by letter stating age and experience to the Per-
sonnel Massager. Ref. A.G. W 208

THE MULLARD LABORATORIES require
Electronic Engineers for interesting design and
development work on laboratory instruments and
test equipment. Applicants must be capable of
working on their own initiative and should have
academic qualifications ranging from City and
Guilds Final Certificate or fourth year National
Certificate (Radio) to Degree Standard. Several
years' experience in electronics is desirable and
a good knowledge of pulse techniques is pre-
ferred. The positions offered are permanent,
progressive and carry attractive salaries. Appli-
cations should in the first instance be addressed
to the Personnel Officer. Mullard Research
Laboratories, Cross Oak Lane, Salfords, near
Redhill, Surrey, quoting reference VPL(C).

W 3405

THE BRITISH THOMSON-HOUSTON Co. Ltd.,
require graduate Engineers and Physicists for the
design, construction and processing aspects of
magnetron and other electronic valve develop-
ments. The work is carried out in close associa-
tion with a small Machine Shop and Pilot Pro-
duction Unit, and every encouragement is given
to the development of new ideas. It is work in
which both practical and theoretical interests are
desired. Applicants should write to The Director
of Research, British Thomson -Houston Co.
Ltd., Rugby, giving their age, qualifications and
experience, and quote reference FT. W 3385

THE PLESSEY COMPANY Limited, Vicarage
Lane, Ilford, Essex, require a senior electronic*
engineer for development work in an important
field of industrial activity. Experience with servo-
mechanisms, a varied background, and a read
interest in experimental work are the important
requirements. The position is permanent and
pensionable, the salary is attractive, and future
prospects are good. Replies, which will be
treated in confidence, should be addressed to
the Employment Manager. W 3418

TEST and Laboratory Engineers required for
Gyro and Electro Mechanical Instruments. Apply
stating age, experience and salary required to
S. G. Brown Ltd., Shakespeare Street, Watford,
Herts. W 216

THE MULLARD RADIO Valve Company
Limited has a number of Senior Staff vacancies.
in the Television Tube Production Department
of its Cathode Ray Tube Division. These posts
are for Production Engineers who, in each case,
will later be responsible for the overall efficiency
of their section. including a complete range of
duties within the production and management
function against a highly technical background.
It is felt these posts would have a particular
appeal for young men who possess a good
Honours Degree in the Physical Science or
Engineering, coupled with a short period of
industrial experience, (or who may be completing
National Service), and now feel they wish to
further their career in the production field.
There are opportunities for promotion in this
expanding field of Company activity. The com-
mencing salary will be according to individual
age, experience and qualifications and can be
considered to be progressive. The hours of work
will be forty-four in a five-day week. The Corn-
pany provides a progressive Holiday Plan and
Pension Scheme. Applications in writing, which
will be treated with the strictest confidence,
should be addressed to the Personnel Officer,
The Mullard Radio Valve Co. Ltd., New Road,
Mitcham, Surrey. W 3464

YOUNG MEN required of Intermediate B.Sc.
standard with' interest in electronic valve work.
Applicants must have completed National Service
or be exempt. Good salaries offered with first-
class laboratory working conditions. The posi-
tions are permanent and the Company operates a
Staff Pension Scheme. Please write for further
details quoting Ref. No. LK.11, to the Personnel
Officer, Ericsson Telephones Limited, Beeston,
Nottingham. W 3516

TRANSISTORS-an engineer is required for the
design and analysis of transistor circuits with
application to a guided missile. Sortie experience
of transistor circuit design is required, together
with academic qualifications, consisting of a
Degree, N.C. or C. and G. This is an oppor-
tunity to enter a small but expanding team work-
ing on these problems, where initiative and
ability will be recognised. Write in detail, quot-
ing Ref. 69, to:- The Personnel Manager (Tech-
nical Employment), de Havilland Propellers.
Limited, Hatfield. Herts. W 3481

CLASSIFIED ANNOUNCEMENTS
continued on page 14
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SERVOMEX
A.C. VOLTAGE STABILISERS

A.C.2. 10 amp. A.C.7. 30 amp.

For the Most Exacting Work

.74'

1.1Z

These Stabilisers both employ a continuous servo with velocity feedback. They are

insensitive to change of frequency-load power factor-temperature-supply wave-
form. They are unaffected by vibration and bumping, and have excellent long-term

stability. Other important features are

I. Output continuously variable. S. Very wide range of correction
2. Zero distortion. (The A.C.7. covers minus 20% to

3. Metered for current and voltage. plus 10%).

4. Large power. Send for data sheet.

SERVOMEX CONTROLS LIMITED
Crowborough Hill, Jarvis Brook, Sussex Crowborough 1247
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SITUATIONS VACANT (Ceara.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
Inclusive unless he or she, or the employment.
is excepted from the provisions of the Notifica-

tion of Vacancies Order, 1952.

VACANCIES exist for engineers in Radio and
Radar field at our various Depots. Applicants
should possess 1st class P.M.G. wireless certifi-
cate or Ministry of Transport Radar certificate.
Applications from long service naval personnel
welcomed. Reply to W. H. Smith & Co.,
Electrical Engineers Ltd., 68 Grosvenor Street,
Manchester 1. W 1403

VICKERS-ARMSTRONGS (Aircraft) Limited,
have the following vacancies in their Guided
Weapons Development Department:- (x) Cali-
bration Engineer. An Engineer is required for
work on calibration of electrical and electronic
instruments and to investigate associated measure-
ment techniques. Applicants for this position
should have a Degree or equivalent in engineer-
ing or physics and preferably have experience
in electrical measurement and allied
techniques. (y) Engineer Draughtsman (Elec-
tronic). A Draughtsman is required to engineer
equipment from laboratory circuit information to
prototype stage. Adequate facilities are avail-
able for the development of original techniques.
A knowledge of M.O.S. requirements is desir-
able. The minimum academic qualification re-
quired is Higher National Certificate in Electrical
Engineering or equivalent. (z) Draughtsmen
(Electrical). 2 Draughtsmen are required to
engineer prototype electronic equipment under
the direction of an engineer draughtsman. A
knowledge of M.O.S. requirements is desirable.
Minimum qualification Ordinary National Certi-
ficate or equivalent. Applications, quoting date
and prefix letter of advertisement, to: Employ-
ment Manager, Vickers-Armstrongs (Aircraft)

Weybridge Works, Weybridge, Surrey.
Weybridge is 30 minutes from London on the
main Waterloo/Portsmouth Line. Additional
'buses operate to and from the Works at start-
ing and finishing times. Canteen facilities.
Applicants should be in a position to arrange
their own housing accommodation. Assistance
can only be given with individual lodgings.
Holidays already arranged by applicants this year
taken inth account. W 3443

V.H.F. Radio Link Engineer. Required for the
maintenance of Multi -Channel Links. Previous
telephone and radio experience essential. Apply,
giving full details of experience, etc. to Person-
nel Manager, Pye Telecommunications Ltd.,
Ditton Works, Cambridge. W 3389

Further "Situations Vacant" advertisements
appear in display style on pages 94,103, rog,
108,111,112, 116,117, 120, 122,124, 128 and

134.

FOR SALE

COSSOR D.B. 339 'scope in excellent condition.
New valves. links viewing hood, leads and in-
struction manual. £35 or nearest. Willis,
"Briarfield", Clifton Road, Ilkley. W 1397

EXCLUSIVE. Sale of cabinets in bakelite for
Television. Apparatus offered to Constructors for
different countries. Apply Box No. W 1378.

EXTRUSIONS BY MARLEY Buyers requiring
rigid and flexible tubes and sections in thermo-
plastic materials should ask for a quotation from
Marley Extrusions Ltd., Dept. 127 Lenham,
Maidstone, Kent. Harrietsham 381. W 224

FACTORY FOR SALE, Wolverhampton, 123,000
sq. ft. Modern Building, brick construction,
central heating; e:ectric lifts, offices, canteen.
Freehold £85,000. Vacant possession. Full
details from Chamberlain & Willows, 23 Moor -
gate, London, E.C.2. (Metropolitan 8001/8).

W 3538

FERRIS 32A Field Strength and Noise Meter
160Kc/s to 20Mc/s. Microwave Signal Genera-
tor 6cm with Monitored output and pistonattenuator. Also 3cm Signal Generator with
Bolometer and High Cycle Power supply. Marconi
Comparison Bridge. Box No. W 1399.

FOR SALE. 500 lbs. Radiometal Lamination 13
OA Ils. lb. any quantity. Box No. W 1370.

FOR THE VERY BEST technique in V.H.F.
design do please see the Eddystone "820"
FM/AM unit at Webb's Radio, 14 Soho Street,
W.I. (Gerrard 2089). Descriptive brochure post
free on request. W 196

MAGSLIPS. SELSYNS and many other items
connected with automatic and remote control
mechanisms are marketed by Servo & Electronic
Sales Ltd. Brochure available on request. See
our display advertisement on page 123. W 202

METAL -GLASS SEALS. Single way hermetic-
ally sealed terminals for soldered connexions and
fixing. Mostly lkv and 2kv sizes. New: 65s.
per 1,000 assorted. P. B. Crawshay, 94 Pixmore
Way, Letchworth, Herts. Tel. 1851. W 215

POWER EQUIPMENT BARGAINS. Potted
Mains Transformers. These are of really superior
construction fitted in cast metal cases and com-
pound filled. Terminals come to ebonite base-
board. All are upright mounting and have 220/
230 normal 50 cycle mains input and fully
screened primary. Type 5FI. 265-0-265 at 300
m.a.; 6.3 v. at 7 amp.; 4.4 v. at 2.5 amp.; Price
35s. plus 3s. 6d. carriage. Type 5F2. 365-0-365
at 150 m.a.; 4 v. at 2.5 a.; 6.9 v. at 4.2 a.; Price
32s. 6d., carriage and packing 3s. 6d. Type 5F3.
1540 v. 2 v. at 2 a.: 4 v. at 1 a. This is an ideal
transformer for televisors and scopes using
V.C.R.97, etc. Price 25s. carriage 2s. 6d. Potted
Chokes. These chokes are in similar type cases
and therefore match the above transformers. Type
5F4. 5 H. at 300 m.a. Price 10s. carriage and
packing 2s. 6d. Type 5F5. 10 H. at 150 m.a.
Price 12s, 6d. post and packing 2s. 6d. High
Power Transformers. For R.F. Heaters, trans-
mitters, etc., etc. These are open wound type
for maximum cooling and have the normal 200-
250 primary fully screened. Type 5F6. 1,000 v.
at f amp. e.g., 5 K.V.A. Price £8 10s., carriage
and packing Sc. Type 5F7. 1,500 v. at 1 amp.
e g., 1.5 K.V.A. Price £15, carriage and pack-
ing 7s. 6d. Type 5MI. 1,000-0-1,000 v. at 1.5
amps. e,g., If K.V.A. Price £12 10s., carriage
and packing 7s. 6d. Type 5M2. 1,000-0-1,000 v.
at 500 m.a. and 4 v. at 4 a. Price £7 10s,, car-
riage and packing 4s. 6d. Type 5M3. 375-0-375
v. at 250 m.a. and 4 v. at 4 a. Price 37s. bd.,
carriage and packing 3s. 6d. Power Filament
Transformers. Type 5M4. 4 v. at 4 a. 2-0-2 v.
at 10 a. Price 18s. 6d., carriage and packing
3s. 6d. Type 5M5. 3.15-0-3.15 at 10 a. 4-0-4 at
10 a. 4-0-4 at 2 a. 4 at 4 a. 2.5-0-2.5 at 3 a.
Price 27s. 6d. plus carriage and packing 3s. 6d.
Type 5M6 34 v. at 2 a. tapped 32 v.. 30 v. and
28 v. for relays. etc., 22s. 6d. plus 3s. 6d. car-
riage and packing. Power Chokes. Open wound
type and feet with clamps. Type 5M7. 30 Henry
at 500 m.a.. 35s. Type 5M8. 20 Henry at 500
m.a. 32s. 6d. Type 5M9 15 Henry at 500 m.a
27s. 6d. Type 5M10. 10 Henry at 500 m.a
22s. 6d. Type 5M11. 25 Henry at 250 m.a
18s. 6d. Type 5M12. 3 Henry at 10 amps
18s. 6d. Type 5M13. 200 Henry at 5 m.a. 15s
E.P.E. Ltd., Special Sales Dept.. 31 Bourne
House, Grove Road. Eastbourne. W185

EDUCATIONAL

DIGITAL COMPUTORS, October 10th -14th,
1955. A short residential course at the Somerset
Education Committee's College for Adult Educa-
tion. Tuition by the staff of the Electrical
Engineering Department, Manchester University.
Inclusive residential fee £9. Final enrolment date,
September 26th. Details from the Warden,
Dillington House, Ilminster, Somerset. W 3514

THE POLYTECHNIC, Regent Street, W.I.
Department of Mathematics and Physics. Ad-
vanced Electronics. The following series of lec-
tures will be held on Tuesdays from 7.00-8.30
p.m. commencing on 27th September, 1955. A.
Pulse Circuits 27th September to 1st November,
1955. B. The Physics of Semiconductors, 8th
NO-Yernber, 1955 to 10th January, 1956. C.
Semiconductor Circuit Elements, 17th January
to 28th February, 1956. Fee for each series £1.
Applications for p-ospectuses and enrolment
forms should be made to the Head of the Depart-
ment as early as possible. W 3264

FREE! Brochure giving details of course
Electrical Engineering and Electronics, covering
A.M. Brit. I.R.E., City and Guilds , etc.
Moderate fees. Write to E.M.I. Institutes, Dept.
EE29, London, W.4 (Associated with H.M.V.).

W 2674

LECTURES. Battersea Polytechnic, London,
S.W.11. Electrical Engineering Department. A
one-year evening course comprising lectures,
tutorials and practicals on Linear Servo-
mechanisms by Mr. G. L. Ashdown, A I.Br.,
M.I.E.E., F.Inst.P. Mr. R. A. King
M.A.(Cantab.), under the direction of Dr.
G. L. d'Ombrain, Ph.D., D.I.C., A C.G.I.,
M.Am.I.E.E., M.I.E.E., Consultant and Head of
Department. Commences on the 3rd October,
1955, at 7 p.m. and on successive Monday
evenings through the session. Particulars and
enrolment forms on application to the Depart-
ment. W 3494.

THE POLYTECHNIC, 309 Regent Street, W.I.
Department of Mathematics and Physics. This
following courses of lectures have been arranged,
starting in September 1955: (1) A second Course.
in Electronics on Monday evenings, 6.30-8.30.
(2) Modern Electric Network Theory on Friday
evenings, 7.00-9.00. Full particulars may be ob-
tained on application to the Head of the Depart-
ment. W 347T

T.V. AND RADIO-A.M.Brit. I.R.E., City &
Guilds, R.T.E.B. Certificate, etc., on " No Pass
-No Fee " terms. Over 95 per cent successes.
Details of Examinations and Home Training.
Courses in all branches of Radio and T.V. Write
for 144 -page handbook -Free. B.I.E.T. (Dept.
337H). 29 Wright's Lane, London, W.8. W 18T

WANTED

COPIES of Television for 1952 and 1953. Boa
No. W 305.

SERVICE

ANY ELECTRONIC MS perfectly typed (or
duplicated) by enthusiast of experience with
special typewriter. 25 Valkyrie Road, WalWlasey,
Cheshire. 13814

ELECTRONIC ASSEMBLY, machine capacity
available, (aid). Bel Marlborough Yard, N.19.
ARC 5078. W 214

PLASTIC MOULDINGS in Thermoplastics and
Thermosetting materials. Specialists in high-
grade electrical mouldings. Own tool -room.
Greenwood Rawlins & Co. Ltd., Brook Road,
Rayleigh, Essex. Tel. Rayleigh 903. W 1353

WHERE CAN YOU GET that special shaped
Rubber piece made? For those in the know
the answer is Sefco. Why not send your own
problem to:- Sefco Ltd., 52/54 Rosebery
Avenue, London, E.C.I. W 1398

BUSINESS OPPORTUNITIES

FUNDS AVAILABLE for Investment in sound
private manufacturing concerns, having scope for
development. Steady profit record essential, pre-
ferably exceeding £20,000 per annum, as well
as ensured continuity of management. Suitable
opportunity for industrialists wishing to realize
funds without discontinuing active direction of
company's affairs. Well-known Merchant Bank
acting for investment trusts will deal with pro-
posals in strictest confidence. Reply Box No. JL/96
C/O 95, Bishopsgate, E.C.2. W 3468
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SCOTCH BOY'
Electrical Tapes

NOW
with Thermosetting Adhesive

In the field of component assembly, 'Scotch Boy'
electrical tapes have long been unrivalled for strength,
ease of application, and excellent dielectric properties.

Now a new range of 'Scotch Boy' electrical tapes, with
thermosetting adhesive, has been introduced. These
remarkable new paper, glass cloth, and acetate cloth
tapes have the same ability to stick at a touch, but the
adhesive cures firm when components are subjected
to the normal drying cycles.

The cured adhesive has greatly increased solvent re-
sistance, and soft spots are eliminated. The new tapes
are, therefore, ideal for use with solventless varnishes
and casting resins.

HERE ARE TYPICAL APPLICATIONS:

TOP LEFT No. 38 Paper Tape binds and insulates motor
field coils

TOP RIGHT No. 38 Paper Tape is used to anchor, start, and
finish wires

CENTRE RIGHT No. 27 Glass Cloth Tape holds the leads and insulates
the lead wire splice of a lighting transformer

BOTTOM RIGHT No. 28 Acetate Cloth Tape anchors leads in second-
ary windings, and No. 38 Paper Tape holds fibre
lead pads of a transformer

FOR SPEED AND ECONOMY IN COIL ASSEMBLY

SCOTCH BOY
(Regd. Trade Mark).

Electrical Tapes
ANOTHER Go PRODUCT

MINNESOTA MINING AND MANUFACTURING COMPANY LIMITED LONDON BIRMINGHAM MANCHESTER GLASGOW
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Wieh af / Iladente

Casting in Aluminium Alloy

(approx. weight 208 lbs.)

C and L Hill LTD would welcome your enquiries for Non -Ferrous
Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal,
Phosphor Bronze, Aluminium Bronze, High Tensile Manganese
Bronze, High Conductivity Copper, " Hilchil " Chill Cast Phosphor
Bronze Bars, Cored and Solid. Sand Castings in all Aluminium
Alloys. Aluminium Gravity Die Castings.

Hill facilities include

Wood and Metal Pattern Shop. Fully Approved Laboratory and
Test House with Inspection Organisation. Facilities for Radiology.
Specialists in Development and Quantity Production of Castings
for Radar.

Design your Castings for SHELL MOULDING and save Machine
Shop costs.

MEMBER OF THE 0 WEN ORGANISATION

You can support the B.R.M.
through the O.R.M.A. (Owen
Racing Motor Association)
Members £1 1. 0 per annum.
Associate Members 5/-. Car Badge
(full members only) £1.10.0 extra.
Full details from: THE SECRE-
TARY, ORMA, KENT HOUSE,
MARKET PLACE, OXFORD
CIRCUS, LONDON, W.1. Tele:
Museum 8901-6

C&L.11111 LTD
Stringes Lane, Willenhall, S. Staffs.

Tel : Willenhall 227 (4 lines) Grams : Hill 227 Willenhall

Branch Works : Wednesfield Road, Willenhall.

Both our Foundries are available for Prototype Work.

WhiteAd 3072 b
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. . . with their team
of specialists, skilled in every modern precision technique,
backed by the most up-to-date plant, offer you a service famed
for its promptness, helpfullness, and efficiency . . . and are
undoubtedly the firm to turn to in any difficulty involving design or
manufacture of Thermo -setting Plastic components.

METROPOLITAN PLASTICS LTD
GLENVILLE GROVE  DEPTFORD  LONDON SE8

Phone : Tideway 1172-3

A.I.D. Approved Factory

SEPTEMBER 1955 17 ELECTRONIC ENGINEERING



when size is important
too small, even in miniature motors, can be as bad as too big.

In fact servo -motor design implies " tailoring " the motor for the particular servo -system.

To meet this requirement and still offer reasonable delivery, Vactric have designed a whole

range of basic types, each of which can be " tailored " as required. These miniature motors are

sturdy and reliable, precision engineered and have the highest power to size ratios.

A typical example together with performance details is shown actual size below.

Output

Torque

Speed

Voltage

Amps

Watts

Rating

2.2 x h.p.

35 gram centimetres
.486 ounce inches

4000-5200 r.p.m.

6.3 volts D.C.

1.2 max.

7.55

continuous

Telephone: SLOane 9656 or write for brochure or technical assistance.

V a c -t r 1 co-_ limited 196 Sloane Street London SW1
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In the centre of this
Broxlea staff group
are Mr. G. M.
Coomes (Secretary),
and Mr. L. and Mr.
B. Izzard (Directors).

A

FAMILY AFFAIR

THE PEOPLE in this photograph are some of the highly skilled and

enthusiastic staff of 200 we have built up by careful selection and

training over the last nine years. At present their special experience

and aptitudes are fully engaged on

BROXLEAautomation, electronic and advanced

PRODUCTS telecommunications equipment pro -

LIMITED duced on sub -contract for some of
A.I.D. - approved sub -contractors the most internationally -famous con -
HIGH ROAD  BROXBOURNE  HERTFORDSHIRE

PHONE : HODDESDON 3091/2 cerns in this country.
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for
radio

ceramics
STEATITE & PORCELAIN PRODUCTS LTD.

Stourport-on-Severn, Worcestershire. Telephone: Stourport I l I. Telegrams : Steatain, Stourport SP88
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THE range of Rivlin Precision Wirewound Resistors has been

extended to include miniature types. As with existing Rivlin
Resistors they are fully heat treated and a heavy polythene coating
renders them completely impervious to the effects of humidity and
temperature.

* Rivlin Resistances can be adjusted to 0.1% of the required value,
or 0.010 whichever is the greater.

* Any value in the range 0.10 to 75,0000 can be supplied with ja
temperature co -efficient of 0.002% per degree centigrade, and up to
lrota with a temperature co -efficient of 0.02% per degree centigrade.
Standard rating -1 watt.

* Rivlin Wire Wound Resistances fully comply with Services speci-
fications.

* American types reproduced.

14 to 21 days delivery

resistors 1)8RIVIIN

V/-

/ :-
0/ ".;,,we( '

aU

RIVLIN INSTRUMENTS LTD.
7a Maitland Park Villas, London, N.W.3. Gulliver 2960

MOTOR OR MANUAL DRIVE AT WILL.
FREQUENCY RANGE 20cs. TO 3Kcs.

Meets Ministry specifications for valve
vibration testing.
Also suitable for general vibration work.
Automatic reverse and stop or cycle over
complete range or any selected band.
Constant output 0.1V into 600 ohms or as
specified.
Sweep rate 2 octaves per minute (can be
varied to suit customers requirements).

1-d/ iit/hefflati011
RIVLIN INSTRUMENTS LTD.
7a Maitland Park Villas London N.W.3 Gulliver 2960
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FOR INDUSTRIAL AND RESEARCH APPLICATIONS
G -PAC (General Purpose Analogue Computer) is a unit -construction electronic analogue

computer, operating on a real-time scale, which has been designed for simplicity of operation and
ease of maintenance. It can be used as a differential analyser or as a performance simulator.

G -PAC provides a built-in slow speed time -base for viewing solutions on standard oscilloscopes,

plug-in passive elements for problem setting, and removable " problem boards " so that the
computer can be operated whilst new problems are being set up. The built-in power supply

has sufficient capacity to allow external units to be operated from the cabinet. Additional

cabinets can be added as desired to provide for the solution of the most complex problems.

consult Lquo -11j for
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General
purpose
electronic
analogue
computer

G -PAC Functional Units
The individual units illustrated here are
designed for quick assembly into removable
frames, so that a wide range of problems can
be easily set up externally to the computer.

BAA UNIT
I D.C. Amplifier)

7C UNIT

NIT

PASSIVE ELEMENTS

/.A UNIT

- :. 6/71

`0IN ..k '
5 am

El ei v

(Inset above). A problem board assembled
externally to the computer, ready for patching.

electronic computing
ELLIOTT BROTHERS (LONDON) LTD., COMPUTING DIVISION, ELSTREE WAY, BOREHAMWOOD, HERTS. TELEPHONE : ELSTREE 2040
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11116) ELECTRICAL

If you have not yet received your copy of this useful digest
of Thorn electrical equipment please send a postcard to
THORN ELECTRICAL INDUSTRIES LTD.
HEAD OFFICE : 105 / 109 JUDD STREET, LONDON, W.C.I.

TEL: EUSTON 4433
AIRCRAFT COMPONENTS DIVISION: GREAT CAMBRIDGE RD.

ENFIELD, MIDDLESEX. TEL: ENFIELD 5360

24 FARNBOROUGH  STAND 113

THORN PLASTECK PANEL
LIGHTING SYSTEM

and other important developments in console panel
illumination, navigational lighting and electrical
equipment described and illustrated in the new

THORN ELECTRICAL
AIRCRAFT EQUIPMENT CATALOGUE
An important item described in the new catalogue is the Thorn
Plasteck Panel System. This system provides the key to the
problem of night illumination of instrument panels. A notable
merit of this system is that panel inscriptions, numerals, etc., are
always clearly visible, being white during daylight and red at night.

CONTENTS OF THE CATALOGUE INCLUDE
THORN PLASTECK PANEL SYSTEM

PILLAR LAMP SYSTEM

MINIATURE SEALED INDICATOR LAMPS

PASSENGER CALL BUTTON

MIDGET PANEL LAMP

NAVIGATION LIGHTING FITTINGS

ATLAS LAMPS FOR AIRCRAFT

REVERSE CURRENT CUT-OUT

SEALED RELAYS

THERMAL OVERLOAD CIRCUIT BREAKERS

CONTROL TOWER LIGHTING

PORTABLE HAND LAMP



Laboratory Instruments

V.H.F. Impedance Bridge Type B.801

For balanced and unbalanced measurement from 1-100 Mc/s.
Susceptance : Equivalent

to ± 230 pF.
Accuracy: 12%, 10'5 pF.

Conductance : 0-100 mmho.

Accuracy : ±2%, 10'1 mmho.
This is one of a range of bridges for use with external source and
detector for the measurement of aerials, cables, feeders, and a
variety of components and materials between 15 kc/s and 250 Mc/s.
Bridge sources and detectors are available for use between
1-100 Mcis and 50-250 Mc/s.

Component Bridge

A moderately priced 50 c,'s
very wide range, capable
a variety of in situ measur
R: 30 to 1000 mil, C:
L : 100 mH to 10.000 H.

Portable Wave Analyser Type A.321

To measure the relative levels of the components
of a complex waveform over a range of 75 db between
50 c/s and 20 kc/s. Input impedance 100E11 unbal-
anced or >25K0 balanced. In transportable case as
shown, or for standard 19" mounting.

FOR DETAILS OF THE RANGE WHICH INCLUDES

AF HF and VHF Bridges Signal Sources Component Test Gear
Microwave Apparatus Special Purpose Equipment

WRITE OR TELEPHONE

Type B.121

instrument with a
of 3 -terminal and

ements.
1 pF to 1000 mF,

THE WAYNE KERR LABORATORIES LTD  NEW MALDEN SURREY  MALDEN 2202
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proved
filter
units

with Ferroxcube pot cores

1 High performance combined with small size and light weight.

2 Designed and built to customers' individual requirements.

3 Long term stability, even under conditions of temperature variation.

High quality electrical filter units built around Ferroxcube cores can now
be supplied to communications equipment designers' individual specifications.
These filter units have significant advantages over comparable types designed
without the use of Ferroxcube, particularly in the frequency range 300 c/s
to 500 kc/s. For audio frequencies the use of Ferroxcube cores permits
the winding of compact coils with very high inductances. This results in a
considerable reduction in the size and cost of the associated condensers and
hence of the filter unit as a whole. The high Q values obtained for a
given volume, especially above 10 kc/s, enable sharp cut off characteristics
and low pass -band losses to be achieved, while negligible stray flux
facilitates the production of compact and mechanically robust filters.
Electrical filter units are among a number of high quality components
now being made available by Mullard. Full details of the complete series
of components will be gladly supplied upon request.

Mullard 'Ticonal' alloy permanent magnets
Magnadur permanent ceramic magnets

Ferroxcube Ferro -magnetic cores.

WILLARD LTD OOMPONENTS DIVISION CENTURY HOUSE SHAFTESBURY AVENUE WO2

(41463A)
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good magnetic
characteristics

defter/ad

CAREFUL

CASTING

CONTROL

Standard maintains its established leadership

in the manufacture of high permeability mag-

netic alloys by constant vigilance in the

control of each and every production process,

one of which is illustrated here. Produced

Company which has the unique advantage of

by a
being

a large-scale user of its own magnetic materials, a long

experience of the applications of these materials gives

full appreciation of the properties essential for uniform

electrical characteristics and stable performance.

It will pay you to investigate the capabilities of

Standard magnetic alloys with relation to your specific

requirements.

 PERMALLOY 'C' for highest initial permeability,
useful for wide -band frequency transformers, current
transformers, chokes, relays and magnetic shielding.

 PERMALLOY`B' has lower initial permeability than
Per` -alloy 'C' but higher values of flux density. Suitable
where high permeability to alternating field is required
superimposed upon a steady polarising field.

 PERMALLOY D' for very high resistivity without
undue lowering of the maximum flux density. Variation
of permeability with frequency is small. Ideal for H.F.
applications.

 PERMALLOY`F' for high flux density, very rect-
angular hysteresis loop, with a retentivity of at least 95%
of its saturation value and low coercive force. Ideal for
saturable reactors, magnetic -amplifiers, digital computors,
memory devices, etc.

 V-PERMENDUR for high permeability with a very
high value of maximum flux density. Finds special
application for use as high quality receiver diaphragms,
also motor generators and servo -mechanisms in aircraft
where weight and volume are important factors.

Standard Telephones and Cables Limited
Registered Office: Connaught House, Aldwych, W. C.2

TELEPHONE LINE DIVISION : North Woolwich, London, E.I6
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In June 1920 the first advertised sound radio

programme was broadcast from the Marconi

transmitter at Chelmsford. To -day Marconi high

or medium power transmitters and high power

aerials are installed in every one of the B.B.C.'s

television transmitter stations and Marconi

television systems are being supplied to countries

in North and South America, Europe and Asia.

MARCONI

TELEVISION CAMERAS

STUDIO EQUIPMENT

RADIO LINKS
AND TRANSMITTERS

AERIAL SYSTEMS

COLOUR TELEVISION
INDUSTRIAL TELEVISION

Complete Television and Sound Broadcasting Systems

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED CHELMSFORD ESSEX
LG 3
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CABLES and CORROSION

'FLUON'-insulated cables made by
British Insulated Callender's Cables Limited

3E' X.EXT 4C, 1\T *
holds its insulating and dielectric properties

from -80°c. to 2,50°c.

It is the ONLY material that can be used on high frequency, high -temperature cables
operating under corrosive conditions.

Power factor

Dielectric Constant

Dielectric Strength

Surface Arc Resistance

Volume Resistivity

Water Absorption

< 0.000 2

2.0

1,500 to 1,800 volts/mil. on .005 in. sheet.

>100 secs. (non -tracking)

io"--io" ohm.cm.

Nil

Chemically inert, and unattacked by acids, alkalis or solvents. Non -inflammable.

* 'FLUON ' is the registered trade mark for the
polytetrafluoroethylene manufactured by I.C.I
Please ask for full technical data.

IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.i
P.s7a
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W. BRYAN

Sr VIBRATION TESTING

VLF, AUDIO & LRFAMPLIFIERS
Savage amplifiers give a source of power where it is required
for vibration and fatigue testing of structures, components,
engineering products, engines, special metals, etc. In this
direction, the applications of this equipment are countless,
as they are also as variable frequency power source for
transformers, meters, motors and electrical component design.

TYPICAL APPLICATIONS:

* Vibration Testing
* Transformer Testing
* Variable Frequency

Power Supply for
Synchronous Motors
and Test Gear.

Many of the organisations
are using this equipment.

Mark II Star

VIBRATOR
TYPE 1000

The vibrator is designed to produce a
continuous alternating thrust of ±600 lbs.
(unblown) at r kW and approximately
1,2oo lbs. (blown) at 4 kW in a frequency
range of 5/5,000 cycles. Unit construction
has been adopted and careful attention
to detail has produced a vibrator that can
quickly and easily be stripped and re-
assembled should repairs become necessary.
The design is such that no routine
maintenance is necessary.

W. BRYAN.a rte

OUTPUT
100 WATTS VLF "

1,000 WATTS VLF"
MARK II STAR

"LRF"
10 kW, MARK 10

W. BRYAN

3 c/s to 6 c/s
6 c/s to 2,000 c/s
50 c/s to 10 Kc/s
5 Kc/s to 100 Kc/s

50 c/s to 10 Kc/s

SAVAGE LIMITED
17 STRATTON STREET, MAYFAIR, W.I. Telephone : GROsvenor 1926
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nine -one-two PLUS
Six position fully screened
Selector Switch, with or
without pre -amplifier, to
cater for all types
of record, various types
of pick-up, radio and
microphone inputs.

This book gives details of how to modernise this

popular Amplifier. Stage by stage wiring instruc-

tions are included for the improved '912', and there

are many additional valuable features. By purchas-

ing this book, you can read how to bring up-to-date

your existing Osram '912' or obtain full details for

constructing this versatile and remarkable Ampli-

fier for High Quality Sound Reproduction. It costs

4s. Od. from your dealer or by post 3d. extra from

Osram Valve & Electronics Dept.

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2.
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"We can straighten out
your knottiest problems."
-THE SUPERFLOCTOPUS

FLEXIBLE
TUBING
For the conveyance of all

hydrocarbon fuels and oils,
suds, oil -borne and water-
borne coolants, gases etc.

Suitable for pressure or
vacuum. Ideal for Machine -
Tool Hydraulic feeds. Sup-

plied, complete with suitable
end fittings, in required
lengths:and bores.

ELECTRICAL

CONDUITS
Oil -proof and waterproof
Flexible Electrical Conduits
are made in a range of
standards suitable for all
electrical purposes where
perfect protection is desired,
with maximum flexibility
and current continuity.
Insist on the Flexible Tubes
with the 25 year reputation
for quality-

Write stating your require-
ments to Dept. EE

LIMITED

TRADING ESTATE SLOUGH BUCKS Tele. SLOUGH 24561 (5 lines)
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In common with most large manufacturing The complexity of

concerns, the MARCONI-OSRAM the modern industrial
machine is ample

VALVE CO. employs Cossor Oscillographs evidence of the magnitude

to help investigate vital manufacturing of the problems involved
in its design. In their

problems. The picture shows a ability to display and

"Q Series" Valve Vibration measure the mechanical or
electrical characteristics

Rig where stresses of known of its component parts
form, amplitude and frequency Cossor Oscillographs can

supplement theoretical
are applied to valve samples premises with experimental

to simulate accurately / proof and can thus save
a lot of time on a

their mechanical development project.
conditions of service. Economically, this

cannot be overlooked.

CO COSSOR

Ikl3NIET
Ltg

The Technical Advisory Staff would be pleased to discuss
your particular problem.

COSSOR HOUSE HIGHBURY GROVE
LONDON N.5

Telephone: Canonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London. Cables: Cossor, London
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OSCILLOGRAPHS

Our M E 64 Six -channel Recorder
is a fine example of our high quality
Cathode-ray Oscillograph equipment.

Please write for our catalogues

SOUTHERN INSTRUMENTS LTD
CAMBERLEY SURREY

Telephone: Camberley 223o ( 3 lines) Telegraphic Address: Minrak,Camberley,England
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Marconi 6kW HF ISB Transmitters

These transmitters, designed in accordance with
the most advanced practice, provide :-

(a) Telegraphy on CW and FSK (Al and F1)
(b) Independent Sideband Operation (A3b)

The drive equipment is external and provides
either ISB modulation or telegraph keying at 3.1
Mc/s and suitable RF oscillator signals for fre-
quency changing in the transmitter. HS 71 is
manually operated; HS 72 provides full automatic
tuning and selection of any one of six pre-set
frequencies.

TYPES

(;) HFS 71 AND HS 72

The assembly is enclosed by unit
sections, as shown here, with ac-

cess through front and rear doors.

The two left hand bays house the

rectifier and power equipment and

the right hand bays the low power

and auxiliary transmitting circuits

and the main output stage.

FEATURES INCLUDE

 Tuning over the whole range without change
of components

 Air cooling throughout, with dust filtering.

 Double screening of power stages reduces in-
direct radiation and cooling air noise.

 Envelope feed back to reduce distortion.

 Compact assembly with good access for
servicing and safety interlocking.

More than 8o countries now have Marconi equipped telegraph and communication
services, many of which, completed 20 years ago, still give trouble -free operation.

Lifeline of communication

MARCONI
COMPLETE COMMUNICATION SYSTEMS
Surveyed, planned, installed, maintained

Partners in progress with The 'ENGLISH ELECTRIC' Company Limited

MARCONI'S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX
LCI2
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LONG LIFE

SINTERING

FURNACES
y/d/(6,64 4

Weighted
discharge door

Burn -off point
at discharge

Water -jacketed
cooling chamber

Voltage regulating transformer
with ammeter and voltmeter

Molybdenum wound
for temperatures
up to 1750° C.

Weighted
entry door

Pre -heat
chamber with
burn -off point
at entry

Heated section
with Molybdenum
wound element.
Hydrogen inlet
passes through
insulation into
the tube

Royce Molybdenum wound tube furnaces are
designed for sintering metals, including tungsten
carbide, and for bright heat treatment of special
steels. Long life of the heating element is obtained
by a special method of winding. Operation is
simple and maintenance easy. The furnace tube is
fused alumina, wound with heavy section
Molybdenum for temperatures up to 1750° C. It can
also be supplied Platinum wound for 1550°C,
Kanthal wound for 1200° C, and Nickel Chromium
wound for 1000° C. Tube sizes range from 1" to 5"
inside diam.

For full details write for publication R.F.5

ROYCE ELECTRIC FURNACES LTD
Sir Richards Bridge, Walton -on -Thames, Surrey

Walton -on -Thames 2577
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The Control Desk at Grangemouth
Refinery of Scottish Oils Ltd.
For a general description, please
write for publication EE 272

EVERSHED AND VIGNOLES LIMITED
ACTON LANE WORKS CHISWICK LONDON W.4

......_........-.---.----- TELEPHONE: CHISWICK 3670 CABLES MEGGER, LONDON TELEGRAMS: MEGGEA. CHESIL, LONDON

6/189
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REVOLUTIONARY
in design-
and performance!

HUNTS "THERMETIC" MIDGET METALLISED PAPER

CAPACITORS II ITH A TRUE HERMETIC SEAL
FULLY APPROVED TO JOINT SERVICES STAXDARD R.C.S.136/-1

CATEGORY 40/100, CLASS II.I.

TEMPER IMRE 11AAGE : - 100°C to 100°C

The W97 capacitor,'although of diminutive size, is an extraordinarily robust
unit. Most miniature units are prone to weakness in end connections and
general mechanical flimsiness. Such undesirable features are eliminated in
the W97 by the special processes used and extreme care in manufacture.
CAPACITOR UNIT
A single metallised paper is used to wind this unit which is made possible
by the use of Hunt's Patent covering the -castellated" pattern. Recent
development by Hunt on a special impregnating material gives the unit
remarkable brackets of operating temperature.
CASING
Hunt's patented double metal tube, sealed with the special "Thermetic"
compound, provides positive closure on the casing and lead entry, ensuring
positive hermetic sealing.
INSULATION OF CASING
The capacitors are supplied without an insulating medium on the case. If
specially requested they can be supplied with an approved plastic sleeve
which increases the dimensions by 0.07' in length and 0.03' in diameter.
TERMINATIONS
The terminations are of 24 gauge tinned phosphor bronze wire having a
nominal length of IA". Special attention is paid to the retinning of the wires
after the capacitor is fully processed. Connection is made to the unit by
applying copper spray to the metallising. The pigtail is soldered to this
bond giving a perfect connection of exceptional strength.
INDUCTANCE
W97 "Thermetic" Midgets have a very high self resonant frequency -the
following figures are quoted as a guide. 50 pF at 600 volts, which is the
lowest capacitance in the range, has a self resonant frequency of 280 mega-
cycles. At the other end of the range, 0.04 uF 200 volts, which is the
maximum capacitance, it is 8.5 megacycles.
INSULATION RESISTANCE
This is measured at working voltage at a temperature of 20 C. The
minimum capacitance in the range, 50 pF at 600 volts, has an insulation
resistance greater than 2,000,000 megohms. The maximum capacitance in
the range 0.04 uF at 200 volts, has an insulation resistance greater than
25,000 megohms. The intermediate capacitances are approximately pro
rata.
POWER FACTOR
Less than 2% at 1,000 cycles per second at 20 C.
CAPACITANCE TOLERANCE
Standard 20%. Closer tolerances are available, for capacitances
exceeding 500 pF.

W97 IS A 'MUST'
for the

MAKERS OF ELECTRONIC EQUIPMENT

A. H. Hunt (Capacitors) Ltd, Wandsworth S.W.18  BAT 1083
And In Canada: HUNT CAPACITORS (Canada) Ltd., AJAX, ONTARIO.

TYPE

LIST
NO.

W97 STANDARD RANGE

CAP E.F. DIMENSIONS (inches)
L. D.

200 volts D.C. Wkg.
BM7 0.002 0.610 0.135
8 M8 0.004 0.610 0.135
BM I I 0.004 0.500 0.180
8M9 0.005 0.610 0.135
BM12 0.005 0.500 0.180
BM13 0.01 0.500 0.180
BM 14 0.02 0.610 0.180
BM15 0.03 0,610 0.260
BM16 0.04 0.610 0.260

400 volts D.C. 'Nkg.
8M4 0.0004 0.610 0.135
BMS 0.0005 0.610 0.135
BM6 0.001 0.610 0.135
BM18 0.002 0.500 0.180
BM19 0.003 0.500 0.180
BM20 0.005 0.610 0.180
BM21 0.01 0.610 0.260

600 volts D.C. Wkg.
8M25 50 pF. 0.500 0.180
8M1 0.0001 0.610 0.135
BM26 0.0001 0.500 0.180
BM2 0.0002 0.610 0.135
8M27 0.0002 0.500 0.180
BM28 0.00022 0.500 0.180
8M29 0.00025 0.500 0.180
8M3 0,0003 0.610 0.135
BM30 0.0003 0.500 0.180
BM36 0.0004 0.500 0.180
BM31 0.0005 0,500 0.180
BM32 0.001 0.500 0.180
8M33 0.002 0.610 0.260
BM34 0.003 0.610 0,260
50135 0.004 0.610 0.260
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PELAPONE

AUTOMATIC DIESEL GENERATING SETS
FOR TELECOMMUNICATIONS SYSTEMS

Recent developments in modern Telecommunications Systems have empha-
sised the necessity for an unfailing and constant supply of Electric Power.
Any failure of supply, even for a very short period, could have far-reaching
and serious consequences to the users of the System. The selection of the
most suitable diesel engines and control gear, therefore, becomes a matter
of supreme importance. Pelapone engines over half a century have earned
a reputation for unfailing reliability and are now being widely adopted for
this purpose. Close liaison with the leading manufacturers of Telecommuni-
cations Systems has resulted in the development of a range of Generating.
Sets and Control Gear suitable for all modern Systems. Recent contracts on
which Pelapone equipments are being used include a Canadian Micro -Wave
System, an East African Radio Telephone Link, The Eire Trunk Carrier
System, a Japanese Micro -Wave System; for a Malayan V.H.F. Communi-
cations System and in conjunction with telecommunications in Nigeria and.
South Africa.

PELAPONE ENGINES LIMITED
Overseas Sales Division-I4 Berkeley Street, London, W.I. Cables - "Pelapone - London"

Tel : Mayfair 1674
U.K. Marine Sales Division -6 Avonmore Road, London. Grams: "Steelascos, Hammer, London"

Tel : Fulham 7732
U.K. Head Sales Division and Works-Slack Lane, Derby. Grams: "Pelapone, Derby"

Tel : Derby 45436

ELECTRONIC ENGINEERING 40 SEPTEMBER 1955



miniature HT RECTIFIERS

for domestic RADIO and TELEVISION
receivers

FEATURES
 Withstand overloads such as charging current

of deformed electrolytic capacitors
 Instant starting - no warming -up period
 Unlimited instantaneous overload
 Practically indestructible in service.
 No limit to size of reservoir capacitor

 Simple wiring - two connectors only.
 Simple mounting - no valve holder

 Small size ... low weight
 Low heat dissipation

 Low cost

boot' ,5J

Brandard Telephones and Cables Limited
Registered Office: Connaught House. Aldwych. London. W.C.2

RECTIFIER DIVISION: Edinburgh Way, Harlow, Essex,
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TOROIDAL

POTENTIOMETERS
Ceramic Insulation only-

and approved for

Tropical conditions.

Complete Ceramic Rings for

strength. Also a large range
of precision Toroidal -wound

Potentiometers and Helical
Potentiometers, 3 and 10 turn.

Type C. (Precision 5-7
watts.)
Tropical model
available.

Have you a copy of this catalogue ?
list No. 212.

500100,000
ohms. Winding

270°-355° Linear
accuracy 025% on

higher resistance values.

If not, write for

P. X. FOX LIMITED, Hawksworth Road, Horsforth, Yorks.
Tel: Horsforth 2831(2 Grams: Toroidal Leeds
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KLYSTRONS
'ENGLISH ELECTRIC'

The valves tabulated below are examples

from our standard range. The frequency
coverage can be varied, within certain
limits, to suit the requirements of
equipment designers. Further particulars
are available on request.

1

N...

Minimum Typical Operation 4

Tube C.V. Mechanical R.F. Electronic Type of 4

Type No. Frequency
Range

Power
Output

Tuning
Range

Tuner 4

4

4(Mc!.) (MW) (MC /13)
4

I

K.300-1- 9320-9500 25.0 30
4

Micrometer
' K.328-1- 9555-9685 25.0 30 Micrometer

4

K.302* 2164 9320-9500 25.0 30
4

Micrometer
K.305* 2263 9250-9500 25.0 30

i

External Pin ,

' K.312*
1

2273 9430-9650 25.0 30 Micrometer 4

K.313* 9645-9775 25.0 30 External Pin
i K.335* 2343 9555-9685 25.0 30 Micrometer
I

K.308* 2282 8800-8900 30.0 30
4

Micrometer 4

, K.315* 9105-9205 30-0 30 Micrometer
I K.317* 8200-8300 30.0 30 Micrometer

1

, K.311* 8500-9500 40.0 25 Shaft.
i K.324* 2304 9000-10000 40.0 25 Shaft
i

j- Operate into Standard British Waveguide (1.0" X 0.5" inside dimensions).
* Operate into Standard American Waveguide (0.9" X 0.4" inside dimensions).

All valves are supplied with an integral resonant cavity.

60006000
44004464406464
.0400000
0 4 6 44
.0400406
0004 4044
$ 4 6 4 4 01.1.1.1
0 4 4 0 41 0
1.1146.4

. 0 0 6 0 44
4 4 4 04 4 0

. 0 4  0
 4 $ 0 0 $ 0 4
6 41 4 4 0 4 4
40060064
00404041
0 4 4 6 0 4 4
1406104 
4 0 6 00 4 4
1  0 6 0 
46000,04
4000.000
0000004 4
4140414046004
1404 4104 0
0 00  0 0 4
4040060
4000.004
1 0 4 4 4 0 6 4
0 0 4 6 0 4
106 6 600
4 4 41 4 4 0 4 4
1 110006006044001
10100400
4 $ 6  0  0 4
1 400000 0
4004 6001
14004066
4 0 0 6 0 4
10# 6 4000
4 41 6 0 0 4 0 4
1 464 460 0
4 4 4 6 4 $ 4
1 4004 000
0 4 6 41 6 41 0 4
1 404 4 466
0 0 0 0 4 0 6 4
1 4 4  0 6 # 4
4 0 44404
6 0460000
6 400006 4
0 6000041 0
0 6 6 6 6 6 4

0 0 6 46000
6 6 4 40004
04440,00
0 4 6 4 4 0 6 4
0 4 0 0 $ 6
4 0 4 4 4 0 .

0 0000000
4 41 4 6 6 6 4 .

6 04004 0 0
4040000,
$ #004104 0
4 4 4 6 0 .

$ $ 4000
4 6 6 6 41
 4 6 0 $

41 0 0 4 $ 4
4 40000 0

$ 0 6 $10046000 0 0 4 .

0404641 0
6 4 0 60
4000060
404 6,0
0 0 4 41 0 4 6
0046 4 9
4646644
6 $ 0 $ 0
4006464
# 6 6 4 0 6
0 6 0 0 4 6
4444464

$ 1 0 4 4,144.4
0 0 04441 044664
0 $ 0 41 $

0 4 0 4 0 4
0 4 4 0 0 0 4
04400 4
O 0 0 0
6 4 0 6 6 0
6040640
616066
0 4 6644 0
0 6 4 4
6 6 6 $ 0 4 4.
6 $ 4 0 4 640000
$ 0 $ 4 414.11
0 4 0 $ 0 $4400614
644004
00644 4 0
0004 $ 0
0 0 0 0 41

4 0 4 0 $ 4
6 0 6 4 6 4 6
000440
6 6 4 $ 4 4
6 4 #600
64444 4 6
0 0 0 0

0 4 6
$
0 4 6 4

4 4 $ 0 $
0004064

O 4 0 0
4 4 0 4 4 4 0

4 400 06 0
0 6 6 9
0 0 0 4 4 4016644

.000000
4 0 0 4 4 4 4 $
0 6 4 6 4

4 4 6 4 4 0  4
. 0 6 6 4 0 40600000

$ 01 4

0 4 4 0 0 4 4.0.400
6 0.0 0 6 0 4 4

4

4464
0 0 0 0 $4414

4

I $6040, 4 111614444611146114144141141441161416141114616111666111116140446 1 601 4 4 641610060600 0010006 6006 4 0 0 4 4 0 4 4 I
404044,406004404 4 4 404001 4004060041 1 4 $ 6 $ 0 66004 0600 4000001041000 4 4 40.0401.0.11664640411,016$ 6 4 4110400
1 40 4 6 4404041044 4 400044.4 041. 6 1 400 4 4 .60 4 $ 4 4 404 410001 60404 0140 $ 4 4 4 440444 0.4 $ #44404.4 4 4.40.04# 4 #0, $.41

44 4 6 400 0040004 6 4 00404 4 # 4040404 4 4 4 4 4 4 0 0606046606  4 4 6 064 0000  404 604 4 4'604 6060606466014 0 4466646 4046 6
04060.606 .04 6000 4 6 $0461464 4 100006 4 404  460 46000. 4 0 .66 4060.  4 464 6 6461060669 606 4 1 0 10606461 0 041006 40006 4 4
0 4000000410600006 664400 4 0 4 6 064000 4 000044 0004 60. 00446464044446100064644464600044144146460400446044 6 $ 6

ENGLISH ELECTRIC VALVE CO. LTD.
Waterhouse Lane, Chelmsford
Telephone : Chelmsford 3491

AP 300-21
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SCALAMP
ELECTROSTATIC VOLTMETER

For high voltage measurements at zero current drain the "SCALAMP"
ELECTROSTATIC VOLTMETER is the ideal instrument.* With a three -
second period and hairline -spot indicator on a clear open scale, measurements can
be taken with great rapidity and ease. The instrument is completely
self-contained, all components being enclosed in a robust dust -proof plastic case

mounted on resilient feet. Lamp illumination is effected from the mains -supply
through a built-in transformer or from an external 4V battery.
Please write for descriptive leaflet.

RANGES
Cat. No. E.E. 11308 I to 5 kV (a.c. or d.c.)

E.E. 11309 3 to 10 kV (a.c. or d.c.)
E.E. 11310 S to 18 kV (d.c.) and 5 to 12 kV (r.m.s. on a.c.)

*vide page too of Television Engineers' Pocket Book-a Newnes Publication.

IIP
SCIENTIFIC INSTRUMENTS

W. G. PYE & CO. LTD.. GP.ANTA WORKS. CAMBRIDGE, ENGLAND
WG 62
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ENTHOVEN Supers
for ISM STAR"

Careful alloying and the
incorporation of special fluxes
contribute to its efficiency
-but the stellate
6 -CHANNEL CORE
-secret of faultless
fluxing-places
ENTHOVEN
SUPERSPEED
in a class by itself.

Continuous stellate core has

6 channels of activated

rosin flux.

Solders difficult parts uni-
formly and quickly.

Fastest non -corrosive,
solder -and -flux combinat-
ion for industry.

Activator is rendered harm-
less by soldering heat.

Eliminates dry and high

resistance joints often
caused by incorrect fluxing.

Flux residue is hard, non-
conductive, non -corrosive

and non -hygroscopic.

soldering  

Designed as the result of exhaustive research into the pitiperties of
all kinds of single and multiple core systems, ENTHOVEN stellate 6 -
CHANNEL CORE combines all the advantages of both. It comprises,
in effect, six distinct flux channels-all located close to the circumference
of the solder tube and all connected with the main central channel.

When the heated solder metal collapses, the flux is released-not
merely from the channel nearest the heat, but from all six channels
simultaneously. Hence the quick, generous flow of precisely the right
amount of activated rosin flux eliminates all possibility of dry or high
resistance joints. Hence the name SUPERSPEED for the most efficient and
reliable of all cored solders.

MANUFACTURED BY

ENTHOVEN
SOLDERS LIMITED

SUPERSPEED activated rosin -cored solder for general electrical, electronic and telecommuni-
cation work, and all standard uses. A.I.D. approved to M.O.S. Specification DTD 599.
Complies with B.S.44I, RCS 1000, and other current specifications issued by G.P.O. and
other Government departments.

SUPERSPEED is available in a wide range of alloys and gauges. Samples, together with
comprehensive literature, gladly sent on request.

ENTHOVEN SOLDERS LIMITED 89 UPPER THAMES STREET  LONDON E.C.4. MANsion House 4533
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CEECAND:
Hermetically sealed,
oil filled, with
C -type cores.

(Full Type Approval)

LAMCOPT :
Open type to H.I.
with standard
laminations.

(Full Type Approval)

LEOCAST :
Resin Moulded,
with standard
laminations.

(Limited Type Approval)

CEECOPT :
Open type to H.I.
with C -type cores.

(Full Type Approval)

LAMCLOS :
Enclosed type,
with standard
laminations.

(One of the Cadet range)

LAMFILD:
Enclosed type,
compound filled,
with standard
laminations.

(Also in the Cadet range)

LAMCAND:
Enclosed type,
oil filled, with
standard laminations.

(Also in the Cadet range)

TRANSFORMERS
and CHOKES :
to U.S. Specification
MIL -T-27 and
Canadian JCNAAF-T-I9

and nobody

knows more than

Gresham about

Transformers for

Electronics

tRESHA.A;
TRANSFORMERS LTE.

RING THE ELECTRONICS DIVISION FELtham 2271-4

TWICKENHAM ROAD HANWORTH MIDDLESEX
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New beam tetrode D.C. control valve
of exceptional performance

gm = 35mA/V
Max. cathode current 800mA

The Ediswan Mazda 13.E.1 is a new beam tetrode
with a high slope and good power handling capacity
for use as either a series or shunt control valve in
stabilised power supplies. It is also eminently
suitable for servo control motor systems.

In either of these functions the 13.E.1 can usually be
used in place of two or three smaller valves thereby
saving space and simplifying wiring because multi-
plicity of connections, grid and anode stopper
resistors etc., are avoided, and this, in turn, gives the
additional advantage of improved circuit stability.

The 13.E.1 has a B.7A. all glass base and is intended
for vertical mounting. All maximum ratings shown
below are absolute values, not design centres.

RATING
Vh 26.0 v 13 v.
lh 1.3 A 2.6 A
Va max 800 V
Vg2 max 300 V
Vgl max -100 V
Wa max 90 W
Wg2 max 10 W
lk Max 800 mA

Vh k max. (cathode+VE) 300 V

B.7A. BASE
CONNECTIONS

Pin 1 h
Pin 2 h tap
Pin 3 gl
Pin 4 k
Pin 5 g2
Pin 6 a
Pin 7 h

EDISWAN

ill! 1I ,1

Ilit!,

11,111
I 4111111 4.141

# 11

.iotkit

MAZDA
VALVES AND CATHODE RAY TUBES

THE EDISON SWAN ELECTRIC CO. LTD. 155 Charing Cross Road, London, W.C.2.

Telephone : Gerrard 8660. Member of the A.I.E. Group of Companies Telegrams : Ediswan Westcent London
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THE FIRST IN A SERIES IN THE INTERESTS OF A BETTER UNDERSTANDING OF VIBRATION TECHNIQUE

do you know...!
that when a vibrator is mass controlled
it acts as a constant acceleration device

at,

2

no

Fig.I

no

I0

to

S
OI

Fig.2

When a vibration generator is driven from a
variable frequency source of supply, the ampli-
tude response will be as shown in Fig. t, for a
given value of damping. The frequency at which the resonance peak occurs
wo is dependent on the total mass and stiffness of the dynamic system.
At the lower frequencies, a substantially flat amplitude response is displayed
and the system is stiffness controlled. At the higher frequencies the inertia
force is predominant and the amplitude response decreases inversely
as the square of the frequency. These points are shown more markedly in Fig. 2
where the same curve is plotted on logarithmic scales. The corresponding
acceleration over the higher range being proportional to Au,' is therefore
constant. The constant amplitude response in the lower frequency range can
be artificially extended by introducing extra stiffness in the form of
springs so that coo the frequency of the fundamental resonance is increased.

We are on STAND 245
S. B. A. C. Exhibition,
Farnborough.

G co cocim axis

0-01
01 [4)44. 1.0

If you have a vibration problem-
*fatigue testing, torsional or fiexture testing or struc-

tural investigation - consult Goodmans first. The
Goodmans Vibrator Range includes models developing
±100 lb. to a midget with force output of +2 lb.

Full technical data from "Vibration Dept E"

10

Vika* 6ekotatvw
GOODMANS INDUSTRIES LIMITED AXIOM WORKS WEMBLEY MIDDX. Tel : WEMbley 1200 (8 lines)GD1
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WINDING WIRES

" Bicalex " synthetic -enamel

insulated winding wires

are ideal for high-speed

winding and for applications

where abrasion is likely.

They can be stretched, twisted

and even flattened without

damage to the insulation.

Full details on " Bicalex " Winding

Wires are given in Publication No. 322,

available on request.

For EVERY type of coil-there's a BICC Winding Wire

4 jw BRITISH INSULATED CALLENDER'S CABLES LIMITED

21 BLOOMSBURY STREET, LONDON, W.C.1
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for a copy of this booklet please write to

Magnesium Elektron Limited
MANCHESTER
Lumm's Lane, Clifton Junction, near Manchester

Telephone: Swinton 2511

ELECTRONIC ENGINEERING 50

LONDON
21, St. James's Square, London, S.W.1

Telephone: Whitehall 1040
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`Araldite'

`Araldite'

epoxy surface coating resins

epoxy resin adhesives

`Araldite'

versattle
resins

have
a remarkable

range
of characteristics
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epoxy casting resins

SEPTEMBER

`Araldite'
Araldite is a Registered Trade Mark

FULL DETAILS WILL BE SENT GLADLY ON REQUEST

Aero Research Limited
A Ciba Company

Duxford Cambridge. Telephone : Sawston 187

51
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II' swing,,I8/20" between centres,
I" collet capacity

MORE AND MORE FAMOUS FIRMS
USE HARDINGE HLV LATHES
Specially designed for Small Batch Production of precision parts

Write or 'phone for a descriptive

pamphlet and Test Chart or,
better still, ask for our mobile
demonstration unit to visit you-

it may be in your vicinity NOW!

HARDINGE
MACHINE TOOLS LTD

(One of the Sheepbridge Engineering Group)

Feltham, Middlesex, Telephone: 3221/5
Telegrams: Hardinge Feltham
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A film of Colloidal Graphite
-simply applied by spray, brush or dip technique - coats

friction surfaces which cannot be lubricated satisfactorily with
oil or powdered graphite.

The robust film of solid lubricant thus formed resists the
highest temperatures encountered in hot, metal -forming pro-
cesses such as forging, extrusion and die-casting. It reduces
friction and wear, prolongs die -life and increases production.

`clag' colloidal graphite provides the solution to many
industrial problems involving lubrication at high temperature,
parting, impregnation and electrical conductivity.

The Acheson organisation, manufacturers of fine dispersions
for half a century, place their specialised knowledge at your
disposal.

Let one of the Acheson service engineers demonstrate in your factory how 'dag'
dispersions can benefit you.

ACHESON COLLOIDS LIMITED, i8, PALL MALL, LONDON, S.W.i
Telephone: WHI 2034.7 Telegrams: OILDAG-PICCY-LONDON

Offices in London, Plymouth, Birmingham, Rochdale, Cheltenham, Richmond.
Sales Representatives in most countries overseas.

Also Acheson Colloids Company, Port Huron, Michigan, U.S.A.

Colloidal Dispersions of Graphite, Molybdenum disulphide, Silver and other
solids, in oil, water and volatile solvents for every industrial requirement.
Please write, for literature.

TAS'AC 80
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A RETAINER
SAVES TIME

AND MONEY*

To Geo. Salter & Co. Ltd., West Bromwich.
Please send details and samples of Salter Retaining
Rings to :-

Name

Firm

Address

ID Send representative 0 Letter attached
Put X as necessary.

F7

* THAT'S WHY THE
fitc tvitsiLcs_ tots_

POLARSPH ERE
INCORPORATES

SALTER,
"TRUARC"

Regd. Trade Mark

MEMEIEMO
uocccow

IF YOU WISH TO SOLVE
YOUR FIXING PROBLEMS

AS EASILY, JUST POST THE

COUPON FOR DETAILS

GEO. SALTER & CO. LTD., WEST BROMWICH
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EICIC NO BREAK
ENGINE -ALTERNATORS

E.C.C. PATENTS

NO -BREAK SET WITH CONTROL CUBICLE.

These NO -BREAK Alternator Sets are arranged to operate in conjunction with existing A.O. mains to. provide a Contiituuus
A.C. supply for essential services such as telecommunications, etc. Normally the vital service is fed from the supply mains
and, under conditions of mains failure, from the diesel driven alternator set.
Under normal conditions the A.C. mains supply power direct to the load, the alternator operating as a synChronous
motor driving a fly -wheel, with the diesel -engine stationary. Under mains failure conditions the alternator is driven
by the diesel -engine to supply power to the load. On restoration of the ordinary supply mains the alternator synchronises
automatically with these mains, the diesel -engine is again disconnected and the alternator operates as a synchronous motor.
Each set incorporates a Lister FREEDOM diesel engine and an E.C.C. synchronous induction motorjalternator. E.C.C.
patent static excitation and control unit is incorporated in the control pillar.
E.C.C. patent ECCOSYNE automatic synchronising unit is provided for re -connecting the alternator to the mains on
mains restoration. These sets ensure a continuous NO -BREAK supply both in attended and unattended stations.

Brochure B.1739-available on request.

ESTABLISHED 1882

THE ELECTRIC CONSTRUCTION COMPANY LTD.
Head Office and Works

BUSHBURY ENGINEERING WORKS
EICIC WOLVERHAMPTON

ENGLAND

TELEGRAMS:

ELECTRIC

WOLVERHAMPTON

TELEPHONE:

WOLVERHAMPTON
214E5 17 LINES,

2746

Manufacturers of Rotating Electrical Machinery, Switch and Control Gear, Rectifiers and Transformers.
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Precision
Cathode Ray
Tubes

Double Beam Tubes
Series D.6 and D.4
These tubes employ two inde-
pendent electron guns. All eight
deflector plates are separately con-
nected and interplate screening
ensures complete absence of inter -
modulation. The traces can be
superimposed and each gun has a
useful screen area of at least 100
mm. x 80 mm. Independent
connections to each grid, cathode
and focus electrode permit optimum
conditions of operation for each
gun and each of the beams may be
brightness modulated. Sweep
speeds of 100 cms./tisec. may be
recorded using the D6B or D4B.

Type D.6 D.4

Diameter ... ... 6 in. 4 in.

Overall lengths (mms.) ... 480 370

Sensitivity ... ...

mm.N. x VA, ... ...

X 700 400

350Y 700

Y capacity ... 4µ,Lf 41.4pf

Heater volts ... . " "' 6.3 6.3

VA, max. KV ... ... 5 5

VA, max. KV ... ... 2 2

VA, (VA,=2KV) volts 300 300

Vg for cut-off (average) -45 -45
Drive for 20µa l B 20v 20v

S croons:

06B - Blue for photographic or visual use.
D6G - Green for visual observations.
D6P - Medium persistence.
D6F - Fluoride. Long persistence.
D6D - Double screen. Long persistence.

20th CENTURY ELECTRONICS LTD.

Telephone : Lodge Hill 2121.

MANUFACTURERS
OF PRECISION

CATHODE RAY TUBES
AND

GEIGER COUNTER
;Ed, ITU BES,A

CENTRONICS WORKS KING HENRY'S DRIVE

NEW ADDINGTON SURREY
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WAVEFORM MEASUREMENT
DUAL TRACE OSCILLOSCOPE L.101
The L.101 is a well engineered and reliable instrument incor-
porating two identical Y amplifiers with sensitivities of
20 mV/cm over a bandwidth of 4 Mc/s. Full screen (10 cm)
undistorted deflection is available with negligible interaction
between channels.
The time base may be free running, synchronised or triggered
and its velocity is variable between 0.1 µs/cm and 10 ms/cm.
Calibration accuracies are: voltage ±5%, time ±10%.

WIDE -BAN )
OSCILLOSCOPE E.7581

A precision laboratory Instrument with a
direct coupled amplifier giving a sensiti-
vity of 20 mV/cm at 15 Mc/s. Time calibra-
tion accurate to 3% and voltage calibration
accurate to 2%. Sweep speed .05 AS/CM to
6 ms/cm.

VALVE
VOLTMETER
E. 7556

An a.c. amplifier instrument
covering the range 0.5 mV

to 300 V r.m.s. Frequency response
constant to within 2% between 20 o/s
and 1 Mc/s.

VALVE
VOLTMETER
E. 7555/2
A balancedd.c.ampli-
fier instrument fed
direct or via a probe.

giving a level frequency
response from 30 c/s to 100 Mc/s.
Full-scale readings from 0.5V
peak to 15 kV peak.

VARIABLE CUT - OFF FILTERS
OFF. 001/01 & /02
High-pass and low-pass filters with ten cut-off frequen-
cies in the range 400 c/s to 17 kc/s. Stop -band attenua-
tion 50 dB; pass -band 5 dB. Input and output impedances
600 0.

Mullard
SPECIALISED ELECTRONIC EQUIPMENT

MULLARD LIMITED EQUIPMENT DIVISION CENTURY HOUSE SHAFTESBURY AVENUE LONDON 9/C2

(M5466)
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GENERAL 12 head rotary

C.R. tube bulb washing
machine

ACCOMMODATES 27"
RECTANGULAR BULBS

This is a high production machine
for washing T.V. Tubes and has
sufficient head spacing to accom-
modate 27" rectangular bulbs. The
Standard Machine is arranged for
tap water, acid and de -mineralised
water washing stages. Water and
acid wash times are variable from
6 to 90 seconds, the time cycle
being controlled by electronic
timers. The drain time is variable
from i to 20 seconds. Optional
extras include heated tanks, dual
pumps, split troughs to facilitate
handling, etc. A 6 head machine is
also available and is built to a
similar specification to the 12 head.

ABOVE : Basic machine with dual
pumps fitted as an optional extra.

BELOW : Showing dual acid
pumps, acid pump guards, stainless
steel hoods with standard control
panel.

Ii111111/MM
CO. (RADCLIFFE) LTD.

GENERAL ENGINEERING CO. (RADCLIFFE) LTD, Station Works, Bury Road, Radcliffe, Lancs.
Telephone : Radcliffe 2291 (3 lines). Telegrams : "General" Radcliffe.

London Office : 3rd Floor, 9 Victoria Street, London. S.W.r. Telephone : Abbey 5278
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for Smaller Production
Quantities

WIEDEMANN
Type RA -4 IP

TURRET PUNCH PRESSES
give lower production costs
-than by any other method

The RA -41P combines the versatility, accuracy and
high speed of the pantograph for rapid hole location, with
the time saving features of the WIEDEMANN Turret
Punch Press for quick punch and die selection. Up to
zo low cost punches can be set up in the turret ready for
instant use.

Maximum sheet size ... 28 in. x 40 in.
throat depth ... 28 in.
Capacity 15 tons
Punching Capacity 3' diameter in .074' thick Mild Steel

Strokes per minute ... 175

SHEET AREA UP TO 28' x 40"

OUTPUT-I8 PER HOUR

OUTPUT-IS PER HOUR

OUTPUT-I0 PER HOUR

ALL OPENINGS PIERCED
IN TIMES SHOWN

The WIEDEMANN range includes mail
hand -operated models up to large power -
operated machines of 8o tons capacity, capable
of piercing 6' holes in f' plate.

Write to Sales Department for detailed Catalogue

DOWDING & DOLL LTD
346 KENSINGTON HIGH STREET, LONDON, W.14

Telephone WESTERN 5077 (5 limps) Telegrems ACCURATOOL HAMMER LONDON

59
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FERRANTI T.R. and A.T.R. CELLS for RADAR EQUIPMENT

The Ferranti ranges of T.R. and A.T.R.
Cells cover the 3 cm., 10 cm., and 30 cm.,
hands. Tunable and Broad Band types are
available and a number of American equ-
ivalents are manufactured.

1111111111

FERRANTI LTD. CREWE TOLL, FERRY ROAD, EDINBURGH 5
London Office: KERN HOUSE, 36, KINGSWAY, W.C.2.

ES/T19
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DUBILIER CONDENSER COMPANY (1925) LIMITED
DUCON WORKS, VICTORIA ROAD, NORTH ACTON LONDON, W.3
Telephone : ACOrn 2241 Telegrams : Hivoltcon Wesphone London
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iniaNEW
ture

Relays

Polarised Relay
* High magnetic sensitivity

* Large winding space High copper efficiency

* Symmetrically balanced movement

* High Thermal and Shock stability

* Low susceptibility to magnetic interference

0 Type lA Relay
* Exceptionally high sensitivity

* Balanced movement

* High Thermal and Shock stability

* Hermetically sealed

Catalogue available on application to :-
Head Office : 22 LINCOLN'S INN FIELDS LONDON WC2 Tel: HOL. 6936

1.17
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FREQUENCY RANGE 10 to 500 Mc/s

NORMAL OUTPUT: 0.1 IN to 0.5 volt, c.w. or modulated to 30%, available under all conditions ;
90% modulation at most carrier frequencies.
HIGH OUTPUT: up to 2 volts c.w., or I volt modulated, at :most carrier frequencies.
Sine a.m. : 1000-c/s internal or 30 c/s to 20 kc/s external. For external pulse modulation, r.f.

bandwidth extends to 3 Mc/s. Output impedance : 50 ohms. A.C. mains operated.

MARCONI INSTRUMENTS
SIGNAL GENERATORS BRIDGES VALVE VOLTMETERS Q METERS WAVEME TERS

FREQUENCY STANDARDS WAVE ANAL YSERS BEAT FREQUENCY OSCILLATORS

MARCONI INSTRUMENTS LTD ST. ALBANS HERTS TELEPHONE : ST. ALBANS 6160/9

30 Albion St., Kingston -upon -Hull Phone: Hull Central 16144 19 The Parade, Leamington Spa Phone : 14013

Managing Agents in Export:

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED MARCONI HOUSE STRAND LONDON W.C.2

TC 66
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The switching

goes round

and round...
It's rotary switching and therefore

simplified switching. The complications

of contactors, relays and interlocks

are eliminated. Austinlite Rotaries save

room, money, wiring and maintenance :

every switch is made for its job. Tell an Austinlite

engineer what you want the switch to do, and

leave the rest to him. Our works will make the switch

he recommends however ' special ' it may be. A brochure

' Simplified Switching' describing the Austinlite range is available on request.

Rotary switching is `Simplified Switching'

ask fidik about it
AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM

(A subsidiary of Stone -Chance Ltd., the makers of Sumo Pumps and Stone -Chance Lighthouses)
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For industrial electrical testing

The `ENGLISH ELECTRIC' electronic insulation tester 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 to 10,000 volts.

 Measurement up to 250,000 megohms.

 High accuracy on comparative tests.

 Rejection of surface leakage current.

 Aural indication of ionisation.

price £66. Size: .5" x 10" x 6" Weight: 23 lbs.

'ENGLISH ELECTRIC'
electronic insulation tester

See our Exhibits on Stand 10, Row DD, 1st Floor, Empire Hall,
ENGINEERING, MARINE & WELDING EXHIBITION

Olympia, September 1-15.

THE ENGLISH ELECTRIC COMPANY LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2
Industrial Electronics Department " Q", Kidsgrove, Stoke-on-Trent, Staffordshire.

WORKS: STAFFORD  PRESTON  RUGBY  BRADFORD  LIVERPOOL  ACCRINGTON
EIT. IAES
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CATHODEON

Frequency Range, 2,000 20,000 kc s
Our range now includes crystals for close tolerance requirements

ENQUIRIES ARE INVITED FOR OVERTONES UP TO 6o MC/S.

CATHODEON CRYSTALS LIMITED
LINTON CAMBRIDGESHIRE Telephone LINTON 223
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utters CERAMICS

FOR INDUSTRY

High quality material and
dimensional precision are at-
tributes of Bullers die -pressed
products.
Prompt delivery at competi-
tive prices.

We specialise in the manufacture of

PORCELAIN
for general insulation

REFRACTORIES
for high -temperature insulation

FREQUELEX
for high -frequency insulation

PERMALEX & TEMPLEX
for capacitors

51120

MILTON  STOKE-ON-TRENT  STAFFS
Phone: Stoke-on-Trent 21381 (5 lines)  Telegrams 8 Cables: Bullers, Stoke-on-Trent
Ironworks: TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4

'one: Tipton 1691 Phone: MANsion House 9971

BULLERS LIMITED
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The Elliott 402 Computer

5 weeks' work in 11 minutes

with the help of BURALIIMIN
REGD. TRADE HARK

Designed for general commercial and industrial use,
the Elliott 402 High Speed Digital Computer drastic-
ally cuts calculation time on scientific and other prob-
lems. As much as 5 weeks' normal work has been carried
out on this machine in t minutes. `Duralumin' was
chosen for the framework and complete cabinet
covering of the 402 and for many vital components.
Exhaustive tests by the makers proved `Duralumin' to
be superior to other non-ferrous, non-magnetic alloys
for this application because of its good machining
qualities, lightness, strength and resistance to corrosion.
Photographs by courtesy of Elliott Eros. (London) Ltd., Computing Machine
Division, Borehamwood, Herts.

For the drum, which is the main store or memory of the
computer, a metal was required with sufficient homogeneity
for symmetrical turning to obviate the need for balancing `Duralumin' is used in the construction of the 223
and which would thereafter remain stable. Duralumin' plug-in units which form the main feature of the 402
was the answer.

i A..\011

computer.

JAMES BOOTH & COMPANY LIMITED ARGYLE STREET WORKS BIRMINGHAM 7

Extrusions, large fori,ings, plate, sheet, strip, tubes and wire in lrass and copper as well as light alloys
(a lat..°
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ALL -POWER
REGULATED POWER SUPPLIES

SERIES 500

An entirely new range of units, designed
for the highest possible performance
and overall efficiency.

Now in large scale production and
available for prompt delivery.

Model 501
(fitted with end frames)

ABRIDGED DATA
(Further information on request)

Data Model 501 Model 502 Model 503 Model 504 Model 505

> t
-I-..t,

Z:i
It%

Output 200-500V
250mA

200-500V
250mA

0-500V
250mA

0-500V
250mA

0-500V
I 50mA

2 4 4 I

Voltage Stabilization ±0.02% ±0.002% +0.1% +0.002% ±0.1%

Effective Output Resistance
(max.)

0.2 fl 0.0212 0.5 CI 0.0212 0.5 12

Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV

sh.
cl. I-0.6

.tiVI1
LU n1
> ei...,

I

Outputs - - 250V 25mA
0-250V I mA

250V 25mA
0-250V I mA

250V 25mA
0-250V I mA

Voltage Stabilization - - +0.05% ±0.002% +0.05%

Output Resistance (max.) - - I C2 0.01 a 112

Output Ripple (rms. max.) - - 2mV I mV 2mV

Unstabilized +VE
H.T. Supply 250mA max.

470V
630V

470V
630V

320V
470V
630V

320V
470V
630V

630V

Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A

Price £70 £91 £81 £99 E75

STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted

with fully protective covers.

EXTRAS. To convert from rack mounting to bench use the following extras are available :-

Polished hard -wood reinforced end frames LI 15 0 per pair

Steel instrument case of new design L4 10 0 each

PRICES. Prices are quoted net ex works and are subject to variation without notice.

ALL -POWER TRANSFORMERS LTD. . CHERTSEY ROAD, BYFLEET, SURREY.
Tel.: BYFLEET 3224/5
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OIL &VARN15H
''

R STO iTA:-

ISO

140%
MIGRATORY

5

.01,1,110

GRADE

MOE TAM*D10 LPATED
rr.

FLEXIBLES WIRES
TAPES & SLEEVINGS

7

WIDESTTEMPERIATU
FLEriBiLi.j

RANGE

NON
AGEING

nIOLPATED P.V.C. marks a new era in the field of electrical insulation. It is the basis of
Permanoid " Grade VO insulated Wires, Flexibles, Sleevings and Tapes. These retain

their full flexibility and freedom from embrittlement over the widest temperature range yet
achieved, viz. from -3 5 °C. to i 5 o°C. More important still, numerous manufacturers report
that the flexibility of these insulated Wires and Sleevings remains unaffected after varnish
impregnation at temperatures up to 15 o°C. The new polymeric Diolpate plasticiser is not
leached out with this drastic treatment. Similarly Diolpate prevents the possibility of age
hardening and at the same time, being a plasticiser of the non -migratory type, it makes P.V.C.
sheaths quite safe to use in conjunction with polythene insulated cores. In addition to all these
advantages Diolpated P.V.C. has an increased tensile strength, a feature which is consider-
ably important where connecting wires or sleevings are liable to receive rough treatment.

* DIOLPATE ' is the

registered name for the

new Polymeric plasticisers
manufactured by Briggs and
Townsend Ltd., and marketed

by R. IV. Greeff & Co. Ltd.,
iz, Finsbury Circus, London,
E.C.z.

Agese'
Formerly ASSOCIATED ligr114011."4111%.." /NW NEW ISLINGTON

TECHNICAL MANUFACTURERS 1°. MANCHESTER 4.
/-

London Branch : 48 Woburn Place, W.C.I. Tel.: MUSeum 3808.
AV

Bristol Branch : 46 Whiteladies Road. Tel.: 36974.

* PERMANOID ' Grade
VO flexibles, covered wires,
tapes and sleevings, are
available in a wide range
of sizes and colours at
competitive prices. Technical

leaflets, giving full details and
prices, on request.

Wolverhampton Branch: 558 Wolverhampton Rd. East, Fighting Cocks, Wolverhampton. Tel.: 38367
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Cut the stress
and strain
from spring
calculation

WITH A RATCLIFFE '
SPRING CALCULATING

SLIDE RULE

* Scales allow all calculations involved in the

design of helical tension and compression springs

to be made at one setting!

* Upper slide for stress and load calculations !

* Wahl's stress correction calculated quickly !

* The rule is essential to engineers and draughts-
men, is soundly constructed and supplied in a
strong case complete with instructions

* Price £3. 3. o.. Send for one today

THE SPRING SPECIALIST

CRAWFORD SPRING WORKS

ALLEN STREET ROCHDALE LANCS

Electronic
Engineering

Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD.
Managing Editor H. C. Foster M.Sc.

Vol. 27 SEPTEMBER 1955 No. 331

Contents
Commentary . 373

A Waveform Synthesizer for Technical Training . . . . 374
BY T. S. Fox

An Inexpensive Dekatron Scaler ..
. . .

378
BY G. A. KORKLIT

The Design and Performance of a Simple V.L.F. Oscillator 380
BY R. A. SEYMOUR and J. S. SMITH

Rugby Radio Extension .. 384

The Design of Hard -Valve Binary Counters .. .. 386
By D. M. TAUB

A Receiver for Submarine Cable Telegraph Signals .. 392
By J. W. THOMPSON

A Magnetron Microwave Diathermy Apparatus for
Reanimating Rats from O'C. .. 394

By W. J. PERKINS

Glass Manufacturing Plant 396

Triggered Microsecond Sweep Generators 397
By D. P. C. THACKERAY

The Response Functions and Vector Loci of First and
Second Order Systems (Part 1) . . . . . . .. 402

By DAVID MORRIS

A High Speed Decade Counter Using Germanium Diodes
in the Feedhack Loops . .. 404

By H. R. JOINIR and D. R. WOODWARD

Quantitative Noise Reduction in Pulse Time Modulation 406
By JAINESWAR DAS

Electronic Music Generators (Part 2) 410
By ALAN DOUGLAS

Book Reviews

Electronic Equipment

Letters to the Editor

Short News Items ..

415

416

418

419

Published Monthly on the last Friday of the preceding month at
28 Essex Street, Strand, London, W.C.2.

Telephone: CENTRAL 6565
Telegrams: ' LECTRONING, ESTRAND, LONDON '

Subscription Rate:
(Home or Abroad) Post Paid 12 months 26s. or S4 (U.S. or Canada).

Classified Advertisements, Page 1
Index to ADVERTISERS, 125 and 126

SEPTEMBER 1955 71 ELECTRONIC ENGINEERING



Close

tolerance
twin
triode

for digital cornputors in business

and industry
This new twin triode is specifically intended for electronic switching circuits. Its slope,
standing current and cut off currents are closely controlled, and the two triode sections
are accurately balanced.
The E9oCC is confidently recommended for "flip-flop", gas -filled valve and other switch-
ing circuits as its close tolerance characteristics ensure excellent circuit reliability even
with wide tolerance components. The special design of the E9cCC also ensures that,
under typical computor conditions, a long operating life can be expected.
Detailed data will be gladly supplied upon receipt of your request at the address below.

Impedance low
Operating speed high

Life expectancy over 10,000 hours

Mullard

ABRIDGED DATA
These figures are for each section:

Va 100V

la 8 .5*4mA
Vg -2.1 V
gm 6 0+ 1.2mA/V
E -t

27
Vg (1g= +0.3/A) -0.2V
pa max 2.0W
lk max I5mA
Heater 6.3V, 0.4A
Base B7G

Imuuarcil MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2
Ns/

MVT 175
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ELECTRONIC ENGINEERING
VOL. 27

SEPTEMBER 1955

Commentary

A NEW extension to the Post Office transmitting station
at Rugby has recently been opened and is briefly

described elsewhere in this issue. The extension cost over
£1M to build and it is claimed that Rugby is now one
of the largest and the most up-to-date radio transmitting
stations in the world. While one is chary of " biggest and
best " claims, there is no doubt but that the new extension
forms a very fine transmitting station and is a credit to
British communications engineers.

The name " Rugby " is known to communication
engineers the world over, while to many in this country the
twelve 820ft masts, among the tallest structures in the world,
are a well-known landmark that herald the approach to
Rugby when travelling by rail from London to the North.
The old and the new stations now straddle Watling Street,
the famous Roman road, and together cover an area of
some 1 600 acres, although the majority of this is still avail-
able for agricultural use.

It is now almost thirty years since the British Post Office
installed their first telegraph transmitter at Rugby, for it
was on 1 January, 1926, little more than 20 years after
Marconi had first succeeded in spanning the Atlantic by
wireless, that the first transmitter " went on the air " with
the call -sign GBR. It had a power of 350kW and a
frequency of 16kc / s. The purpose of this transmitter was
to provide a world-wide telegraph service throughout the
24 hours of the day, thus supplementing the existing cable
service, and to provide contact with ocean going liners.

In the meantime, radio telephony over long distances had
proved practicable and in January, 1927, the first inter-
national public radio telephone service in the world was
opened, to America. While at first a long wavelength was
used, experiments with short-wave beam transmissions,
with which the name of Franklin is so closely associated,
showed the way to further development of the telephony
service and in August 1928 a second service in the 16 to
32m band was established.

Now, in addition to the service to North America, there
are radio telephone services from this country to destina-
tions throughout the Commonwealth, South America, the
Middle East and many other areas, as well as to a number
of ocean going liners. Indeed, to the younger generation it
must seem difficult to visualize how international com-
merce could have been conducted successfully without the

No. 331

long-distance telephone and telegraph; yet the present vast
communications network has been built up in only about
half a normal life -span.

In addition to its telephone and telegraphic traffic,
Rugby has for many years broadcast accurate time signals,
meteorological reports, standard frequencies and news to
all parts of the world and to ships at sea; many ships'
newspapers, descendants of the first ship's newspaper, The
Transatlantic Times, published aboard the S.S. St. Paul
with the co-operation of the Marconi Company in 1899,
rely almost entirely on bulletins from Rugby.

With such a historic background it is fitting that, when
new facilities were needed, a site adjacent to the original
station at Rugby should have been chosen.

When the 28 transmitters in the new station are fully
operational the total number in service at Rugby will be
doubled but, due to the modern techniques of channel
sharing, the traffic handling capacity will be trebled.
While, on account of the elaborate system of remote con-
trol and monitoring installed, it will be possible for one
man to control and supervise all 28 transmitters from a
central control desk. It is, in fact, noteworthy that while
the authorized staff of the old Rugby station was 128,
the addition of the new extension has only increased this
number to 167.

It is also interesting to note that, unlike most other
services the cost of overseas telephone calls has decreased
considerably with the passing of the years. For example,
in 1927 the cost of a telephone call to the U.S.A was £5
per minute; a year later this was reduced to £3. In 1930
the cost fell to £2 and by 1936 to £1 8s., while in 1946 the
cost was still further lowered to £1 per minute. This, of
course, has been brought about largely by the vast increase
in the number of radio telephone calls. In 1937 the number
of calls via the United Kingdom was 50 929, while in 1954
the number was 143 160.

It is, in many ways, a pity that the communications side
of the electronic engineering industry should have been
rather thrust into the background by the more glamorous
fields of computers, atomics, industrial control and the
like, for there is no doubt it offers, and will continue to
offer for many years to come, a satisfying and rewarding
career for the young engineer starting- out in life.
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A Waveform Synthesizer
For Technical Training

By T. S. Fox*, B.Sc.

The equipment described was devised for educational purposes. It generates a fundamental sine
wave and ten harmonic sine waves, each variable in amplitude and phase. By adding these, an
infinitely variable waveform is available at the output terminals. Various educational applications

are suggested.

FOURIER'S
Theorem poses a difficult problem for those

'concerned with technical training. The subject ought to
be full of fascination and interest for the student, yet too
often he emerges from the classroom with a jumble of
trigonometry in his head, and no clear mental picture of
the processes involved. To provide the student with a
picture-both visible and mental-the waveform synthesizer
now described was developed at the BBC Engineering
Training Department.

The equipment was designed to generate a fundamental
frequency and a complete set of harmonics up to the tenth.
Each harmonic voltage is continuously variable in ampli-

Fundamental Oscillator (Fig. 2)
In an arrangement of this sort it is essential for the

fundamental frequency to be well stabilized. A short term
phase variation of 1° in the fundamental frequency will
cause jitter in synchronizing the tenth harmonic to the
extent of 10°. Long-term drifts in frequency will detune
the resonant circuits and cause the multivibrators to fall
out of synchronism. After some experiment, it was decided
to use an electrically maintained tuning fork as the master
oscillator. This was constructed on a sub -chassis and
mounted resiliently in order to minimize sound radiation.

AMPLITUDE TUNED
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CIRCUITsine
output 
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Fig. 1. Arrangement of the ynthe;izer

tube and an adding circuit incorporates the fundamental
and all the harmonics in a single output voltage. A funda-
mental frequency of 256c/s was selected, so that all
frequencies should lie comfortably within the audio range,
thus enabling the apparatus to be used for aural
demonstration.

Block Schematic (Fig. 1)
The unit consists essentially of a set of locked multi -

vibrators with resonant circuits to extract a sine wave at
each frequency. A different set of synchronizing pulses at
fundamental frequency is applied to each of the harmonic
multivibrators. The pulses are derived from a variable -
delay trigger circuit by means of which it is possible to
shift the phase of the harmonic with respect to the
fundamental.

The British Broadcasting Corporation
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output
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Fig. 2. Fundamental oscillator
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The fork itself was bolted in a
horizontal position on to a short
length of angle iron while two
2 00012 telephone earpieces were
mounted near the ends on the
prongs and parallel to them. The
clearance was about one -tenth of
an inch. With this arrangement it
was found that one-half of a 12AT7
double triode was well able to start
and maintain oscillation without
the necessity of matching the coils.
However, the amplitude was diffi-
cult to control, and was usually
limited by physical contact between
the prongs and the earpieces! To
overcome this difficulty, a type of
automatic gain control was intro-
duced, whereby the second half of
the 12AT7 was diode connected
and fed from a transformer in the
anode circuit of the amplifier. The
rectified current so obtained was passed through a common
cathode resistor. This arrangement naturally results in non-
linear operation of the triode, but there is no disadvantage
in this, because, owing to the very high Q of the tuning
fork, the voltage in the grid circuit remains sinusoidal, and
therefore suitable for providing the fundamental com-
ponent of the synthetic waveform. Residual harmonics
would, in any case, be rejected by the fundamental tuned
circuit. The circuit was found to have the incidental
advantage of providing a complex waveform at the second
anode which, when differentiated, gave a peaky signal suit-
able for synchronizing the sawtooth oscillator and the
display oscillograph.

sync trom
tunings

to all cathode
tollower grids

22k0

SAWTOOTH
OSCILLATOR

Trigger Circuit (Phase Control) (Fig. 3)
A sawtooth voltage is applied to one grid of a multi -

vibrator, while the other grid is held at a positive d.c.
potential. Such a circuit gives a square wave output in
which the falling edge of the square wave coincides with
the falling edge of the sawtooth. The rising edge of the
square wave, however, is timed by adjusting the d.c. poten-
tial of the second grid. To make the output suitable for
synchronizing the harmonic multivibrators it is necessary
to differentiate the rising edge and to suppress the falling
edge. This is done by means of a CR circuit in which the
time -constant depends on the polarity of the voltage step.
Two WX6 metal rectifiers are used for the purpose.

If a perfect sawtooth waveform were available, it would
in theory be possible to move the synchronizing pulse
through 360°. In practice, for various reasons, the range
available is not more than about 240°. However, this is
ample since 240° phase change at fundamental frequency
is equivalent to 480° (or 1+ cycles) at the second harmonic
frequency. For higher harmonics it is actually necessary
to restrict the voltage variations on the second grid in order
to obtain a smooth variation in phase over about 1+ cycles
of the harmonic in question.

The sawtooth oscillator may be regarded as a cathode -
coupled version of a Puckle time -base circuit or as a multi -
vibrator with a capacitor across its output. The oscillator
was originally intended to be free -running, but for reasons
already mentioned, it was synchronized to the tuning fork.
Buffer stages must be inserted between the sawtooth oscil-
lator and the trigger circuits, since the latter take appre-

47k0 47k0

331s0

BUFFER

0.1µF

150k0

TRIGGER CIRCUIT

Fig. 3. Phase controlling unit

I -300V
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multi -
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22k°

ciable grid current. Cathode -followers were used for this
purpose, and by suitably choosing component values it
was possible to use direct couplings.

To simplify wiring, layout, and replacement, it was
decided to use a single type of valve throughout. The
12AT7 double triode was chosen on account of its com-
pactness and versatility.

Component values for the trigger circuit are given in
Table 1.

TABLE 1
Component Values for Phase Controlling

HARMONIC
R1

(kit)
R2

(kO)
R3

(kS2)

2nd 82 20 27
3rd 54 5 33
4th 56 5 22
5th 56 5 27
6th 56 * 5 33
7th 56 5 33

5 1
9th 56 shunted }-

{
33

10th by 10 j

Harmonic Multivibrators and Tuned Circuits (Fig. 4)
Conventional cathode -coupled multivibrators were used

pretuned by means of C, and R4. A 5k12 preset variable
resistor was placed in series with R, to act as a frequency
hold adjustment. In practice it has been found that this
control very rarely requires adjustment once the unit has
warmed up, and then only for harmonics above the 7th.
It is, however, important that the control should be set
correctly, for if the free -running frequency of the multi -
vibrator differs appreciably from the harmonic frequency
the phase control becomes jerky in its action.

The multivibrator output is controlled by a potentio-
meter (" Amplitude " Control) and a cut -key is wired in
parallel. This facility is extremely useful for demonstra-
tion purposes, since it permits the amplitude to be pre-set.
A buffer amplifier follows, use being made of the second
half of the cathode -follower valve. (See Fig. 3.) R, is
chosen so that the amplifier is not overloaded.

A resonant circuit follows, consisting of a dust -cored
toroidal coil of inductance 100mH, tuned by C2. The
voltage appearing across the tuned circuit is taken to a
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Fig. 4. Harmonic multivibrator and output stage

miniature jack on the front panel, where it is available for
monitoring. Re is chosen so that the maximum voltage at
the jack is about 2V.

The component values for the circuit of Fig. 4 are given
in Table 2.

TABLE 2
Component Values for Harmonic Multivibrator and Output Stage

HARMONIC
R4

(k1)
R5

(MSS)
R6

(k n)
C,

(p,F)
C2

(µF)

2nd 51 0.15 47 .008 1

3rd 22 0.51 100 -0087 0.44
4th 22 0.51 100 .005 0.25
5th 56 1.5 47 .003 0.16
6th 39 2.2 100 003 0.11
7th 78 1.5 47 .002 0.082
8th 56 15 100 -002 0-62
9th 47 1.5 220 -002 0.05

Output Stages (Fig. 5)
The fundamental voltage is controlled in a similar way,

In this case, however, care must be taken not to damp
the tuning fork oscillator, and therefore the cut -key is
placed across the tuned circuit. The toroidal coils referred
to above carry a second winding of inductance 20mH.
It was found that at 256c /s the voltage appearing across
the tuned circuit was insufficient, and therefore, to improve
the L/C ratio, the two windings were connected in series,
thereby raising the inductance to approximately 200mH.
At the harmonic frequencies, the Q of the 100mH winding

Fig. 5. Fundamental output, addition circuit, and final output stages

from tuning
fork coil
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10k0

Tu.F
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was sufficiently high to give the required voltage output.
Voltage addition was effected by connecting the 20mH

windings in series with the fundamental tuned circuit. The
series chain feeds into a 500kf2 potentiometer, and under
these circumstances no interaction could be detected
between the tuned circuits.

Finally a cathode -follower gives a low -impedance
(150f2) feed to two parallel jacks. These were provided so
that aural and visual displays could be given simultaneously;
alternatively, one jack can be used to feed a voltmeter.

Layout and Power Supplies
The synthesizer uses three double -triodes for each

harmonic frequency, two for the fundamental frequency
oscillators and one for fundamental output/total output.
Thus 30 12AT7's were required altogether. These were laid
out on a chassis measuring 20in by 1 1 fin by 3in deep

Fig. 6. The complete synthesizer

with a spacing of 2in (along the length of the chassis) by
22in (from front to back of the chassis). The front row
of nine were the harmonic multivibrators, the second row
were the triggering valves, and the third row were the
cathode -follower and output valves. Two valves (the saw -
tooth oscillator and the output valve) were mounted in a
fourth row, the remainder of which was occupied by the
tuning coils. The sub -chassis carrying the tuning -fork oscil-
lator was mounted on pillars above the coils.

The arrangement of the panel, which
measures 20in by 101in, can be seen
from Fig. 6. The jacks and cut -switches
are mounted below the chassis, and the
potentiometers above. The chassis is
housed in a well ventilated metal case.

A separate power pack supplies
175mA at 300V and 4.5A at 12.6V
(centre -tapped to earth). This employs
a choke -input, two -stage filter. No
special stabilization has appeared to be
necessary.

uq-_, c!-_,,
l

jacks
tit

Applications of the Waveform
Synthesizer

In the first place the equipment may
be used to compare the effects of odd
and even harmonics, i.e. whenever an
even harmonic is present the positive
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and negative half -cycles are dissimilar. The importance
of phase relationships is also readily demonstrated.

Before attempting to build up a specific complex wave-
form, it is advisable to have at hand the appropriate
Fourier analysis. The amplitudes are then adjusted to the
correct level, either by means of a valve voltmeter in the
output circuit, or by measurement on the cathode-ray
oscillograph. This procedure saves a great deal of time
which might otherwise be wasted in trial and error adjust-
ments. Once the amplitudes are correct, the phase controls

Fig. 7. (a) Fundamental (b) Fundamental +2nd ; (c) Fundamental 2nd +4th;
(d) Fundamental +2nd +4th +6th ; (e) Fundamental + 2nd +4th +6th Si (f)
Fundamental +2nd +4th +6th +8th +10th ; (g) Half -wave rectified sine -wave

with fundamental suppressed

Fig. 8. (a) Synthesis of square wave : Fundamental +3rd harmonic (b)
Fundamental 3rd and 5th harmonics ; (c) Fundamental+3rd, 5th and 7th
harmonics ; (d) Fundamental+3rd, 5th, 7th and 9th harmonics (e) As (d) but
with fundamental amplitude reduced ; (f) As (d) but with fundamental suppressed.

are easily adjusted by inspection, and the synthesis can be
demonstrated by introducing the harmonics in succession.
Figs. 7 to 9 illustrate some of the results obtained.

In the synthesis of a half -wave -rectified sine wave (Fig.
7) the Fourier coefficients are as follows :

Harmonic 1 2 3 4 5 6 7 8 9 10
Relative Amplitude 100 42 0 8.5 0 3.8 0 2.0 0 1.3

After this demonstration, it is instructive to deduce the
Fourier series for a full -wave rectified sine -wave. This is
done simply by suppressing the fundamental frequency
(Fig. 7(g)).

Fig. 8 shows the progressive synthesis of a square wave,
the amplitude coefficients are in this case:-

Harmonic 1 2 3 4 5 6 7 8 9 10
Relative Amplitude 100 0 33 0 20 0 14 0 11 0

When the square wave has been built up, the funda-
mental amplitude may be reduced, as illustrated in Fig. 8(c).
This waveform may be compared with the output from an
amplifier having a poor low frequency response.

Fig. 9. (a) Fundamental +2nd ; (b) Fundamental+2nd+3rd ; (c) Fundamenta
+2nd +3rd +4th ; (d) Fundamental -,2nd +3rd +4 h +5th ; (e) Fundamental

harmonics up to 6th; (f) Fundamental and odd harmonics suppressed from sawtooth

For a sawtooth waveform the amplitude coefficients are.
as follows:

Harmonic 1 2 3 4 5 6 7 8 9 I0
Relative Amplitude 100 50 33 25 20 17 14 12 11 10

The first six frequency components are successively
added in Figs. 9(a) to (c). The fundamental and odd har-
monics are seen to constitute a square wave, as in Fig. 8,
and if these are removed the waveform of Fig. 9(f) pro-
duced, i.e. a sawtooth wave of double frequency.

Another type of demonstration refers to the synthesis of
modulated waves. Fig. 10(a) shows the 9th harmonic which
represents an unmodulated carrier. If 40 per cent of 8th
harmonic is added the waveform of Fig. 10(b) results. On
casual inspection this appears to be an example of simple
amplitude modulation, but in fact the envelope is seen to
be non -sinusoidal. Also, the frequency is seen to vary from
cycle to cycle. This is explained by reference to Fig. 11(a)
in which the 8th harmonic voltage is represented as a vector
rotating clockwise at fundamental frequency on the end of
the (stationary) carrier vector. VT represents the instan-
taneous value of total voltage. This is seen to vary in
amplitude by ±40 per cent, while the instantaneous
frequency varies from a minimum (at maximum ampli-
tude) to a maximum (at minimum amplitude). In Fig. 10(c)
the upper sideband, consisting of 40 per cent of 10th
harmonic has been added, resulting in pure amplitude
modulation. The corresponding vector diagram is shown

Fig. 10. (a) Carrier (9th harmonic) : (b) 9th harmonic and lower amplitude (8th
harmonic) ; (c) Carrier -2 sidebands (9th +8th and 10th) (d) A.M. wave with

carrier turned through 90" (showing f.m.)
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in Fig. 11(b), in which the upper sideband is represented as
a vector rotating at fundamental frequency in an anti-
clockwise direction. The resultant of the two sidebands
consists of a stationary vector parallel to the carrier, the
length of which varies sinusoidally at fundamental
frequency. The depth of modulation is seen to be 80 per
cent.

If now the carrier phase is shifted by 90°, the oscillogram
of Fig. 10(d) is produced. This shows the first stage in the
synthesis of a pure frequency modulated wave. The resi-
dual amplitude modulation is in a positive sense and occurs
at twice the fundamental frequency. The vector diagram is
shown in Fig. 11(c). The resultant of the two sidebands

carr CT

(0)

lower
sideband

resultant'.

upper
sideba

carrier

resultant
carrier

(C)

(b)

sigrind

Fig. II. Vector diagrams for Fig. 10

now acts in quadrature with the carrier, and at the instants
when this resultant is a maximum the total waveform has
a frequency equal to that of the carrier. The amplitude is
then 'V (12 + 0.82) = 1.3 times that of the unmodulated
carrier. At those instants when the resultant of the side -
bands is zero, the frequency of the total waveform is alter-
nately maximum and minimum, while its amplitude is equal
to that of the unmodulated carrier. Further stages in the
synthesis of a pure frequency modulated wave require

The circuit is

higher harmonics and are therefore beyond the scope of the
present equipment (unless a lower carrier frequency is
chosen-in which case the envelope shapes become con-
fused).

The waveform synthesizer also finds application in the
teaching of sound. It may, for example, be shown that the
ear is insensitive to phase distortion, and that the apparent
pitch of a note may be affected by its harmonic content.
The waveforms of musical instruments can be synthesized
with a fair degree of success, although the typical character
of many is apparent from transients rather than from a
sustained note. This applies particularly to stringed
instruments (including the piano).

Table 3 gives a list of harmonics amplitudes for different
wind instruments. These can all be produced quite
recognizably.

TABLE I
Harmonic Amplitudes for Various Wind Instrumeats

RELATIVE AMPLITUDES

HARMONIC 1 2 3 4 5 6 7 8 9 10

FLUTE .. 100 100 10 20 15 2 1 1 - -
CLARINET 100 - 50 10 60 30 50 30 10 1

SAXOPHONE 100 70 12 50 9 1 - 2 5 -
HORN .. 30 100 60 15

TUBA .. 100 70 9 2 1

TROMBONE 100 100 50 60 10 2 - - - -
Other uses of the waveform synthesizer will no doubt

suggest themselves to those concerned with teaching, and
there is little doubt that the student can learn a great deal
by experimenting with it at his leisure.
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An Inexpensive Dekatron Scaler
By G. A. Kerkut*, M.A., Ph.D.

given of an inexpensive dekatron scaler for use in nerve physiology. A total count
of up to seven figures is possible.

NERVE physiologists often require to know the way
in which the activity of a preparation varies under

specific conditions. One way of achieving this is to film
the oscillograph record of the activity and then to count
the filmed potentials. This is both tedious and expensive.
It is often preferable to use a pulse counter. In some early
experiments a commercial scaler of the type normally used
in conjunction with a Geiger counter was used and proved
to be most satisfactory. Later experiments demanded the
use of additional scalers and the problem of cost arose.
Details of a scaler that cost less than £25 to build are
given in this article.

* Department of Biochemistry and Comparative Physiology. The University of
Southampton.

The circuit of the scaler is shown in Fig. 1. The nerve
impulses after amplification are monitored on the first
beam of an oscilloscope and led to the scaler input. They
are then fed on to a diode which can be switched to pass
either the positive or negative phase of the impulses. The
diode is supplied with a variable bias controlled by the
200k12 potentiometer, so allowing pulses above a given
voltage to pass to the first triode. In this way the diode
filters off the background potentials and allows single units
to be studied. Pulses passing to the first triode are moni-
tored on the second beam of the oscilloscope so that one
can determine what is being counted. The first triode
(which like all the other triodes mentioned is half of a
6SN7) acts as a phase invertor to the negative phased
pulses. The pulses are then led to the scaler proper.
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The scaler proper consists of three Ericsson Dekatrons
GS1OC each being fed through a triode. The value of the
anode resistance of these triodes and the values of the
capacitors leading to the Dekatron guides are critical if
one is to obtain a smooth count. The values indicated on
the makers' pamphlet were found to be unsatisfactory and
the ones shown in the circuit diagram substituted. These

5V 2A

SOV

3kr)

10k0

VRIO5

I0010
2nd beam of cc
for monitoring

supplied by an 8,uF capacitor. The three Dekatrons and
the counter give a total of seven figures. The Dekatrons
were zeroed by making cathodes 1 to 9 positive so that
the discharge jumps to cathode 0. This was found to be
much more satisfactory than making cathode 0 more nega-
tive than the other cathodes. A 50c/s input was available
for use in calibrating the scaler.
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gave smooth regular counting. Some preliminary trouble
was found in getting the first Dekatron to trigger the
second Dekatron via the intermediate triode. The fault
was found to lie in the height and decay time of the pulses
coming from the capacitors attached to the anode resistor
of the triode. Care has to be taken to avoid stray capa-
citances in this region. The third Dekatron leads to a
relay that drives a Post Office type counter, the relay acting
as the anode load of the last triode, while the counter is

6SN7

I00k0

POST
OFFICE
COUNTER

fiµF

60k0

40k0

O

0
0

GSIOC

002µF

500k0

SOOkO

I 50k 0

A

0

Fig. 1. The circuit of the scaler
P-for counting positive pulses
N-for counting negative pulses

The scaler has been in daily use for over a year and has
required no maintenance or modification. In a series of
preliminary runs the performance of this scaler and a
commercial model were compared, both being used to
measure the activity of the isolated nerve cords of cock-
roaches. The machines gave identical counts.
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The Design and Performance of
A Simple V.L.F. Oscillator

R. A. Seymour* and J. S. Smith*, B.Sc.

A description is given of the design and performance of a simple oscillator of good amplitude and
frequency stability covering the range 0.01 to 100e1 s in finite steps. A maximum output of 6V rims.

into a 6Icf2 load is obtainable.

ANUMBER of circuits have been developed for
amplitude -stabilized v.l.f. oscillators, based variously

on RC phase -shift networks', analogue computer methods',
and counting -down systems, with amplitude control effected
by means of thermistors or clipping devices; as all these
arrangements are somewhat complicated and require a con-
siderable amount of equipment, it was considered worth-
while to investigate the performance that could be obtained
with a straightforward oscillator circuit, using the non-linear
characteristic of the valve for amplitude limiting.

A resistance -capacitance frequency control is an obvious
choice for the frequency range concerned, both on physical
and electrical grounds, particularly as the voltage loss intro-
duced by an RC network need not vary as the frequency
setting is altered. The simplest form of RC network
adequate for the purpose is the Wien type, illustrated
together with its frequency characteristic in Fig. 1; this net-
work has a minimum voltage attenuation of 9.6dB and zero
phase -shift when the angular frequency w is equal to 1 /CR.

The next requirement of the oscillatory circuit is a driving
amplifier giving zero phase -shift between input and output
with a gain slightly in excess of the voltage attenuation of
the RC network, namely 9.6dB. It is also desirable with
very low frequency oscillators to avoid the use of a.c.
couplings owing to the considerable physical size of the
capacitors required, and difficulties due to leakage currents.
These requirements are admirably met by the cathode -
coupled double -triode amplifier having the form and charac-
teristic given in Fig. 2. The maximum anode current is
stabilized by the high value of cathode load resistor
permitted by the positive bias on the grids, the slope of
the characteristic tends to be rendered more stable by the
constant current working conditions imposed. By adjusting
the relative bias between the two grids the amplifier is
operated at the point of symmetry of the output/input vol-
tage characteristic, this enables even harmonic terms in the
oscillator output to be considerably reduced.

With the oscillator in action, equilibrium is established
such that the effective loop gain at the fundamental
frequency is maintained at unity. Any variation of loop
gain will cause the equilibrium amplitude to change in such
a way that the change of effective fundamental -frequency
gain through the amplifier, due to the non-linear nature of
the output /input voltage characteristic, makes up for the
initial variation of loop gain.

Let the amplifier output voltage :
V. = a + bv - dv3 (I)

where v is the amplifier input voltage about the point of
symmetry, and a, b and d are positive constants related to
the valve and circuit parameters.

 Post Office Engineering Department.

If v is assumed to be a sine wave E sin wt, a useful
approximation if E is small, expression (1) becomes:

V.= a + bE sin wt - dEs sinswt (2)

which can be expressed in the form:
V. = a + E(b - idE2) sin wt (dE3/4) sin3 wt (3)

from which the voltage gain a at the fundamental frequency
can be obtained:

a VorlE=b- fdE2 (4)

It will be seen that an increase of input voltage causes a
reduction in amplifier gain at the fundamental frequency;
without this property the oscillator output would not find
an equilibrium level.

From equation (4):
Sa/SE = -(3/2) dE

and:
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Fig. I. Attenuation and phase angle/frequency characteristic of basic
frequency control network at a given setting 6). = I/CR

8E I E = -(Sa/ a) ((2b 13dEz) - (5)
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This expression shows that for a given change of gain
Sal a, the amplitude change 8EIE becomes very large when
the input voltage becomes small; unfortunately this is also
the condition for minimum harmonic content as shown from
expression (3). The purity of oscillator output obtainable
will therefore be limited by the degree of amplitude stability
required and the inherent stability of the oscillator loop
gain. For example, if a 1 per cent or 40dB third harmonic
content is required, then from equation (3):

dE2 - 0.01
4(b - fd.E2)

4

E  3

z

br  23
U

and: 1-
3

b I dE2 = 25.75 (6) is,
substituting equation (6) in equation (5):

8EIE = -(8a/a) 16.6 (7)

This shows that a change in loop gain of 0.01dB will cause
a 0.17dB change of output, if the oscillator has been
adjusted to have a 3rd harmonic 40dB below the funda-
mental. To achieve the best output level stability stabilized
power supplies are required, and switched pre-set com-
ponents used in the frequency determining network to
eliminate ganging difficulties.

To provide an efficient d.c. coupling from the oscillator
stage to the output stage a neon filled voltage reference valve
is used", which operated at approximately 2mA d.c. has
an incremental resistance of the order of 20011.

The output stage is designed to meet the following general
requirements :

(1) To remove the d.c. component.
(2) To provide control of output level with a fixed output

impedance.
(3) To be stable and relatively free from harmonic dis-

tortion.
These conditions can be met by using a cathode -follower
stage feeding an output attenuator, and having a similar
stage to back -off the d.c. component; stability is further
enhanced by having high values for the cathode load
resistors permitted by the use of a high value of positive
grid bias. In addition, the impedance of the output attenua-
tors is made high compared with the incremental cathode
resistance of the valves. For convenience of operation the
negative line of the h.t. supply is left floating, thus permit-
ting one side of the output circuit to be connected to earth.
To improve the utility of the oscillator it was felt that some
means of monitoring the output level should be
incorporated; this function could, of course, be performed
by means of a d.c. voltmeter at the lower end of the
frequency range, but above 2 or 3c / s due to the inertia of
the meter movement the readings would become increas-
ingly inaccurate. A solution that has been employed before
is to incorporate a small oscilloscope, but a simpler method
involves the use of two trigger circuits arranged to give
neon lamp indications when the peak of the generated
signal lies between two pre -determined voltage limits. Thus,
when the signal level is correct one neon flashes at each
positive peak of the signal, both neons flash when the level
is greater than normal, and neither flash when the level
is too low. For this purpose a most convenient and reliable
type of trigger circuit is that due to 0. H. Schmitt', which
has the form shown in Fig. 3, this also shows the type of
transfer characteristic obtained with the given circuit. The
output anode current remains constant as the input voltage
varies from (a) towards (b), but between (b) and (c) the

0

(0) (b)

...\

+300V

,Ok0g 20k0

IMO

135W
11

,..(2)

IMO

\(C)
Test Circuit

4 6 8
INPUT GRID VOLTAGE V

10

Fig. 3. Measured transfer characteristic of Schmitt -Trigger circuit

12

output current falls very rapidly to zero by regenerative
action, causing a neon indicator lamp (not shown) to ignite.
As the grid voltage decreases the output current remains at
zero until the point (d) is reached, when the current rapidly
returns to the initial value and the neon indicator extin-
guishes. The overlap or backlash between the transitions
serves a useful purpose in increasing the duration of the
flash from the neon indicator. The upper current limit is
well stabilized by means of the high value of cathode load
resistor permitted by the use of a high positive grid bias

grid voltage at which the transition from
(b) to (c) takes place can be adjusted by varying the bias
applied to the grid of the output triode.

Description of Circuit
The schematic circuit of the complete oscillator is given

in Fig. 4. Valve V, provides the driving amplifier for the
oscillatory loop circuit, which is completed via the
frequency control network Ni; manual control of loop gain
to a limited degree is provided by means of the pre-set
control VR2. The voltage reference valve V, provides the
stable bias to the grids of V, required by the use of a high
value of cathode load resistor. The l-8kfl resistor between
point c and V, is incorporated to improve the calibration
accuracy of the frequency control network, and its resist-
ance is approximately half that presented by the amplifier
at point A. Potentiometer VR, permits a relative adjust-
ment of bias at the grids of V to ensure that the excur-
sion of anode current due to the generated oscillation is
symmetrically placed on the straight portion of the transfer
characteristic, even harmonics being reduced to a minimum
in the process.

The detailed circuit diagram of the frequency control
network is given in Fig. 5. The chosen network design
employs equal values of capacitors and resistors in the series
and shunt arms, the resistors being selected by switch S
which is calibrated in lc / s steps from 1 to 10c /s, and
the capacitors by means of switch S2, which is calibrated
as a multiplier in decade ranges from " divide by 100" to
" multiply by 10 ". A feature of the design is the provision
of facilities for keeping the capacitors in the series arm of
the network charged to the normal working d.c. voltage
when not in use, by means of the 1201(1-1 resistor from point
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A, thereby reducing the transient disturbance when chang-
ing range, and hence reducing the time required to reach
steady-state conditions.

Returning to Fig. 4, the d.c. coupling from the anode of
V, to the input grid of V, is provided by the voltage refer-
ence valve V2, which operates at 2mA d.c. and gives a d.c.
voltage drop of 85V; its incremental resistance is of the
order of 20052. At the grid of V, the peak value of the com-
bined a.c. and d.c. components are monitored by means of
the Schmitt trigger circuits V, and V8, the indicator neon
V, firing when the input voltage to V, reaches a pre-
determined positive value, and V, firing if the input voltage
to V. reaches a given upper limit. The input voltage at

Sea

i0pF

S2b

S20

IpF

52b

795kri
5300
398 kr:
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318k0
265kille 0--,\AAr-0 -Id
227k0
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0---NAA/-0I59k0

S2d

S20

0.1pF

S2 b

Sec

0-01µF

S2.

IOµF

0µF S2

0----1

Fig. 5. Circuit of frequency control network
-±1 per cent tolerance on component values.

which the trigger circuits operate can be adjusted by means
of the variable resistors VR, and VR, for their respective
circuits.

The cathode -follower output stage, utilizing the input
triode of V,, is fed from the fine output control switch

which covers a range of 2.3dB in steps of 0.1dB. An
output circuit resistance of the order of 61d2 is used to obtain
an adequate degree of negative feedback to secure con-
stancy of loss between input and output voltages with low
harmonic production. Another circuit of identical form
utilizes the output triode of V, to remove the d.c. com-
ponent from the oscillator output, the balancing adjustment
being accomplished by means of the variable resistor VR,
and observed on the meter M, a null deflexion being
achieved.

The sensitivity of the meter is increased during the adjust-
ment process through the operation of the key K1, this also
suppresses the oscillation by transferring the input side of
the frequency control network from its normal connexion
to the anode of the input triode of V1, which has a similar

d.c. potential; thus any d.c. changes between the input grid
of V, and the point of measurement at the cathode of V,
are taken into account, and the presence of any leakage
current through the series capacitors of the frequency con-
trol network can be detected. The resistor chain on switch
S,b is identical to that on S,g and is required to prevent
upsetting the d.c. adjustment when the fine output control
is operated.

The complete oscillator

A rear view of the oscillator

The output is taken via variable attenuator pads con-
trolled by switches S. and S5, giving a total range of 60dB
in steps of 2dB, and an impedance of 6kn. As the negative
line of the h.t. supply is floating, the common side of the
output circuit is connected to the oscillator frame, and can
be earthed at the output terminals.

The power unit is of a conventional type employing a
choke input filter tuned to resonate at 100c/s, and with
a 60k12 bleeder resistor to reduce the voltage rise at low
values of load current. The stabilizer consists of a 12E1
series regulator valve controlled by a double -triode ampli-
fier, to which the error voltage is fed by means of the two
neon stabilizer valves across the output circuit.
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Performance
FREQUENCY

At all frequency settings the actual frequency is within
±2 per cent of the nominal, and with a mains variation of
± 5 per cent the frequency change is less than ± 0.01 per cent.

OUTPUT LEVEL
The maximum output level is 6V r.m.s. into a 6E1 resis-

tive load with variations not exceeding +0.3dB as the
frequency settings are altered without re -adjustment of level.

An increase in mains voltage of 5 per cent from nominal,
causes a decrease of 0.5dB in output level; this is largely
due to variations in heater voltage and an improved
performance could be obtained by stabilizing the heater
supply.

D.C. COMPONENT IN OUTPUT
Without re -adjustment, a ±5 per cent change of mains

voltage results in a +1V variation in the d.c. com-
ponent at the oscillator output when terminated with 61(Q,
and with the output controls set to maximum output level.

HARMONIC PRODUCTION
With the maximum output level at 6V r.m.s., and with

the even harmonics reduced to a minimum, the relative
harmonic levels obtained are: 2nd - 50dB, 3rd - 38dB, 4th
- 60dB, 5th - 65dB.

Hum
The hum level is 50dB below the signal for the majority

of frequency settings; at 50 and 100c/s settings, a beat of
1 per cent of signal amplitude occurs at the difference
frequency.

TRIGGER CIRCUITS
If the generated signal level is held constant, a 5 per cent

increase in mains voltage causes the trigger circuit to
indicate an apparent decrease of 0.2dB in signal level.

POWER UNIT
The h.t. output has an incremental resistance of about

22f2 up to 60 mA, and a ±5 per cent change of mains
voltage does not cause more than a +0.1 per cent change
in output voltage. The mains hum components are:
30mV r.m.s. at 50c/s, 350mV r.m.s. at 100c /s and 280mV
r.m.s. at 200c/s.

The normal load on the unit consists of 33mA at 300V
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Fig. 6. Measured relationship between amplifier gain at the fundamental
frequency and the amplitude of the generated signal

d.c. and 1.2A at 6.3V a.c.; with this loading the total con-
sumption of power from the mains is 80W.

CHECK OF AMPLIFIER CHARACTERISTICS

Fig. 6 shows a measured curve relating change of loop
gain at the fundamental frequency component to oscillator
output level; the level of third harmonic relative to that
of the fundamental component for several values of the
latter is also given. It can be seen from these results that the
assumption of a cubic law for design purposes is reasonably
justified.
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Rugby Radio Extension
AT the end of July a new extension to the G.P.O. radio

station at Rugby was opened. The new site comprises
some 700 acres on the opposite side of Watling Street to
the old site.

The 28 transmitters in the new station are housed in
three transmitter halls built in the plan of a letter T. At
the junction of these is a glassed -in central control position
from which the control engineer has complete supervision
over every transmitter, being able to start, stop or change
to any one of six operating frequencies on each of them
or to change the aerial. The aerial selector switches under

his control are divided into two groups, each group con-
trolling up to a maximum of 40 aerials and 14 transmitters.
At this control position information on the performance
of each transmitter carrying traffic is continually displayed,
and further facilities are provided for a more detailed check
of any particular transmissions.

Transmitter Drive and Monitoring Equipment
The signals arriving at the station by land -line from

London are translated into forms suitable for application
to the transmitters by two types of drive unit; one for tele-
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phony, multi -channel telegraphy and picture transmission,
and the other for different types of telegraphy. The drive
units deliver low -power signals centred on a frequency of
3.1Mc / s to the transmitters.

Each drive unit includes a monitoring receiver which is
used in conjunction with other apparatus for comparing
automatically the signals arriving at the station with those
leaving the transmitter. If the two signals do not agree,
within a given tolerance, an indication is given at the central
control position.

Transmitters
All 28 transmitters are of the same type, the Marconi

type HS.51, which has previously been described in some
detail'. This transmitter operates in the band from 4 to
27-5Mc/ s and has a peak envelope power of 30kW; it is
designed for operation on independent sideband telephone

The central control desk

or frequency -shift and on -off telegraph services. Since both
sidebands are used each transmitter can deal with, for
example, four telephone channels or two telephone channels
and six telegraph channels. Third order inter -modulation
products are not greater than - 36dB relative to either of
two equal testing tones for any power level up to full
peak envelope power and harmonic radiation is less than
20mW.

All the valves in the transmitters are air cooled and each
transmitter can be pretuned to six spot frequencies, any one
of which can be remotely selected by motorized controls.

Aerials, Transmission Lines and Selector Switches
The majority of the 58 aerials so far provided are multi -

wire rhombics. The aerials are connected to the building
by open -wire transmission lines, but inside the building
balanced coaxial feeders are used, the connexion between
the two being by four wire exponential lines.

The aerials are connected to the transmitters via two
interconnected motor -driven twin coaxial aerial switches
which have been described by Gillam2. Each of the 14
transmitters associated with a switch is connected to
a separate horizontal switch deck, and up to six
of the aerial feeders which descend vertically on both sides
of the switch can be connected to any one deck. Any one
of these six aerials can be selected from the central control
deck. Cross -connexions between the two switches can also

be made. Electrical interlocking with the normal trans-
mitter protective circuits is provided and, in addition, a
special safety interlock system is used in which a low air
pressure is maintained in each group of feeders. Release of
this air pressure, when any feeder coupling is loosened, trips
the power contactor of the associated transmitter. By means
of a portable switch unit, having plug-in connexions, it is
possible to operate any one deck locally instead of from the

The aerial selector
switch

A group of telephony
drive units

One of the transmitter halls

remote position for the purpose of testing or servicing.
The use of this local test unit automatically opens the
interlock circuit of the associated transmitter.

Design and Construction
The station as a whole was designed by the Engineering

Department of the General Post Office who also provided
the external and some of the internal plant. The buildings
were designed by the Ministry of Works and constructed
by Messrs. Foster and Dicksee. The transmitters and most
of the associated equipment, including the aerial switches
and central control position were designed and manufac-
tured by Marconi's Wireless Telegraph Co. Ltd, to Post
Office specifications.
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The Design of Hard -Valve Binary Counters
By D. M. Taub*, M.Sc., A.M.I.E.E.

A conventional counting circuit is considered. Tolerances on component values, valve charac-
teristics and supply voltages are discussed and a method of design proposed in which these
tolerances are taken into account. The method is valid at counting speeds up to several kc I s and
may be used where coupling between the stages is carried out with hot -cathode or selenium diodes.

I -NNE of the commonest circuits in electronic switching
V and counting applications is the Eccles -Jordan or bi-
stable circuit' shown in Fig. 1. Several papers on its design
have been published during the last few years23; they
give methods of obtaining the necessary steady-state con-
ditions and maximum operating speed with given
tolerances on the supply voltages, resistor values and valve
characteristics.

A more complex case occurs when several circuits of this
type are connected together as shown in Fig. 2 to form a
binary counter. Here, in addition to the above considera-
tions, each stage must be designed to produce a great
enough triggering pulse to operate the succeeding stage.
Where hot -cathode diodes are used as the coupling elements
this presents no difficulty, and a common design rule has
been to make RN about three times as great as Rm. For
operation at speeds not exceeding a few kc/s, however, it is
possible to use miniature selenium rectifiers, thereby con-
siderably reducing the number of hot -cathode valves
required. Considerations of speed are
now no longer important, but the
high forward resistance of the rectifiers
increases the difficulty of obtaining
an adequate triggering pulse, and
makes the steady-state conditions more
difficult to analyse. The design of
the circuit under these conditions is
considered in the present article. A
similar design procedure could be used
with germanium rectifiers as the coup-
ling elements. In this case, however,
it might be necessary to consider the
reverse resistance of the rectifiers,
though the forward resistance could
generally be neglected.

Tolerances
H.T. SUPPLY VOLTAGES

Counting circuits can generally be designed to tolerate an
h.t. voltage variation of about +5 per cent. This figure is
easily obtained with conventional stabilizer circuits.

RESISTORS
The tolerance figure used in design calculations must

take account of the following factors :
(a) initial selection tolerance,
(b) voltage coefficient,
(c) temperature coefficient,
(d) drift during life.

Values of (b), (c) and (d) may be obtained from Specifica-
tion RCS 112 of the Inter -Service Standards for Radio

 Ericsson Telephones Limited.

Components'. In the case of carbon rod resistors, changes
in resistance of about 20 per cent of the nominal value
may occur, making them unsuitable in many cases. Cracked
carbon resistors are more satisfactory; their stability
depends on the wattage rating, value and climatic conch -

Fig. I. Eccles -Jordan circuit

Fig. 2. Binary counter

tions. Typical figures for 2 watt resistors covering factors
(b),. (c) and (d) are ±2 per cent for temperate con-
ditions and +5 per cent for tropical and arctic conditions.
CAPACITORS

The value of the cross -coupling capacitor C is not
usually critical. Where figures for temperature coefficient
and drift are required they may be obtained from specifica-
tions RCS 132 and 133 of the Inter -Service Standards'.

VALVE CHARACTERISTICS
Unfortunately there is little published data on the initial

spread of valve characteristics and the deterioration to be
expected during life. In the case of valves used by the
Services some useful guidance can be obtained from the
C.V. Specifications', but the information provided there is
not usually adequate. The only course, therefore, is to make
an estimate based on experience, and the following method
is suggested.
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fwo characteristics of the valve are required:
(a) the anode current/anode voltage characteristic when

the valve is conducting,

(b) the cut-off value of grid potential, i.e. the value which
reduces the anode current to a negligible magnitude.

Consider first a valve in the conducting state. The supply
voltages and resistor values are so proportioned that if no
grid current flowed the grid potential would not fall below
earth. However, because of the initial velocities of the
electrons and the grid circuit resistance, the grid reaches an
equilibrium potential of about -0.5V. The characteristic
required is thus the anode current/anode voltage curve at
this grid potential.

The characteristic for an average new valve may be
obtained from the manufacturer's data. Let it be plotted
as shown by curve OA in Fig. 3. It may then be assumed
that the maximum anode current at any anode voltage will
be 30 per cent greater than the average, as shown by os,
and that the minimum, making due allowance for ageing,
will be 50 per cent less, as shown by oc. A figure of 60 per
cent less is sometimes used, but this is thought to be neces-

min

Grid voltage as
specified in text

Fig. 3. Valve characteristics

sary only when the valve is used near its maximum rating.
For the cut-off potential a value some 30 per cent higher

than that given in the manufacturer's curves should provide
an adequate safety margin.

Design Procedure
In designing the circuit the following basic requirements

must be met.
(1) When one valve in a stage is conducting, the grid

potential of the other must be below the cut-off value.
(2) The grid potential of a conducting valve must not be

less than zero (neglecting grid current).
(3) Each stage must produce a great enough triggering

pulse to operate the succeeding stage.
A rigorous approach to the design would be to translate

these requirements into a set of simultaneous equations.. The
equations would, however, be difficult to handle because of
the complexity of the circuit, and the fact that the valve
and rectifier characteristics cannot be accurately expressed
in a simple mathematical form. Instead, the method used
is to sub -divide the requirements in such a way that each
can be stated in terms of one or two variables. The design
can then be built up stage by stage as follows.

First a value is chosen for the maximum anode potential
of a valve in the conducting state. It is then possible to
determine Rs and RG (see Fig. 2) to fulfil condition (1).
From these and the valve characteristics a suitable value for

RL and (RM + RN) is obtained. The triggering conditions
are then analysed and a figure obtained for the minimum
amplitude of triggering pulse; the relative proportions of
RM and RN to produce this pulse are then found. Finally,
the following checks are carried out to ensure that the
coupling between stages does not cause any departure from
the acceptable steady-state conditions. Referring to Fig. 2,
suppose that V, and V, are non -conducting and V, and V,
conducting. Current then flows through MR, lowering the
anode potential of V, and the grid potential of V,. It must
be verified that, neglecting grid current, the potential of
this grid cannot fall below earth, in accordance with
requirement (2). The current through MR, also causes the
effective anode load resistance of V, to be less than (RM +
RN). It must be verified that this effective resistance is not
so low as to enable the anode potential to rise above the
permitted value.

Details of the design procedure are set out later. For
simplicity of expression they are given as a set of rules,
each rule being followed by the relevant calculations. It
should be noted that the terms " greater than ", " less than",
" maximum " and " minimum " are used there in the alge-
braic sense, e.g. when dealing with negative quantities, -95
is considered to be greater than -100.

Principal Symbols
The various voltages and currents in the circuit are

identified by a suffix letter which indicates the point in the
circuit at which they occur, and where necessary by a
figure which differentiates between the values at a particular
point under different circumstances. Capital letters are
used for steady-state values, and small letters for instan-
taneous values. The principal symbols are as follows:

Ea = potential of positive h.t. supply line.
Ec = potential of negative h.t. supply line.

+x = fractional tolerance on h.t. voltages (assumed to
be the same for both supplies).

+y = fractional tolerance on resistor values (assumed to
be the same for all resistors).
fractional tolerance on capacitor values.
maximum anode voltage of a conducting valve.
minimum anode voltage of a conducting valve.
minimum anode voltage of a non -conducting
valve.

/A, = minimum anode current of a conducting valve
at an anode voltage EA,.
maximum grid voltage of a non -conducting valve.
minimuni grid voltage of a non -conducting valve.

±z =
EA, =
EA2 =
EA3 =

EG1 =
EG2 =

AeA, = minimum amplitude of triggering pulse at the
anode of the coupling rectifier.

RL, RM, RN, Rs, RG, C: nominal values of components
as shown in Fig. 2.

Design Calculations
Given: Es, E0, x, y, z, valve characteristics and limit charac-
teristics of the coupling rectifiers.
(1) Assume a value for EA,. Where this is not dictated by

external conditions it may conveniently be 4- to 4- of

(2) Determine values of Rs and RG to ensure that when
one valve in a stage is conducting the grid potential of
the other is below the cut-off value, EG,. The most
adverse limits on voltage and resistor values are shown
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in Fig. 4. The required condition is given by:
Ro(1 + y)

RG(1 + y) + Rs(1 - y) [EA, -EG(1-x)] + EG(1- x) <

which simplifies to:
1 y -E

(RS I RIO>
+

1 -y EG,

E-A,

Ec(1
G1

- x) (1)

Rs and RG are usually of the order of several hundred
kilohms. Where high operating speeds are not required the
larger of the two may conveniently be 1MS2.
(3) Determine the minimum potential EA, at the anode of

a non -conducting valve to ensure that the grid poten-
tial of the other valve in the same stage does not fall

Ec(i-x)

Fig. 4. Limits for determining Rs and Rc

EC (1+4
Fig. 5. Limits for determining EA,

below earth. The most adverse conditions are shown
in Fig. 5. EA, is given by :

RG(1 - E[ A, - Ec(1 + x)] + Ec(l+x)=0
RG(1 - y) + Rs(1 + y)
from which:

(1 + y)(1 + x) Rs Ec
EA3 = (2)

(1 - Y) RG

This quantity is used later in the calculation (step (11)).
As a rough interim check it should not be greater than
about Es, to allow for the voltage drop in RL or (Rm+RN)
due to current flowing through the coupling rectifier.
(4) Determine the minimum limit value of anode load

resistance, Rx, to ensure that the anode potential of a
conducting valve does not exceed Es,.

With the anode potential of a conducting valve at EA
determine the minimum current /s, flowing in the asso-
ciated potential divider chain Rs, RG. This occurs under
the conditions shown in Fig. 6, giving:

EA, - EG(1 - x)Is, - (3)
(Rs + RG)(1 y)

At an anode potential EA, the valve takes a minimum

current /A, as determined from valve characteristic (Fig. 3).
The minimum current through RN is thus /A, + /s which
must produce a voltage drop Es(1 + x) - EA,. Thus:

Es(1 + x) - EA,RK - (4)
1A1 + 181

(5) Determine RL and (RM + RN) as follows.
Referring to Fig. 2, when V, or V. is conducting its

effective anode load resistance is made up of RM, RN, the
forward resistance of a coupling diode, and the load resist-
ance of the non -conducting valve in the next stage. The
minimum limit value of this resistance must not be less
than RK. The minimum value of (Rm + RN) i.e.

E.(1+4

Ecl-x)

Fig. 6. Limits for determining and RK

Ec( 1+x)

Fig. 7. Limits for determining EA,

(RM + RN)(I - y) must therefore be at least, say, aRK,
where a is a factor greater than 1. For each stage to be
symmetrical RL should be equal to (RM + RN), and so,
from equation (4):

RL = (R3L + RN) > a
EB(1 + x) -

(5)
1 y)(11. + hi)

An accurate value of a cannot be obtained until the rela-
tive proportions of RM and RN are known. In practice,
however, a is seldom greater than about 11, and RL and
(RM + RN) should be calculated using this value. When
RM and RN have been determined an accurate check of this
point must be made as shown later (step (12)).
(6) Determine the minimum potential EA, at the anode of a

conducting valve. This is obtained when the conditions
in the circuit are as shown in Fig. 7. Applying
Thevenin's theorem, the anode may be considered to be
returned through a resistance:

1RE: = (6)
1 1

RL(1 + + (Rs + RG)(1 - y)
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to a potential : giving :

EB - (RS + RO(1 y)
(Rs + RG)(1 - y) + RL(1 + Y)

[EB(1 - x) - Ec(1 + x)] + Ec(1 + x)

EB(1 - x) Ec(1 + x)
RL 1 + v Rs + RG 1 -y1+ 1+Rs + RG 1 -y RL 1 + y

(7)

A load line is now drawn on the valve characteristics in
Fig. 3, intersecting the E axis at EY and the I axis at
EBYRL'. The intersection of this line with the charac-
teristic gives the required value of EA,.

It will be seen that this value is obtained only when the
limits of voltage and resistance are as shown in Fig. 7, and
similarly -that the maximum anode voltage EA, is obtained
only with the limits shown in Fig. 6. However, to simplify
the following calculations it will be assumed that the values
depend only on the valve, and apply throughout the range
of supply voltage and resistor values. Provided that RL

E, (1,x)

Fig. 8. Limits for determining Eci

is not less than 2 or 3 times the anode resistance of the
valve, the resulting error is not serious and is in such a
direction as to provide a small margin of safety. Similar
simplifying assumptions are made elsewhere in the
calculation.

(7) Determine the minimum potential EG, at the grid of
a non -conducting valve. The appropriate limits are
shown in Fig. 8, giving:

Rs(1 + y)
EG, = EA, [EA2 - Ec(1 + x)]

Rs(1 + y) + RG(1 -

EA, Ec(1 + x) (8)
1 + y 1 - y1 + (Rs/RG). 1 + (RG/Rs).1 -y 1 + y

(8) Determine C as follows:
To facilitate triggering C should be made as large as

possible consistent with allowing the circuit to reach a
steady state between successive triggering pulses. The
time taken to reach a steady state may be taken as about
four times the time -constant of the grid circuit. Generally
Rs and RG are large compared with RL and the anode resist-
ance of the valve; the maximum value of the time -constant
is then given approximately by :

C(1 + y)(1 +-
(1/Rs)+(l/RG)

If t is the minimum interval between triggering pulses,
then :

r < t/4

C <
4(1 + y)(1 + z)[(1/Rs)

+ 1/RG)] (9)

(9) Determine the minimum pulse required at the grid of a
conducting valve to initiate triggering.

Referring to Fig. 2, suppose V, to be non -conducting and
V, to be conducting. The trigger pulse lowers the grid
potential of V, causing its anode potential to rise. This
rise is transmitted through the cross -coupling network to
the grid of V, causing anode current to flow in this valve
and the anode potential to fall. The fall in potential is
transmitted through the second cross -coupling network to
the grid of V,.

Strictly, the minimum triggering pulse required is that
which brings the circuit to a state where the loop gain is
unity. This value would be very difficult to calculate, but
a close enough approximation may be made by stipulat-
ing that the current flow in V, must cause the grid potential
of V, to fall at least to the cut-off value E01. This assumes
a loop gain somewhat greater than unity, providing an
extra margin of safety.

To cause the grid potential of V, to fall from zero to
EG1 the anode potential of V, must fall by some greater
amount depending on the attenuation in the cross -coupling
network. At the frequencies under consideration, i.e. up
to several kc/s, C may be made large enough to ensure
that the time -constant of the network is long compared
with the duration of the triggering process. The attenua-
tion then depends only on the ratio of C to the effective
grid -cathode capacitance CG, of V,. Taking account of the
Miller effect this capacitance will be given approximately
by:

CG1 = CGG ILCGA (10)
where CGG is the grid -cathode capacitance with no anode

current flowing,
CCM, is the grid -anode capacitance, and p. is the
amplification factor of the valve.

The required change in potential at the anode of V, is
then :

AeA, = 11 + C01 1 EGI (11)
C(1 -z).1

To produce this change the grid potential of V, must be
raised to some value eG3 which may be estimated from the
valve characteristics. A generous allowance should be made
for variation between individual valves, and for ageing.
Clearly the required change in the grid potential of V, is
greatest when the potential is initially at its lowest possible
value EG2. The change is then :

AeG4 = ea3 - E02 (12)

Where short grid base valves are used eG, is often small
enough to be neglected in comparison with EG2.

The change in potential AeG4 is produced by a change
AeA, in the anode potential of V,. It is again necessary
to consider the attenuation in the cross -coupling network,
so that Aee, must be greater than AeG, by an amount
depending on C and the effective grid -cathode capacitance
of V,. This capacitance will be rather lower than in the
case of V4 mentioned above, since V, passes no current
while the grid potential rises from EG2 to the cut-off value.
Over this part of the grid voltage excursion therefore, the
grid -cathode capacitance is not increased by Miller effect.
By considering the relative values of the grid voltage excur-
sion in the non -conducting and conducting regions it is a
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simple matter to estimate an effective value for the capa-
citance. Calling this value Ca.:

Dens = 1 + CO2

C(1 -
(13)haec44

will usual y be much less than 1, and so a moderate
C(1 - z)
error in the estimate of Co. can be tolerated.

The change Aft, in the anode potential of V4 is pro-
duced by the triggering pulse applied to its grid. This pulse
must lower the grid potential to some value ea, which
may be estimated from the valve characteristics, again
making due allowance for individual variations and ageing.
The triggering pulse is attenuated by the cross -coupling
network, so that by analogy with equation (11) the trigger-
ing source must produce a pulse at the anode of V, given

CO2

by:

Es (I- x)

Rm(I- y)

D

eD

RN(l+y)

Im n

AeA, = [1 + Co,
1eG5 (14)

C(1 - z)

eAB

EB(I-4

AL(14y)

,Li

Rs(1-0
/GI

RG I4Y)

Ec
Fig. 9. Limits for determining Rm and RN

It should be noted that ea, and AeA., are negative quantities.
(10) Determine values for RM and RN to produce the above

magnitude of pulse under the most adverse conditions.
These conditions are shown in Fig. 9. It should be
noted that the limits shown there do not agree in all
respects with those used in calculating the amplitude
of the triggering pulse, e.g. the value of Ea, used above
was based on a negative h.t. voltage of Eo(1 + x),
[equations (8) and (12)], whereas for the present calcu-
lation a value of Ec(1 - x) is taken, the same value of
triggering pulse still being assumed. This provides a
further small margin of safety.

Referring to Fig. 9, assume as before that V, is initially
non -conducting and V4 conducting. The anode voltage of
V, is then:

Rs(1 - y)
Em(1 - x)EA,

Rs(1 - y) + RL(1 +
EB(1 -x)

1 +y
1 + (RL/Rs) 

1 y

(15)

As soon as the triggering pulse is applied the potential at
this point must change by AeA,. Its value is then :

eAs = EA, + AeAs
Substituting from equation (15):

EDO -x)eA. = + AeA, (16)

1 + (RL/Rs) 
1+y
1 y

The current iL, through RL is then:
Em(1 - x) - eAs

iL, = RL(1 + y)

EB(1 - x) Axe,
Rs(1 - y) + RL(1 + y) RL(1 y)

(17)

At the same time the grid potential of V4 falls from zero
to ea so that the current ia, through RG is:

ea, - Ec(1 - x)jai - RG(1 +
Since no current now flows to the grid of V4, iG, is also
the current in the parallel circuit Rs, C. The current im,
that must flow through the coupling rectifier to produce
the above changes is thus :

iN3 = ZL, - lay

Substituting from equations (16) and (17):

(18)

- 1 1-(1 x)(
EN Ec

1 y Rs(1 -Y)/(1+y) + RL RG

'RI

AeA6

RL RG

A

0 Cr

Fig. 10. Construction for determining RM and RN

At this value of current there will be a maximum voltage
drop em, in the coupling rectifier, whose value may be
obtained from the manufacturer's data. The maximum
permissible potential at D on application of the triggering
pulse is thus :

eD, = eA, - em, (20)

Suitable values of RN and RN are now obtained as
follows. Plot the /min characteristic of the valve as shown
in Fig. 10. Set off lengths OA = eD, and on = Em(1 -x)
along the voltage axis. Draw a line AC parallel to the
current axis, and set off a length AD = is, along it. Then
select a trial value for RM, say approximately (RL/2), and

E B(1 - x) - eD,
set off a length DE - along DC. AD repre-

Rm(1 - y)
sents the current through the coupling rectifier and DE the
current through Rm(1 - y). AE is thus the current through
RN(1 + y), which divides between the valve and the resistor
chain RsRG. The current through the chain is generally
small enough under the transient conditions to be neglected
in comparison with the valve current. Now draw EF

parallel to AO intersecting the valve characteristic at G. FG

then represents the voltage across the valve, and GE the
voltage across RN(1 + y). Thus, for the given value of
RM the maximum value of R5(1 + y) to produce the
required pulse is (GE/AE); RN is then given by:

1
RN S.

1 + y
(GE I AE) (21)

If the sum of RM and the maximum value of RN per-
mitted by equation (20) is less than RL, the process is
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repeated with a higher value of RM; if it is greater, the
process is repeated with a lower value, until a pair of
values is obtained whose sum is equal to or just less than
RL.
(11) Check that the grid potential of a conducting valve

cannot fall below zero.
The lowest value is obtained at the grid of V, under the

conditions shown in Fig. 11(a), with V2 and V, conducting,
and V, non -conducting. As shown previously, it will exceed
zero provided that the anode potential of V, exceeds EA,.
Fig. 11(a) may be replaced by the equivalent circuit shown
in Fig. 11(b). Applying Thevenin's theorem to RM and RN
the cathode of the coupling rectifier may be considered to
be returned through a resistance:

Rw - 1 (22)
1

(a)

EBt

Rmt I+y)

RNI 1.-y)

EA2

1

Rm(1 + RN(1 - y)
Es(i-x)

R, (I+y)

lag

Rstl+y)

RG(1-y)

1R2
Ex

Fig. 11(a). Limits for checking lowest grid potential of a conducting valve
(b) Equivalent circuit

to a potential :

RN(1 - Y)Ew = Eat + [EB(1 - x) - EA2]
RN(1 - y) + Rm(1 + y)

EEO - x) EA2 (23)

1 + (Rml RN)1
+ y

y
1 - y (a)

- 1 + (RN/ROI
+ y

Similarly the anode of the coupling rectifier may be con-
sidered to be returned through a resistance:

conditions shown in Fig. 13(a) with V2 and V, conducting
and V, non -conducting. This may be replaced by the equiva-
lent circuit Fig. 13(b), the equivalent resistances and poten-
tials being derived as for Fig. 11. The cathode of the
coupling rectifier is considered to be returned through a
resistance:

to a potential:

1 -y
(27)

EB(1 + x) EA,
Ey - (28)

1 + (R3E/RN)
+1

+ (RN/RM)

and the anode, through a resistance:

Rz =

Ex- Ew
Rw+Rx

'R2

EB(

RM(1-y)

Rw (I -y)

EA1

Ry -
(1/ RM) + (11 RN)

1

1 1

(RM + RO(1 - y) R8(1 + y)

Characteristic of low impedance
limit rectifier

Fig. 12. Construction for determinig /g2

to a potential:

Ex

Rx = (1 /RL) + (1/R8)
1 + y

(24)

Rs(1 + y)
Rs(1 + + RL(1 + y)

EB(1 -x)

EB(1-x)
1 + (RL/Rs)

The rectifier current IR, may then be obtained by drawing
a load line corresponding to Rw + Rx on the characteristic
of a low impedance limit rectifier as shown in Fig. 12. The
potential at the rectifier anode, i.e. at the anode of Va is
then Ex - h2Rx, and so, for the grid potential of V, to
exceed zero:

(25)

Ex - h2Rx > EA, (215)

(12) Check that the minimum effective anode load resist-
ance of a valve is not less than RR.

The minimum value occurs at the anode of V2 under the

(b)

v2

(29)

E2 -Ew

EB(1+x)

(Rm+ -y)

Rs (I +y)

Rz
111.--4-NAA/-Er

la 3
Fig. 13(a). Limits for checking minimum effective anode load resistance

lb) Equivalent circuit

A,Ey -wv

to a potential

ER = EB(1 + x)

1+ Rs 1 + y

The rectifier current may be obtained as before by drawing
a load line corresponding to Ry + Rz on the characteristic
of a low -impedance limit rectifier. Calling the value under
the present conditions h the potential at D is Ey + /B,Ry.
The current /N, through RN(1 - y) is then:

Ey + InskY - EA1

RAI + RN 1 -y
(30)

IN1
-

RN(1 Y)

and substituting the value of Ey from equation (28):
EB(1 + x) - Ea1 + R3EIR3(1 -- (31)

(1 - y)(Ria + RIO
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The effective load resistance R.' is the resistance between the
valve anode and the h.t. positive supply that would allow
the same valve current to flow. Thus :

EEO + x) - EA,
Ixt

-

and substituting the value of /N, from equation (31):

RJ = Rat ± RN (32)
1 Rm/R3

1 -y +EB(1 + x) - EAi
The required condition is thus:

Rm + RN > RK
1 Rid%

1 -y+ c,B(i + x) - EA,

length of time it is essential that these calculations be
carried out; failure to do so is probably responsible for the
reputation of unreliability still associated with electronic
apparatus in some quarters. In this connexion a point
which cannot be over -emphasized is the necessity for valve
and component manufacturers to provide more detailed and
comprehensive information on the limit characteristics of
their products; no mechanical designer would be expected
to work with components on which the dimensional toler-
ances were incompletely specified, and the analogy between
these and electrical tolerances on valves and components is
very close.

(33) Acknowledgments
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Conclusions
It can be seen that even for the relatively simple circuit

considered above, much calculation is necessary to ensure
that it will operate satisfactorily under the conditions of
component and supply voltage variation encountered in
practice. Where apparatus has to operate'reliably over any
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A Receiver for Submarine Cable Telegraph Signals
By J. W. Thompson,* B.Sc., A.M.I.E.E.

An electronic receiving amplifier for submarine cable telegraph signals is described. A.C. couplings
are used in the amplifier and the circuit is arranged to restore the legitimate d.c. component of

the signal.

RESONANT moving -coil instruments are widely used as
prime receivers in submarine cable telegraph systems, and

an important reason for their success is the ease of adjust-
ment of their characteristics, which are very suitable for
equalizing signal distortion. In most cases two such instru-
ments are used, the first and more sensitive of which detects
the incoming signal and passes it in amplified form to the
second. Experience has shown that good signal definition
is achieved only when both instruments are tuned to fre-
quencies which are proportional to the speed of trans-

 Mervyn Instruments, formerly Cable and Wireless Ltd.

mission and at the same time are heavily damped. The
overall sensitivity is therefore inversely proportional to
approximately the fourth power of the signalling speed, and
this feature has made the system quite unsuitable for use on
the high speed loaded cable circuits.

In the case of the widely used three position cable code'
it is necessary for the direct component of the signal to
be present at the output of any receiving device. Con-
ventional direct coupling throughout the receiver achieves
this aim, but allows the unwanted and slowly changing
natural currents introduced by the cable's earth return to

Fig. 1. Simplified circuit of the amplifier
h .
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be amplified also. This interference, which is nortrially of
very low frequency, is known as the " earth current," and
undergoes daily cyclic variations. In the moving -coil
system the signal bias caused by an earth current is auto-
matically detected and corrected. The method by which
this is done is fairly complicated, but the corrector is highly
effective and is able to compensate for all but the very
rapidly changing earth currents which sometimes occur
during magnetic storms.

A simple way of dealing with all but the most trouble-
some earth currents is due to S. G. Brown, though it has
not been convenient to apply his method to the moving -
coil receivers as they are used today. The principle of
the method is to employ a form of coupling somewhere
in the receiving chain which severely attenuates all but the
higher frequencies necessary to define the signalling cross-
overs, and to restore the direct component later in the
circuit. If a single RC coPpling is employed the response
to unit function input is of the form Ae-kt, and if the lead-
ing edge of this waveform is used to initiate a rising
potential of the form (1 - Ae-kt), and the two are added in
the proper phase, the unit function input is faithfully re-
produced. The rising potential is called the "correcting
voltage" and the system as a whole is known as "local
correction." If a changing potential which moves smoothly
through unit amplitude in a time which is long compared
with 1/k is superimposed on the unit function it will not
appear in the output. It is clearly not essential for the
response to give a truly exponential decay; the only neces-
sary conditions are a complementary and properly phased
correcting voltage.

It will be seen that the application of this principle to
an electronic receiver can overcome two disadvantages of
the coil system, in that the receiver imposes no upper
limit to the speed of signalling and gives a simple and
reliable method of eliminating earth current interference.
Such an amplifier has been in use for a number of years
on the London -Sydney loaded cable circuit'. Experimental
work has recently been carried out to simplify and modernize
this amplifier, and the way in which it has been achieved
is described below.

A simplified electrical circuit of the amplifier is sho
in Fig. 1. The received signal from the cable is passed
through a suitable equalizing network and connected to the
first amplifying stage by a transformer which has a time -
constant of about one second. The amplified signal
appearing at the anode of V, is fed to the control grid of
V2 via C,. R. is small compared with R., and the time -
constant of the coupling is therefore very nearly equal to
the product R,C,. A typical value for this figure is
80msec. The signal is amplified again by V2 and directly
coupled to the grids V, and V,. The limits of grid poten-
tial between which these last two valves can amplify is
separately controlled by VR, and VR,. V, and V, are
double triodes which each operate two relays, one of which
switches on the local correction voltage, the other deliver-
ing the signal output of the amplifier. The point at
which these pairs of relays change over is controlled by
the settings of VR, and VR2.

The time -constant R,C, is much the shortest in the
system, and the response at the grid of V2 to a unit func-
tion input therefore approximates closely to an exponential
of the form Aexp[- tl(R,C,)]. VR, and VR, are adjusted
so the leading edge of this decaying signal causes the appro-
priate relays to change over and apply a direct potential
to the lower end of R,. Since R, is large compared with

R. an exponentially rising potential appears at the grid of
V2, having the same time -constant as the decaying signal.
When the relative amplitudes are correctly set the two
voltages add and maintain a constant resultant potential
until a further signalling change takes place.

The behaviour is similar, though somewhat more difficult
to analyse, when a cable code signal is received. The
situation is complicated by the rise time of the signal,
which should remain short compared with the time -constant

Waveform at A

Waveform at

Wave form at c

Waveform at

Waveform at c
Small step
due to R2

Waveform at c

Received unit function
after equalization

Slow decay caused by
input transformer

Rapid decay due to
C, and R9 of Fig.!

Instantaneous rise
caused by 8, closing

Rise due to potential at
o charging C, via R9

Resultant potential
grid of V2

Fig. 2. Waveforms in circuit when unit function is received

Signal at anode of V2
with local correction on

Signal at anode of V2
with local correction off

Signal from contacts of
output relays (C, and Di)

SHE IS HIS SISTER

Coupling time - constant = R9C1 = 80 m sec

Fig. 3. Specimens of three position cable code signals

of the decay. It will be seen that the overall effect of this
arrangement is to restore only the legitimate direct com-
ponent of the signal; any slowly changing potentials due
to earth currents do not pass the transformer and RC
coupling. The waveforms at different points in the circuit
are shown in Fig. 2. Specimens of actual cable code
signals as they appear at the anode of V2 are given in
Fig. 3. The effect of disconnecting the local correction is
illustrated and the signal from the output relays is shown.
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A Magnetron Microwave Diathermy Apparatus for
Reanimating Rats from 0°C.

By W. J. Perkins*, A.M.Brit.I.R.E.

When the body temperature of rats falls below 15°C the heart stops beating and respiration ceases.
It has been shown, however, that rats could be resuscitated from body temperatures as low as
0°C, by applying heat to the cardiac area and giving artificial respiration. A microwave apparatus
is described which provides sufficiently rapid rewarming of the heart without burning the skin.

A device for providing artificial respiration automatically is also described.

ONE great limiting factor in cardiac surgery is that the
part to be operated on is moving, the heart is beating'.

The rate and amplitude of movement may be and com-
monly are reduced by cooling the patient down to 25°C
to 30°C. Cooling below this temperature to a point where
heart and respiration actually cease would be highly desir-
able if the method of resuscitation were dependable.
Furthermore, at lower temperatures the brain and other
sensitive tissues would be less likely to suffer irreparable
damage from lack of oxygen during circulatory arrest.'

Recent work by Andjus on hypothermia in animals has
shown that rats could be resuscitated by heating the chest
locally after the deep body temperature had been, taken
as low as 0°C. Sufficiently rapid warming from tempera-
tures near freezing was, however, impracticable without
risk of burning". To further Dr. Andjus' work in the
Division of Experimental Biology at the National Institute
for Medical Research the use of radio frequency diathermy
as a means of resuscitation was investigated.

With this type of apparatus, heating of deep tissues is
obtained through the absorption of energy in the loss com-
ponent of the dielectric. The power required to heat a
given material can be calculated by considering the case
of an imperfect capacitor (Fig. 1).

Applied e.m.f. e = E cos wt.
The quantity of heat is proportional to the power loss

and the time.

Q =
Elt cos_

Q = PROF
i+ co2C2R2

where Q = heat produced in calories
J = Joules' equivalent

If o = specific resistance of the material
k = permittivity of the material

then:

Q = PRt1.1[
1 + (k2o-2/A2 x 2.78 x 10-8)1

P = PR[
10°

1

(1)

(2)

... (3)
10° + (k2o-2 x 2.78)

..

For biological specimens k is in the region 75 to 85.
Thus assuming a value of 80 and inserting in equation

(3):

Power/amp/cc =
5630 + o'2/A2

5630o-
(4)

 National Institute for Medical Research.

For wavelengths of 30m and above the heat production
is proportional to 0-.

For wavelengths of about .10m the heat production is
proportional to o- for low values and is then sensibly
independent of o-.

For the very low wavelengths the heat production falls
off with increased o-.

In the experiments using this apparatus it was desirable
that the rate of heating should be fairly rapid and that
the heart should be preferentially heated. By using micro-
waves it was possible to focus the beam to a smaller area

I

I
Fig. 1. Calculation of required power

than for the r.f. diathermy. As the specific resistance cf
the skin is much higher than for blood or the heart,
thermal injury to the peripheral tissues could also be
avoided. The depth of penetration is very nearly pro-
portional to the wavelength but, as it was only intended to
carry out these experiments with rats, the penetration was
sufficient with a wavelength of 10cm.

A magnetron microwave generator had already been
built, in collaboration with Dr. Lovelock, for the rapid
heating of blood samples and this apparatus was, therefore,
adapted for resuscitation experiments on rats.

The magnetron used was a continuous wave type with
an output power of 500W, operating at a frequency of
3 000Mc/s. A circuit diagram of the complete apparatus
is shown in Fig. 2. The magnetron was connected through
a transformer section to a standing wave detector operat-
ing in the H., mode and then to a termination section.
The standing wave detector, although essential for the
initial requirement of thawing samples of blood frozen at
-79°C, was not necessary for the animal experiments,
except to check the effects cf various terminations. The
power supplies required for the magnetron were 3.5kV d.c.
at 3kW with 11V 24A for the heaters. A full wave voltage
doubler circuit was used with a variac in the input circuit
of the h.t. transformer, so that the power output of the
magnetron could be controlled. To safeguard the magne-
tron filaments, they were switched on initially at reduced
power, using a 240n resistor in series with the primary
of the filament transformer and, at the same time, a delay
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circuit was completed which shorted out the resistor after
a two minutes delay. A second contact of the delay relay
completed the circuit of a second delay, which prevented
the h.t. being applied to the rectifiers before the filaments
had been heated, and also ensured that the h.t. could not
be applied to the magnetron before its filaments had been
heated. The delay circuit used was a bimetal strip operat-
ing two relays, the second relay being closed when the strip

0

240V

0

0

2

2400
240V .4
120V

s2 POWER UNIT

a

o

E d

I2V
etc.

DELAY
AND

RELAY

0
s=.5.5V

a

In order to standardize the procedure and to avoid the
necessity of keeping the operator's hands in the beam,
an automatic artificial respirator was used, which also
had the additional advantage of saving the operator's time.
The apparatus consisted of an air inlet valve connected to
a compressed air line and operated from a thyratron timer,
which could be adjusted for different respiration rates.
The timer circuit is shown in Fig. 6.

0

MAGNETRON

0

-4kV

TRANS-
ORMER
ECT ON

STANDING WAVE
DETECTOR

(a)j--- - 7'

I/

(b)

(C)

1000
MW

ht(

VARI AC

Fig. 2. General Layout of Apparatus

returned to the cold position. The circuit is shown in
Fig. 3.

In order to obtain preferential heating of the thorax, the
animal was placed under a grid extension of the wave -
guide (a), so that its chest lay beneath a lin diameter aper-
ture in the lower wall. To provide a more even distribu-
tion of energy, a horn radiator (b) was used with the same
grid extension. Fig. 4 shows the rise of temperature in
different parts of a rat corpse and it can be seen that the
maximum input of energy occurs in the chest region. The
approximate mean energy input to the animal was of
the order of 4.5cal/sec, with the magnetron being run at
reduced power. Fig. 5 shows the rate of increase of tem-
perature for a corpse, and a revived animal. In the first
case the heart and colonic temperatures rose at different
rates and, therefore, gradually diverged, but in the case of
the revived animal the heart commenced to beat when
the temperature was approximately 15°C; the heart rate
then rose steadily and the two temperatures converged.
The preferential heating of the thorax thus decreases as
the heart rate increases due to the improved thermal con-
duction with circulation. Later a taper section (c) with
a distrene insert was fitted and this also proved satisfac-
tory, but no statistical results are available.

Artificial respiration was carried out during the re -
warming until spontaneous breathing was re-established.

12V

Fig. 3. Delay Circuit

6
a

When the thyratron conducts, the relay closes and C,
charges from the voltage developed across C2, cutting off
the valve. The relay then opens and the negative charge
on C, discharges through R1122. When the charge on
C, has fallen sufficiently, the thyratron again conducts and
the cycle is repetitive at a rate determined by C1 and
R1 R2.

A cardiograph was also constructed, so that the heart
rates could be recorded both during the cooling process
and after rewarming with the microwave apparatus. This
proved particularly useful during cooling at the lower
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temperatures when the heart beats became very spasmodic.
The apparatus described has proved successful for re -

warming small animals from body temperatures around
0°C and it has been possible to achieve 100 per cent sur-

Fig. 4. Temperature rise plotted for different sections of a rat
placed in the beam

U
L

0 Revived A
Dead A

0 2 4 6 8 10 12
t (min)

14 16 18

corpse when

Beneath Heart
(thermo-couple)

Colonic
(thermometer)

ISO

120 -4

60 m

Fig. 5. Comparative temperature rise in a corpse and a revived animal

vivals in a series of experiments, without any thermal
injury to the animals.

For the larger animals the penetration using microwaves
is not sufficient and the more conventional h.f. diathermy
apparatus would be required.

0 +

F.g. 6. Circuit used to provide automatic artificial respiration
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GLASS MANUFACTURING PLANT
A new glass manufacturing plant for cathode-ray tube

components at the works of Pilkington Brothers Limited,
St. Helens, began production in March. It is the only plant
of its kind in Britain and cost nearly £1 000 000 to build.

The new equipment operates under licence from the
Corning Glass Company of the U.S.A. who have been
manufacturing cathode-ray tubes for many years.

The components are the largest high quality pressings
that have been produced in this country and come off the
machine at a rate of approximately one every six seconds
-a speed more than twice as fast as by the hand methods
of the older plant. The new plant can be adapted to pro-
duce in quantity, components of any size likely to be
needed by any British set manufactured. It can make at
least 2 000 000 units a year.

Each component is checked to ensure that all internal
stresses have been removed. The inspection is done on a
polariscope which enables the operator to compare the
strain pattern in the sample with that of a good standard
model by his side.

A very high standard is essential for the screens since
the slightest defect might affect the image. Each com-
ponent is critically examined for defects, surface imper-
fections and dimensions. Any screens requiring surface
treatment are transferred to the grinding and polishing
section.
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Triggered Microsecond Sweep Generators
By D. P. C. Thackeray*, B.Sc.

Two feedback linearized sweep generators are described, one having a balanced output, the other
single ended, both capable of providing a 450V sweep of 1,usec duration, using a single receiver
type valve such as the CV173 (EF55) or CV2127 (6CH6) in the sweep generator stage. The designs
have been developed from conventional hard vawe feedback sweep generator circuits to provide
sweeps up to this speed for a synchroscope used as a pulse monitor in high speed photographic

applications.

THE practice of fast oscillography is well enough estab-
lished as a technique to find immediate use in a number

of physical investigations. For instance, the demands of an
optical laboratory may frequently involve the display and
measurement of shutter pulses to image convertor equip-
ment', of light pulse waveforms both visible and in the
ultra -violet, including those used in Schardin methods of
photography, and of electrical waveforms required in
image dissection silhouette photography'. None of these
calls for a particularly elaborate cathode-ray oscillograph,
the main requirements being (a) a cathode-ray tube, having
an efficient phosphor, worked at high accelerating voltages,
(b) a triggered linear sweep generator having a range of
sweeps from 1 to 100asec and (c) a simple trigger generator
and time calibrator. It is the purpose of this article to
describe two time -base circuits filling the requirements
of (b).

The basic approach to obtaining high rates of change
of voltage across the deflecting plates of a cathode-ray tube
is that of making best use of an electronic switch, for
example, a thermionic valve, to charge (or discharge) a
capacitor. It is clearly to best advantage firstly that the
switch should be used so that a high constant charging
current should be obtained during the sweep, and secondly
that the capacitor should be as small as possible. An ulti-
mate limit to the first requirement is usually set by the
characteristics of the valve to be used, and to the second
requirement by valve, cathode-ray tube and lead capaci-
tances. Examination of a typical linear sweep generator
with a favourable performance at sweeps down to about
I Oktsec, for example the sanatron circuit of Fig. 1, shows
that a number of other limitations may play a part. Here
the charging valve V, is gated by a waveform applied to
its suppressor grid, and the valve must be run with a low
screen grid voltage in order not to exceed the allowable
maximum screen dissipation during the comparatively long
periods when the anode current is cut off. Although this
voltage rises when the valve is gated it cannot do so faster
than the rate associated with the charging of stray capaci-
tances through the screen resistor, so that a fast sweep
may well be over before the screen voltage has risen to a
suitable value. This defect may be overcome, as suggested
by Williams and Moody', Sayre' and Puckle, by applying
the gating pulse to the screen grid instead, thereby trans-
ferring the period of highest screen dissipation to the
duration of the sweep itself, which is commonly a small
fraction of the time interval between sweeps. During the
sweep the screen voltage may be pulsed to the recom-
mended maximum value for the valve used and a high
mutual conductance and availability of anode current ob-

 Research Laboratory for the Physics and Chemistry of Surfaces, Department
of Physical Chemistry, University of Cambridge.

tained, without subjecting the valve to excessive mean
screen dissipation. Examination of the sanatron circuit also
shows that the gating waveform is obtained by partial
differentiation (CgRg) and amplification (V2) of the sweep
waveform. This imposes on the anode circuit of the
charging valve V, a shunt capacitive load, formed by the
input circuit of V2, which may be of the same magnitude
as the, unavoidable stray capacitances and the output

Sweep
out

v,

Gate
pulse

T

Input
capacitance C

Fig. 1. Suppressor gated sanatron sweep generator
V1 sweep valve
V2 gate amplifier

capacitance of V,. This undesirable loading may be avoided
by the use of the sanaphant circuit', in which the gating
waveform is obtained by amplification of the voltage
developed across a small resistor inserted in the cathode
circuit of the charging valve. This circuit has certain dis-
advantages of its own', and might suffer in the conversion
to screen gated operation.

It can be seen from these considerations that for high
sweep rates the development of the sweep generating circuit
must start with the intent of operating the valves under
conditions where they are able to develop high mutual
conductance and high current handling capacities, and must
avoid the introduction of any components liable to increase
capacitances at points where the rates of change of
potential are high.

To this end it is usually convenient to generate a gating
pulse, locked to the available trigger waveform, by means
of a separate circuit, and then to use this pulse for the
double purpose of brightening the trace on the associated
cathode-ray tube and of gating the sweep generating circuit.
Bartlett and Davies' have developed a sweep generator in
which these considerations are implicit. A form of the
' bootstrap ' circuit is used to provide negative feedback
linearization of the sweep waveform, and the waveform is
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positive going, which permits the attachment of a simple
paraphrase amplifier, also described, so that symmetrical
deflexion of the cathode-ray tube may be obtained. The
device of driving the screen and suppressor grids of the
gating valve to follow the rising anode potential minimizes
the loading of the output capacitance of this valve upon
the grid of the sweep generating valve. Moody' uses a
similar feedback arrangement to linearize sweeps as short
as 1µsec though his circuit also provides inductance
linearized sweeps down to 0.1iusec, being then similar in
form and performance to that adopted by Kelley'. Yu
et al' in a synchroscope attaining sweep velocities up to
800in/µsec utilize a control grid gated tetrode to give
constant current charging of capacitive anode and cathode
loads, an elegant method of obtaining a push-pull output
from the charging tube itself, while Winter and Fundings-
land'° employ inductance linearization of a capacitor
discharge, using only the initial, nearly linear, portion of
the voltage waveform available.

Single Ended Screen Gated Sweep Generator
For many purposes it is not inconvenient to employ a

negative going sweep and asymmetric deflexion. The use
of a screen gated Miller integrator sweep generator permits
this with no greater degeneration of performance than is
usual with single ended deflexion systems, and requires
only one valve, which is nearly cut off during quiescent
periods. The first circuit to be described is of this form
and will produce a 350V sweep waveform of liusec dura-
tion. The gating pulse is generated in a monostable anode
to grid coupled multivibrator employing a pair of video
pentodes, and having a third similar valve used as a
cathode -follower output stage. This multivibrator may be
triggered by a fast rising step of 20V or so, but since in
general laboratory use it may be required to trigger from
waveforms of a poorer shape, a cathode coupled mono -
stable multivibrator is included to shape input pulses before
they are fed to the gate pulse generator. It will then trigger
from waveforms of either sign rising at not less than
0.1V/dusec.

The circuit is shown in Fig. 2. V, and V2 form the
shaping trigger generator feeding a short fast pulse to the

68k0 6-81(0

EA50
NMI

Negative
Trigger ":. trigger
generator in
sensitivity

Fast negative
trigger in

EF55 T EF55
0-pf

270k0

6.81(0

ooiNF

Positive
triggeri

gate pulse generator formed by V,, V, and the cathode -
follower V,. Each input trigger therefore causes to appear
at the cathode of V, a positive rectangular pulse 300V high
and duration determined by the product of Cg and Rg.
This pulse supplies screen power to the sweep valve V
the anode of which then performs the usual Miller run-
down at a rate determined by C and Rs Values of capaci-
tors Cg and C, are wired to a two gang switch to provide
the sweep speeds required. The sweep circuit has the advan-
tage of great simplicity and could, with suitable valve
types and adequate available screen power be driven to
very much greater sweep rates than here required.

CIRCUIT PERFORMANCE

Gate pulse generator waveforms, both free and driving
the sweep generator and cathode-ray tube grid, were viewed,
after attenuation, on the Y2 plate of a Cossor oscilloscope
type 1035 and photographed by means of a Cossor c.r.o.
camera on Ilford green recording film type RG91 (Fig. 3).
The trace repetition frequency was 1000/sec. The wave-
forms are seen to be free of jitter. Notable are the fast
rise of the ljusec gating pulse and the distortion at the
end of the pulse caused by the loading of the sweep
generator once it has completed its sweep. The sweep
waveforms, similarly recorded, are seen to have reason-
able linearity for synchroscope use (Fig. 4). A more
revealing test is that of displaying a regular waveform,
generated by a pulsed oscillator locked to the time -base,
on the synchroscope itself. Such a trace was photographed,
both as a single non -recurrent sweep, and as the super-
imposition of 4 000 successive sweeps by means of a Zeiss
Contax 35mm camera at nominal apertures of f/1.5 and
f 1 4 respectively, at a reduction ratio of 2.5:1. These,
reproduced in Fig. 5, show clearly that the first and last
twentieths of the 1,usec trace are not linear, being due to
the initial fast drop usual in Miller waveforms, and to the
anode bottoming, respectively. The writing speed of the
spot in the X direction is about 50mm/ µsec and the two
exposures were taken at different settings of the bright-
ness" control, and with the pulsed sinusoid at different
phasings.

Fig. 2. Single ended feedback sweep generator
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Fig. 3. Gating pulses of 1 and 3Asec duration
Top: Gate pulse generator unloaded. Bottom: Gate pulse generator driving

singe ended sweep generator and cathode-ray tube.

Fig. 4. Sweep waveforms from sing!e ended sweep generator of
I, 3, and 10p,SeC duration

Fig. 5. Pulsed sinusoid displayed on lAsee single ended sweep
Top: One sweep. Bottom: 4 000 successive sweeps superimposed

Push -Pull Sweep Generator
Although this performance appeared satisfactory for

many of the applications suggested, it was found that the
display of signal waveforms having rates of rise greater
than about 5 000V/µsec invited X axis distortion due to
capacitive coupling between X and Y plates of the cathode-
ray tube. By lessening the difference in impedance between
each X plate and earth, the use of a push-pull deflexion
system more nearly equalizes the amounts of signal
injected into the two X plates, and reduces the resultant
distortion. It should be noted that fast synchroscope sweep
generators are commonly built with a push-pull output,
even if only to supply full screen deflexion on the cathode-
ray tubes used, a 900V sweep requiring the use of a two
valve output stage if the h.t. line remains at 500V, as it
must when valves such as the CV173 are used.

Since it is not easily possible to drive a phase invertor
stage from a fast negative going sweep waveform, such
a modification to the single ended sweep generator was
not investigated. However as the sweep requirements were
now known to be within the capabilities cf a single valve
it was thought likely, considering the "duality " of the
Miller and bootstrap circuits", that a single valve with
equal anode and cathode resistors could be employed as
a feedback sweep generator. Although the arrangement
necessitates control grid gating of the sweep valve, the
arrangement works well and is capable of further develop-
ment if faster sweeps are required. The circuit is shown
in Fig. 6. V, is a trigger shaping valve and may be dis-
pensed with if short negative triggers of sufficient
amplitude are available. V, will pass negative triggers into
the cathode coupled gate pulse generator formed by valves
V, and V,. Since again a monostable arrangement is used,
the recovery time of the multivibrator is determined by
the time -constant of Cg and Rg. With the component
values indicated, a positive pulse of amplitude about 50V,
used for brightening the c.r.t. is available from the anode
of V and a negative pulse of the same duration from
its cathode. The latter is used to cut off V,, a valve which
normally carries about 15mA anode current to maintain
the grid voltage of V, at or below that of the earth line.
During sweeps this current charges C., at a rate which is
maintained constant by strapping the cathode of V, to
the high potential end of the charging resistor R,. The
connexion to this point of the screen grid of V, ensures
that the cathode -screen voltage of the valve is held at a
constant value during the sweep. Since the remote end
of C, is taken to the anode of V,, the anode waveform
is linearized by Miller integrator feedback action. V, is
used as a cathode -follower clamp to determine the initial
screen voltage of V,, is cut off during the sweep by the
rising of its cathode voltage, and recharges the bootstrap
coupling capacitor rapidly at the termination of the sweep.
Direct coupling between V, and V, determines the charg-
ing current available through R, and keeps it constant to
a few parts per cent over long periods. Values of C, and
Cg are again wired to a two gang switch to maintain the
gate pulse a little longer than the sweep time at any
setting of the switch. If the arrangement were redesigned,
two circuit improvements could be effected. Firstly, V,
could be used more effectively by taking the "bootstrap"
connexion to its grid rather than its cathode. This would
reduce the cathode current demand from V, during the
sweep as it would then be working into a high impedance
instead of having to supply screen power directly. The
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Fig. 6. Push-pull feedback sweep generator

cathode of V, would also be relieved of the capacitive
loading of the cathode of V, particularly if V, also has
its screen grid strapped to its cathode. Secondly, the screen
and suppressor of Vfi could also be driven from the
cathode of either V, or V8 as in the circuit published by
Bartlett and Davies, though regrettably this makes the
input impedance of V6 to the gating pulse severely capaci-
tive. This should not be troublesome as the rising edge
of the gating pulse would have cut off V. before the
sweep itself has started, and in this gate pulse generator
the cathode output impedance of V5 is very low. A third

Fig. 7. Sweep generator embodying the improvements discussed in the text
V.; cathode -follower clamp
1/ sweep valve
V. gate valve

V,

Gate. 6CH6
pulse in

oily

6CH6

Sweep out

EF9I

MEM

i5 5mA

EF9I

D. coupling capacitors and others
assigned no particular values in the
diagram are composed of a 0.1µF
paper capacitor in parallel with a
0'01µF mica capacitor.

improvement would be to use a valve type such as the
CV2127 (6CH6) throughout as the pentodes drawn, as
these valves have much smaller inter -electrode capaci-
tances than the CV173 (EF55) and will pass considerably
more current than the CV138 (EF91) within their negative
grid base.

Such a circuit is suggested in Fig. 7. Cathode injection
of the gating pulse has been included as a useful variant
of the original arrangement. Clearly the d.c. power sup-
plies may need to be elaborate. The bootstrap arrange-
ments are reminiscent of the circuits employed to amplify
fast rising edges, for instance that shown in Fig. 8. V,
and V, form a long-tailed pair providing a high input

Fig. 8. A pulse amplifier
The output capacitance of V is effective:y reduced by feedback, allowing
a faster rate of rise of output waveform than wou'd normally be obtained.
By connecting input to output, a monostoble mu!tivibrator possessing the

feature is obtained.
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impedance for the input signal, while V2 provides a
cathode -follower output capable of driving the screen and
suppressor grids cf V, to follow the rise of its anode
voltage, in order to allow the latter to rise at the maximum
possible rate once the valve has been cut off by the rising
edge of the input waveform.

PERFORMANCE

Reverting, however, to the sweep generator of Fig. 6, it
was thought reasonable not to over -elaborate by the
addition of these refinements if satisfactory performance
were obtained without them over the range of sweep times
from 1 to 100,usec across the screen. This proved to be
the case, and the circuit shown will also produce a 0.3,usec

Fig. 9. 125Asec. 450V
sweep, from push-pull
generator, 1 000 sweeps

superimposed
Thc horizontal time -base,
of about 3psec duration,
on which the sweep is
displayed, is single ended
and produces noticeable

trapezoidal distortion.

Fig. 10. I.25Asec push-
pull generator waveforms
displayed on a 10Asec

horizontal timehase
Top: Vs cathode rise.
Centre: Trigger pulse into
gate pulse generator. Bot-
tom: Vs anode fall. In
this oscillogram the "bot-
tomed" condition of Vs

has been exaggerated in
duration, by increasing the

value of Cs.

sweep, although at this speed the rising edge of the
cathode-ray tube brightening pulse is becoming inade-
quately fast for single sweep working, taking about
0.05,usec to bring the cathode-ray tube to full brilliance
from blackout. Fig. 9 shows a typical waveform, 1.25µsec
long and 450V high, obtained from this sweep generator,
displayed against the 3usec single ended sweep generator
first described, both generators being triggered at about
1 000/sec. About 1 000 traces are here superimposed. Fig.
10 shows separately, the triggering pulse used, and the
anode and cathode waveforms cf V, displayed on a 10/Asec
sweep. Fig. 11 shows some typical waveforms displayed
against the push-pull sweep at various speeds. The sweep

length on the screen of a cathode-ray tube type 908
C.A.R.A. was measured to be 55mm when the tube was
run with a final anode to cathode voltage of 4kV, and
with 4kV between the final anode and the post deflexion
accelerator.

Conclusion
In this article it has been shown how conventional

circuits enable sweep rates of greater than 450V/,usec to
be attained using a single pentode of ten watts anode
dissipation as the sweep valve, employed either single
ended or in a balanced arrangement, using either or both
of two methods of feedback linearization. This rate of
sweep is about an order of magnitude faster than is avail-
able from the ordinary general purpose laboratory oscillo-
scope, and may, if necessary, be improved by the employ-
ment of a larger valve.

Fig. 11. Some blocking oscillator waveforms displayed on the push-pull
generator sweeps

Right: A 0-2µsec pulse displayed on sweeps of 0.3, 1, 3, lOpsec duration.
Pulse amplitude about 100V across 500t1. Left: A 41tsec pulse on a lOpsec
sweep. A 1p,sec pulse on a 3psec sweep. A rung waveform on a 3psec

sweep. A waveform showing overshoot on a 1psec sweep.
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The Response Functions and Vector Loci of First and
Second Order Systems

By David Morris*. D.Sc., A.M.I.E.E.

(Part 1)

These articles, to be published in four parts, review the simple theory of electrical and mechanical
networks, with the conventional approximations reorganized to allow for the treatment of very -

low -Q systems.
Part I summarizes techniques for applying a frequency calibration to the loci of first order systems.

These techniques are extended in the later articles to second order systems.

MUCH of the design of automatic control systems is
concerned with the consideration of stability, and is

regulated by the application of Nyquist's stability criterion.
This criterion is formulated in terms of a vector locus,
frequency being the variable parameter.

Alternatively, the vector locus can be replaced by
separate gain and phase characteristics, plotted logarith-
mically between cartesian co-ordinates, frequency being the
abscissa. In the responses of many linear physical systems
the gain and phase characteristics are related, and criteria
of stability can be derived, expressed in terms of the gain
characteristic alone, as described by Bode. Control system
design can then follow routine lines familiar in the design
of speech transmission systems, in which phase in itself is
not important.

However, .in dealing with control systems, a clearer
physical insight can sometimes be obtained if the responses
of the system components are formulated in the same way
as Nyquist's original criterion, i.e. in terms of vector loci.
The vector loci convey simultaneous direct data concern-
ing both gain and phase, and any redundancy in the
information is not unhelpful when inventive activity is
required.

A few basic loci enable the pattern of response from zero
to infinite frequency to be visualized as a whole. Full
advantage is not always taken of some of the features of
these loci, and a review may therefore be useful. The
present article is concerned only with first order systems,
which operate according to equations of the first degree
in frequency. Second order systems will form the subject
of subsequent articles.

First Order Systems
FIRST ORDER RESPONSE FUNCTIONS

Fig. 1 illustrates a four -terminal network consisting of
a loss -free inductor L and a resistor R. If a voltage V,
of constant magnitude and variable frequency is applied
to the input terminals, the output voltage V2 is given in
terms of the input voltage by the transfer function :

V2/V, = R + jwL - 1 + jwTo
where T. = L/R = 1/(0.. If we introduce a " relative
frequency " y = w I too the transfer function becomes:

R 1

1

V, I Vi - (1)
1 -t ly-

* University College of North Wales, Bangor.

Similarly, if the input voltage is varied in such a manner
as to maintain the output voltage constant as the frequency
is varied, the required input voltage in terms of the output
voltage is given by the function:

= 1 + jy (2)

The frequency -dependent functions (1) and (2) are dimen-
sionless, and have unity value at zero frequency. Function
(2) also equals Z/R, and thus describes the input impedance
in terms of its zero,frequency value. Similarly, function (1)
equals Y/ G where G =11R, and thus describes the input
admittance in terms of its zero -frequency value.

) 0
L

v, R v2

Fig. 1. (Above) a simple first order
system

Fig. 2. (Top right) the derivation of
the scale of relative periods

Fig. 3. (Right) vector locus of
j -y)

ICY

_Z 0

I

C

F

0

;

THE VECTOR LOCUS OF THE FUNCTION (1 + jy)
In Figs. 2 and 3, the vector AB represents the func-

tion 1 + jy, AC corresponding to the " real part " and CB
to the " imaginary part ". As y varies, the tip B of the
vector follows the straight-line locus CB. The locus CB
can be calibrated with equally spaced graduation marks
representing relative frequency, the unity mark correspond-
ing to a value of 45° fcr the phas3-angle CAB. To deter-
mine the phase -angle for very high relative frequencies, a
frequency scale of undue length would be required. For
high frequencies it is therefore mere convenient to employ
a scale of relative periods 1 /y, as shown by DF in Fig. 3.
The basis for this scale is illustrated in Fig. 2. If AD is
drawn of unit length vertically, and then DE is drawn
horizontally to cut the line of the vector AB at E, it follows
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from the geometry of the figure that DE = 11-y, and the
length DE is therefore proportional to the relative period.
Any line parallel to AC may be used as a scale of relative
period, provided that the scale factor is adjusted to give
a phase -angle of 45° for the unity point. Similarly, the
frequency scale need not coincide with the vector locus,
but may be replaced by any parallel line provided that the
scale factor is suitably adjusted. In Fig. 3 the scales are
shown calibrated for both positive and negative frequencies,
because frequencies that are formally negative are required
for some constructions'.

THE VECTOR Locus OF THE FUNCTION 1 / (1 + jy)
To obtain a vector locus representing the function of

equation (1), the triangle ABC from Fig. 3 can be repro-
duced as in Fig. 4, the size being proportioned to maintain
AB constant as y varies. Then 1 /(1 + jy) equals the vector
ratio AC/ AB. Since angle ACB is a right-angle, C follows
a circular locus, and further y = BC! AC = B'D/AB'.
Hence B'D serves as a scale of relative frequencies, and can
be used by drawing a construction line from the pivot or
pole A, through the operating point C, to cut the scale at
D. Similarly, EF can be used as a scale of relative periods,

lY

-0 0 - A'

F

;
1/7

I

Fig. 4. Vector locus of Fig. 5. Alternative scales for
1/(1+jy) the locus of 1/(1 -Fly)

in conjunction with the same pole A. If the points on the
locus had to be fixed by use of a frequency scale alone,
a very long scale would be needed for fixing the high
frequency points. The two scales in conjunction on the
other hand, although occupying limited space, enable the
construction line to be drawn for all frequencies from zero
to infinity. Similarly, points could quite easily be deter-
mined on the semi -circle shown dotted, which corresponds
to frequencies that are formally negative.

The construction line ACD in Fig. 4 is convenient for
locating points on the right-hand half of the circle. A
construction line drawn to the left-hand half of the circle,
however, crosses the locus at an obtuse angle, which makes
the precise point of intersection difficult to locate. An
alternative procedure is to use the zero -frequency point B
as a pole, in conjunction with scales constructed as shown
in Fig. 5. By this means, points on the left-hand half of
the locus can be fixed accurately. All points can be
accurately located by using a frequency scale from zero to
unity as in Fig. 4, and a period scale from unity to zero
as in Fig. 5.

It can easily be shown (see Appendix 1), that any point
on the circumference of the circle can be used as a pole,
provided that the scales are suitably orientated. A particu-
larly compact arrangement is obtained if the minus -unity
point is used as a pole, as shown in Fig. 6. The frequency

and period scales can then be inserted inside the circle, and
share a common unity point at U. The construction line
then cuts both the locus and the scale sufficiently acutely
at all frequencies.

Fig. 6. The use of the minus -unity point as a pole for the frequency
and period scales

The disposition of the frequencies on the circular locus
has symmetry about two axes. In the first place, as with
the loci of all real systems, there is symmetry about the
real axis AB, the negative frequency points being reflec-
tions of the positive frequency points (points X and X'
in Fig. 8). In the second place, there is symmetry about
the vertical line joining the plus -unity and minus -unity
points. Relative frequencies to the right of this line cor-
respond to relative periods to the left, and vice -versa
(points X and X" in Fig. 8). The product of relative fre-
quencies of points lying symmetrically left and right of this
axis is always equal to unity. (See Appendix 2.)

APPENDIX 1

THE POLE OF THE FREQUENCY SCALE
If a circular locus is known to have a frequency scale

associated with a particular point on the circumference
used as a ' pole', the pole can be moved to any other
point on the circumference, provided that the scale is always
made parallel to the line joining the pole to the infinite -
frequency point on the locus'.

0

Fig. 7. Illustrating general relationship between pole and scale

Fig. 7 shows an existing scale ABC, and construction
lines drawn from the pole P through the points S., Si, S-
and S. on the locus. The points represent respectively
frequencies of zero, unity, infinite and arbitrary value. If
P is moved to any other point P' on the circle, while the
points S remain unchanged, the segmental angles a, /3 and 8
are unaltered. If the scale is redrawn parallel to P'S-, the
angles at A, B and C will be unchanged. The figure PABC
is therefore of unchanged shape, and the ratio AB/AC is
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also constant, so that a uniform calibration tor AC remains
valid.

APPENDIX 2

THE SYMMETRY OF THE CIRCULAR LOCUS
In Fig. 8:

1 1 -AX1AB =
1 ± jy 1 +

jy

y2

1 iy 1 jy
DX1AB= 1/2

1 y2 1 + y2 = 2(1+72) 1 +

Dividing top and bottom by y2 and letting r = 1/y =

DX/AB = r2 - 1 jr
2(r2 + 1) 72 + 1

Thus the expression for DX in terms of r is the same as
that in terms of y, except that the real part is reversed in

Fig. 13. Concerning the
symmetries of the circular locus

U

sign. Hence the 1/y points are reflections in WU of the
corresponding y points.
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(To be continued)

A High Speed Decade Counter Using
Germanium Diodes in the Feedback Loops

By H. R. Joiner*, B.Sc. and D. R. Woodward*

Adescription is given of a simple decade counter which
will operate at frequencies of up to 500kc/s. The use

of germanium diodes has resulted in a relatively simple
circuit capable of working at high frequencies. The cir-
cuit was originally designed to work, in conjunction with
a 1 second gate, as a frequency measuring system, but
numerous other applications are possible.

The performance of a decade scaler may be consider-
ably improved by using germanium diodes in preference
to thermionic diodes. Apart from the small physical size
and the absence of a heater, the main advantage of
germanium diodes is that their shunt capacitance is lower
than that of a thermionic valve; their use reduces the
response time of the feedback network and hence greatly
increases the resolution of the counter.

Choice of Diodes
The diodes have to feed back selected pulses to preced-

ing stages while preventing the feed forward of unwanted
pulses : for this a high ratio is needed between their "back"
and "forward" resistances. The diodes used in this counter
are subjected to a reverse e.m.f. in excess of 100V, and must
present a back resistance, found experimentally to be not
less than 200kil

All germanium diodes suffer to some degree from the
"hole storage effect", an effect which is in some ways
analogous to the "transit time" of a valve.

While an `ri" type germanium diode is conducting, a
large number of "positive holes" are distributed in the
semi -conductor. After the application of a reverse voltage,
a finite time elapses before the hole concentration decays,
and during this time a large reverse current may flow. The
delay time varies with the forward current from 1 to 10p.sec
or more. This effect makes germanium diodes diffi-
cult to use in conventional high speed pulse circuits.

* Sir W. G. Armstrong Whitworth Aircraft Ltd.

In this circuit the diodes do not conduct during most of
the cycle so that the hole densities never become very
large, and reverse current pulses are too small to affect the
operation of the counter.

It may be noted that another version of this circuit
using germanium crystals as coupling diodes, and designed
to work at frequencies of up to 1Mc/s, was found to be
unreliable at lower frequencies. It would appear that the
reverse pulse was able to trigger this more sensitive cir-
cuit since the diodes were then conducting for longer
periods.

The G.E.C. crystal diodes type GEX54/4 were
selected for this circuit. They have ample back resistance
and will withstand a reverse voltage exceeding 170V.
They do, however, suffer rather badly from the hole
storage effect, but not sufficiently to affect this circuit.

The properties of the crystals change with age, but pub-
lished reports show that these changes are seldom great
enough to make this scaler unreliable. The diodes will,
however, become unreliable at temperatures in excess of
70° C due to a general decrease in resistance.

Circuit
The circuit diagram of this scaler is shown in Fig. 1 :

the two feedback paths are via C9, MR, and C14, MR,
The circuit consists of four cascaded Eccles Jordan

stages using Grosdorffl couplings. The feedback networks
feed pulses back to former stages causing a change of
state equivalent to the introduction of input pulses. Thus
one pulse fed back from the third to the second stage via
C9, MR, reduces the necessary input, for a complete cycle,
from 16 to 14 pulses. If now one pulse per cycle is fed
back from the fourth to the third stage, the required num-
ber of input pulses becomes 16 -2 -4=10, for a complete
cycle.

The feedback system was adapted from Fergusson and
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Fraser'. A resistive summing network may be connected
to A1, A2, A3, A4, and the accumulated output amplified,
and displayed on a meter or c.r.t.
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Construction
The four -stage counter may be arranged compactly on

a chassis 8in x 2in (Fig. 2). The method of construction
employed is to mount the anode resistor and the anode to
grid coupling components vertically on a moulded nylon
"turret" (originated in 1951 at Armstrong Whitworth Air-
craft Ltd) concentric with the valve base (Fig. 3). The grid
and cathode returns are wired directly from the valve pins to
tags on the chassis, keeping all leads very short. Five per
cent tolerance components should be used for anode and
grid circuits.

Fig. 2. Chassis of the counter

Fig. 3. The "turret" assembly

Valve replacements will not affect the scaler unless the
two halves of the twin triode are seriously asymmetrical.

It is essential to keep the circuit well cooled. Holes
should be punched in the chassis between stages, and in
very compact assemblies a fan may be needed. The
chassis temperature should never exceed 40° C.

Performance
The counter may be triggered by a negative going tran-

sient of about 50V/psec and of 30 to 70V amplitude.
The scaler will operate at any repetition rate up to

500kc/s, for the above method of assembly, and rather
less if a "tagboard" construction is used.

A considerable number of these units have been built
over the past year and have given trouble free service.

A stabilized 300V power supply is recommended,
although operation is quite satisfactory with an h.t. varia-
tion of + 20V.
Acknowledgments
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Quantitative Noise Reduction in Pulse
Time Modulation

By Jajneswar Das*, M.Sc.

Quantitative value of signal-to-noise ratio with input signal above threshold, in typical p.t.m.
systems, is determined. Calculations have been based on the method shown by Daloraine, Labin
and Goldman, and an improvement in the output signal-to-noise ratio due to the limited audio fre-
quency bandwidth is shown. With input peak signal-to-noise ratio equal to 6dB, the output signal-
to-noise ratio is found to be 35dB for a typical p.l.m. system and 47dB for a typical p.p.m. system.

Comparison with experimental results are shown.

VARIOUS authors have analysed the noise per-
formance in pulse modulation systems. Jelonek7 has

shown the most rigorous results, but the detailed method
is not yet published. It has been found more convenient
to follow the steps indicated by Daloraine, Labin' and
Goldman' in analysing the noise performance in p.t.m.
(which includes both pulse -length modulation and pulse -
position modulation). An attempt has been made here to
present the results more rigorously in the case of a particu-
lar system. An important point regarding the improve-
ment in signal-to-noise ratio in the output due to the
limited bandwidth of the audio amplifier of the pulse -
receiver has been included in the analysis below.

It has been assumed that the slicing level in the pulse
receiver is above the peak noise amplitude and the sliced
pulse is of infinitely, small height and contains the noise in
the form of pulse -edge modulation only. Noise within the
width of the pulse is neglected and only random noise is
considered in the analysis below. Comparison with the ex-
perimental results obtained by Moskowitz' and others is
also given.

Analysis
After efficient slicing, the residual noise in a pulse time

modulated system is due only to the time shift of the pulse
edges by the noise voltage. Due to the noise voltage N (Fig.
1), the time shift of the pulse -edge, At = N cot 0. Now
tan 0 = 2f0Ao (approx), where fo is the cut-off frequency of
the transmission system.

Then :
At = N 12foAo (1)

= noise time -modulation of the pulses'.
If the rise time of the pulses is small compared to the

width, the Fourier -series expansion of the repetitive pulses
may approximately be written as (assuming rectangular
pulses):

oo do)cos
want (2)ninf (0 = (Aodo I To) + (2A0 I rn) sin (a

n

where Ao = maximum amplitude of pulses
do = width of pulses
fo = pulse repetition frequency
T. = = 27r/tint
WEL = 27rfo

n = number of p.r.f. harmonic.

 Indian Institute of Technology, Kharagpur, West Bengal.

Pulse Length Modulation
It is evident that the time duration of pulses in equation

(2) will be modulated by the noise voltage and the resultant
Fourier expansion of the waveform will be' :

F(t) - Ao(do + At)
To

02(2A01 rn) sin
toan(d. ± At)

2
cos want .. (3)

nvi

Further the random noise can be expressed in terms of
Fourier series' as :

00

N = Co cos ((27qt I - Oq)
o=i

where T is the total time of observation.

Fig. I. Time shift of the pulse edges due to noise voltage

(4)

This shows that noise voltage will have infinite frequency
components with random phase relations between them.

NOISE OUTPUT DUE TO AMPLITUDE MODULATION OF ZERO
FREQUENCY COMPONENT

The first part of equation (3) can be re -written as :
Ao(d. ± 6.0 A.Td. A.

TAt
cos (wit -¢q)¢q).. (5). .

Where 0.)5 ranges from zero to fo and 0, is random in
phase. The above equation is equivalent to a direct voltage
plus a noise voltage with the amplitude (A. . 6,)1To and
frequencies up to f,,. Since noise powers are additive and
the noise energy accepted by the audio -frequency ampli-
fier is proportional to its bandwidth F., then the peak audio
frequency noise power in the output contributed by the
above amplitude modulation is proportional to:

A.2(At)2
x

T.2
N F.a

i.e.: cc 4(substituting the value of At = (N I 2f.A.)

(6)
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NOISE OUTPUT DUE TO PHASE
AND ITS HARMONICS

The second expression in

(7n)sin
2an(d.

± At)
2A./

oo

n = 1

MODULATION OF THE P.R.F.

equation (3), given, by

cos want, shows that the

p.r.f. and its harmonics are phase modulated by the noise
time -shift At, and will produce infinite harmonics causing
an addition to the output audio -frequency noise in the
receiver. Total number of harmonics of p.r.f. accepted by
the receiver is equal to fol fo and the contribution of each of
the harmonics has to be added to give the total a.f. noise out-
put. From the expansion of the phase modulated wave it is
found, with the help of the Bessel functions' that the ampli-
tude of each sideband is given by :

(2Aolrn) Jm(wR . At . n
2

cos (wRdon12) .... (7)

As At has frequency components from zero to fo an
infinite number of sidebands of each harmonic will be pro-
duced, but the a.f. amplifier will accept only the equivalent
noise power proportional to Fa/lo for each p.r.f. harmonic.

Further calculation of noise-sideband power on a
generalized basis is highly involved and recourse is taken to
a numerical example which shows the method of approach
to the final result. Consider a p.l.m. system, where
fo = 1Mcls, wR = 2a x 104c/s, do = 2 x 10 -'sec, Fa = 3kc/s,
the slicing level = A./2, i.e. maximum N = A./2 and
Ad = change of pulse length = 2 x 10 -'sec due to signal
modulation.

For this system:
Atniax = Nmax = 10-6

2foilo 4

and
am . At n x 104 x 10' x n

2 4 x 2 = (0.008)n .... (8)

[with At = At.]
so long as x < 02, J1(x) = 0.5x and J2(x), Ja(x) etc.
are negligible'. Moreover, the sideband energies are only
due to the first order sideband frequencies and not more
than 1 per cent of the carrier energy. In this example, the
value of x is within this approximation limit up to the 25th
harmonic, i.e. for n = 25 in equation (8).

After the 25th harmonic, the second order sideband
frequencies have to be considered and J2(x) may be approxi-
mated as 0.125x2. Up to the 100th harmonic of p.r.f. is
accepted by the receiver in the example, so the following
approximation can be made with very little error.

J1(x) = 0.5x
J2(x) = 0.125x23

The amplitude of the 1" order sideband frequencies is
therefore given by:

(2Aol 7rn) J,
2

aut . At . n)
cos

. do .n
2

WE.do.n
= 0.005 N cos

2

And the total 1st order sideband power is proportional to:

(9)

100

n = 1

(0.005 N cos wR . n\*
2

i.e. CC 12.5 N2 x 10-4 (10)

The amplitude of the 2" order sideband frequencies are
given by:

(2Aohrn) .J2
twR. At .n nwRdo

k 2 j k 2

71-N x 10-4 In.WE.dol
. n . sin

32 2

And the total 2" order sideband power is proportional to.
100

. N2 .10-8 .n2
sine nwRd°

(32)2 2
n . 1

i.e.:
cc 0.15 45 N2 . 10-4 (11)

Total peak noise power contributed by the above three
factors is proportional to:

[ N2
4To2fe2

+ 12.5 N2 x 10' + 0.155 N2 x 10-41

And the peak noise power accepted by a.f. amplifier is,
portional to:

2

Fa/ foL4T0
N2fc2

+ 12.5 Nz . 10-4 + 0.155 N2 . 10-1

i.e.:
cc (Fa,' fo) x 12.905 x 10-4 x N2 (12)

since
1

= 025 x 10-44T 2f

Actually the above noise power in the audio frequency out-
put is to be doubled since the noise frequencies above and
below the p.r.f. and its harmonics will produce lower
sidebands equally. Hence the total effective audio noise
voltage in the output is given by :

V(2 x 12.905 x 10' x N2 x (Fal fo))
= 5.08 x 10' x N x V (Fal fo) (13)

For a 100 per cent modulated p.l.m. system, the r.m.s.
audio signal output is given by :

A. . Ad = 2A. x 10-2; where Ad = do ... (14)
Tr,V2

Therefore
r.m.s. signal

effective noise

V2A0 x 10-2

in the output

- 5.08 x 10'N
= A./N x 5.08

For Ao/Npk = 2; S. /Neff = 10.16 (15)

The above r.m.s. signal-to-noise ratio in the output is
further improved due to the fact that in the calculation the
peak value of noise voltage has been considered. But the
probability of this peak voltage is very small, and
Daloraine' and others have shown that for practical results,
the r.m.s. noise voltage is the effective noise voltage. Theory
and experiments show that the " crest factor " (= ratio of
amplitude of highest peaks to r.m.s. value of the amplitude)
of random noise lies between 3:4 and 4:5. Taking a
mean value of 4 for the " crest factor " and keeping the
slicing level equal to Npk, the output r.m.s. signal-to-noise
ratio becomes 40.64. Moreover, the signal and noise ampli-
tudes, that have been considered to be in phase during our
initial calculations, are in random phase relationship with
each other, and Kretzmer6 has shown by the auto -

V (fol Fa)
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correlation method that the mean effective value of the
time shift in p.t.m. is equal to 0.7 times the maximum time
shift. The r.m.s. signal-to-noise ratio is, then, further
improved to the value of 58.07 (=40.64/0.7). This output
r.m.s. signal-to-noise ratio is equivalent to 35.28dB for the
input peak signal-to-noise ratio of 6dB only. The above calcu-
lations have been made for the single -edge modulation of
the pulses. Noise modulation on the other edge can be
eliminated by proper circuit arrangements. The assump-
tion of Fourier series expansion of a rectangular -pulse may
not be true for practical cases where bandwidth limitation
is severe. But analysis of frequency components of trape-
zoidal pulses with appreciable rise time shows that the
amplitude of higher harmonics of p.r.f. decreases more
rapidly than that of the rectangular pulse and hence the
audio noise contributions by the higher harmonics will be
less than that in the case considered here.

Pulse Phase Modulation
Calculations, similar to the above for pulse length

modulation, may also be made for pulse phase modulation.
Considering equation (1), the pulse -phase shift caused by
the noise is given by:

7rN

fcA.T.
The general principle of detection of pulse phase modu-

lated signals is that the p.p.m. signal is converted to a
single -edge pulse length modulated signal and the resultant
p.l.m. signal is filtered to produce the audio output signal.
This shows that the general method of calculating noise
output will be exactly similar to the case of p.l.m. with the
only difference that the change of pulse length, Ad, will be
dependent on the pulse shift of the p.p.m. signal. Consider-
ing a case where the pulse duration is 2 x 10-ssec and the
maximum time shift of the pulses due to the signal modu-
lation is +8 x 10-ssec, it is found that the resultant con-
verted p.l.m. signal has a mean pulse duration of
10 x 10'sec [= (8 + 2) x 10-1 and the maximum change
of pulse length Ad is equal to 8 x 10-ssec.

Examining equations (5) and (6), it is seen that the
peak audio frequency noise power in the output, con-
tributed by the amplitude modulation of the zero frequency
component of the pulses is independent of the pulse length
and hence is proportional to:

N2F014T02M (6)

From equations (10), (11) and (12), the noise output due
to the phase modulation of the p.r.f. and its harmonics is
found to be proportional to:

AON = 2ir (At/To) -

-100

Fa/f° (0.005 N . cos (uR (I° . n 2

n=1
2

100

/7.2 . N2 . 10-s . n'
(32)2

=1

](km . do . n )
2

The only difference between the p.l.m. and p.p.m. systems
considered is that in the present p.p.m. system, the value

. n
of is equal to (0.31416n), whereas in the p.l.m.

mssystem considered, the value of .

2

. n was equal to

(0.0628n). The total 1" order noise sideband power is
therefore proportional to:

100

[0.005 N cos (0.31416 n)]2
u=1

i.e. proportional to:
12.5 N2 x 10' (16)

And the total 20d order noise sideband power is propor-
portional to:

100

72 . N2 .10-8 . n'
(32)2

0=1

i.e. proportional to:

. sin2 (0.31416 n)

0.165 N2 10-4 (17)

Hence the total peak noise power accepted by the a.f.
amplifier, given by equations (6), (16) and (17), is propor-
tional to:

Fa/f° [4T.102 12.5 N2 10-4 0.165 N2 10-4]. + .

i.e. proportional to:
(Fa/f°) N' . 12.915 x 10" (18)

Taking into account the factors given in equation (13), the
total effective audio noise voltage in the output is given by:

V[(2Fa/f°) x 12.915 N2 x 10-1
= 5.08 x 10-2 x N x (F. I fc) (19)

For the p.p.m. system considered, the r.m.s. audio signal
output is given by:

A. . Od
V 2T0

A. x 8
- V2 x 100
= 4V2A0 x 10-2

r.m.s. signal
effective noise

Therefore: in the output =

4V2 A° x 10-2 x V (felF..) = 20.32 A.IN
5.08 x N x 10-2

For Ao/Npk = 2;
Srms/ Neff = 40.64 (20)

As in the case of p.l.m. signals, the probability of r.m.s.
noise voltage is maximum and the phase relations between
signal and noise amplitudes are random. Hence the above
signal-to-noise ratio is further improved to the value of
(40.64 x 4)

(20)

0.7

is equivalent to 47.32dB for an input peak signal-to-noise
ratio of 6dB only. Due to the fourfold increase in modula-
tion of the pulse -edge in p.p.m., the improvement in the
output signal-to-noise ratio is 12dB approximately over the
previous p.l.m. system.

i.e. 232.3. This output signal-to-noise ratio

Discussion
From the above analysis, theoretical curves can be drawn

showing the signal-to-noise ratio in the audio output above
the input threshold signal value of 6dB over the peak noise
level. Fig. 2 and Fig. 3 show the theoretical ratios in
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decibels in p.l.m. and p.p.m. systems. Moskowitz and
Grieg' have made an experimental study of the signal-to-
noise ratios in a p.p.m. system and their curves are given in
Fig. 4. The characteristics of this system, as given in
Fig. 4, are similar to those of the system considered above.
Comparing the curve of Fig. 3 and curve c of Fig. 4, it
it seen that there is enough corroboration between the two
curves. The slightly inferior behaviour of the experimental
results of Fig. 4 is due to the fact that the bandwidth in this
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Fig. 3. Theoretical signal-to-noise ratio in p.p.m.

system was 700kc/s instead of 1Mc/s as considered in the
theoretical curves. The theoretical results are slightly higher
than practicable due to the fact that the sliced pulse has
been considered to be infinitely small in height and con-
tains no noise except in the form of pulse -edge -modulation.
Both these assumptions are rather extreme. But the
analysis, as given here, is simple in comparison with those
indicated by Jelonek' and others and even then, the results
are quite good.

Goldman' has shown that the effective audio noise out-
put is given by (N12fcil.) . V(2Fa/fc), which gives an out-
put signal-to-noise ratio of 10.3 (m 20.26dB) only when
applied to a p.l.m. system and a ratio of 41.3 (= 32.32dB)
only for the p.p.m. system, with input peak signal to
peak noise ratio of 6dB. Gouriet9 has shown that in p.l.m.
with 1Mc/s bandwidth, the improvement in signal-to-noise
ratio in the audio output is only 10dB over an a.m. system.

These values are rather low compared to the values obtained
here.

However, the following conclusions can be drawn from
the foregoing analysis. (1) If the slicing level is above
the peak noise amplitude, the signal-to-noise ratio in the
audio output is proportional to the input signal-to-noise
ratio, and the improvement in the output ratio (measured
in dB) is constant. (2) If the time displacement of the
pulse edge is made to be the same in p.p.m. and p.l.m.,
the audio signal-to-noise ratio in the output will be the
same for both the systems for the same input ratio.
This result was also shown by Jelonek. (3) From equation
(1), it is seen that the noise -time -modulation of the pulses
is inversely proportional to the video bandwidth. But due
to the limited audio bandwidth, the signal-to-noise ratio
in the output is further modified as seen in equations (6),
(10), (11) and (12). (4) Even though the results are not
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Fig. 4. Experimental signal-to-noise ratio in p.p.m.
P.R.F. = 12kc 1 s. Modulation displacement = -±- 8p,sec. Pulse build-up
time = 0.75/gee. Pulse decay time = 1.5p.sec. A.F. modulating frequency
= 400c/s. Demodulated a.f. passband = 100-3 0000 S. CURVE A is with
a double gate limiter. CURVE B is with two double gate limiters separated
by a differentiator. CURVE C is with three double gate limiters separated

by two differentiators alternately connected.

generalized in the final form, the analysis indicates a method
to calculate the noise performance of any typical p.t.m.
system.
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Electronic Music Generators
(Part 2)

By Alan Douglas, M.I.R.E.

T N Part 1, a music generator of general utility was
'described, and this is a basic unit which is complete in
itself, but can be extended in various ways. Perhaps the
most obvious addition is an octave coupler. This term is
sometimes loosely used to describe a means of raising the
normal pitch of the whole register by one octave, but it
should be self-evident that the octave pitch is not produced
to the exclusion of the normal pitch, but added thereto,
if the device is correctly to be termed a coupler.

Such an arrangement acts on all tonalities equally, but
opens up a new field of combinational possibilities which
become still more useful as other extensions are added
to the instrument. The octave coupler is a mechanical
device but since it only introduces an additional set of
contacts the touch is unaffected so that, unlike old
mechanical action organs, it is no harder to play with
the coupler in action.

1-1 gin
si in pivot

bakelite
o I 0 I

0

a a_ l.-30aingx ibin x lin nickel silver
0

1*-- 2 in -.I
Fig. 14. Octave coupler key wipers and contact wires.

Examination of Fig. 8 will show that the tail end of
the keys extends beyond the pivot pin. This can be used
to carry a bakelite strip supporting the extra contacts
called for. Fig. 14 shows the details of this part. It will
be noted that unless an extra octave of oscillators is
provided at the top of the compass, the coupler will cease
to be effective above C.. Whether these extra generators
are thought worthwhile or not is left to the constructor;
they can only be used with the coupler in action. Details
of the coils for this additional octave are given in Table 3.
The other circuit elements remain the same as before, but
the soft iron tuning strips must be replaced by one thin
strip of Stalloy only, and this can be cut from a number
39 lamination, using the outer legs.

TABLE 3. Top octave coil details

Coil, g in. x I in. stack M & E alloys no. 39 stalloy.
Winding. 900.0.900 turns x 39 s.w.g. enamel for first 4 coils.

600.0.600 turns x 39 s.w.g. enamel for last 2 coils.
Tuning capacitors. 00212F to -0002pF.
Frequency range 22174 to 4186c/s.

To revert to the coupler. Without the extra generators,
49 strips and 79 contact pieces will be required; if the
generators are extended to C, (-=4 186c / s) there will be
61 strips and 93 wiper contacts. These latter can be made
from 30 s.w.g. x 3/16in wide nickel silver strip" and are
attached by 8B.A. x kin cheese head brass screws'. The

method of adjustment is similar to that of the main key
contact plates. To carry the 28 s.w.g. hard silver contact
wires requires a strip of Bakelite or Perspex lin wide,
fin thick, and reaching from CC to C, for 49 notes or the
whole length of the keys for 61 notes. The CC end is
supported by a lin Mecanno spindle (5/ 32in diameter hole)
set near to the rear of the strip and housed in the key -
frame. See Fig. 15. Place a washer of thin felt between
the strip and the wood of the fragile. If the extra
generators are used, the upper or C, end of the strip is
similarly mounted, but this will necessitate slotting the
frame. If the coupler stops at note 49 (=C,) then the
spindle must be held in a bracket screwed to the back of
the keyframe as in Fig. 15. Take care that the edge of the
bakelite strip nearest the keys is about lin from, and quite
parallel with, the keytails.

If now we assume the long bakelite rocking bar to be
mounted and the short strips complete with wiper contacts
attached to the keys, it is possible to mark off from the
wipers for the setting of the contact wires and their securing

lin

%uerr r

dia
32

CC key
cheek

felt washer

rrbracket with
bearing block for

wood

49 note coupler

Fig. 15. Coupler bar mounting details

tags on the rocking bar. The proper level of this bar with
respect to the keys is when a piece of silver wire, laid on
the bar, lies horizontally when its other end touches a wiper
contact, if these are set to half their travel by the adjust-
ing screw and with the keys up. Mark off with a steel rule
from the centre of each wiper to the bakelite strip, one
contact for CC, two for CC#, one for D, two for D# as
with the manual keys. Suitable solder tags are then inserted
near to the front edge of the bar to take the silver wires,
now 1.3in long, and soldered thereto, leaving about +in
projecting towards the front of the keys over the contact
edge. All these wires should lie evenly on the wipers when
attached, and this is very important.

To connect the wipers use very fine flex, 3 or 7/0076 is
ideal. Fig. 16 shows how these loops are formed, for they
must bend as the keys move; but the movement is very
small at the rear of the keys. The ends of the two sets of
loops are brought out to a two-way tag strip at the rear
of the keyframe and marked + and B, as in Fig. 16.

So far we have not mentioned any means for operating
the rocking coupler bar. Owing to the offset pivot, only a
small movement is needed and this can be done mechani-
cally by coupling to a standard stop key. A more elegant
way is to use a small solenoid supplied with 12 volts from
a full wave metal rectifier. No smoothing is required and
details of a solenoid are given in Fig. 17. A light spring or
a weight should return the coupler bar to the " off " posi-
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Fig. 16. Coupler connexions
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gap *in when off
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winding 4000T x 38s.w.g.
n enamel

Fig. 17 Solenoid

tion, which is such that no wiper can touch a contact when
a key is depressed. A stop should be screwed to the CC
key check to fix the position. It has been found on several
instruments which have been built with different wiring
routes that no interference is caused by the solenoid and
no suppression is needed. If direct mechanical operation of
the bar is preferred, the details of the links will depend on
the arrangement of the stops, and must be
left to the constructor; but the actuating
lever should come near to the centre of the
bar.

Very fine wire is used to connect the
coupler to avoid imposing any drag on the
action. 36 s.w.g. single silk and enamel is
suitable and the method of wiring will be
clear from Fig. 16. Each set of contacts is
taken to the main generator tag strip one
octave above and it will be evident that if
the + and B outlets are parallel, depression
of the rocking bar will connect any key to
the generator one octave higher, thus sound-
ing this pitch as well as its normal or unison
pitch.

The octave coupler is extremely useful
with the flute, forming a small chorus of a
pleasant quality. The effect of the viole is
greatly enhanced, particularly with the tremu-
lant, and the addition of the octave to the
tibia results in a full and brilliant ensemble.
It increases the power of the reeds and appears
to have the effect of almost doubling the

33k0

tonal output of the instrument. This is the most useful and
versatile extension for a negligible outlay.

Next perhaps we should consider a bass generator. All
sustained tone keyboard instruments have an organesque
character, but this fact only emphasizes the need for a suit-
able bass. By providing a separate generator for the 16ft
tones, that is, notes one octave lower in pitch than the
corresponding ones on the keyboard, we have the advantage
that an independent bass is available, but further, by a very
simple arrangement we can obtain all the manual tones on
the pedals as well, singly or in combination. The gain is
thus out of all proportion to the cost.

While in a full-scale organ it would be worthwhile to
provide a separate generator for each note or pair of notes,
we must satisfy ourselves with a monophonic generator
which is continuously re -tuned to the correct pitch. Such g.
circuit is simple, inexpensive and suitable for the purpose
envisaged. The rare occasions on which it is necessary to
sound two pedal notes at the same time do not justify the
cost of a polyphonic generator.

The circuit used is shown in Fig. 18. This includes the
attack control valve, tone forming circuits, coupling trans-
former, transient suppressor and power supply. The
generator is an unsymmetrical multivibrator due to R.
Calvert, and not only provides a better waveform for tone
shaping than the more usual circuits, but tuning is easier.
One capacitor covers the required range.

The start of the wave is rapid and this would lead to a
click, but apart from this it is an advantage to have the
rate of attack under control. The circuit shown combines
this function with that of pre -amplifier. The small tran-
sients which inevitably exist are removed by the rest of the
circuit which combines this function with a certain smooth-
ing of the waveform which, in combination with the tone
filter, yields a smooth and natural bass which is most essen-
tial in an average size of room.

Everyone who has heard a pipe organ is aware of the
pervading nature of the bass notes. If one were asked to
identify the nature of the sound this would prove very
difficult, except for tones of considerable power and special
definition. It is this kind of bass which is ideal for the
smaller keyboard instruments. We obtain it in two grades

Fig. 18. Pedal note generator and controls

33k0

10k0
see Fig l9-"'

o +300V

each winding
5000Tx 46s.w.g.

enamel on a iiroa
mumetal core no.3$

25mH 0-IFF

0.IµF
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of power, the levels of which can be set independently;
but the tones are not identical. The quieter one has a greater
harmonic content than the louder one. So sufficient con-
trast is available for any combination of manual tone -
colours. The tuning of the circuit is carried out by Egen
pre-set resistors". Originating in a 10k1i wire -wound rheo-
stat, which is the pitch control for setting the top note,
each successive semitone is fixed by adjustment of the pre-
set units. Fig. 19 shows part of the tuning circuit, with a
list of the resistors required. The whole tuning stack, as a
series string, is the element VR in Fig. 18.

So far we have not considered how the notes should be
keyed or operated. Many will consider a standard organ pedal -
board the proper answer. Others will think this unnecessary
and prefer short permanently attached keys as in Fig. 20,
which shows this part of a recent American instrument for
the home. But in either case the
compass should not be less than
25 notes from CCC and for
serious work the compass should
be 30 notes. This point is not
only of importance musically,
but because it affects the number
of tuning resistors required.

No guidance as to the con-
struction of the pedals" can be
given because of space con-
siderations, but the contacts
required for both pedal unit
and the manual to pedal
coupler are shown in Fig. 21.
Since the bass contacts are

oZin Fig 18
top note

etc

Fig. 19. Pedal tuning stack
Resistors:

from C to CCC, 25 notes:
all 251c1I max.

from F' to CCC, 30 notes:
first 5, lOkt2 max.

part of the resistive element of the oscillator, a low and con-
stant contact resistance is essential. For this reason the
contact faces should be Rhodium plated'. The coupler and
control valve contacts' may be silver alloy or even phosphor
bronze and are cheaply obtainable.

Fig. 29. Pedal arrangement of Organsonic

Fcr the manual to pedal coupler we require a duplicate
set of manual contacts actuated by the pedal keys, but since
these have a longer travel they may be larger altogether and
the pattern referred to above is recommended. An easy
way to connect the two circuits is shown in Fig. 21, which
also illustrates the speaking contact K on the control valve.
This must be set to close after the bass unit contact, and is
easily made from two leaves of a springset taken from any
type 3000 Post Office relay.

Pedals, if of normal construction, are made detachable

and simply pull out from the frame. An intermediate lever
called a jack is used to couple the pedal key movement to
the contacts as in Fig. 21.

For those who feel they would like the effect of a plucked
string bass, as well as sustained tones, another form of con-
trol circuit can be used". A final word on pedals; do not
be deterred by the seeming complexity of a pedalboard. It
is very easily made and standard size timber ready planed
is available at a very modest cost".

Now we come to the stop switch mechanism. There are
two ways of doing this. Either microswitches can be pur-
chased", or sliding contacts made up from P.O. relay
springs. The microswitches are s.p.c.o., so will serve for all
circuits; in some cases, e.g. trumpet and oboe, two must be

6 wires

end of pedal
key

---
dowel

brass angles with rhodium
plated tips

blockakelite

P.O. relay springs

'

st.Adord

ctIg2P

Fig. 21. Pedal generator, coupler and attack control contacts
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slotterrrin title
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microswitches bakellte cams

Fig. 22. Stop switches using microswitches

drawbar

front edge rodiused
spring leaf from relay

Fig. 23. Alternative arrangement using sliding contacts
All draw bars 8in long

mounted side by side and these can be operated by little
bakelite cams on the drawbars as in Fig. 22. The pairs
require a shaped piece of hardwood as shown. Stop key
facings, suitably engraved, are inexpensive" and it is usual
to have tonal stops white with black lettering, and non -tonal
stops such as tremulant, couplers etc., black with white
letters.

If it is decided to make up sliding switches, Fig. 23 gives
most of the essential details. These are, of course, much
cheaper but take a good deal of time to set for effortless
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operation. The fact that the silver tips are in contact with
the base when " off " prevents the formation of any oxide
so that there is never any hesitation in making contact with
the nickel silver pieces.

The last remaining extension is a solo or melodic
generator on a separate keyboard. In this way a most in-
expensive two manual instrument can be made, and while

+150V stabilized

5k0

50k0 27k0

buffe valve
of phase shift
vibra a
oscillator as
Fig 6

lowest note

1---4 etc

-30V

68K2

1k0
tune top

note

fact that its compass was five octaves. It is appreciated
that the chorus effect due to the addition of sub -octave
pitches to the unison pitch is a considerable asset for the
performance of certain kinds of music and the dividers
now to be described have been used with success.

So we encounter the problem of deciding to what
extent division should take place. Dividers can be cascaded

+ 280V/3001

6-15,
6SN7

Horn47k0

001).F

I

Kinura Clarinet Flute Viole

L_
100k0 270k0

to main
amp if ier

its uses are limited there is no doubt of its value for the
more romantic school of music. Of course such commer-
cial instruments as the Solovox, Univox, Clavioline etc.,
are well known; but their compass is only three octaves,
and it is thought that the full compass of five octaves is
more useful, particularly if the unit is to be built in with
the main generator keyboard. It is also considered more
in keeping with normal playing technique to have stops
representing fixed tonecolours instead of a variety of har-
monic switches which can be combined as desired. Certainly
if an instrument of this kind is to be installed in a small
church or hall (for which it is very suitable), a strange
player would feel at home with it at once.

To cover the range of five octaves with only one variable
circuit element restricts the tone oscillator to a pulse
generator. True, a gas tube oscillator could be used, but
there are certain good reasons why it is difficult to obtain
satisfaction from these. The circuit of Fig. 24 represents
careful study of all available methods, bearing in mind the
paramount requirement of the home constructor-
simplicity.

A number of useful tones can be formed from the
cathode pulse, all of musical value, but as would be
expected, the flute has some trace of stringiness in the lower
two octaves. The tuning is set initially to the highest note

= 2 093c/ s) by the 1kS2 variable resistor, which spreads
the control over a wide range. All other notes are set
from this by the Egen pre-set resistors. There are 20 at a
maximum value of 11d2, 20 at 5142 and 20 at 1052, but
the lowest six notes require a series resistor of 5kf2.

The output from this oscillator is surprisingly uniform
over the pitch range.

At the time these articles were written, no frequency
dividers were fitted to the melodic generator in view of the

L
22pF

220k0 100k0

100_pF
00110

48opE

0-04F

Fig. 24. Solo tone generator, and tone forming circuits

 002 pF

output fro
generator

+280V

47k0

I 2 kt-2 00IpF
+280V 47k0

47k0

I 2 AU7

ik° 0-01µF

I 2k0

aft

I

16ft

tont circuits
Fig. 25. Frequency divider and isolating valves

and the most satisfactory arrangement is to alter the
basic oscillator pitch to 4ft instead of 8ft. Then two
dividers will give 8ft and 16ft pitches, which are far more
useful than 16ft and 32ft from a basic pitch of 8ft. In
addition, we have an extra top octave. The change in
frequency is accomplished by halving the value of the
0.015µF capacitor in the pulse generator.
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251/F

25V

Fig. 26. Alternative divider

Since the output from this is a triangular wave and that
from the dividers is a reasonably square wave, the tones
obtained from the existing filters change to some extent with
the pitch. By judicious selection of
the part of the keyboard used, some
additional effects can be obtained.

Many frequency dividers exist for
musical instruments, but all are to
an extent frequency dependent
except some form of the Eccles -
Jordan circuit. Such modifications
as are to be found in adaptations of
this circuit are directed to control-
ling the shape of the divided wave-
form. In view of the shape of the
input pulse, the divider shown in
Fig. 25 is found very suitable. If
fed directly from the generator
cathodes through a .002µF capa-
citor, no additional circuit elements
are required to drive a second
divider. If fed as shown in Figs. 26
and 27, a shaping or isolating stage
between the dividers is desirable.

The cascaded divider due to W. Bode, Fig. 28, is very use-
ful. The output from this divider will be found to be' of
greater amplitude than that from the generator and the

values of Rx and Ry can be adjusted to set the level. The
divided signals can be injected into the grid of the 6BA6
valve and another way of doing this is to tap the unison,
8ft and 16ft signals into a potential divider between the grid
of this valve and earth, at points found by trial. These
points are switched to isolate any particular pitch not
required.

Stabilization of the h.t. line is necessary and a single
VR150 has proved adequate except on the very worst
mains; here, a simple valve stabilizer would be preferable.
It should be noted that if the two music generators
described are combined in one instrument, the h.t. for
the solo and pedal generators must be derived from a
separate transformer and rectifier. If branched off from the
VR105 line, transients will appear in this latter circuit,
affecting the attack of the main generator, which is smooth
and natural. The percussion circuit previously mentioned"
can be applied to the solo generator for special effects and,
of course, the key contacts are much simpler, being single
pole for each note. The mains switch, supply plug, valve -
holders and tag strips, as well as microswitches, may be
obtained from A. F. Bulgin".

200k0

30k0
005µF 005µF

120k0

50k0

120kG

5016)

j..002i/F

120k0

30k0

+h.t.

12AU7

120kf) 2001()

12AU7
0.051,F Rx

I20kG

003µ T,./,
0-01µ

500kG

Ry

/4

Fig. 27. Alternative divider

+h.t.

.001pF -0015pF

30k()
0-05µF 005µF

500k0 500IC2,"

200kG

20010

30k0

12AU7

25pF 25V

1010

Fig. 28. Cascaded divider

It is hoped that the musically inclined reader will find
this description sufficient to provide him with a simple
instrument capable of giving endless pleasure. Although
many circuits and methods are possible, those outlined are
simple, truly musical, devoid of any trace of "synthesis",
and inexpensive. Their advantages outweigh their short-
comings, and after all, every keyboard instrument has its
limitations. Long experience has taught the author that in
comparatively small rooms a special type of tone quality is
preferable to that associated with larger buildings, and
to achieve a sense of fullness without loudness or forcing,
it is necessary to compound a tonal spectrum which is
neither too thick nor too thin, as it were. A sufficiently
large sample of light and classical musicians has endorsed
the appeal of these simple generators to justify this view-
point.

REFERENCES
11. Henry Wiggin & Co., 26, Steelhouse Lane, Birmingham, 4.
12. Egen Electric Ltd., Canvey Island, Essex.
13. Ellingsworth and Mears, The Science of Organ Pedalling. Musical Opinion.

26, Hatton Garden, London, E.C.1.
14. Simple Electric Musical Instruments. Norman Price (Publishers) Ltd., 385,

City Road, London, E.C.1.
15. Northern Timbercraft Supplies, Beverley Street, Livesey, Blackburn, Lancs.
16. A. F. Bulgin & Co., Bye Pass Road, Barking, Essex.
17. Clearmold Plastics Ltd., Commercial Street, Lenton, Nottingham.
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BOOK REVIEWS
Advances in Electronics and
Electron Physics Volume VI

Edited by L. Marton. 538 pp. 60 figs. Derry
Svo. Academic Press Inc., New York. 1955.
Price S11.80.

THIS volume maintains the reputation
of the series under a change of title;

the addition of "electron physics" to the
title indicates the growing concern of
the physicist in this field. Of the eight
reviews of developments in electronics
included in this book, three are con-
cerned with magnetic materials and
magnetism, one with metallic conduc-
tion, one with space charge effects, and
one each with the rapidly advancing elec-
tronic techniques employed in semi-
conductor devices, travelling -wave tubes
and electron microscopy.

In the first review, A. B. Pippard
relates progress made in applying high
frequency techniques developed origin-
ally for radar purposes to the problems
of metallic conduction at low tempera-
tures. These include the finite resistance
of superconductors to very high fre-
quency currents and the anomalous skin
effect.

The next two reviews, the first by E.
Abrahams and the second by J. Smit
and H. P. J. Wijn, deal with non-
conducting ferromagnetic materials (espe-
cially ferrites) and their behaviour when
subjected to high frequency fields. The
first concerns relaxation processes in
ferromagnetism, and the second the
physical properties and uses of ferrites,
which now include high as well as low
power applications.

The fourth article is a comprehensive
review by H. F. Ivey of the theory of
space -charge limited currents. This is
the longest and probably the most
important part of this book; it includes
sections on space -charge in beams,
cavities and semi -conducting solids.

The next contribution is from W. M.
Webster, who compares the behaviour of
transistors and gas -filled tubes and
estimates the maximum ratings possible
for transistors of the future.

M. E. Haine, writing on electron
microscopy, reviews the present state of
our knowledge of electron optical tech-
niques and the recently renewed progress
towards a resolution which could make
visible the structure of atomic lattices.

The article on travelling -wave tubes by
R. G. Hutter classifies and reviews the
rapidly -growing number of devices in
this field; the experimental developments
of the last ten years are just beginning
to lead to practical uses for tubes of this
kind.

The last article, by J. van den Handel,
is on paramagnetism and includes sec-
tions on paramagnetic resonance, adia-
batic demagnetization and antiferro-
magnetism.

The whole book can be recommended
to any who want a short succinct account
of the present state of affairs in the
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various branches of electronics covered.
The lists of references at the end of each
article are well chosen and are in them-
selves of no little value. The number
of references included is often over a
hundred and indicates the difficulty of
writing comprehensively on such topics;
the editor is to be congratulated on find-
ing authors who have done so well in
the face of such odds.

C. D. CURLING.

Elektronische Halbleiter
By E. Spenke. 379 pp. 70 figs. Demy 8vo.
Springer Verlag, Berlin. 1955. Price DM.34-50.

SEMICONDUCTOR and transistor
physics has become a topical subject

treated by several recent books. Since
the now classical volume by Shockley,
none of these has dealt with the subject
adequately.

Here the present book is a laudable ex-
ception. Its arrangement shows a certain
similarity with that adopted by Shockley.

The first part, dealing with the con-
duction mechanism in semiconductors
and the physics of transistors and diodes,
forms an excellent survey of the subject.
It is clearly written and the subject mat-
ter is systematically arranged. The
author has well succeeded in introducing
the energy band concept, positive hole
and lattice imperfection on a non -mathe-
matical but rigorous basis.

The chapters on devices, i.e. p -n junc-
tion diodes and transistors might have
been more detailed and advanced. Un-
fortunately they stop short at the basic
phenomena.

The second part treats the fundamental
principles of semiconductor physics pre-
senting a most readable account of this
complex subject. Unlike in so many
works, mathematics is introduced to help
rather than to baffle the reader who might
be a little unfamiliar with the more com-
plex theories of quantum physics.

Thus the theory of the homopolar
bond, the energy band model, Brillouin
zones, Zener-breakdown, Fermi -levels,
etc., lose their formidable aspect and be-
come tractable and helpful concepts,
easily understandable.

The book deals successfully with prob-
lems associated with a life time of minor-
ity carriers and the elementary theory of
surface states and metal -semiconductor
contacts.

There has been for some time a great
need for a book precisely of this kind
and hence it must fill a serious gap on
the shelf of every physicist and engineer
concerned with transistors. It is unfor-
tunate that no equivalent books exists in
English.

Production, clarity of print and illustra-
tions are of the high standard which one
usually expects for Springer publica-
tions.

K. HOSELITZ.

CHAPMAN & HALL

HIGH VACUUM
TECHNIQUE

by

J. Yarwood
M.SC., F.INST. P.

Third Edition, Revised
180 pages Illustrated 25s. net.

Ready Shortly

LAW
AND THE

ENGINEER
The Law of Contract

and Negligence
as Affecting Engineers

by

C. F. Mayson
A.M.I.E.E.

Barrister -al -Law

492 pages Illustrated 63s. net.

37 ESSEX STREET, LONDON, W.C.2

For research and information work
the Elsevier

MULTILINGUAL
Dictionary of

Television
Radar

English' American
German Spanish

French Dutch Italian

By W. E. CLASON
600 pages £6

PHILIPS TECHNICAL LIBRARY

Valves for A.F. Amplifiers
E. RODENHUIS'S guide to adaptable
methods of building ; fully illus. 10s. 6d.

Remote Control by Radio
New (2nd) Edn. of BRUINSMA'S highly
appreciated monograph ; fully illus. 8s. 6d.

Transmitting Valves
HEYBOER & ZIJLSTRA'S standard
authoritative volume ; fully illus. 35s.

Descriptive Folders from
CLEAVER-HUME PRESS LTD.

31 Wright's Lane, London W.8
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ELECTRONIC EQUIPMENT
A description, compiled from information supplied by the manufacturers, of new components,

accessories and test instruments.

Q Meter
(Illustrated below)

THE Advance Q Meter is a.c. mains
operated and provides a convenient

method for making r.f. measurements of
circuit magnification (Q), inductance,
capacitance and power factor at frequen-
cies between 100kc/s and 100Mc/s. A
signal from the internal oscillator is in-
jected into an inductive loop across which
the voltage is metered and adjusted to a
set level. A fraction of the loop consists
of a stout bar from earth to one of the
test terminals, and thus provides a signal
with very low input impedance to the test
circuit. The coil under test is in series
resonance with an internal low loss,
variable capacitor. The voltage across
the capacitor indicates the Q, and is
detected by a valve voltmeter calibrated

directly in terms of circuit magnification.
The oscillator is modulated at 50c/s 50
per cent, so that d.c. amplifiers need not
be used in the valve voltmeter, thus
eliminating zero setting.

An unknown capacitor may be con-
nected in parallel with the standard
capacitor, and its capacitance and power
factor then obtained by substitution.

In order to simplify calculations of in-
ductance and impedance, the variable
capacitor is calibrated with three scales.
The first scale is calibrated in picofaradg;
the second scale is calibrated to read Zt
so that the impedance in ohms may be
obtained by dividing the reading by the
frequency in Mc/s. The third scale is
calibrated to read Lf' so that the induct-
ance in microhenrys may be obtained by
dividing the reading by the square of the
frequency in Mc/s.

Advance Components Ltd,
Marlowe Road,

Walthamstow,
London, E.17.

Portable Centrifuge
(Illustrated above right)

THIS centrifuge has been designed prin-
cipally for testing components to be

used in guided missiles.
With a range of between 0.25 and 100g,

the speed of the table is controlled to
within 0.25 per cent by means of a
hybrid circuit which is similar to both

Velodyne and Ward -Leonard controls.
The circuit is such that there is a high
degree of stabilization against changes in
supply voltage.

The space occupied by this instrument
is only 32in x 25in while the overall
height with guard mounted is less than
16in.

The table itself is of S.R.B.P. which by
reason of its lightness cuts the time norm-
ally required to run up to speed. Up to
four components with a total weight of
121b can be tested at one time; in addi-
tion facilities are provided for the con-
nexion of both electrically and air
operated components under test.

Graseby Instruments Ltd,
Hook Rise,

Tolworth,
Surrey.

Cabinet Construction System
(Illustrated below)

ALFRED IMHOF LTD are now mar-
keting a new " make -it -yourself "

cabinet construction system.
This new product is known as the

Imhof -Elliott system, and Imhofs are ap-
pointed sole world distributors.

Fundamentally, the system consists of
two different units, each interlocking one
with another. These two units shown in
the accompanying illustration are the
corner -connector, which governs the shape
of the projected case or framework, and
the alloy extrusion frame -member which
may be cut to any size within the stan-
dard 12ft length.

As will be seen from the illustration
the triple -pronged corner -connector corre-
sponds in section with that of the frame -
member. Thus these two units interlock
precisely and simply. Allowance is, of
course, made for screw tapping or similar
fixing: and the rebated edge on the
frame -member provides for a clean flush
fitting of panels of any suitable material.

Alfred Imhoff Ltd,
112-116, New Oxford Street,

London, W.C.1.

Oscilloscopes
THREE new oscilloscopes have recently

been announced by Nagard. Brief
details of these are as follows.

MODEL DT103 (Illustrated above)-
High sensitivity, low frequency oscillo-
scope covering the range from d.c. to
100Mc/s in two identical channels. Sen-
sitivity lcm/250µV. Noise level of the
order of 10µV.

Amplifiers calibrated for voltage mea-
surement over 2mV to 300V within 5 per
cent and -±100µV for smaller signals.
Balanced inputs with high discrimination.

Wide range time -base with versatile
triggering circuits, calibrated for time
measurements and giving continuously ad-
justable sweep speeds from 20sec to
200psec per 10cm.

Sweep expansion on either one or both
beams, enabling magnification of portion
of waveform while seeing the whole on
the other channel.

Independent X shifts enable the two
traces to be aligned as desired for com-
parison.

MODEL DS103-A less sensitive version
of the Model DT103 incorporating a two -
channel amplifier covering the frequency
range of d.c. to 250kc/s. Sensitivity
lcm/8mV. Voltage calibrated.

Time -base is the same as for the
Model DT103.

MODEL DE103-Wide band d.c. to
10Mc/s with identical amplifiers in each
of two channels, driving a 6in c.r.t. with
two separate gun systems. Time -base
calibrated for time measurements to 2 per
cent. Speeds continuously adjustable over
range of 0.2sec to 2µsec per 10cm. Inde-
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pendent X shifts enable the two traces to
be aligned as desired for comparison.

Amplifiers provide for voltage measure-
ments over range of 200mV to 300V to
5 per cent and -±10mV for signals below
200mV.

Signal delay line for pulse leading
edges, and cathode -follower probe, are
both available as external units.

Any of the above instruments can be
supplied trolley mounted, as illustrated.

Nagard Ltd,
18, Avenue Road,

Belmont,
Surrey.

High Voltage Triode Control Valve
(Illustrated above)

THE triode control valve type TV501
was developed for use in medical

X-ray apparatus but it is likely to be of
considerable interest for other purposes.

The principal features are:
Maximum anode voltage, 70kV.
Peak emission, 3A.
Anode dissipation, 1.2kW continuous

10kW for lsec at a time
Cut-off characteristic

at V2=70kV. /.= 100µA for Vg
= -400V.

The overall diameter of the valve is
4 and the overall length approximately
12in.

Solus Electronic Tubes Ltd,
15-18, Clipstone Street,

London, W.1.

Medium Speed Plotting Table
(Illustrated above)

THIS instrument was originally devel-
oped to record one variable (X) in

relation to another (Y) on a plotting area
measuring 30in x 18in. Further develop-
ments have been made and it is now possi-
ble to apply up to four variables to one
table measuring 30in x 30in, or larger
if need be. This may take the form of
three independent Y motions against a
common X motion, or, alternatively, Xi
against Yi and X2 against Y2. An exam-
ple of this latter application would be to
plot the path of a target and on the same
sheet of paper the path of an interceptor.

The plotting table is self-contained for
operation from 50c/ s mains.

Debbie McInnes Ltd,
191-3, Broomloan Road,

Glasgow, S.W.1.

Ultrasonic Generator
(Illustrated below)

THE Mullard low frequency ultrasonic
generator type E7696 is a new general

purpose equipment with an output power
of 2kW in the frequency range 10kc/s to
30kc/s. It has been designed as a power
source for magnetostrictive transducers
used for ultrasonic cleaning, degreasing,
soldering, tinning and drilling. Robust
construction, conservative ratings, auto-
matic protection circuits, and simple con-
trols, make the generator suitable for
everyday industrial use.

A variable frequency RC oscillator of
the Wien bridge type feeds an amplifier,
followed by a driver and push-pull output
stage which is transformer -coupled to the
load. The output current and the anode
currents of the output valves are moni-

tared. Output power is controlled by a
variable attenuator in the amplifier stage.

In the power pack, h.t. for the output
stage is derived from a bridge rectifier
using gas -filled valves with a short warm-
ing up time. Vacuum type rectifiers are
used for the other h.t. supplies, and a
variable low voltage d.c. polarizing sup-
ply is derived from a bridge circuit using
metal rectifiers.

Mullard Ltd,
Century House,

Shaftesbury Avenue,
London, W.C.2.

Flying Lead Valveholder
(Illustrated above right)

THIS valveholder is intended for B7G
and B9A special purpose valves with

flying leads.
The valve is seated on a p.t.f.e. ring

which carries the appropriate number of
terminal lugs to which the valve and the
circuit leads are soldered.

The valve envelope is retained by the
split clamp which, in addition to pro-
viding mechanical support, conducts
much of the valve heat to the chassis.
A special design of clamp ensures good
thermal contact to bulbs of rather irre-

gular shape and makes a lower opera-
ting valve temperature possible.

The McMurdo Instrument Co. Ltd,
Victoria Works,

Ashtead,
Surrey.

Solder Thermometer
(Illustrated below)

THIS enables the temperature of solder,
on an iron or in a bath, to be quickly

determined.
The instrument is completely self-

contained and comprises a meter move-
ment which is connected to a thermo-
couple mounted at the end of a tube
attached to the meter. A scale is
graduated in degrees Celsius and
Fahrenheit and the maximum tempera-
ture to which the instrument should be
subjected is 400°C (752°F).

Multicore Solders Ltd,
Multicore Works,

Maylands Avenue,
Hemel Hempstead,

Hertfordshire.

Spindle Lock
(Illustrated below)

THE " PotLock " is a simple and
effective spindle locking device which

is fitted by securing under the usual one
hole fixing nut of the potentiometer or
any other similar fixing component. The
clamp fits over the spindle which is locked
when the 4BA. schew is tightened.

Jackson Bros. (London) Ltd,
Kingsway,

Waddon,
Surrey.
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LETTERS TO THE EDITOR
(We do not hold ourselves responsible for the opinions of our correspondents)

A New Circuit for Balancing the
Characteristics of Pairs of Valves
DEAR SIR,-Mr. Aitchison's article in

the May issue is most interesting con-
firmation of the value of differential
heater voltage balancing. Owing to slow
changes in activation it is a little more
difficult to achieve a stable balance and
one practical snag should not be over-
looked. A potentiometer of a few ohms
can be very troublesome in early stage
heater circuits due to the wiper resting
in doubtful contact with two turns. In my
experience a straight piece of eureka wire
with a tap made by a small area split
clamp or by solder is the only permanent
solution in high -gain d.c. or very -low -
frequency a.c. amplifiers. In an electro-
encephalograph, for instance, base line
sway is not only a function of the balance
measured by slow precision methods, but
is dependent upon the difference in "time -
constant" between the two cathodes. This
is sometimes most pronounced and heater
balancing may give but a small improve-
ment in these transient disturbances which
affect the band 0.3 to perhaps 5.0c/s most
seriously.

While the final state condition is im-
portant, it would be most instructive to
give the maximum instantaneous dif-
ference in I. using a differential micro -
ammeter with a response time of not more
than 0.5sec. A double coil instrument is
not necessary if a pair of matched
resistors are used and differences would
then be revealed much more accurately
than by the subtraction of two I. readings.
In many applications differences of a few
micro -amperes are of significance and
further research seems to be indicated.

Yours faithfully,
SYDNEY N. POCOCK.

Consultant in electronic engineering to
Government of Ceylon under the

Colombo Plan,
Colombo 4, Ceylon.

The Author replies :
DEAR SIR,-Mr. Pocock's comments

draw attention to one of the most serious
faults in low-level, low -frequency ampli-
fiers, namely relatively slow changes of
balance which are associated with the
heater circuit. 'While intermittent contact
in the heater potentiometer is a fault that
can be remedied, there exists a more
serious fluctuation associated with the
thermal contact between heater and
cathode which cannot be controlled in
any way except by running valves for
very long periods with as stable a heater
supply as possible. Even so, spontaneous
changes of balance occur which are
associated with very small changes in the
position of the heater inside the cathode
sleeve. As no special precautions are
taken to ensure high thermal stability of
the heater -cathode assembly (in fact for
normal communication circuit applica-
tions this is not necessary) this is one
serious difficulty associated with using the
indirectly heated cathode type of valve
in such amplifiers, which cannot be
remedied by circuit design.

For other reasons (i.e., to increase
heater cathode insulation) some twin
triodes are now being made with both
the heater and the internal wall of the
cathode coated with alumina, and the
heater is anchored much more firmly in
such an arrangement. We have been
unable as yet to measure the stability of
such types of valve, but experience indi-
cates that the spontaneous changes in
balance associated with cathode move-
ment should be reduced considerably.

Yours faithfully,
R. E. AITCHISON.

Senior Lecturer in Communication
Engineering.

The University of Sydney.

Automatic Square Rooting
DEAR SIR,-With much interest I have

read Mr. Lenaerts' paper on automatic
square rooting with the LEO computer in
ELECTRONIC ENGINEERING July 1955.

It seems to me, however, that the
method indicated is unnecessarily compli-
cated and involves too many operations.
I should like to direct your attention to
the non -restoring method of square
rooting in which the accumulator is not
restored to its original state when it
becomes negative. The method is similar
to the non -restoring division scheme given
by von Neumann. It has
that the number of operations (additions
or subtractions) is independent of the
particular number of which the square
root is required. Non -restoring square
rooting has been invented independently
by Couffignal' and Zuse.

Yours faithfully,
A. P. SPEISER.

Swiss Federal Institute of Technology
Institute for Applied Mathematics,

Zurich.
REFERENCES

I. COUFFIGNAL, L. Calcul d'un quotient ou d'une
racine carree dans le systeme de numeration
binaire. Comtes Rendus de I'Academie des
Sciences 229 (1949) August, p. 488-489.

2. HEIZ RUTLSHAUSER/AMBROS SPEISER/EDUARD/
STIEFEL. Mitteilungen aus dem Institute fur
angewandte Mathematik an der ETH, No. 2 :
Programmgesteuerte digitale Rechengerate von
Birkhauser-Verlag, Basle, 1951.
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The Author replies :
DEAR SIR,-I am very grateful to Dr.

Speiser for drawing attention to a method
of square -rooting which does not require
the accumulator to be restored when it
becomes negative. I was familiar with the
non -restoring technique in division but I
could not see a way of applying this to
square -rooting.

When the accumulator becomes nega-
tive in the automatic process, Couffignal
and Zuse give the simple solution of
appending 1 1 instead of 0 1 to the partial
result, and adding instead of subtracting
the resulting pattern in the subsequent
stage.

My article was directed mainly to
showing how an arithmetical method
might be interpreted in a calculator. May
I now take the opportunity to show how
the improved method can be used to cut
the time of square -rooting by half with,
if anything, a simpler arrangement of
circuits.

The diagram below, which compares
with Fig. 1 of my article, gives the revised
block schematic of the circuits needed and
the only additional circuit is a gate and
a delay to provide for the extra digit
when dealing with a negative accumula-
tor. Now that it is not necessary to
correct the accumulator when it becomes
negative, one sub -stage of the sequence is
cut out and the two
(a) Apply pattern to accumulator (add if

negative, subtract if positive).
(b) Shift accumulator contents and escala-

tor digit and insert the escalator digit
into the result register if the
accumulator is positive.

This simplification means that the
shifting of the accumulator and the
escalator digit can be continuous and sub-
stages (a) and (b) can take place at the
same time. The time for finding the
square -root of a double length number is
therefore reduced to 40 stages of 80µsec
each a total of 3.2msec.

Yours faithfully,
E. H. LENAERTS.

Electronic Development Section,
J. Lyons & Co. Ltd.

Fig. 1. Revised block schematic of the required circuits
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Short News Items
The Institution of Electrical Engineers.

The following have been nominated by
the Council for the vacancies which will
occur in the offices of President, Vice -
Presidents, Honorary Treasurer and
Ordinary Members of Council on 30
September.

President (one vacancy), Sir George H.
Nelson, Bt. Vice -President (two vacan-
cies): T. E. Goldup, C.B.E., Sir Hamish
D. MacLaren, K.B.E., C.B., D.F.C.,
LL.D., B.Sc.. Honorary Treasure (one
vacancy) The Rt. Hon. The Viscount
Falmouth. Ordinary Members of Coun-
cil: Members (four vacancies), Profes-
sor H. E. M. Barlow, Ph.D., B.Sc. (Eng.);
C. M. Cock; Professor J. Greig, M.Sc.,
Ph.D.; H. H. Mullens, B.Sc. Associate
Members (two vacancies): D. McDonald,
B.Sc.; D. B. Welbourn, M.A. Com-
panions (one vacancy): G. L. Wales, J.P.

A Convention of the British Amateur
Television Club will be held on 1

October from 10 a.m. to 6 p.m. at the
Bedford Corner Hotel, Bedford Square,
London, W.C.1. There will be a dis-
play and demonstration of members'
equipment, and a film show. The cost
to members is 10s. 6d., including lunch,
and the charge of admission to non-
members is 5s. Tickets and further in-
formation can be obtained from Mr. D. S.
Reid, 4 Bishop Road, Chelmsford, Essex.

A Special Exhibition has been opened
at the Science Museum to coincide with
the meeting of the International Electro-
technical Commission and will remain
open until 31 October. Although the
exhibition is of particular interest to
those concerned in the problems of meter-
ing bulk supplies of electrical energy to
large industrial and commercial under-
takings, it is intended also for the less
specialized visitor and service to demon-
strate the care which is devoted to the
accurate calibration of electricity meters.

Pye underwater television was featured
prominently in a series of demonstrations
at the recent International Trade Fair
held in Toronto. The equipment, which
consisted of a Comet -type underwater
camera, in conjunction with a standard
studio camera and standard 2 000Mc/s
Pye microwave equipment, was installed
on H.M.C.S. Beaver, a Royal Canadian
Navy Reserve ship. The ship lay some
two miles outside Toronto harbour and
various underwater scenes of frogmen at
work were relayed through a microwave
link direct to the trade fair.

The Second Annual Meeting of the
Professional Group on Nuclear Science
of the Institute of Radio Engineers will
be held at the Center Theatre in Oak
Ridge, Tennesse from 14-16 September.

The Industrial Electronics Conference
1955 will be held at the Rackham
Memorial Auditorium in Detroit, Michi-
gan, on 28-29 September. The meeting
is sponsored jointly by the Michigan
Section of the American Institute of Elec-
trical Engineers, the Professional Group
on Industrial Electronics of the Institute
of Radio Engineers in the Detroit Sec-
tion of the IRE. Sixteen papers have
been scheduled for the four technical
sessions which will discuss automation,
industrial measurement problems and
new control system applications.

The Eleventh Annual National Elec-
tronics Conference will convene at the
Hotel Sherman, Chicago, Illinois, from
3-5 October. Further information may
be obtained from the Executive Secre-
tary, National Electronics Conference
Inc, 84 East Randolph Street, Chicago 1,
Illinois.

The Minister of Supply, Mr. Reginald
Maudling, has appointed Mr. G. W. H.
Gardner, C.B., C.B.E., at present Direc-
tor General of Technical Development
(Air) in the Ministry of Supply to be
Director of the Royal Aircraft Establish-
ment, Farnborough, with effect from 1
November next. Sir Arnold Hall, F.R.S.,
the present Director, R.A.E., has, with
the agreement of the Minister, resigned
to accept an industrial appointment from
that date.

The General Electric Co Ltd have
announced the first awards under their
scholarship scheme. These scholarships
are awarded annually to people of out-
standing promise within the G.E.C. organ-
ization to provide for degree courses, post
graduate research. courses in specialized
subjects and studies in management or
commerce. Twenty-eight applications
were received this year, and three scholar-
ships have been awarded, as follows :
One for research at the Imperial College
of Science and Technology on advanced
aspects of communication theory; one to
complete by full time study the final year
of a degree course in electrical engineer-
ing, and one for a degree course at Lon-
don University in mechanical engineer-
ing.

The BBC announce that it has placed
a contract with J. & J. Parish Ltd, of
Burton Road, Withington, Manchester 20,
for building work in connexion with tele-
vision studio accommodation. The
work covers the conversion of an exist-
ing building, previously used by the Man-
chester Film Corporation, and the erec-
tion of a new two -storey block on the
same site to provide television studio
premises which will include a production

unit, a small film unit, and telecine facili-
ties together with the ancillary technical
and service areas. It is hoped that the
studio will be ready for service by the
early summer of 1956 and the film unit
by the following autumn.

The Independent Television Authority,
which since October 1954 has been in
temporary offices, has now moved to its
permanent headquarters at 14 Princess
Gate, London, S.W.7. Telephone num-
ber Knightsbridge 5341.

Mr. B. C. Sendall, C.B.E., has been ap-
pointed Deputy Director General of the
ITA.

The first commercial television studios
in Great Britain were handed over
recently to Associated Rediffusion Ltd.
The studios have been established at the
Granville Theatre, Walham Green, Lon-
don, S.W.6, founded in 1898. The
theatre was adapted and equipped for
television broadcasts in four months by
Central Rediffusion Services Ltd.

Marconi's Wireless Telegraph Co Ltd
have received a further important order
from the Gold Coast Posts and Telecom-
munications Department. The new con-
tract calls for the supply and installation
of a twin -path, 24 -Channel (per) path
v.h.f. radio communications service from
Kumasi to Takoradi, via Mpraeso, Kofo-
ridua, Mampong (Akwapim), Accra,
Winneba and Cape Coast. The terminal
at Takoradi will be accommodated in a
new telephone exchange which is cur-
rently under construction by the Gold
Coast P. and T. Authorities.

Marconi Instruments have been
awarded contracts by the English Steel
Corporation Ltd and the United Steel
Companies Ltd for the supply of 250kV
Constant Potential X -Ray Units to their
works at Grimesthorpe and Distington,
respectively. These equipments have a
voltage range of from 30 to 250kV,
enabling steel of up to four inches in
thickness to be penetrated.

Redifon Flight Simulators for the
Royal Australian Air Force. More
details are now available concerning the
contract for Sabre Mk.30 flight simula-
tors awarded to Redifon Ltd by the
Government of Australia. This new
variant of the Sabre, powered by an Avon
Turbojet, is being produced in quantity
for R.A.A.F. fighter squadrons by the
Commonwealth aircraft Corporation.
The Redifon simulators will feature
prominently in converting pilots to the
new type. Two versions of the simula-
tor have been ordered. The first is for
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permanent installation in a specially con-
structed or adapted building, while the
second is for mobile use and will be con-
tained in a specially designed trailer.

The University of Cambridge has
recently received from the Mullard Com-
pany an offer to provide, over a period
of ten years, the sum of £100 000 for
the purpose of continuing and extending
the work in radio -astronomy which is in
progress in the Cavendish Laboratory.
With this benefaction it is intended to
set up a new observatory to be known as
the Mullard Radio -Astronomy Observa-
tory. It is hoped that a site near Cam-
bridge will be available for this purpose
and that there will be space on it for
making a number of observations which
have not yet been possible.

Redifon Ltd announce that the first of
three 700 ton deep-sea fishing vessels
ordered from a German shipyard by the
Standard Steam Fishing Co. Ltd, has been
equipped with Redifon marine radio.
This is the first trawler to be built m
Germany for British owners since the
war.

Kelvin & Hughes Ltd have now entered
the component market with a wide range
of electrical and optical equipment.
Many of the components, which are used
in Kelvin Hughes marine, aviation and
industrial instruments, can be manufac-
tured to suit special requirements. The
list of components now available from
the company includes instrument motors,
barometric capsules, teletorque synchron-
ous transmission units, ultrasonic mag-
netostrictive oscillators, sine/cosine
potentiometers, gyroscopes, optical com-
ponents and magnetic recording heads.

Bakelite Ltd announce that they are
to market polyethylene plastics. Poly-
ethylene first became important for the
contribution it made to the solution of
problems of u.h.f. insulation in radar.
The material is now widely adopted for
all classes of high frequency insulation
and is of major importance to the cable
industry.

International Aeradio Ltd have con-
tracted to provide to the Government of
Singapore, Department of Civil Avia-
tion, two Air Traffic Control Officers for
duty at Kallang Airport, Singapore.

The registered office of The Mond
Nickel Co Ltd, after an interval of
fifteen years, is once again Thames House,
Millbank, London, S.W.1.

The Solartron Electronic Group Ltd
have changed their telephone number to
Emberbrook 5522.

Erie Resistor Ltd. The telephone
number of the Great Yarmouth Factory
has been changed to Great Yarmouth
4911.

Edwards Alto Vuoto is the name of a
recently formed Italian subsidiary of
Edwards High Vacuum Ltd, Crawley.
The offices are in Milan and the com-
pany was formed in conjunction with
Societa Apparecchi Elettrici e Scientifici
with whom Edwards High Vacuum have
had an agency relationship for many
years.

Cable and Wireless Ltd announce that
a cableship operation recently carried
out in the Western Approaches to the
Channel on one of the two submarine
cables directly linking Porthcumo, near
Land's End, with Gibraltar, on the east-
ern cable route to Australia and the Fat
East, is expected to increase its word -
carrying capacity by 50 per cent.

Wireless Telephone Co Ltd, Sheffield,
a member of the Plessey Group of Com-
panies, have appointed Mr. E. Lawren-
son to be their Chief Engineer. Before
joining the Wireless Telephone Co., Mr.
Lawrenson was a senior engineer in the
advanced development laboratory of:
Standard Telephones & Cables Ltd.

Magnesium Electron Ltd. Major
C. J. P. Ball, D.S.O., M.C., who has held
the post of Chairman and Managing
Director from the Company's formation
in 1934, has relinquished the latter ap-
pointment in favour of Dr. C. J. Smith -
ells, M.C., but remains as Chairman of
the Company. Brigadier A. G. Cole,
O.B.E., previously Assistant Managing
Director, has been appointed Commer-
cial Director. Dr. S. J. Fletcher remains
Technical Director.

Mr. J. Henshaw has recently been
appointed Technical Liaison Officer for
the Technical Organization of Oliver
Pell Control Ltd. in the north of England.

Dr. E. A. Perren has been appointed
Chief Superintendent, Chemical Defence
Experimental Establishment, Porton, in
succession to Mr. S. A. Mumford. Dr.
Perren has been Superintendent of Re-
search, C.D.E.E. since 1951. Before
that he was, for two years, Chief Superin-
tendent of the Canadian Research and
Development Establishment, Suffield,
Alberta.

20th Century Electronics Ltd an-
nounce the recent appointment of Mr.
A. V. Krause as Head of Cathode Ray
Tube Development. He was formerly
Senior Engineer in the Vacuum Tube
Development Section of Cinema Tele-
vision Ltd and had previously been with
Standard Telephones and Cables Valve
Division and Mullards.

Mr. F. G. Robb has relinquished his
position as Chief of the Test Division of
Marconi's Wireless Telegraph Co. Ltd, on
reaching retiring age. He is succeeded by
Mr. E. H. Evans.

Mr. E. V. Norcock has joined the
Board of Export Packing Service Ltd
from The Bristol Aeroplane Co. Ltd
where he was Secretary of the Aircraft
Division.

Major -General Sir Leslie Nicholls will
relinquish the post of Chairman of Cable
and Wireless Ltd as from 31 January
next. He will do so at his own wish in
order to be free to devote his time to
outside interests.

The Board of Electric & Musical
Industries Ltd announce that Sir Percy H.
Mills, Bt., K.B.E., has been appointed a
Director of the Company.

Mr. F. Szekely has joined the Radio
Division of The Edison Swan Electric
Co. Ltd in a new section to promote the
application of semi -conductors. Mr.
Szekely was formerly on the staff of the
British Thomson -Houston Co. Ltd.

A Special Electronics and Careers Dis-
play has been organized by the Radio
Industry Council at the current Radio
Show, Earl Court. This is divided into
three sections, as follows: Electronics of
Today, Electronics of the Future and
Careers. There is also an inquiry coun-
ter and two interview rooms where possi-
ble recruits to the industry will be able
to obtain further information.

The Electrical Engineering Depart-
ment, Municipal Technical College, Old-
ham, announces that there will be part
time day and evening courses in the fol-
lowing subjects commencing from Septem-
ber. Radio and Television Servicing
(RTEB Certificate); Telecommunications
(City and Guilds); Radio Amateurs'
Course (City and Guilds) and Radio
Engineering (all subjects for Grad. Brit.
I.R.E.). These courses are in addition
to the normal Light Current Subjects,
Instruments and Measurements and Elec-
tronics. Further information may be
obtained from the Head of the Electrical
Engineering Department.

The Northern Polytechnic, Depart-
ment of Telecommunications Engineer-
ing, has issued a prospectus for the
forthcoming session giving details of full-
time and evening courses. The special-
ized evening course in Band 3 and F.M.
is being repeated and a completely new
course has been arranged for full-time
training in radio and television servicing.
There are also courses of evening lectures
on electronic digital computers and ana-
logue computing, commencing on 27 and
28 September respectively, the fees being
£2 2s. per course. Further details and
copies of the prospectus may be obtained
from Mr. J. C. G. Gilbert, Head of De-
partment of Telecommunications Engin-
eering, The Northern Polytechnic,
Holloway, London, N.7.

Meeting. The London Section of the
British Institution of Radio Engineers
will hold a meeting on Wednesday, 28
September at 6.30 p.m. in the London
School of Hygiene and Tropical Medi-
cine, Keppel Street, Gower Street, Lon-
don, W.C.1. There will be a paper by
Mr. G. Hitchcox (Electronic Instruments
Ltd) on " Extending the Limits of Re-
sistance Measurement using Electronic
Techniques."
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Why Ediswan Clix P.T.F.E.
Valveholders are widely used
in B.B.C. Television equipment

Large quantities of Ediswan Clix P.T.F.E. Valve -
holders are used in B.B.C. Television equipment.
Only the combination of the finest insulation-
P.T.F.E., the most efficient contact material-
Berylium copper-and Ediswan Clix design and
manufacture can match the requirements of
efficiency and reliability in this and all other

stringent valveholder applications.
Ediswan Clix P.T.F.E. Valveholders are fully
type approved for Services Grade t, Class 1 con-
ditions. Full details of these valveholders and
other components in the Ediswan range are given
in catalogue CR. 1681. Manufacturers and
Development Groups may have a copy on request.

E D I SWAN
LUX

RADIO, TELEVISION & ELECTRONIC COMPONENTS
THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.I. Group of Companies

155 Charing Cross Road, London, W.C.2 and Branches. Telephone : Gerrard 8660. Telegrams : Ediswan, Westcent, London

CR3
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DAWE INSTRUMENTS.micat ttoRraa
Laboratory

PULSE GENERATOR
Type 412

Pulse Widths : I, 10 and 100 microseconds

Repetition Rate : 1 to 5,000c/s.

VALVE
VOLT-

METERS

F.S.D. Range :

Type 613 :

30mV. to 300V.

Type 614 :

3mV. to 30V.

"Q" METERS
Frequency Range:

Type 620: I 00Kc, s. to 25Mc/s. for

production use

Type 622 : 50Kc/s. to 75Mc/s.

Type 623 : 25MO. to 200Mc/s.

Full technical data from : DAWE INSTRUMENTS LTD.
99 UXBRIDGE ROAD, EALING, LONDON, W.5 : EALING 6215 or from your Regional Agent :

Midlands
Hawnt & Co., Ltd.,

59, Moor Street,
Birmingham, 4
Central 6871

North of England Cheshire
Farnell Instruments, Ltd., F. C. Robinson & Ptnrs.,

IS, Park Place, 122, Seymour Grove,
Leeds, 1 Old Trafford, Manchester

Leeds 32958 Charlton 5366

Scotland West of England
Land, Speight & Co., Mr. R. H. Pugsley,

73, Robertson Street, 37, Maytree Avenue,
Glasgow, C.2 Headley Park, Bristol, 3
Central 1082 Bristol 6-1009

Northern Ireland
James Lowden & Co.,
II, Middlepath Street,

Belfast
Belfast 57518
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20 MO FREQUENCY MONITOR

The Automatic Frequency Monitor (20 Mc/s)
is but one of a series of high grade monitors
now in course of manufacture for the accur-
ate measurement of frequency.

Employing hard valve techniques throughout,
it will measure any frequency in the range
10 c/s to 20 Mc/s to an accuracy within
± I part in 106.

The result, in decimal notation, is presented
on eight panel mounted meters each scaled
from 0 to 9 and the unknown frequency is
automatically remeasured every few seconds.

This new equipment presents a considerable
advance in frequency measuring techniques
and apart from normal laboratory applica-
tions, is ideally suited for incorporation in
production testing routines.

Full technical information on this and other
frequency measuring equipment is available
on request.

CINEMA TELEVISION LTD

A COMPANY WITHIN THE J. ARTHUR RANK ORGANISATION

WORSLEY BRIDGE ROAD LONDON S.E.26

HITHER GREEN 4600

BALES AND SERVICING AGENTS :

Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4

Atkins, Robertson & Whiteford Ltd., 100 Torrisdale Street. Glasgow, S. 2

F. C. Robinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16
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bOONC/NO

ildveuta VI;HER

The ADVANCE " Q " Meter is different ! It is
small, portable and has an excellent specification
-a useful addition to any electronic laboratory

and well suited for production testing.
Furthermore, it is offered at a price to suit all
applications. With the TI, RF measurements
can be made of " Q" inductance, impedance,

capacitance and power factor at frequencies
between 100 kc/s. and 100 Mc/s.

Full details in leaflet M/31 which we will be
pleased to forward on your request

 Direct reading of "Q" Range 10-400

 " C " by substitution.

 Rapid calculation of "L" and "Z"

 No " Set -Zero " problems

 Small and portable

ADVANCE COMPONENTS LTD. Marlowe Rd.,Walthamstow, London, E.17 Tel: LARkswood 4366/7/8
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Early achievements in
Industrial Electronics

Number One in a series

BTH have played a major role in
the development of electronic engineer-
ing. Nearly 5o years ago research work
was already under way at the Rugby
Works. The work of those early days
led to the design and manufacture
during the first Great War of therm -
ionic valves for military equipment.
Since then, BTH electronic equipment
has occupied a leading position and
earned for itself an outstanding repu-
tation for reliability. Twenty years
after their original installation many
BTH electronic installations are still
in active, daily use. There could be
no greater tribute than this to the
design and reliability of BTH indus-
trial electronic equipment.
The same skill, resourcefulness and care that
went into these pioneer installations is at your
disposal today. If you have a problem involv-
ing electronics, the assistance and advice of
BTH engineers are availably to you at all times.

The speed of a 2,000 H.P. motor -driven fan
is accurately controlled by the equipment illustrated here.
Installed at the Royal Aircraft Establishment, Farn-
borough, in 1934, it has been in continuous service ever
since. The equipment controls a 2,000 H.P. wind -tunnel
fan -motor by means of a motor -operated rheostat in the
field system of a Ward -Leonard set, the rheostat being
controlled by relays energised by Thyratrons. Two
independent control stations are provided, one on the
floor of the Test House and the second high up near
the roof of the tunnel. Hand or auto -control can be
obtained from both positions.

BRITISH THOMSON-HOUSTON

THE BRITISH THOMSON-HOUSTON COMPANY LIMITED I RUGBY ENGLAND
Member of the AEI group of companies A4864

SEPTEMBER 1955 77 ELECTRONIC ENGINEERING



REG. TRADE MARK

The'
THERMIONIC VALVE

& CATHODE RAY TUBE

FOR TELEVISION, RADIO

INDUSTRIAL SCIENTIFIC

APPLICATION

Manufactured by

ELECTRONIC TUBES LTD.

KINGSMEAD WORKS,

HIGH WYCOMBE, BUCKS.

Enquiries to

HIGH WYCOMBE

2020



CONNECTORS FOR

PRINTED CIRCUITS
These connectors offer a very wide choice of mounting arrange-

ments and will cover most known applications. Designed specifically
for versatility and easy fixing, they can be mounted side -by -side
in multiples of four connector strips to produce a practically un-
limited number of contacts or' hey can be "stacked" (with spacers
between) for compound mounting. They can also be mounted
direct to plates, printed or otherwise, and are suitable for mounting
on ceramic and laminated plastic printed circuits. On small -sized
printed circuits the connector socket will often give mechanical
support as well as electrical connection.

Ribbon contact strips are gold-plated for prolonged storage life
and are provided with holes in the tag to permit the anchoring of
wires before soldering. A unique feature of the socket is the
method by which the contact " teeth " are looped back into the
moulding, thus retaining their sprung position. The strips retain
sufficient flexibility to allow them to be inserted into drilled or
punched holes in mating circuits and can be bent or formed as
required.

Connectors can be mounted in the plane of, or at right angles
to the plane of the supporting surface without the use of additional
brackets or supporting structures, a centrally placed mounting hole
permitting easy and direct attachment of the plug or socket to

the circuit plate. Plugs and sockets are both mounted
with standard 8BA screws, and the length of the
screw is governed only by the thickness of the
mounting plate.

BELLING &LEE LTD
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND

HEAVY

CURRENT

LOW

VOLTAGE

FUSE

LINK
for use on

D.C. supplies in

AIRCRAFT, BATTERY

DRIVEN VEHICLES, &c.

The fuse is intended as a direct re-
placement for the American " Current
Limiter" used on 28V d.c. aircraft
power supplies, and for this purpose
has received the approval of the Air
Registration Board under their
reference No. E.3217.

It is also suitable for the protection
of battery operated vehicles, heavy
current rectifier output circuits, low
voltage furnaces and other similar d.c.
applications.

SPECIFICATION: The fuselink is capable
of breaking currents of up to 3,000
amperes at 3oV d.c. (2,50o amperes at
3oV d.c. for the 35A and 50A ratings)
without any external disturbance. The
arcing time does not exceed 0.003
seconds at 3,000 amperes.

RATINGS: 35A, 50A, 8oA, iooA, 13oA,
150A, 200A, 225A, and 275A. The
range will be extended in four further
steps to sooA maximum.
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A PROVED RANGE

OF MULTI -WAY

PLUGS AND

SOCKETS WITH
UNUSUALLY LOW
INSERTION

PRESSURES.

Multi-way Plugs and Sockets with years of
experience and application behind them. When specifying these high quality
components you will be assured of less insertion pressure per contact than any
comparable product can offer, great versatility, and suitability for humid conditions.
For rack mounting applications greater latitude in matching up eases the designers
problem, and the range of 4, 8, 12, 20 and 28 way units will be found to cover
almost every requirement. Widely used by such manufacturers of high quality
equipment as:

Messrs. Marconi's Wireless Telegraph Co. Ltd.
Messrs. Standard Telephones & Cables Ltd.
The English Electric Co. Ltd.

Full details will be gladly supplied upon request.

LIMITED
EXNING RD.. NEWMARKET PHONE: NEWMARKET 3181

RIH
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R S

L
control or measurement of

RE

FOR STEADY, FLUCTUATING
OR SURGE PRESSURES

TYPE 448C (a, illustrated)

0-250 p.s.i. to 0-50,000 p.s.i.

The above type comprises a 4 - arm strain gauge

compensated bridge, producing a voltage output (mV)
directly proportional to the applied pressure.

STRAIN GAUGES
ACTIVE NON -ACTIVE

11/11111111

Manufactured by

JLTJ. LANGHAM THOMPSON LTD.

GROUP BUSHEY HEATH HERTS ENGLAND

Telephone : BUShey Heath 2411 Telegrams and Cables  "Tommy Watford"
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4

4

'4 Add a little

S ITCHCROT
to
Cycle Controlling

Exterior and in-
terior detail of Bristol's Instrument
Co.'s Cycle Controller Model CDX.
500 for the plastic and rubber
industries.

The Burgess Micro -Switches seen in the above photograph of Bristol's Cycle
Controller are mounted upside down and are operated by dogs locked to cams of which
there can be up to ten on the camshaft. The actuating devices are most carefully timed
in relation to the speed of revolution of the camshaft to operate each switch precisely
in accordance with the desired programme. In this manner up to ten processes are
automatically controlled for cycle durations ranging from 20 seconds to 5 minutes. The
accuracy of repeat and long life of the Burgess Micro -Switches are factors upon which
the complete dependability of the instrument relies.

Add a little Switchcraft to your products too-Burgess
Micro -Switches are the dependable answer to all sorts
of difficult problems and Burgess engineers are waiting
to advise you. As a first step, please write or telephone
for a copy of Catalogue No. 50/E.

MICRO -SWITCHES

Industry's Automatic Choice

BURGESS PRODUCTS CO. LTD., Micro -Switch Division, Dukes Way, Team Valley,
Gateshead 11. Telephone : Low Fell 75322 (3 lines). Telegrams : MICRO, Gateshead.

Type CRW2. The type of
Burgess Micro -Switch em-
ployed in this aplication is
a standard model available
from stock. The
strong actuating
lever requires a
force of only
1 oz. max.
to operate.
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SERIES
595 H

COIL:

RELAYS

In all standard voltages
up to 110 V. D.C. Work-
ing range between plus
10% and minus 20% of
rating.

CONTACT COMBINA-
TIONS: up to 2 pole
changeover.

BASE: International octal.

WEIGHT: 3k ozs.

DIMENSIONS :
Diameter -1g" overall.
Height - 21" overall.

HERMETICALLY

SEALED
SERIES 595 H

This is a hermetically sealed version
of our series 595 Relay, which is

already well known to the aircraft
industry.

The armature design reduces the
effects of shock, vibration and accel-
eration ; a spring type armature hinge
eliminates backlash, friction and risk
of displacement.

SERIES 595

MAGNETIC DEVICES LTD
NEWMARKET

M D4A
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See us
the SHOW

Itt.S COURT
rtiGLIST 140

to

Stand I I 6
3rd

140.

lou can-depend
Aso."

When
clsoasing in

consult our

complete
catalogue,

a car/ o( which
may be

had free
on application

THE AUTOMATIC COIL WINDER & ELECTRICAL
WINDER HOUSE DOUGLAS STREET LONDON S.W.I

Ul MENT CO. LTD.
ale:Victoria 3404-9 AVOCET
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Q

success
. . definitely, television has arrived.

But not, we trust, without an appreciative

thought for all those skills and processes which

enable the set maker to produce the final miracle.

Plastics components, for instance, made in

their thousands at our Walthamstow factory,

components large and small in a variety

of synthetic materials, each chosen for its

unique properties to do a particular job.

At Walthamstow we have one of the largest

organisations in the world devoted to the

production of plastics mouldings and

extrusions, with design and tool making

facilities to match its very large

manufacturing capacity.

Plastics mouldings -
thermosetting and
thermoplastic

Plastics extrusions

Reinforced plastics
mouldings

Hard rubber
mouldings

'Telenduron'
mouldings

NATIONAL PLASTICS (SALES) LTD. Sales organisation for BRITISH MOULDED PLASTICS LTD.

Avenue Works, Walthamstow Avenue, London, E.4. LARkswood 2323
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OSCILLOSCOPE TYPE 723

AND

OSCILLOSCOPE CAMERA TYPE 758

THE OSCILLOSCOPE TYPE 723 is a general purpose instrument
with a flat frequency response from D.C. to 5 Mc/s. Special

features include an Automatic Brilliance Control, adjustable
E.H.T. voltages, Time Base speeds up to 10 cms per microsecond,
automatic synchronisation limiting, instantaneous shifts, and a
versatile Auxiliary Amplifier.

The instrument utilises a vertical cathode ray tube with a 4in.
flat screen, viewed through a surface -aluminised mirror. For
recording purposes the Oscilloscope Camera Type 758 is mounted
permanently above the Oscilloscope, and photographs are taken
by withdrawing the viewing hood and photographing directly
downwards through an aperture thus exposed in the top of
the instrument.

Y Plate Amplifier:
Input:
Frequency Response:
Overload:

Time Base:
Range:
Operation:

E.H.T. Voltages:
Dimensions:

Price:

Balanced, Unbalanced or Differential.

±2 db from D.C. to 5 Mc/s.
Over 5 cms at 4 kV. E.H.T. voltage.

0.5 second to I microsecond.

Repetitive or Triggered.

1,2 or 4 kV.
I9in. wide, 2I in. high and
81in. deep.

£160.
THE OSCILLOSCOPE CAMERA TYPE 758 is de-
signed specifically for use with Airmec Oscilloscopes.
It may be used for single shot photography or
continuous recording, and a motor with variable
speed gearing is included for the latter purpose.
The cassettes will accommodate 100 feet of 35 mm. film
or paper and a footage indicator shows the amount of
film used.

Film:
Film Speed:

Lens:

Dimensions:
Writing Speed:

Power Supply:

Price:

Standard 35 mm film or paper.

0.5, 1.5 and 4.5 ft. per second.

The camera employs an f/3.5 lens.

I9in. wide, 7in. high and 8iin. deep.

Using a fast film and an E.H.T. voltage
of 4kV on the Oscilloscope Type 723,
the maximum writing speed is approxi-
mately 20 kilometres per second.

The camera operates from 200-230 volt,
50 cis mains.

£100.

Full details of these or any other Airmec instruments will be forwarded gladly upon request.

AIRMEC HIGH WYCOMBE - BUCKINGHAMSHIRE

LIM I TED Telephone : High Wycombe 2060 Cables : Airmec, High Wycombe
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Photograph by permission of
E. W. Bliss (England) Ltd., City Road, Derby

Both rely on Springs

reliable Springs by
From the high precision spring
required for an industrial press to , ,
its simpler counterpart in a company

essential to ensure perfect perform- SALTERseal, the right spring for the job is

ance. When your springs are r Service to Engineers since 1760designed and made by Salter, they 4

PAare just right-not the cheapest W$ 'KM wor, m rim iii grim ,iiii
obtainable but fit to work for ever.

A tradition of quality in craftsmanship and materials is embodied in every Salter
spring - you can depend on Salter for the right spring for the job.

Geo. Salter & Co. Ltd., West Bromwich
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We are the only manufacturers offering a complete
range of axial and centrifugal blowers especially for
the electronics and allied industries. There are axial
types with fan diameters from 2" to 8" and centrifugal
types from 14" to 8".

Into all our small blowers is built the experience
gained in ten years' active participation in this field-
during which time we have supplied more than 25,000
blowers for air cooling electronic equipment. And
behind all our products stands many more years of
experience in every sphere of industrial ventilation
and air control. Wherever air has to be filtered,
cooled, conditioned or treated in any way there is an

product for the job.RIC

Why not write us TODAY for full details ?

All blowers meet A.I.D., A.R.B.,
C.I.E.M.E., or Admiralty Spec-
ifications. Fan diameters 2" to 8"
(axial) and 14" to 8" (centrifugal).
Compactness with Maximum
Output.

Air Control Installations Limited
RUISLIP MIDDLESEX RUISLIP 4066 (8 lines)
Birmingham: Midland 1165 & x367 Newcastle: Whitley Bay 23046
Manchester: Central 0679 & 0670 Glasgow: Central 2923

MEMBER OF

ELECTRONIC ENGINEERING 88 SEPTEMBER 1955



1

I.C.I.silicones
for the electrical industry

I.C.I. silicone resins, rubbers and fluids
have outstanding properties which enable them
to solve many problems in the electrical industry

I.C.I. silicones are

Remarkably stable over a wide
temperature range
Resistant to chemical attack
Water repellent
Excellent dielectrics

1115IMMIllMIIIMMIIMIN11111111111111MEMOIN
For motor insulation, fi

't.t4

insulating varnish for bonding
I.C.I. silicone resins glass- and asbestos -served wire,

glass cloth and coil impregnation.

For cable covering, insulating

I.C.I. silicone rubbers tape and cloth, and caulking
and sealing applications.

For dielectric applications

I.C.I. silicone fluids and for coating ceramic and
porcelain electrical equipment.

I.C.I. SILICONE RESINS, RUBBERS AND
FLUIDS FOR THE ELECTRICAL INDUSTRY

LIMPERIAL CHEMICAL INDUSIS.:";

1:e4

Enquiries should be addressed to :

NS. 19 '4**iftf
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Consistency of Performance

ENOUGH TO MAKE ANYONE GO HOT AN

... BUT STANDARD TESTING FOr

Welwyn Toroidal Pot tiometers!

With the full current rate passed from the variable terminal

to one of the end terminals you'd half expect these

potentiometers to do a " slow burn ". Anything but ! The receiving

end of the winding runs hot, but the rest remains cool

- and the ceramic former and baseplate take the strain handsomely. For
Welwyn use only the finest ceramic material - resilient

and with an extremely low coefficient of expansion. The test checks

this vital feature, and also makes sure the wiper is correctly

set to maintain low contact resistance. A routine tryout,

this-but one that all quality -controlled Welwyn Toroidal
Potentiometers pass through. For absolute and consistent

reliability . . . the word is Welwyn !

MANUFACTURERS OF

W E LWYN
E L E C T R I C A L Panclimatic Hi_"', Resistors

Co M PONENTS Vitreous Enamelled ewound Resistors
Carbon Composition and Wirewound Potentiometers
Insulated High Stability Carbon Resistors
High Voltage Composition Resistors

WELWYN PRODUCTS INCLUDE:

Vitreous Ena lied To ters

WELWYN ELECTRICAL LABORATORIES LIMITED BEDLINGTON NORTHUMBERLAND

On Admiralty, Ministry of Supply (A.I.D. Approved) and Post Office Lists
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Tel. EDGbaston 5381/2 (two lines)

Improve your products
closer tolerances -
More values
to choose from

with our Capacitors and Trimmers
Our modern engineered

ceramics are a new answer
to old design problems

By the application of new DIELECTRIC ceramics and
production technique our CERAMIC CAPACITORS have
set a new standard of excellence. Built to meet the
most exacting requirements of today's Radio -Television

and Electronic Industry.

I

Pearl Capacitors, low values
close tolerances up to ± .25pF.

High-K range Tube Disc
and special chassis mounting

(fully tropical)
TEMPERATURE COMPENSATING RANGE
with controlled temperature
coefficient both positive and
negative (fully tropical).
We solicit your problems and needs

Wide range of variable
and.pre-set TRIMMER types
designed for greater stability
to shock or vibration,
smaller, lighter, easier to mount
in any position. Tubular
disc and bow Trimmers.
Our experts have been successfully
working in the field of temperature
compensations for many years, are able
to solve all problems encountered in
daily practice. Full details of
capacitors available on application.

STEATITE INSULATIONS LTD.
25 SOMERSET ROAD, EDGBASTON,

BIRMINGHAM, 15.
Tel. Add. " STEATITE - BIRMINGHAM, 15 "
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more efficiently with

WE STOOL Solenoids

1.1410.1.1W
:4111114111

; _

:11111111111

WESTOOL make very good solenoids which
are highly efficient and reliable. They are

in use throughout the world in countless vital
processes and production jobs. You can install
them in your equipment with complete
confidence.

Westool offer you a wide range of A.C. and
D.C. Solenoids and if required will design
specially for your particular jobs. Write or
phone for further information or advice.

ST. HELEN'S AUCKLAND, CO. DURHAM
Telephone: West Auckland 317 (4 lines) Cables: Solenoid, West Auckland

Export enquiries to Export Managers: Stamm & Partners Ltd., 59 St. Martin's Lane, London, W.C.2
Telephone: Temple Bar 5383 (10 lines) Cables: Stamstam, London

Westool also make Coil Winders  Transformers Coils- Warner Etc tric Brakes and Clutches  Gfinders  Small Motors  Air Conditioners et
TIB 22
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To be Rio

The tremendous drive in industrial

Britain to -day is aided and advanced by

the use of Plastic Mouldings. Whatever your

product, there is a vital need for precision

moulded components. PRESTWARE

components, moulded to micrometer

accuracy, increase efficiency and re-

duce costs. Daily, new uses are being

discovered for nylon and polystyrene, and

PRESTWARE technicians are ready to

apply them to your particular problems.

Consult our Technical Advisory Division,

whose services are at your disposal.

zirkicons.1.42.411. by

rc;
PRECISION

Approved Suppliers to H.M. Government

PLASTIC MOULDING

SOUTHDOWN WORKS, KINGSTON ROAD, RAYNES PARK, S.W.20 Telephone: LIBerty 3421
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'ENGLISH

Electronic

INFORMAL

Digital

INTERVIEWS

Computors

P

Senior and Junior Electronic Development Engineers are required to fill posts
now available, due to further expansion in the Electronic Digital Computor
field. Whilst it is desirable that applicants have a knowledge of this new
form of engineering, coupled with a good academic background, very serious
consideration will be given to engineers who have a solid background of
Applied Low Power Pulse techniques. A large degree of initiative will be
expected of successful candidates and because of this generous salaries will
be paid.

HOUSES ARE AVAILABLE IF REQUIRED

Company representatives will be avail- 14 LLOYD STREET, MANCHESTER

able at the following places for the Thursday 22nd September, 9 a.m.-8 p.m.

purpose of interviewing and discussing MIDLAND HOTEL, BELFAST -
Friday 30th September, 9 a.m.-8 p.m.

with interested engineers the posts which
UNIVERSITY ARMS, CAMBRIDGE

are at present unfilled. Alternatively, if Thursday 6th October, Friday 7th October,

persons who are interested prefer to 9 a.m.-8 p.m.

write to the London address below, 74-76 BROADMEAD, BRISTOL, 1

Thursday 13th October, 9 a.m.-8 p.m.
suggesting alternative dates and places Friday 14th October, 9 a.m.-5.30 p.m.
for interviews, these will be arranged. MARCONI HOUSE, STRAND, LONDON

* * * Monday 17 th October, Tuesday 18th October,

It is emphasised that these interviews are 9 a.m.-8 p.m.

entirely confidential and without obliga- N 0 TRhTuHr ciaB yR 21 To tIhS

October,1-1

HOTEL,EDINBURGH
Friday

Lion. 9 a.m.-8 p.m.

DEPT. C.P.S. 336/7 STRAND, LONDON, W.C.2, REF. No. 1353K.
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NEW STANDARD INSTRUMENT CASES

News item : the Imhof Standard Range of metal instrument cases has
been considerably expanded through the addition of yet more
" Standard " cases, racks, consoles and handles.
Obviously, that means a wider, more comprehensive range to select
from. Each item is different ; each has been designed (in the full sense
of the word) ; each is soundly constructed ; and every housing is
available in a number of finishes, either Standard or special.

NEW OFF -THE -SHELF" DELIVERIES

News item : complementing the increased range of " Standards " are
the new deliveries now in force ...

3 DAYS for Cases, Chassis and Handles
7 DAYS for Racks and Consoles.

These new deliveries apply to existing " Standard " cases ; the same
deliveries will soon be announced for the new and more recent additions
to the Range.
So there it is. If you are a user of instrument cases write (or 'phone) to
the address below for further details ; or, of course, come along to our
new showrooms on the Third Floor of Imhof House-and see for
yourself.

IMHOFS
Telephone : Museum 7878

Dept H6, ALFRED IMHOF LIMITED
112-116 New Oxford Street, London, W.C.I

A Laboratory substitute for the Accumulator
to provide an adjustable source of pure D.C.

THE LABGEAR ELIMINAC

PLEASE WRITE FOR

B.2027

INPUT ... 200/250V. 40/60 c/s.

OUTPUT ... 0-I2V. 5A. Max.

VARIAC CONTROLLED.

LOAD RIPPLE

I amp. 0.02%
2 0.05%

3 IP 0.09%
4 0.14%
5 0.20%

Additional A.C. output 0-20 volts at 10 Amps
Variac controlled. Built-in M/C meter. Size :
141 in. x 12 in. x 11 in. Weight : 50 lb.

Nett Price in U.K. 05. 0. 0. ex -stock.

LEAFLET EE 2027

Labgear (Cambridge) Ltd.
WILLOW PLACE, CAMBRIDGE, ENGLAND 'PHONE 2494
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. . . Its plain sailing

fastening to thin Sheet metal

with . . .

PRECISION
PATENT SERRATED

Anchor
RIVET

Bushes

Manufacturers of all
kinds of products use
this method of fasten-

ing to metal sheets
and panels. Note the
serrations on the fine-

ly tapered shank -
these cut
into the
prevent
from

their way
sheet and
the bush

rotating in the
panel.

THE PRECISION SCREW & MFG. CO. LTD

UNION ST. WILLENHALL STAFFS

kNOUNNOVIEM.;*'
Telephone : WILLENHALL 621 & 622

SOLENOIDS SOLENOIDS SOLENOIDS S

SOLEN.' OIDS

SO

WTAADE MAREricy
SO

SOLENOIDS

LENOIDS

BO

LEN

30LENO ID

SOLENO

LDS

LENOIDS S

IDS SOL

S

S

SOLENOIDS

S

;OLENOIDS

:IENOIDS SO

60

S

OL

OIDS S

S

ENOIDS S(

0 IDS SOL:

SI

SOLENOIDS SOLENOIDS SOLENOIDS

OLIVER PELL CONTROL LTD.
(inc. The Varley Magnet Co.)

Cambridge Row, Woolwich, S.E.18 Tel: Woolwich 1422
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MARCONI-SIEMENS

Five Band Split
Privacy Radio

Telephone Equipment
Type HW 12

asis no inn Eme ....... um En I

LI'

This equipment, which may be switched in or out of
use at the radio terminal, provides a very high degree
of privacy for speech on a radio -telephone circuit by: -
(1) splitting the speech band of 250-3000 c/s into five
sub -bands of 550 c/s and recombining them in different
relative positions,
(2) inverting the frequency range of any one or more
of the sub -bands, and
(3) rearranging the combination of the sub -bands
simultaneously at both ends of the radio -circuit in
accordance with a pre -arranged sequence at controlled
intervals between 4 and 20 seconds.
The resulting speech band, which modulates the trans-
mitter, is unintelligible and the frequent regrouping of
the sub -bands, with or without inversion precludes any
simple method of interception. A reversal of the
process at the distant terminal restores the original
speech. The processes involved are reversible, thus
common channel equipment can be used for both
transmission and reception. Amplifiers in the privacy
path compensate for the losses in band splitting and
recombining. The simultaneous switching system,
operates by means of relays under the control of a
synchronous motor driven by a high precision crystal
oscillator, this does away with the need for a trans-
mitter pilot tone.

THE LINK BETWEEN RADIO AND LINE COMMUNICATIONS
iEMEN

%UR
Full technical details of this and other Marconi -Siemens equipment.

.which provides completely integrated radio and line telegraph
and telephone systems may be obtained from either

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX
OR SIEMENS BROTHERS & CO., LIMITED, WOOLWICH, LONDON, S.E.18

1S2
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"AIRMAX" PATENTED SCREW FANS

Designed by the

The illustration shows
fans from I" to 16" in
diameter. There are diff-
erent types of "Airmax"
patented Rotors for any
given diameter, capable
of giving practically any
combination of volume
and pressure desired.

TO APPROVED MINISTRY SPECIFICATIONS

world pioneers of high efficiency axial flow fans

A. K. FANS LIMITED
20 UPPER PARK ROAD  LONDON N.W.3

Telephone : PRIMROSE 5969/9995
ON ADMIRALTY LIST. A.I.D. APPROVED

THE
PRESS
TOOLS

AND
DRAWING

DIES

CW 2431/12

METAL FOR
THESE TWO PHOTOGRAPHS ILLUS-
TRATE SIMILAR PRESSINGS MADE
U N DER IDENTICAL CON DITIO NS. THAT
ON THE LEFT SHOWS THE PERFECT
RESULTS OBTAINED WITH NARITE DIES,
COMPARED WITH
THE WASTER PRO-
DUCED BY ORDIN-
ARY STEEL DIES.

Un-retouched Photographs by Courtesy of a NARITE User

NARITE eliminates ' scuffing,'
'galling,' or 'wrinkling' in
pressing. NARITE gives
lower die costs, more press
production hours, more profit.
NARITE service is yours for
the asking.

Write now to:

N C ASHTON LIMITED

LESS

WEAR
LESS WASTERS.

MORE
PRODUCTION

MORE
PROFIT

ST. ANDREW'S RD. HUDDERSFIELD.
Telephone : HUDDERSFIELD 6263/4.
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"I.D.L." SCINTILLATION
COUNTING UNIT TYPE No 1653
COMPLETE IN 6 Ft. STANDARD RACK
Mounted on castors for use anywhere in the laboratory on A.C.
mains. The complete counting unit consists of Scaler, Prescaler,
Single Channel Pulse Analyser, Wide Band Amplifier & Discriminator
Unit, Extreme Stability E.H.T. Supply Unit, Universal Scintillation
Counter Head (with suitable scintillators).
Complete unit is designed for exacting
requirements of beta and gamma ray UNIVERSAL SCINTILLATION

COUNTER HEAD
spectrometry, but is suitable for all count (WITH SUITABLE

measurements using scintillation, Geiger SCINTILLATORS )

Muller and other types of detectors.
Another addition to our wide range of
precision nucleonic laboratory equipment.

Full particulars from

ISOTOPE
DEVELOPMENTS LTD.

Laboratory and Works: BEENHAM GRANGE,
ALDERMASTON WHARF, NR. READING, BERKS.
London Sales Office: 120, MOORGATE, LONDON, E.C.2.
Telephone: METropolitan 9641 (5 lines)

WIDE BAND
AMPLIFIER AND
DISCRIMINATOR

EXTREME
STABILITY

E.H.T SUPPLY
UNIT

bare & insula i

RESISTANCE WI

Lex& (legel) Varili5M Op)
CUPRO-NICKEL NICKEL -CHROME

Full details
gladly supplied

on request

`Eureka: (Regd.) and `Vacrom' (Regd.) Resistance Wires can be supplied BARE
or with ',STANDARD COVERINGS of cotton, silk, rayon, enamel and glass.
These wires have been used for many years for winding resistances for instru-
ments, control apparatus, etc.
`Eureka, with its low temperature coefficient is always in demand for precision
work, while Nickel -Chromes are used where a high resistance is required in a

Ito limited space.

INSULATED BARE
WIRES WIRES

THE LONDON ELECTRIC WIRE
COMPANY AND SMITHS LIMITED

LEYTON, LONDON, E.IO

Lt{TE Wt

VACTITE

b4NY X5'

VACTITE WIRE COMPANY LIMITED
75 ST. SIMON STREET,

SALFORD 3, LANCS
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World-wide technical collaboration
in electrical engineering development

THE DRIVER -HARRIS
ORGANISATION

Close liaison between the companies of the Driver -Harris
world-wide organisation is a very real and active policy. It
continues to yield an impressive dividend of technical progress.

The liaison is expressed in regular communication and
exchange of visits between technologists, a pooling of know-
ledge on every fresh aspect of wire -drawing technique, and
continuous research along parallel lines between the labora-
tories and manufacturing plants in the United Kingdom,
United States, Eire, France, Italy, Austria and Spain.

The result of that collaboration is a succession of advances in
the production of nickel -alloy resistance materials of profound
importance to all development in the electrical engineering
world.

BRITISH DRIVER -HARRIS CO. LTD
MANCHESTER 15

ilCHRomp "The greatest name in electrical resistance"

                
An important announcement about

A. T. STARR'S outstanding work

RADIO AND
RADAR

TECHNIQUE
It has been found possible to publish this

encyclopaedic work at a reduced price of 60/- net.
Written by a leading authority, it contains all

the present-day knowledge of the essential methods
and techniques of radio and radar. It is

profusely illustrated and excellently produced.
From all booksellers, price 60/- net.

... the most ambitious and the most useful
British textbook on the subject published in

the last few years." P.O. Electrical Engineers Journal.

PITMAN
PARKER STREET KINGSWAY LONDON W.C.2                

FREQUENCY METERS
SIZES : 21- to 8'

UP TO 5000 CYCLES
PROMPT DELIVERY

YCLES
PE SECOND

EX T. SOX, t' LC
I I 4V
0110Y At

/At

also the new SYNCHROSCOPE
M.C. KILOVOLTMETERS

and full range of Switchboard Instruments.
Ask for illustrated Catalogue

THE ELECTRICAL INSTRUMENT
CO. (Hillington) LTD.
HILLINGTON, GLASGOW

London stockists, H. A. Patterson, 156 High Holborn

Your

link with
the best ...

Take a lead from the leading industrialists-link
your business with Brayhead finest quality com-
ponents. As specialists in the manufacture of all
types of springs, pressings, clips, I.F. cans, valve
screening cans, valve shrouds and the revolu-
tionary "Metpaks" shock absorbers Brayhead
put quality above all-and at the right price.

BRAYHEAD
SPRINGS LTD.

FULL VIEW WORKS  KENNEL RIDE  ASCOT  BERKS

Phone: Winkfield Row 427/8/9 T.A.: Brayhead, Ascot
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Trust
Within the normal BRIMAR
range there is now available a
large number of types tested
in accordance with the UNIQUE
TRUSTWORTHY standard. This
standard was, of course, primarily
established to meet Services Re-
quirements, in which extremes of
resistance to shock and vibration are

a vital factor. Such extremes are
rarely called for in normal industrial use.
But the fact that these valves have passed
such an additional rigid test offers a very
worthwhile ' bonus ' in performance-
specially for use in equipment required to
operate for lengthy periods without
attendance.

The accompanying table shows the com-
plete range of Industrial Valves,

all of them available with reasonable

delivery. In many instances additional
types can be made available for special
applications.

taitte(i

INDUSTRIAL V RANGE

CodeV Equivalent
Commercial
Type Code

Function Base

6058 6AL5 Double Diode B7G
G/6156 6AM5 Power Pentode B7G

6064 6AM6/8D3 High Slope R.F. Pentode B7G

G/6066 6AT6 Double Diode Triode B7G

G/5749 6BA6 Vari Mu R.F. Pentode B7G
G/5750 6BE6 Heptode Mixer B7G
G/6059 6BR7 Low Noise A.F. Pentode B9A
G/606I 6BW6 Output Beam Tetrode BM
G/6132 6CH6 Video Output Pentode B9A
G/6100 6C4 Triode Amplifier B7G
G/6180 6SN7GT Low Mu Double Triode Octal

6063 6X4 Full Wave Rectifier B7G
6065 9D6 Vari Mu R.F. Pentode B7G

G/6060 12AT7 High Slope Double Triode B9A
6067 I2AU7 Low Mu Double Triode B9A
6057 12AX7 High Mu Double Triode B9A

G/6158 13D3 Special Purpose Double Triode B9A
G/6062 5763 V.H.F. Beam Tetrode B9A
G/6157 RI7 Half Wave Rectifier B9A
G/6443 R18 Half Wave Rectifier B9A
G/6L6GA 6L6GA Output Beam Tetrode Octal
G/25L6GT 25L6GT Output Beam Tetrode Octal
G/6042 255N7GT Low Mu Double Triode Octal
G/5005 5005 Output Beam Tetrode B7G

Notes : Type 6058 will be superseded eventually by
Type 5726 (Short Bulb Version).

FOR LONG LIFE

5tandard Telephones and Cables Limited FOOTSCRAY, SIDCUP, KENT, FOOtscray 3333
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THE LATEST IN NIGH SPEED RECORDING

Instantly....
re

Accurate and in- 4.9:,*
stantaneous and 1,0j,_

with fixed stylus ! 1.4A

* With this unique method,
there are no problems of lag or
attenuation. All wave forms, including square
waves, are accurately and immediately reproduced
-even thousands of cycles per second-and
all with the utmost simplicity.

Compare this with time-consuming and
custly photo -records !

Write for:information to :

DOBBIE WINNES LTD. BROOMLOAN ROAD, GLASGOW, SCOTLAND

REGIONAL

DISPLAY
OCTOBER 12 -14 1955

AT THE

ROYAL HORTICULTURAL SOCIETY'S
NEW HALL

GREYCOAT STREET, LONDON, S.W. I

PRODUCTS & PROCESSES OF

THE ENGINEERING INDUSTRY

ENTRY FREE BY TRADE CARD
or Ticket from The London Regional Secretary

Catalogue on application, Post Free 1/6.

ENGINEERING INDUSTRIES ASSOCIATION
9,SEYMOUR STREET, LONDON W.I. TELEPHONE WELbeck 2241
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POLA Rik SOLARTRON scuangosNE , s

is looking for the
E
E BEST MEN

to design and manufacture the
-.2 BEST EQUIPMENT

and thus maintain our policy of paying the
g. --

BEST SALARIES
--a

BUT YOU MUST BE FIRST CLASS IN YOUR PARTICULAR
--.-;

JOB. If you are selected you will have the opportunity to work with
a team of able men with a wonderful spirit and sense of achievement.

-_-1

7E - EXCELLENT OPENINGS for :
Senior Research Engineers
with proven ability in original design work of
advanced nature in the following fields :

Electronic Business Machines

Electro-Mechanical Devices

Precision Mechanical Instruments

Minimum Salary f 1,100 p.a.
Upper limit commensurate with ability.

Project Development Engineers
Men with DRIVE and some experience of batch
production design requirements who are skilled in
developing electronic equipment from outline
circuitry.

Salary from 1800 p.a.
upwards according to ability.

Junior Research Assistants
Graduates with sound theoretical background to
assist research ; work offers interest, variety and
excellent prospects.

Senior Draughtsmen
for Mechanical Design, and Development of
Electronic and Electro-Mechanical Equipment.

Detail Draughtsmen (Junior)
Workshop experience desirable and familiarity
with wiring and circuit drawings an advantage.

Electronic Inspectors
with experience of inspection in electronic equip-
ment. Knowledge of A.I.D. procedure preferred
but not essential.

Vacancies in other departments are constantly occurring in
-.4 this rapidly expanding and successful firm.

E If you are likely to bei nterested in a future vacancy why not write for information. There may be just the very
opening for which you are looking. Apply in writing to the Personnel Director,

1-- The Solartron Electronic Group Ltd., Queens Road, Thames Ditton, Surrey.=E.:
.

SEPTEMBER 1955 103 ELECTRONIC ENGINEERING



IMPORTANT
*NEWS
For the Latest

News on ...
T.V. Aerials

(Bands I & III)

Convertors

Downleads

Aerial Accessories

Radio & F.M. Aerials

STAND 33
NATIONAALTlinal0 &TN.

EXHIBITION

AERIALITE LTD.
CASTLE WORKS, STALYBRIDGE, CHES.
DEPOTS AT:- LONDON BRISTOL  BIRMINGHAM

MANCHESTER  NEWCASTLE  GLASGOW
G 1231Y.

Tough, resilient, with
a uniformity of life,
performance and
reliability unobtainable
by any other method.

Seamless
one-piece

METAL

BELLOWS

by
11.14

The Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex

..    ********.   
HYDRAULICALLY FORMED

BY A PROCESS

UNIQUE IN THIS COUNTRY

........
Combining the properties of

I . A compression spring capable
of repeated flexing

2. A container which can be
hermetically sealed

3. A packless gland

for Automatic coolant regulation: Move-
ment for pressure change: Packless gland

to seal spindle in high vacua: Reservoir to
accept liquid expansion: Dashpot or delay
device: Barometric measurement or control:
Pressurised couplings where vibration or
movement is present: Dust seal to prevent
ingress of dirt: Pressure reducing valves:
Hydraulic transmission: Distance thermo-
static control: Low torque flexible coupling:
Pressure sealed rocking movement: Pressur-
ised rotating shaft seals: Aircraft pressurised
cabin control: Refrigeration expansion
valves: Thermostatic Steam Traps: Pressure
amplifiers: Differential pressure measure-
ments: Thermostatic operation of louvre or
damper.

Write for List No. L. 800-1

.DRAYTON

VALVE RETAINERS
FOR ELECTRONIC EQUIPMENT

Electrothermal Valve Retainers are available to fit any type,
make or size of valve. Whatever the problem, a suitable Valve
Retainer can always be supplied. Inter -Service type approved,
they can be specified and used with complete confidence. Write
now for your copy of the Electrothermal Valve Retainer and Data
Manual.
* See our exhibits at the Engineering, Marine &
Welding Exhibition, Stand No. 3, Empire Hall,
Olympia, September 1st to September 15th.

Electrothermal Engineering
270 NEVILLE ROAD, LONDON 7 Telephone GRAngewood 0055
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For visual examination of
high speed repetitive phenomena

MADE IN
HOLLAND

COED

FEATURES:
Ranges 15-60 c, s and 60-240 c s

Internal and external synchronisation possible

Calibrated against mains frequency

Uses neon light.source (N.S.P2)

Separate flash lamp.

PR 9103 PORTABLE STROBOSCOPE

PHILIPS ELECTRICAL LTD
INSTRUMENT DEPT.

Industrial Products Div  Century House  Shaftesbury Ave  London WC2

"The oscilloscope and its applications"

As a result of the great demand for the
original book we have now reprinted the
above publication. The new edition has been
brought up to date and contains new data on
the design of the Oscilloscopes for pulse work
and television. All the original information
is still included together with one hundred
illustrated samples of the use of modern
Oscilloscopes and associated equipment.
1lte " Oscilloscope and its Applications "
can be obtained from us post free at
5s. od. per copy.

L _ - -

I

offer good prospects to
ELECTRONIC ENGINEERS
for their world wide Communications business. Interesting opportunities
are also offered to INSTALLATION ENGINEERS for overseas tours
of duty and TRANSMITTER DESIGN ENGINEERS. Write

confidentially to Mr. F. Youle, B.Sc., A.C.G.I., A.M.I.E.E., Director.

REDIFON LIMITED, BROOMHILL ROAD, LONDON, S.W.1 8

A Manufacturing Company in C.e 1 ediffasion Group.
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LUMPED CONSTANT
DELAY NETWORKS

CONSTRUCTION
L/C type, with coils wound on
slotted lowloss formers. Silver -
mica capacitors of 2% tolerance.

FINISH
Resin -cast, for long-term stability and
to withstand full tropical conditions
-511* to + I10°C.)

INSULATION RESISTANCE
greater than 1000 megohms

WORKING VOLTAGE 750V peak

FIXING CENTRES
31," x 6B.A. clearance for standard types

Prices on application
enquiries invited for special types

Standard Types for early delivery

INO & TYPE
OF

SECTIONS

D.C. SI
(APPROX.)

RISE TIME
I 0%-90%

TYPE DELAY ZO

051510 .5 psec. I .5K IOT 200 <I5 uses.
101010 I I K 10s 350 <2
100520 I 500 0 20s le n <15
202010 2K 10* 110 0 <35 
205020 2 5K 20T 220 0 <3 ..

402020 4 2K 20n 220 0 < 45

ATKINS, ROBERTSON & WHITEFORD
LIMITED

I 0 0 TORRISDALE STREET, GLASGOW, S.2
Telephone : POLLOK 2933/4 Telegrams : "ATROWHIT, GLASGOW"

DEVIATION BRIDGE TYPE 1504
Designed for indicating impedance and phase angle deviation

from a. known R, L or C standard.

With this new deviation bridge a very high indic-
ating speed can be obtained, up to 4000 units per
hour may be tested.

Three calibrated,interchangeablescales
aresupplied with the instrument enabling
impedance deviation within the following
ranges to be measured - 1.5°/. to 1.5°/,,
7°/. to + 8 °/o, - 25% to + 35°/. and phase

angle deviations from -1.5 to + 1.5°/0-7°/,
to + 7'1., - 25°I0 to + 25°4.

In addition three blanco scales are pro-
vided with the Instrument in order that
the customer may calibrate them for his
particular requirements.

Range of test components.
Resistance 10 .!.! - 10 Mn
Capacitance 50 pF - 10 pf
Inductance 2 mH - 100 mH

The accuracy is better than 0.03°10 for indication round
the zero point and better than .3°10 for full scale indica-
tion of impedance or phase angle deviations.

B

Briiel & Kjmr
K

SALES AND SERVICE: ROCKE INTERNATIONAL LTD., 59 UNION STREET, LONDON, S. E. I.
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We are proud of the vast number

of our loudspeakers incorporated

in radio and television receivers

used throughout the world.

Their quality of reproduction

and unfailing performance

have been amply proved over many

years in every climate and

condition of service.

FERRY WORKS, THAMES DITTON. SURREY

TELEPHONE: EMBerbrook 3402/6

for all Good Instruments

ROO
to suit all types of instrument

A range of rectifiers designed

movements.

The performance data and
details of the types available
are given in our publication
No. C.O.R. 5305/2.

Please apply to the following
address :-

SALFORD ELECTRICAL INSTRUMENTS LTD
PEEL WORKS  SILK STREET  SALFORD 3  LANCS
A Subsidiall of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
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The Edison Swan Electric Co., Ltd.,
Cosmos Works, Brimsdown, Enfield, Middx.

has vacancies in its Research and
Development Laboratories for :-

I. Circuit Development and Application Engineers
for Colour Television investigations.

2. Circuit Development and Application Engineers
for Black and White Television development work.

3. Engineers for development work on Television
and F.M. Amplifier problems. Previous experience
in V.H.F. or F.M. required.

4. Cathode Ray Tube Development Engineers for
development work on colour and black and white
tubes. Previous experience on cathode ray tube
development or design required.

5. Application Engineers for work in connection
with Customer problems on Television, Radio
and F.M.

6. Engineer for design of test equipment for Colour,
Black and White Television and allied development
work.

7. Engineers for Circuit development and Application
work on transistors.

The above applicants should have a good Engineering or Physics
degree or equivalent, but vacancies also exist for candidates with
H.N.C. or equivalent qualifications.
The vacancies are a result of a large expansion in the Company's
activities.
Good salaries will be paid to suitable applicants and the positions
are progressive and carry the advantages of a Pensions Scheme.
The starting salary will depend on the qualifications, experience
and age of the applicants.

Applications in writing, which will be treated with the
strictest confidence, should be sent to the Personnel

Superintendent.

2a/idle
Ilistoroc Harborci

the Old Grammar StIloo,

MOULDED

RUBBERS

TECHNICAL

SERVICEExpert
attention

to
special

requirements

THE HARBORO' RUBBER CO. LTD., Market Harborough. Tel: 2274-5-6

DONOVAN
ACCESSORIES -

FOR THE ELECTRONIC

APPARATUS MANUFACTURER!

TYPE 3.96 TERMINAL
BLOCKS. Made in

15, 30 and 60 amp. sizes.

Type C.30 PUSH-BUTTON
UNIT arranged for mounting
on customers' own cover
plate. N.O.N.C. contacts.

4 Colours.

THE DONOVAN ELECTRICAL

A.C. POWER RELAY
2 to 8 Pole. N.O. or N.C.

contacts.

CO. LTD.
Safuse Works Stechford Birmingham 33

SUBMINIATURE TRANSFORMERS

for audio and control frequency circuits

The following types are particularly intended for
junction transistors, and samples are available from
stock. Screened and encapsulated versions can also
be supplied.

TYPE S (i" x x I") ratios 2, 3, 4/, or 10
primary +5 H at 0.4 mA: 900 ohms d.c.

TYPE R (I" x x 1") ratios 2, 3, 4/, or 10
primary +5 H at 0.8 mA: 500 ohms d.c.

or, primary 10 H at 0.4 mA: 1200 ohms d.c.
or, primary 38 H at 02 mA: 3200 ohms d.c.

TYPE T (a" x 1" x I") ratios 21, 3/, 5, or 8f
primary 12 H at 0.3 mA: 1200 ohms d.c.

or, pr mary 7 H at 0.75 mA: 1200 ohms d.c.

TYPE N (3" x x i") ratios 21, 31, 4f, or 8/
primary 30 H at 0.3 mA: 1500 ohms d.c.

or, primary 12 H at 0.75 mA: 1500 ohms d.c.

TYPE MM (I" x x f") a multi -ratio
transformer with IS ratios, 4 of which are push-pull.

MM -IA primary 15 H at 0.4 mA: 350 ohms d.c.
MM-IB primary 5 H at 2.0 mA: 350 ohms d.c.

= FORTIPHONE LTD. - COMPONENT DIVISION

247, Regent Street, London, W.1

a

,1111111113111111111111111115
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WHY ENGINEERS SPECIFY

EGEN
potentiometers

Egen Potentiometers are based on long experience of
requirements of television and electronic equipment
manufacturers. In design, dependability, accuracy and
freedom from wear they are outstanding, but, above all,
they are completely NOISELESS.

DUAL POTENTIOMETERS
with concentric operating
spindles. The new Egen
Dual Potentiometers in-
corporate all these out-
standing design features
- multiple contact
rotors, smooth easy
movement, thorough
screening between sec-
tions, plus a convenient
soldering tag for earth-
ing screened connec-

tions on each metal case. Switch and Potentiometer soldering tags
are of high-grade brass heavily silver plated for easy soldering; they
are positively located and withstand soldering heat and bending
without loss of rigidity. Control spindles can be supplied to suit
customers' requirements.

PRE-SET POTENTIOMETERS. Com-
pletely enclosed in high-grade
phenolic mouldings. Solder tags
heavily silver plated for quick sol-
dering. Fully insulated spindles
with integral control knobs. Tap-
ped for 2 -hole 6 B.A. fixing on i"
centres. Type 126, wire -wound.
Type 127, carbon.

STANDARD CARBON POTENTIO-
METERS. Made by an entirely
new method ensuring a highly
stable resistance element, which
is also very durable. Silent and
smooth in operation, these
controls offer both mechanical
and electrical reliability. Sol-
dering tags are heavily silver
plated to resist oxidisation, and
the mains switch has an efficient
quick make -and -break action.

PRE-SET RESISTOR. This has a wire -wound resistance element,
traversed by a nickel -silver slider. Adjustment is effected by a
worm drive spindle fitted with a knurled and slotted knob. This
component is smooth and
noiseless in action and is
designed to meet the many
and varied requirements of
the Electronic Industry.
Egen pre-set resistors can
be supplied in multi -bank
assemblies to suit individual
requirements. There are
also twin -track models, and
types with an electrically
divided slider, giving adjust-
ment on two resistors with
one operation.

EGEN ELECTRIC LTD. Charfleet Industrial Estate,
Canvey Island, Essex Phone: Canvey Island 691/2

an open

cfrivvijalitow
to all manufacturers

Photo Flash Equipment

Deaf Aids

Private Telephone
Installations

Amplifiers

D.C. Power Units

Spot Welding Equipment

Test Gear

Magnetisation Equipment

You are invited to regard the TECHNICIANS
at DALY as a part of your own technical staff.
Non-standard components are invariably a source
of worry, therefore the Electrical Industry find the
DALY " made -to -measure " service for individual
requirements specially helpful and a great time-saver.

For URGENT problems a telephone request
will bring us post haste to your factory for consulta-
tion without obligation-and you will find our
readiness to help both valuable and economic.

DALY ELECTROLYTICS for ELECTRONICS and
COMMUNICATIONS . . . MOTOR START . . .

RADIO and T. V. ... are in great demand throughout
the world ; send for appropriate pamphlet.

DALY
ELECTROLYTIC CAPACITORS

CONDENSER SPECIALISTS FOR OVER 20 YEARS

DALY (CONDENSERS) LTD., WEST LODGE WOlUal,
THE GREEN, EALING, LONDON, WS

°hone : EALing 3127-8-9 Cables DALYCON, LONDON
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MICA
DO §CS

DO APIII PAGAilg
EO_EMENIF 51TRUP5

CONDE N§,ER PILAYES
SPEC DAIL 5[1-1A[PES

[RAW MICA
WA5 H E RS.

ac
RITISH MICA C9UP-BEDFORD.

RECTIFIERS 66 MOON CELL"
The new metal rectifier (Selenium)

Highest quality. Does not age. All ratings from to
200 Amp. Small or large quantities. Quick delivery.

A few examples :
Full wave bridge, Input 20 V, Output 16 V. A 6/6,
1 A 9/-, 2 A 16/6, 3 A 21/6, 5 A 27/-. Input 40 V,
Output 32 V. A 11/6, I A 17/-, 2 A 31:6, 3 A 4I/-,

5 A 51/-., etc. Post free.
Special rectifiers at short notice.

Manufacturers and trade inquiries invited.

ELECTROCHEMICAL LABORATORIES (Rect. Div.)
5, HIGHFIELD, WARDLE ROAD, SALE, MANCHESTER.

Telephone : Sale SCSI

COLBORNE
ION EXCHANGE PLANT

high quality

water for the
production

of cathode

ray tubes,

electrolitics,

etc.
AM TN MO OM IMP SIM NM

DEMINERALISED
WATER EFFLUENT

CONDUCTIVITY
below 3 m.mhos

T.D.S.

below 2 p.pm.

CARBON DIOXIDE
practically nil.

SILICA CONTENT
0'03-0'05 p.prn.

for further particulars write to the Chemical Division of:-

THE COLBORNE ENGINEERING CO LTD
78 BOLLO BRIDGE RD ACTON LONDON W3
Cables: "14YDROBORNE" LONDON TEL ACORN 6S51/2

Special service for :
Prototype Transformers

and Chokes

This unit was especially developed for Racal
Engineering Ltd., of Bracknell, for supply

to the Admiralty.

Quick Delivery

In an endeavour to
assist our clients we
offer the following
service in connec-
tion with transform-
ers up to approx-

imately 20kVA.

Development of
Prototypes

Short Runs of
High Quality

Components

A.E.R.E. APPROVED for Transformers and Chokes
" C " Core open type, to RCS 214 issue 2 H.2.

A.I.D. & A.R.B. Approved

AVIS & BAGGS LTD.
Prototype Dept.

GOSBROOK RD. CAVERSHAM, READING
Phone: Reading 71763

GROUND FLOOR

FACTORY
(WITH OFFICES)

REQUIRED
IN OR NEAR PARK ROYAL AREA

FOR LIGHT ENGINEERING
20,000 TO 30,000 SQUARE FEET- WOULD RENT OR PURCHASE -

CHAMBERLAIN & WILLOWS
23, MOORGATE, LONDON, E.C.2

METROPOLITAN 8001/8

BE LCLE RE
MINIATURE

Input, Output and
Interstage

TRANSFORMERS
We specialise in the manufacture of coupling transformers to
customers' requirements. An illustrated brochure describing
the range of transformers we manufacture will gladly be sent on
request. Illustrated above is a standard input transformer
type "E" size rxr x r overall. available with varnish dip
finish, encapsulated block form, or in mu -metal screening can.

Quick delivery- low prices-maximum efficiency.

JOHN BELL & CROYDEN, 117 HIGH STREET, OXFORD
Telephone : 47072 Cables : Belclere, Oxford
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A. V. ROE & CO. LTD.,
Offer interesting vacancies for

Technicians

in the following fields

Servomechanisms
Applied Electronics
Mechanical Engineering
Hydraulic Engineering

Normal qualification H.N.C. or the
equivalent, but young applicants
without qualifications in the above
fields will be considered. This is
an opportunity to join a newly -
formed' Division whose laboratories
are situated in a rural area.

Apply to :-
The Chief Engineer,

Weapons Research Division,
A. V. Roe & Co., Limited,

Woodford, Cheshire.

A. V. ROE & CO. LTD.,
have the following vacancies in their

WEAPONS RESEARCH DIVISION
at

WOODFORD

TECHNICIANS

For design and development work in a guided
weapon project. At least 3 years experience
in electronics or H.N.C. is necessary.

JUNIOR AND SENIOR DRAUGHTSMEN

For design work in precision instrumentation.
At least 3 years experience in design precision
engineering or H.N.C. is necessary.

GOOD SALARIES AND PROSPECTS
PENSIONS AND LIFE ASSURANCE

SCHEME

Application giving full particulars of age,
qualifications and experience to be addressed
to :-

A. V. ROE & CO. LTD.,
WEAPONS RESEARCH DIVISION,

WOODFORD, CHESHIRE.

CLAMP YOUR WORK /0~10W

40kolitishows
how to

ASSEM8CY
liMES

EWTON

PRODUCT

Simple  Inexpensive
Instantaneous for

MILLING

DRILLING

OWE R JACKS WELDING

LIMITED GLUEING
VALETTA RD_ ACTON LONDON W.3 A

SWORDS En. 1413111.NLI NM NEWSMEN INLOA LONDON ki and every
/04 a rozeozeffix A,  am0,74 Clamping Problem

1060

A. V. ROE & CO. LTD.,
offer

Applied Research and Development
work in the following fields for
young Graduates in Science or

Engineering.

Servomechanisms
Applied Electronics
Supersonic Aerodynamics
Mechanical Engineering
Hydraulic Engineering

Attractive salaries depending on
experience and qualifications.
This is an opportunity to join new
laboratories situated in rural

surroundings.
Apply to :-

The Chief Engineer,
Weapons Research Division,
A. V. Roe & Co., Limited,

Woodford, Cheshire.
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HIGHHIGH GRADE

ELECTRICAL RESISTANCE
WIRES & TAPES

NICKEL-CHROMIUM
NICKEL-CHROMIUM-IRON

COPPER-NICKEL
also

PURE NICKEL
in the Hard Drawn, Bright Annealed

or Oxidised Annealed Finishes

SPECIALISTS IN FINE
AND SUPERFINE WIRES

IN SIZES FROM .010'-.0005' DIA.

Technical Booklet on application :-

ALLOY WIRE CO., LTD.
LAWRENCE LANE, OLD HILL, STAFFS

Telephone : CRADLEY HEATH 6575

Telegrams : WIRELOY-CRADLEY HEATH

TECHNICAL WRITERS
are required by the

INDUSTRIAL ELECTRONICS DIVISION

of "ENGLISH ELECTRIC"
Subjects covered include INDUSTRIAL CONTROL SYS-

TEMS, INDUCTION HEATERS, COMPUTORS and general
electronic devices.

General qualifications are an interest in industrial electronics
and writing, coupled with a background of Electronic Engineering.
Houses are available to the successful applicants. This is a
rapidly expanding field of engineering and offers first class oppor-
tunities to ambitious people.

Write to Dept. C.P.S., 336/7 Strand, W.C.2.,
quoting Ref. No. 1377A.

ELECTRONICS
APPLIED TO INDUSTRY
The many new applications of electronics makes it vitally
necessary for all in Industry to have a sound working
knowledge of this subject. We offer a new Self study
course intended to teach the main principles of electronics
and its chief industrial applications.

Send for Free Brochure to:
E.M.I. INSTITUTES, Dept. E.11, London, W.4
An educational organisation serving the E.M.I. Group of Companies
which include " HIS MASTER'S VOICE", MARCONIPHONE, ETC.

If you need
a small METAL PRESSING
for your product, why not consult us ?

.
We specialise in light precision
presswork in all metals for the

Electrical Trades
QUOTATIONS BY RETURN

BIRMINGHAM SPECIALITIES LTD.
6.41 BATH STREET BIRMINGHAM 4

Phone: CENTRAL 2492

Stop hunting qk

ML

41.4

\Aik
FOR ROUND. SQUARE
RECTANGULAR
S. R. B. P.

"LAMTUF"
TUBING t
TUBE LAMINATION & ENGINEERING LTD

HIGH WYCOMBE. BUCKS
TELEPHONE HIGH WYCOMBE 1921 2

* LIGHT ENGINEERS

BROOKES CiticaeS

mean DEPENDABLE
frequency control

Illustrated above
are two Type G
Crystal units from
a range covering
III kc/s to 50o kcjs,
and 3 Mcbs to 20
Mc/s

CUD
BROOKES

ALL Brookes Crystals are made to
exacting standards and close tolerances.
They are available with a variety of bases and
in a wide range of frequencies. There is a
Brookes Crystal to suit your purpose-let us
have your enquiry now.

Brookes Crystals Ltd.
Suppliers to Ministry of Supply, Home Office, 8.8.C., etc.
181/3 TRAFALGAR RD., LONDON, S.E.IO
Phone: GREenwich 1828 Grams: Xtals Green London
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Radiospares'
Quality Parts

The
Service Engineer's

First Choice

"SPEARETTE'
PIN

ALIGNING TOOLS
TYPES AVAILABLE FOR
B7G - B8A - B9A - B9G

VALVE BASES

MINIATURE

VALVE

SPEAR ENGINEERING CO. LTD.
TITAN WORKS, WARLINGHAM, SURREY

Telephone: Upper Warlingham 2774

IN
BRAZINGAND SOLDER

SPEEDS,G
11;g.TR4esr*E

"EAT WIT'.
ZLE4,14":ttf;s`""

.741,riztisz:y
QUENCH

FOR

ROOMfOMF

ICONT AVM
AE:1EItLEG

6kW.

THE

RA DYN

INDUCTION NEATER
THE SIMPLEST, FASTEST & MOST RELIABLE

EQUIPMENT OF ITS TYPE EVER BUILT

PRICE E950.

FULL DETAILS FROM

radio heaters ltd., WOKINGHAM, BERKS, ENGLAND
Phone: Wokingham 1030-1-2 Grams: Radyne, Wokingham
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PITMAN'S ENGINEERING DEGREE SERIES

u
\ lti° Electrical
Measurements and
Measuring
Instruments

By

E. W. GOLDING
M.Sc.Tech.,

Mem.A.I.E.E.

This well-known book has now been almost com-
pletely revised and brought up to date for a new
Fourth Edition. For this edition a new chapter has
been added on " Electronics and Electronic Measuring
Devices " and worked examples and a selection of
examination questions are included. A book of
particular value to students taking the B.Sc.(Eng.),
City and Guilds (Final) and examinations of the I.E.E.

Illustrated 40'- net.

Sir Isaac Pitman & Sons Ltd.
PARKER STREET  KINGSWAY  LONDON  W.C.2                

A . I . D
APPROVED

FLUORISING
.LUMINISING

41 WEST END LANE tk,ALONDON N.W.6 TEL: MM. 6595

Now available for immediate delivery

AMPLIDYNE MOTOR GENERATORS
Type 5AM3I NJ 18

For operation on 27v. D.C. Output 60v. 8.8 amps.
We are also stockists of

MAGSLIPS, !POTS, SELSYNS, VELODYNE
MOTOR GENERATORS and

AMPLIFIERS, TORQUE AMPLIFIERS
and other instruments for automatic control and

computing applications.
Brochure available from :

derv() and 6lecironic dales lid.
No. I, Hopton Parade, Streatham High Road, London,
S.W.16. Telephone : STReatham 6165.

World-wide suppliers of Servo equipment
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Highly efficient rotating
magnet system comprising
Eclipse magnet between
interleaving mild steel
pole pieces.

JAMES NEILL &

SHEFFIELD 11

Alcomax
incomparable for
Rotating Magnets

Informative technical litera-
ture will be supplied on

request.

PERMANENT
MAGNETS
CO SHEFFIELD) LTD.

ENGLAND

Quantity production of small automatically made pieces in
Steatite. Porcelain, and Rutile materials for electric cooking
and heating equipment. and telecommunication apparatus.

GEO. BRAY & CO. LTD., Leicester Place, Leeds 2.
Tel.: 20981/9. Granu. : "Bray, Leeds"

HZ

* Made by the makers of

"Eclipse"
Permanent Magnet Chucks

RESISTANCE

GRIDS
NETS

THE steadily increasing demand
for CRESSALL Asbestos Woven Resistance
Grids and Nets is proof of their pre-eminence
in this type of resistance unit. The nets are light
in weight, rigid, and vibration and shockproof.
and are made from the most carefully
selected materials. We offer
a range of standard sizes

n or banked

LL
assembly. Illustrated
u

to meet almost any

S 4
requirement for a

tsingle resistance

atcatalogue can be
supplied on request.

Registered trade name of

THE CRESSALL MANUFACTURING CO. LTD.
TOWER STREET BIRMINGHAM 19

Telephone: ASTon Cross 2666 ( 3 Imes) Telegrams 'OHMIC, B,
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Precision Ground Glass Balls
 Non -conducting.
 High surface polish.
 Available from 0.070' diam. upwards.
 Sphericity to 0.0003" on large and 0.0005'

on small size balls.
Solid Glass Beads (Ballotini)

Range 0.10 mm. to 10 mm. diam.
Glass Beads for fusing wires into

" Headers ".
Indicator Glasses for electrical equipment

from 1" to 2" diameter.

-.1144,7THE ENGLISH GLASS CO. LTD., EMPIRE RD., LEICESTER.
Specialists in small glass mouldings Telephone : Leicester 23481-2

An essential reference book for ALL users of TRANSFORMERS & CHOKES

&AIDNERS RADIO
CATALOGUE
The full catalogue is available
free to industrial concerns. An
abridged edition is forwarded
to private users.

GARDNERS RADIO LTD., Somerford, Christchurch, Hants. Tel. Christchurch 1024
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For computers
and their
components

COMPUTING AMPLIFIERS
capable of summation, integration and
differentiation, and drift corrected with
gain / bandwidth product adequate for low
or high-speed computing.

ELECTRONIC MULTIPLIERS
of the four -quadrant type.

FORCE FUNCTION GENERATORS
for a variety of forcing functions
of either positive or negative sign.

OSCILLOSCOPE DISPLAY UNITS
-6" flat -faced cathode ray
tubes with choice of sweep times.

POWER SUPPLY UNITS
-DC supplies from grid -controlled
thyratron pre -regulators feeding series valve
electronic stabilisers; heater supplies
from AC electronic regulator.

Write for further details of Saunders -Roe
analogue computers and associated equipment.

Information may also be obtained on
solenoid -operated electric typewriters for
the presentation and recording
of results from digital computers.

come to

Electronics Division, Osborne, East Cowes, Isle of Wight

Telephone : Cowes 2211

STAND No. 137 S.B.A.C. EXHIBITION

FARNBOROUGH 5th-Ilth SEPTEMBER

4

I

I

I

compound
the reamer, tap and drill lubricant
which gives longer tool life and

improved finish on all tough
materials including stainless steels,
alloy steels, nickel and its alloys,
titanium, etc. Why not write

for full details?

'419
RAGOSINE

IBEX HOUSE
MINORIES, LONDON, E.C.3.

Telephone: ROYAL 4372
MINERVA WORKS, WOODLESFORD'

Nr. LEEDS. Telephone: ROTHW ELL 2564

ndh 22212/A
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atee olor+./
Here is your opportunity to join the technical
staff of one of the world's largest and most pro-
gressive engineering companies. METROVICK
require men with suitable electrical or mechanical
engineering training to work on the design,
development and production of electrical and
electronic equipment. There are also oppor-
tunities for Physicists, Mathematicians, and men
with practical laboratory experience. Specialised
training will be given in certain cases.

These are the qualifications required

FOR SENIOR POSTS

An appropriate degree or Higher National
Certificate.

FOR JUNIOR POSTS
Ordinary National Certificate.

Your next step
Write for an application form, marking the
envelope (Serial No. TS.5), to

THE PERSONNEL MANAGER,
METROPOLITAN -VICKERS ELECTRICAL CO. LTD.,

TRAFFORD PARK, MANCHESTER 17

or call at the Personnel Department

METROPOLITAN -VICKERS
ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17

Member of the AEI group of companies

A/A 510

Are you searching

-,,

FOR HIGH QUALITY

ELECTRONIC MINIATURES

00

Make contact with Ardente Acoustic Labora-
tories Limited, for details of high -quality
Miniature Earphones,Transformers, Switches,
Volume Controls, Plugs and Sockets; also of
the widely -known ARDENTE Hearing Aids.

44/ ,

MINIATURE EARPHONE

111111111MMIIIIIMMI
111.1.111...1111=11111111
IIIIMMEIMINENEEPAI
11111111MERMIIIIIMIEN

HMICONSTANT VOLTAGE ME
AIMCURVE

NIEZ.-600 AT 1000CPS

MEN
moo

FREQUENCY IN CRS,

The latest Miniature Earphone is characterised by its high
efficiency and slim, elegant appearance. The curve shown
above was taken on a Post Office type If c.c. artificial ear
and the dotted lines represent the 95% confidence limits
calculated from a batch of Earphones of this type.

Controlled methods of manufacture, in which the magnet
in each unit is individually adjusted and aged ; plus a
detailed inspection procedure which includes an automatic
curve trace on each Earphone, ensures a uniform product
of high quality and reliability.

A wide choice of impedance values can be produced to
meet tile designer's needs.

SUB -MINIATURE TRANSFORMERS
will be featured in our next advertisement in this

0

series; details will gladly be sent upon application

pi

0

i/i4

ELECTRONIC
COMPONENTS

Details on request to

ARDENTE ACOUSTIC LABORATORIES LTD.
Springfield Works, Horn Lane, Acton, London W.3

Telephone: ACOm 4161-1282
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DO YOU PROCESS GLASS ?

One of these will make a better job of it.

We designed them from our own experience of what's needed -
and they are used in any number of factories producing chemical

and industrial glassware.

For full details write to :

STONE -CHANCE LIMITED, * Lighthouse Works, Smethwick 40, Birmingham.

* The same people who make the "Flamemaster".

Just between
ourselves . . .

and electricity

Wherever an efficient combination
of mechanical strength and sound
insulating properties is required,
'Pirtoid' provides the modern
answer.
Superior under severe operating
conditions, resistant to shock
loading, easily punched to yield
clean, sound blanks, amenable to
effective drilling without delamin-
ation, ' Pirtoid ' - for Terminal
Supports and Bases, Brush
Holders, Bobbins and Coil Form-
ers, Panels, Insulating Bushes and
Handles-is the material of the
moment.

114111111

Complies with
British Standards
972  668. 1137
Fabric base to
R C S 1000
specification

you need P11170113 insulated laminate
PIRTOID IS A SYNTHETIC RESIN BONDED LAMINATED FABRIC OR PAPER BASED
SHEET TO APPROVED A.I.D. SPECIFICATION AND CAN BE MACHINED, FORMED
OR MOULDED TO ANY SHAPE

Manufactured solely by H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS PATRICROFT MANCHESTER

Phone: ECCLES 5301-2-3-4-5
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BALDWIIN
scienti ic instruments

4, 5 and 6 -dial. Ranges 0.1 ohm to

111,111 ohms. Accuracy ± 0.1 %.

Maximum loading 10 watts per
dial. Non -inductive for mains and
audio frequencies: metal cased.

Write for Leaflet No. E.113.

BALDWIN INSTRUMENT COMPANY LTD.
DARTFORD TEL 2948 KENT

(rcrHADDON.

I

I CAST TRANSFORMERS
In addition to our range of VLF, Power
and Audio Frequency Transformers we

I now introduce Haddon Cast Trans-
formers in Epoxy Resins.
The Transformer illustrated is corn-

' pletely encapsulated with its associated
condensers as one unit. It is for use on
lighting equipment operating from a
DC Supply through a vibrator.
Haddon Cast Resin components provide

I complete mechanical protection to core
and windings, are moisture proof, and
fully tropicalised, with adequate heat
dissipation.
We are indebted to the chemical
industry for introducing these revolu-
tionary Resins, enabling us to produce
this range.

MAKE YOUR TRANSFORMER
PROBLEMS OUR CONCERN

I
TRANSFORMERS LTD

MASONS AVENUE,
WEALDSTONE, MIDDX.

Tel. No.: Harrow 9022-5
Telegrams: Hadtrans, Harrow.
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GANG CONDENSER TYPE I.R

It's Reliable.
It's made by

Jocksons.

Designed to meet requirements of high
grade communications equipment.
Heavily constructed frame. Rotors
insulated on low loss ceramic shaft.
Frame members of low expansion
alloy to match temperature co -efficient
of rotor shaft. Capacity E Law up
to 532 pf swing.

Please write for further details

JACKSON BROS. (London) Ltd.
KINGSWAY  WADDON SURREY

Telephone : CROYDON 2754.5
Telegrams: WALFILCO, SOUPHONE, LONDON

\\,11,
t_CRINKLE*ashers

Heat treated and plated, giving corrosion
resistance with high degree of recovery
In relation to load, and resistance to
"set ". Spring locking action suitable
for electronic and instrument components.
Size range i" to 8 B.A.

Prices and samples sent on request.

[0070.10113 70 THE 40MIRALIY  MIMISIIY II SUPPLY a O.. GovlitiimFMT DIMS.

DAVID POWIS b SONS LTD.
fORAARD WORHS SPARMOON BIRMINGHAM II PNONI VIC 1214 -8

GUIDED MISSILES IN CANADA
A MAJOR COMPANY AND LEADERS IN THE FIELD OF

GUIDED MISSILES DEVELOPMENT IN CANADA

REQUIRES IMMEDIATELY

A

SENIOR ELECTRONICS ENGINEER
FOR A

TOP LEVEL SUPERVISORY POSITION

ESSENTIAL QUALIFICATIONS INCLUDE WIDE EXPERIENCE
IN THE TELECOMMUNICATIONS AND/OR ELECTRONICS
FIELD TOGETHER WITH RECENT SUPERVISORY EXPERIENCE
IN A MODERN AND CURRENTLY ACTIVE MISSILE PROJECT:
SPECIALISED KNOWLEDGE IN GUIDANCE AND CONTROL,
SERVO MECHANISMS, TELEMETRY AND TEST EQUIPMENT
IS PREFERRED.
THE CANDIDATE SHOULD ALSO HOLD A DEGREE OR
H.N.C. IN ELECTRICAL, ELECTRONICS OR TELECOM-
MUNICATIONS OR THE EQUIVALENT A.M.I.E.E., ETC.:
THE APPOINTMENT WILL BE ON A CONTRACT BASIS AND
CARRIES AN EXCELLENT SALARY.
COMPLETE FIRST CLASS FAMILY TRANSPORTATION AND
MOVING ALLOWANCES WILL BE PAID, WHICH, TOGETHER
WITH THE GENEROUS SALARY, WILL PROVIDE A VERY
DESIRABLE TRANSITION TO THE NEW LIFE.

THIS IS AN EXCEPTIONAL OPPORTUNITY
TO TAKE UP A POSITION AS ONE OF THE

LEADERS IN THE PROFESSION.

ALL APPLICATIONS WILL BE TREATED IN STRICTEST
CONFIDENCE UNLESS PERMISSION IS GIVEN OTHERWISE :

WRITE TO BOX No. C.M.,
c/o CANADIAN DEPT. OF LABOUR,
61, GREEN STREET, LONDON, W.I.

-RELAYS

3000 TYPES
Standard or Special COILS
and CONTACTS up to 80,0000
and up to 8 c/o's. 600 and
HIGH - SPEED TYPES also

supplied.

P.O. TYPES
TO YOUR

SPECIFICATION

PROMPT
DELI VERY.

THE KEYSWITCH CO.
ALL POST OFFICE EQUIPMENT

Enquiries to Sales Director
126 KENSAL ROAD, LONDON, W.10

Telephone : LAD. 0666. 464Q
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on Britain's Aircraft...

for micro switches
As in many electrical relays " Thessco " con-

tact -springs and contacts play a very important
part in these Burgess Micro Switches which control

the operation of this massive landing gear.
" Thessco " and " Thessconite " precious metal con-

tacts are highly recommended for circuits working under
manual or auto -control. They minimise electrical wear

and are capable of high current -density
loadings.

-74
e.nrvismap, SYMEmpanyVITt
Head Office & Works : Royds Mill Street, Sheffield, 4

LONDON
Berry St., Clerkenwell, E.C.1

Tel : CLE 3156

SHEFFIELD
95 Arundel Street, I.

Tel : 22107

BIRMINGHAM
4, 5 & 6 Warston Lana, 18

Tel : Central 6893

CO,

is==a

*ULTRA LOIN
capacitance & attenuation
38 STOCK TYPES

for your

STANDARD or SPECIAL

APPLICATIONS

7:11
112203E1

TYPE mu FM IMPED.1-1 O.D.
C 1 7.3 150 .36'
C11 6.3 173 .36
C 2 6.3 171 .44
C 22 5.5 184 .44'
C 3 5.4 197 .64'
C 33 4.8 220 .64'
C 4 4.6 229 1.03'
C 44 4.1 252 1.03'

U.G. CONNECTORS-R.G. CABLES

TRANSRADIO LTD. 138A Cromwell Rd. London SW.7. FR1.442/

PRECISION CONNECTORS

ON COUNTS

RA 010
design

 machining
 performance
a price
 delivery

The most comprehensive range of
U.S. CONNECTORS outside the U.S.A.

COLa Connectors
COO 4A Cables R.G. Cables

Microdual drives

TRANSRADIO LTD. 138ACromwell Rd. London SIV.7. Falt2/
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A NEW SMALL AUTOMATIC
A -C VOLTAGE STABILISER

The ASR -1150 Weighs I I lbs.
Measures 82 x42 x 5 Price only i24

This new Stabiliser will handle loads up to over I
kilowatt-having an output of 5 amperes at (usually)
230 volts. As a general rule it weighs only about 1,10th
of the so -common "choke -condenser" types offered by
some competitors.

ASR -1150 is totally unaffected by changes in the
mains frequency. It is also quite insensitive to load
changes, working equally well from 0" to 100 full
load (1.15 kVA). It has no large, high a -c working rating
capacitors-which fail regularly in "resonated" types of
Stabiliser, and which are very expensive to replace.

May we send you a copy of our new 20 -page Supple.
mentary Catalogue published July 1953. Just ask for
Catalogue V -549-S.

ASR -11.50 is merely one of an entirely new range
of A -C Stabilisers, ranging from 200 VA to as high as
50 kVA-all dealt with in Catalogue V -549-S.

CLAUDE LYONS LTD
Electrical and Radio Laboratory Apparatus etc.

HEAD OFFICE AND WORKS: 76 OLOHALL STREET, LIVERPOOL 3, LANCS.
SOUTHERN FACTORY: VALLEY WORKS, WARE ROAD, HODDESDON, HERTS.

(A.10 main London/Cambridge Road, at Junction of A.602)

PHIL-TROL SOLENOIDS

WRITE OR

Range covers types 41 and
42 (front x 1r)
38, 39, and 40 (front

x Ir) and power
A.C. and D.C. sizes up to

60 inch-lbs.
Most sizes available ex -stock
and dispatched same day as

receipt of order.
6 v.-460 v. A.C. and D.C. types

PHONE FOR DETAILS

PHILLIPS CONTROL (G.B.) LTD.
Farnborough, HANTS. Telephone : Farnborough 1120
London Office : 59/61 Union St., London, S.E.I. Tel.: HOP 4567

INSULATING SLEEVINGS .

P.V.C. AND

POLYTHENE

SLEEVINGS

INSULATED

WIRES AND

FLEXIBLES

An aircraft's performance ...
your car's reliability . . . to-
night's Television and Radio's
sound may depend upon effi-
cient electrical insulation.

A.I.D. Approved

PLASTICABLE LIMITED
Hawley Lane Farnborough Hants.

Phone : Farnborough Hants 85.

CONFIDENTIAL
If you have an idea for an
electronic or electro-mechanical
product but lack space, labour
or finance to manufacture it, why
not discuss the matter with the
Managing Director of a large
N. London factory ?

All enquiries will, of course, be treated
in strictest confidence. Write in first
instance to Box EE W 3524, 28, Essex
Street, W.C.2.

iNsysAriaN
Our products include-
Presspahn and Leatheroid ; Pressboard ; Vulcanized Fibre ;
Cable and Red Rope Paper ; Bakelite and Ebonite ; Varnished
Paper and Tapes ; Varnished Silks and Tapes ; Varnished
Glass and Tapes ; Varnished Cambric, Silk, Glass and P.V.C.
Sleevings ; Cotton Tapes, Webbing, and Sleeving Chattertoo
Compound ; Adhesive and Rubber Tapes.

PRESSPAHN, LTD.
Bradford, Yorks, England

Established 1900

Telephone:
Bradford 25135 (Pvt. Br. Ex.)

Telegrams & Cables :
" Preaspahn, Bradford "

ROUGHING VALVE

PUMPING
CIRCUIT

-WATER COOLED
BAFFLE AND FINE
PUMPING VALVE

BACKING VALVE

-RIFF PUMP

ISOLATION VALVE

Fully automatic and

protected pumping plant

for sequence pumping

Send your enquiries to:

N.G.N. ELECTRICAL LIMITED
Ni NASSAU MILL  PATRICROFT  MANCHESTER

TELEPHONE: ECCLES 1643

DESIGNERS & MANUFACTURERS OF HIGH VACUUM EQUIPMENT
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FREQUENCY CORRECTED
CALIBRATED ATTENUATOR

incorporates a unique means of compensation of the
scale reading to correct the variation with frequency in
attenuation characteristic of the metallised vane within
the guide. There is no need to refer to calibration data
and errors due to incorrect setting up are virtually
impossible.

Frequency Range :
Attenuation :
Accuracy :
Reset Accuracy :
Insertion Loss :

9,000-10,000 Mc s.
0-30 db.
± f db.
Better than ±0.1 db.
I db.

BARR & STROUD, LTD.
ANNIESLAND, GLASGOW, W.3

IS Victoria Street, London, S.W.I

LAUTOMATION!!!
MAGNETIC RELAYS

TYPES 3000 and 600
Built to specification and to stand the most

rigid test.

Tropical or Jungle finish

Prototypes at short notice and reasonable
deliveries on quantities.

HIGH SPEED & A/C RELAYS
IN STOCK

KEY SWITCHES
P.O. & MUIRHEAD TYPES

ELECTRO MAGNETIC COUNTERS
MAJOR or MINOR TYPES

Four figures-any resistance-D/C WKG.

JACK DAVIS (RELAYS) LTD. 5

Dept 'E' TUDOR PLACE, LONDON, W.I §
§ MUSEUM 7960 LANGHAM 4821
te:7)t.s:;1tGlteilt0)te:7/101(0)te21E.s:7)(0)10)1t01 C,7) tO) tO)

SOLDERING EQUIPMENT
by

/41DCOLP\
(Regd. Trod., More)

TRADITIONAL BRITISH QUALITY
British, U.S.A., Canadian & Foreign Pats.

Registered Designs, etc.

Reg. Design

PROTECTIVE

SHIELD

List 68

A" Dia.
DETACHABLE

BIT

INSTRUMENT

List 64
As illustrated

SUPPLIED FOR ALL VOLTAGES.
DESIGNED FOR FACTORY BENCH LINE
ASSEMBLY RADIO, T.V., DEAF AID, ETC.

Write for Catalogues
SOLE PROPRIETORS & MANUFACTURERS

HEAD OFFICE, SERVICE AND SALES

ADCOLA PRODUCTS LTD
GAUDEN RD., CLAPHAM HIGH ST., LONDON, S.W.4

Phone : MACaulay 4272
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MARCONI INSTRUMENTS
LIMITED

LONGACRES, HATFIELD ROAD

ST. ALBANS

Technical Assistants or Testers required
We have vacancies for men of City & Guilds Final
Certificate telecommunications standard, or com-

pensating experience in U.H.F. and V.H.F.

The firm produces light current measuring, test
and communication instruments for a wide range of
requirements, also X-ray diagnostic and therapeutic
and electro-medical apparatus. Suitable applicants
can be considered for training in X-ray technique.
Other posts entail some travelling and liaison with

customers.

Works are pleasantly situated near City centre
and all amenities and within easy reach of London.

MARCONI INSTRUMENTS
LIMITED

LONGACRES, HATFIELD ROAD

ST. ALBANS

DRAUGHTSMEN required. Senior and
Juniors. Men of at least O.N.C. standard
and experience in radio. Excellent oppor-
tunity to broaden experience with well-
known, well -established progressive firm
producing light current measuring com-
munication and test equipment for a wide

field of application.

Holiday arrangements can be maintained.
On well -served transport routes.

Saturday interview if required.

MARCONI INSTRUMENTS
LIMITED

LONGACRES, HATFIELD ROAD

ST. ALBANS

TECHNICAL WRITER required for Technical
Literature (telecommunications) section. The
applicant should have electrical engineering qualifica-
tions and/or experience in the design, or development

of electronic equipment.

The firm produces light current communication,
measuring and test apparatus for a wide field of
requirements. Excellent opportunity for experienced

man to broaden experience.

Offices are pleasantly situated near City centre
and all amenities and within easy reach of London.

Holiday arrangements can be maintained.

MARCONI INSTRUMENTS
LIMITED

LONGACRES, HATFIELD ROAD

ST. ALBANS

ELECTRONIC ENGINEERS required. Excellent
opportunity for men of Degree standard and with
suitable experience to broaden experience and avoid
restrictive specialization by joining the staff of
Marconi Instruments who produce light current
communication, measuring and test apparatus for a

wide range of requirements.

Holiday arrangements made can be maintained.

The posts are well remunerated and pensionable.

Laboratories are pleasantly situated near City
centre and all amenities and within easy reach London.
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POLISHING BOBS

Coopers are the original makers of the Felt Polishing
Bob as used today, and today Coopers offer a wide
range of bobs which includes the ideal wheel for every
class of work, in six grades from soft to rock hard,
and in four qualities. Send today for details of the
entire bob and mop range.

POLISHING MOPS

Coopers Calico Mops can be supplied in any
diameter and thickness, loose or stitched, and
suitable for tapered or parallel spindles. There
is a good economy range of section mops, too.
Each quality can be supplied in grades to suit
the class of work.

COOPERS FELT
COOPER & CO. (B'HAM) LTD., BRYNMAWR, BRECONSHIRE.

Telephone: BRYNMAWR 312

THE ST-AND-ARD OF QU-ALITY

PERIAPAE\1"VEDV\
\NPGIAOS

SPEC\
POSS

PO -CO

905 0'1
COV\ \\ASV*

PAAA\co

SEPTEMBER 1955

MINIMS LTD
TINSLEY  SHEFFIELD

D66

125 ELECTRONIC ENGINEERING



IT'S THE

ROLLS-ROYCE

PERFECTION
THAT COUNTS

Dear Sirs,
I am a customer, having two of your Trans-
formers, which I believe are the best in the
world....

G. L . A. B., Washington, U.S.A.

Savage "Massicore" Transformers are meeting
more exacting electronic needs than ever
before - including those of Rolls-Royce,
makers of the best car in the world.

CSAVAGE DEVIZES
,Al

A/ T

NURSTEED ROAD DEVIZES WILTS

Telephone: DEVIZES 932

INSTRUMENT CASE

All welded construction. Louvred
back and sides. I7" x 10" x9". Finish,
silver hammer.

Send for list 33

PRICE

SO /EN
Fittings extra

Packing & Postage 5/ -

We also manufacture other sizes of Instrument Cases, a full
range of welded Steel Chassis, Control Locks and other Electronic

Equipment.

Write or phone to :

SUTTON COLDFIELD ELECTRICAL ENGINEERS
CLIFTON STREET, SUTTON COLDFIELD. Phone : SUT. 5666

I'M A TOGGLE -
JOINTED END -
CUTTING NIPPER

- in case we haven't met be-
fore, and I'm just one of a high-
grade family of pliers, pincers,
nippers, pipe wrenches and tele-

graph tools made byWilkinsons

for 110 years. Once you've
used one of us you'll never

desert us - just try it !

WILKINSONS
TOOLS LIMITED

KERFOOT STREET

WARRINGTON

 ENGLAND
X 33
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JUST 2 /AWES
of avantages./

Vibration and shock proof - and im-

mune from extremes of temperature,

this small 5 amp fuse can be fixed into

'the most awkward positions. Cable

connections are available for every re-

quirement and they are adaptable for the

use of cartridge fuse or neutral links.

SUDI2K
SIZES UP TO 100 AMP AVAILABLE!

THE VIBRATION
London Office :
Fulwood House,
Fulwood Place, W.C.I.
Telephone :
Chancery 2206.

PROOF FUSE

WYTHENSHAWE MANCHESTER 22

Telephone : Wythenshawe 2235/6/7.

Telegrams : " Slydlox " Manchester.

dmEW.67

confidence and
comfort

Important factors in works relations. These

two Pulsale protective items provide

utmost safety with lightness and comfort

which will ensure their being willingly worn.

The " Contour Mould " goggle is shaped to

fit the orbital cavity, moulded in hygienic

Nylon. The Pulsate ' respirator is contour

fitting, light in weight, and may be fitted h

filters of thin felt, sponge, and pad felt. Valves

with inhalation.

' PULSAFE ' CONTOUR
MOULD GOGGLES

PULSAFE ' RESPIRATOR
We will gladly send you specimens ofthese products for your examination

SAFETY PRODUCTS
LIMITED

ST. GEORGE'S HOUSE 44 HATTON GARDEN LONDON EC I
Telephone: CHAncery 9141
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AUTOMATIC CONTROL
Development

Interesting systems for Aircraft and Missiles of
advanced design. Our Research Department requires
for this development :-

SENIOR ENGINEERS : with University Degree,
five years relevant development experience, and
ability to control a project involving a team.

ENGINEERS : with degree, relevant experience and
ability to develop equipment to prototype stage with
minimum supervision.

TECHNICAL ASSISTANTS : with H.N.C. or
equivalent and relevant experience.

EXPERIENCE : of at least one of : Servo-
mechanisms, auto -pilots or auto -stabilisers, analogue
computing devices.

These positions are permanent and pensionable.
The organisation is expanding and offers good salaries
and prospects.

Assistance with removal and with housing.

Applications with relevant details including required
salary to :-

Staff Appointments Officer.
SHORT BROTHERS & HARLAND LIMITED,

P.O. Box 241, Belfast, quoting No. S.A.74.

SENIOR RADIO ENGINEER
(DEVELOPMENT)

required by

SHORT BROTHERS & HARLAND
LIMITED

in the

RESEARCH DEPARTMENT

for work on

GUIDED MISSILES,
NAVIGATIONAL SYSTEMS

and other interesting advanced projects.

QUALIFICATIONS : University Degree, or equiva-
lent, and several years experience of UHF. and
Centimetric Radio or Radar circuits and equipment.

ABILITY : to develop equipment to prototype
with minimum supervision.

The appointment is permanent and pensionable in
an expanding organisation offering good salary and
prospects.

HOUSING, and removal, assistance..

Applications with all relevant details, and including
salary required, to :- Staff Appointments Officer,
P.O. Box 241, Belfast, quoting No. S.A.72.

SENIOR ELECTRONIC ENGINEER

required by

The Research Department

SHORT BROTHERS & HARLAND
LIMITED

for work on

AUTOMATIC CONTROLS, GUIDED
MISSILES, FLIGHT SIMULATORS

and kindred projects.

Qualifications : University Degree. Capacity to
control a development team.
Experience: several years, of one of the following :
Electronic, Radio or Radar circuits and equipment ;
Analogue Computing devices and Servo -mechanisms.

The appointment is permanent and pensionable.

The organisation is expanding and has new labora-
tories. Salaries and prospects are good.

Housing and removal assistance.

Apply with full details including required salary to :-
Staff Appointments Officer, P.O. Box 241, Belfast,
quoting S.A.73.

MICRO WAVE COMPONENTS

ELECTROFORMED
AN D

FABRICATED

OXYGEN FREE COPPER

DETAILS FOR MAGNETRONS, ETC.

PRECISION MACHINING

By

WILMOT (ELECTRONICS) LTD.

NORTH ROAD PRESTON
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have these outstanding features
HIGH OPERATIONAL SPEED  HIGH SENSITIVITY

FREEDOM FROM CONTACT REBOUND

NO POSITIONAL ERROR  HIGH CONTACT PRESSURES

EXCEPTIONAL THERMAL STABILITY  EASE OF

ADJUSTMENT  ACCURACY OF SIGNAL REPETITION

The Carpenter Polarized Relay will respond to weak, ill-defined or
short -duration impulses of differing polarity, or it will follow weak
alternating current inputs of high frequencies and so provide a contin-
uously operating symmetrical changeover switch between two different
sources. Five basic types are available with a wide range of single
and multiple windings. Particulars of the type best suited to your
purpose will be gladly supplied if you will send us your circuit details.
Manufactured by the sole licensees

TELEPHONE MANUFACTURING CO. LTD
Contractors to Governments of the British Commonwealth and other Nations
HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I

Telephone GIPsy Hill 2211

IMPROVEMENT IN THE ACCURACY OF DECADE RESISTANCES
We have pleasure to announce
that the well-known and novel

SULLIVAN and GRIFFITHS

DUAL DIAL DECADE RESISTANCE BOXES
FOR ALL FREQUENCIES

Moreover, the windings are now of Manganin in order
to reduce the temperature coefficient ; more important
still, to improve the long period of stability and make
them as suitable for all direct -current purposes as
they are for alternating currents of all frequencies.

Screened Resistances of guaranteed accuracy exactly
similar to our well-known Decade Resistances but specially
arranged so that one box of a given number of dials gives
many different values of maximum resistance. Thus a

three -dial box (as illustrated) may be used for instance for

three decades of Thousands, Hundreds and Tens a total of 10,000 ohms.
or three decades of Hundreds, Tens and Units a total of 1,000 ohms.
or three decades of Tens, Units and Tenths a total of 100 ohms.
or three decades of Units, Tenths and Hundredths, a total of 10 ohms.

H. W. SULLIVAN

have now been improved
in accuracy to

0.05 PER CENT

The advantages of such a system will be obvious, for in
LIMITED addition to the economy involved much space is saved and

the residual resistance and inductance is much reduced.

LONDON, S.E.I5 The resistances are available in 3 -dial, 4 -dial, and 5 -dial
types with subdivision of 0.001% down to 0.001 ohm if
necessary, depending of course on the number of dials

Telephone : New Cross 3225 (P.B.X.) incorporated.
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TWO INPUTS

CONTROLS

SPECTONE
5-10

MULLARD AMPLIFIER
This remarkable development will meet the most exacting
high fidelity requirements at an extremely low price.
Meticulous inspection at each stage ensures that the Spectone
Mullard 5-10 Amplifier fully meets Mullards specification.

One for radio tuner, microphone, etc., and one for pickup. The pickup input has two switch positions for
equalisation-L.P. and Standard. Plug-in equalisers are available to suit various pickups.

In addition to the input and equalisation selection switch, volume, treble and bass controls are provided.
The treble control is continuously variable from +10db to-10db at 10,000 c/s and the bass ±Ildb to
-5db at 20 c/s.

MAXIMUM OUTPUT
15 watts

HUM & NOISE
- 73db referred to 10 watts

POWER OUTLET for pre -amplifier
300 volts at 12 milli -amps. 6.3 volts at 2 amps.

OUTPUT IMPEDANCE FREQUENCY RESPONSE
15 ohms -0.5db 10 c/s to 20,000 c/s.

SEE US AT THE RADIO SHOW, EARLS COURT: AUG 24-SEPT 3 Stand 206

SPEED] LTD. Vale Rd Windsor

FOR a quarter of a century we have been supplying Eyelets,
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with
or without the eyelet combined), Valve Top Caps, etc., to the Radio
and Television industry, and numerous TUCKER products are now
standard components throughout the trade.
We now welcome enquiries from the ELECTRONICS INDUSTRY
for small metal pressings or piece parts, and willingly place at the
disposal of its designers and research staffs the resources of our
Technical Department and our many years of experience in this type
of work.

Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22
Telephone: BIRchfields 5024 (7 lines) Telegrams: EYELETS.BIRMINGHAM
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<WODE
TRANSFORMER CO.

Low first cost

Robust construction

Excellent workmanship

Rigidly tested

Absolute reliability

A Woden Transformer will
fulfill the most exacting
specification, combining high
precision and utmost
reliability in service.

Both research and produc-
tion are centred on the
manufacture of first class
equipment at the lowest
possible cost consistent with
quality materials and
workmanship.

WODEN TRANSFORMER CO. LTD
BILSTON STAFFS Tel: BILSTON 41959

ELECTRO-MAGNETIC of inorganic &
IDE FICATION *

organic molecules
V.I. mass spectrometer combines hi: electivity w

This mass Spectrometer
is of high sensitivity and
accuracy, and provides
identification of inorganic
and organic molecules of
mass numbers 16-90. The
minimum of variable con-
trols choughout the full
scale of recording, contri-
butes towards trouble -free
service. The Spectrometer
is of the 180' focussing type
with fixed magnetic field
of 1500 Gauss and a vary-
ing accelerating voltage.

Specialist manufacturers of industrial
vacuum-consulting service to industry.

VACUUM INDUSTRIAL APPLICATIONS LTD., WISHAW, LANARKSHIRE
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COLD?

Hermetically sealed potentiometers
are Type Approved to Class H.1. of
RCL 121, 2.5 watt rating for use in

Arctic and Tropical conditions.

Shaft Length (inches) ... i I If If If If

Part No. ... 647 648 649 650 651 652

Ohmic value ... 5 10 25 50 100 250 500 1,000 2,500 5,000 10,000 25,000 50,000

Current (amps.) 1 .7 .45 .32 .22 14 .1 .07 .045 .032 .022 .014 .01

THE BRITISH ELECTRIC RESISTANCE CO. LTD.
Queensway, Ponders End, Middlesex. Telegrams & Cables: VITROHM, ENFIELD. Telephone HOWARD 1492

BR1241-B/CH

RELAYS P.O. TYPE 3000
BUILT TO YOUR

SPECIFICATION

QUICK DELIVERY

KEEN PRICES

QUOTATION BY
RETURN

RACKS P.O. STAN DARE:I:for 19" panels. Steel channel
sides, correctly drilled, heavy angle base. Height : 4' I0 or 6'.

KEY SWITCHES
PROMPT DELIVERY

OF ALL TYPES

MICROAM METERS 250 F.S.D. Model S373 Flush Type.
Knife edge Pointers scaled for Test Meters. 55/-.

VOLTAGE REGULATORS. Input 230 volt A.C. 21 amps., output
57.5. to 228 volts in 16 steps. With current limiting Reactor £15.
VARIAC TRANSFORMERS. Type 80 CO. Oil Filled. Input
200;240 v. Output 220 v. 7.5 amps_ each.

ELECTRO-MAGNETIC COUNTERS
COUNTING UP TO 9999

TYPE 9G. TYPE I7A
500 ohms

24/50 Vt. D.C.
15/- Post 1/-

3 ohms
Vt. D.C.

15/. Post 1/.

MANY OTHER TYPES IN STOCK.
LIST AVAILABLE.

L. WILKINSON (CROYDON) LTD.
19, LANSDOWNE ROAD, CROYDON

Phone : CRO 0839 Telegrams : "WILCO " CROYDON

reotrizaz
ELECTRICAL AND MECHANICAL

COUNTERS
_11

7F--,.17112,1*

islye,

c w. 2264

TIM/METER
COMPANY
LIMITED

MILLTOWN STREET
RADCLIFFE

MANCHESTER
RADCLIFFE 2675
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brandenburg high voltage engineering

We specialize in :-

* R.F. generators I kV to 100 kV

* Low frequency E.H.T. supplies

* Ionization measuring equipment

* Stabilized power packs

Many specifications can be met from our standard
range. Prompt quotations and delivery can also
be offered for instruments made to individual
specifications. Illustrated Type PA20, output
20 kV stabilized. Price £29. I5s. Details and
brochure sent on request

H W D Teleonics I communications I Ltd.
8' 12' 7" 196 Dawes Road, London, S.W.6. Fulham 1534

Symons Silicone Insulation
for Class H working
RESISTS BOTH EXTREMES OF TEMPERATURE
"SYMEL" silicone elastomer products can be used continuously

at temperatures from -60°C to +180°C without deterioration.

"SYMEL" extruded silicone elastomer sleeving is available in

sizes from .5m/m to 25m/m bore. Being completely

homogeneous, it is moisture -proof, with good electrical

properties in humid conditions.

"SYMEL" silicone elastomer coated glass and "Terylene"* are

manufactured in thicknesses from

0.0045" to 0.060", and are supplied as semi -cured or cured tapes,

coated on one or both sides.

Please write for technical data sheets.

*The name "Terylene" is the property of
I.C.I. Ltd., and is the name given to a
particular Polyester fibre.

For tested flexible insulation-say SYMONS for sure

H.D. SYMONS 13g CO. LTD.
SYMONS'
ADVISORY SERVICE
If you have an electrical insulation
problem, send it to us! Our Test and
Research Department will be pleased
to advise you.

PARK WORKS  KINGSTON HILL  SURREY  Tel. Kingston 0091  Grams. Insulation (Phone) Kingston -on -Thames
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Xree,fface , 
Specialists in Subminiature Telecommunication Components

AIR

DIELECTRIC

TRIMMER
70pF

Illustration (approx.) actual size

12 Vane type, 500 V.
Width 16.5mm.
Length 22mm.

Height 19mm.

Insulation 10,000 megs.

Power Factor less than .001

Temp. Coeff.: 50 parts per
million, per °C.

DEVELOPMENTS CO. LTD.
ULVERSTON NORTH LANCS Tr/ 111,,,1,,,,3306

$11146**14itti4

111111.%,1111

41114WAJUM
IIKALLILLS10
CIILALLLIL101

MLLES

'111X1r111111
Ill1y r,et1Urn.

rairsrannunralrirstyruirmsinro

m..=.1

1411.11.Jois 81!!.41faiLf

114 4+  Sio
l'111111 II It XIII It/ /I CU.

TERMINAL BOARDS
* STANDARD. Full range of panels single or double.

* SPECIAL. Panels in any quantity to your specification.

All terminal boards conform to R.C.S. 1000

SEND FOR FULL DETAILS TO :

HARWIN ENGINEERS LTD.
101-105 Nibthwaite Road, Harrow, Middlesex.

Telephone : HARrow 0381.

HILTON RELAYS HILTON RELAYS HILTON RELAYS

HILTO N

FOR INFORMATIVE SWITCHING

AND POWER HANDLING . . .

HILTON ELECTRIC CO. LTD.
52 POOL STREET, WOLVERHAMPTON. PHONE: 22783

OPENING FOR A

young electronic brain

If yours is a knowledgeable mind in the
ways of modern ELECTRICAL AND
ELECTRONIC PRODUCTION METHODS
and if you seek to apply that knowledge
more fruitfully in an organisation whose
resources and activities are as broad as its
horizons-then let us hear from you.

Men of the right calibre will find this oppor-
tunity unusually rewarding both in salary
and opportunity. And as a matter of addi-
tional interest to prospective personnel, many
of the people engaged in this specialised
work at Plessey are given the chance to
travel extensively in the world's large indus-
trial centres in search of new and better
production methods.

Write, in the first instance, to the

PERSONNEL MANAGER
THE PLESSEY COMPANY LIMITED

ILFORD ESSEX
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Protection against damage
from IMPACT and VIBRATION

TYPE GBC 1000

"BARRYMOUNT" Cup -type Isolators are designed primarily to
absorb high -impact shocks with concurrent isolation of frequencies
above 4o c.p.s. and general sound isolation. Utilisation of rubber in
compression with substantially equal stiffness in all directions
provides a smooth load -deflection curve.
Load ratings indicated for Mobile Applications (including shipboard
installations) are such as to ensure a vertical natural frequency between
25 and 35 c.p.s. The design and assembly of the metal parts are such
that they are self -captivating for maximum security.

Samples are available immediately ex stock.

There are alto air -damped types
available for the protection of
airborne equipment.

" Barrymount" Isolators are made
in England under licence f romB.,,Y
Control, Incorporated of U.S.A.

TYPE GEC 2000

CEMENTATION (MUFFELITE) LTD., 39 VICTORIA STREET, LONDON, S.W.1

Dars/
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The Statigun measures potential gradient in air

over the range 0-300kv,ft. Attachments enable

insulation resistance up to 1013 ohms and surface

charge density up to 3 > 10-9 coulombs cm2 to

be measured.

The instrument is much used for the
investigation of static charges in the

textile, plastics, paper, rubber and
explosives industries as well as in hospital

operating theatres. Further details are given
in leaflet No. E123 available on request.

BAN, ©scientific instruments
BALDWIN INSTRUMENT COMPANY LTD., DARTFORD, KENT TEL. 2948
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Gives complete security
QUICKER, SIMPLER, SAFER

This non-metallic high -dielectric cable clip provides the
safe means of securing cable looms and components in all
radio and electrical equipment. The Plasklip is manufac-
tured in a very extensive range covering all wiring require-
ments. Made in non-magnetic material with radiused
edges. Fully tropical. Approved all services.
Samples and literature available on request.

INSULOID MANUFACTURING COMPANY LTD.
Sharston Works, Leestone Road, Wythenshawe, Manchester

Tel : Wythenshawe 2842

Instrument Cases
and Boxes

These instrument cases are made throughout of I8G
material, steel for the case and light alloy for the
panel. The construction is simple and robust.
Type 9 8"x 9"x8" ... 18/6
Type 9-12 9"x I2"x 9" (takes a 10"x 8" chassis) 2I/ -
Type 12 10rx 12"x 104" ( " 10" x 9" " ) 25/ -

Type 9-14 9.x 14"x 9' ( " 12'x " ) 26/ -

Type 14 10i"x 14' x 104" ( " lrx " ) 30/-

KE N DALL & MOUSLEY LTD.
18, Melville Road, Edgbaston, Birmingham, 16

THE

INSTRUMENT
MODEL

Specially designed for
soldering operations in
the compact assemblies
used in present day
radio, television and
electronic industries.
Weight 3f oz. (ex-
cluding flexible).
Length 9 in.
25 watts.
Voltage Range
12, 24, 50, 100/
110, 120,130,
200/220 and
220/240.

5

0

Interesting
features

I. Bit diameter,
simple to replace.

2. Steel cased element,
also replaceable.

3. Detachable hook for
suspending iron when not

in use
4. Moulded two part handle,

remains cool in use.
. Six ft. Henley Flexible.

W. T. HENLEY'S TELEGRAPH WORKS CO. LTD.,
51153 Hatton Garden, London, E.C.I

0 0 00o
0 ° ° ° °000 00oo

0 phoe
0 ,o0000000 0o0,-

EYE LETTING
and light
PUNCHING
MACHINES

Autophcenix No. 6
A new and improved treadle
operated machine for the
automatic insertion and closing
of eyelets in either flat or
formed work in metals,
plastics, fabrics etc. The deep
throat, high vertical gap and
projecting base make this
machine adaptable for eye -
letting radio chassis,cylindrical
shells, spinnings, mouldings,
tC.

VISIT US ON STAND No. 3
Grand Hall Gallery, Olympia

Engineering, Marine & Welding Exhibition
Sept. I st-Sept. I Sth

HUNTON LIMITED
PHcENIX WORKS, 114-116 EUSTON RD., LONDON,
N.W.I Tel. : EUSton 1477 (3 lines) Grams : Untonexh, London

TECHNICAL BOOKS
H. K. LEWIS & Co. Ltd. invite inspection of

their stock of books on all branches of Radio
and Electrical Engineering. Catalogue on request.
LENDING LIBRARY : Technical and Scientific.
Annual Subscription from TWENTY-FIVE SHILLINGS

Prospectus Post Free on Request.

THE LIBRARY CATALOGUE revised to December,
1949, containing a classified Index of Authors and Sub-
jects. To subscribers, 17s. 6d. net. To non -subscribers,
35s. net. Postage Is. 6d. Supplement 1950-52. To sub-
scribers, 3s. net. To non -subscribers, 6s. net, postage 6d.

LONDON: H.K. LEWIS & Co. Ltd., I36 Gower St.,W.C.1
Telephone : EUSton 4282 (7 lines)

OURS ALONE ?
YES, FACE IT :

FOR 5 MINUTES !
We must fight the Fire Fiend ALONE
before the Fire Brigade gets here.
Please send details of NU -SWIFT
rapid and reliable Fire Extinguishers-

BEFORE IT IS TOO LATE!

1

Name

Address

Post NOW to Nu -Swift Ltd. 25 Piccadilly W.1

In Every Ship of the Royal Navy
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maximum piezo-electric activity for
RESONATORS

ULTRASONIC VIBRATORS

HYDROPHONES

ACCELEROMETERS

SOUND DETECTION DEVICES

`UNIPIEZO' is a substitute for quartz in a lot of
applications and in many respects is superior.
Its scope in the electronic and ultrasonic fields
is unlimited and it is inexpensive. It can be
manufactured in a variety of shapes and sizes by
standard methods of fabrication.

Specialists in Electro-Technical Ceramics

UNITED INSULATOR COMPANY LIMITED
OAKCROFT ROAD CHESSINGTON SURREY
Phone: Elmhridge 5241-2-3-4

1765

rate
of-*

I discharge

* *

y-

The range of Venner Lightweight Silver -Zinc
Accumulators has an exceedingly high rate of

* discharge with very little drop in effective capacity. *
Wherever excess weight and size are a serious
disadvantage in electrical storage, the Silver -Zinc

* Accumulator is indispensable.* ** *
Write for full

* .d catalogue EE ENNERtechnical details

* VENNER ACCUMULATORS LTD. Kingston By -Pass, New
Phone MALden 2442 *

Associated Companies: Venner Limited-Venner Electronics Ltd.************************************
* Malden, Surrey.

ACCUMULATORS
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HEAVY DUTY ELECTRIC COUNTER

This Electric Counter is designed primarily for 230 volts,
A.C., supply. The Counter can be left energised for an
indefinite period without damage. Provision is made for
running conduit to the counter case.

We have in production a range of
standard and electro-magnetic
counters to suit most industrial
applications. Full details are
available on request.

COUNTING INSTRUMENTS LTD.
5 Elstree Way, Boreham Wood, Herts. Phone: ELStree 1382-3-4

IN STOCK ! !

PAINTON & ELCOM
PLUGS AND SOCKETS

ENQUIRIES INVITED

TELE-RADIO (1943) LTD.
189 Edgware Road, London, W.2.

Telephone : PAD. 4455/6.

A. C. SOLENOID type SA.
Continuous lb. at I"
Instantaneous to 6 lbs.

i00% PRODUCTION
INSPECTION

Larger and Smaller Sizes
Available. Also Trans-
formers to 6kVA 3 Phase

R. A. WEBBER LTD.
18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 74065

RF Power
MEASUREMENT

I MILLIWATT TO 10 KILOWATTS

Self- calibrating
Basic Instrument

1 - 200 m W
DC to 3000 mc/s

(VSWR) 1.05

85/19

One of a range of instruments measuring pcwer: Type N RD BN 241

Thermal Power Meter
True thermal power, unaffected by wave form, accurate to 1% to 1000 mc/s,
2% to 2000 mc/s.
A range of attenuator/loads extends the meter ranges by factors of 10.
2 or 20 watts to 2400 mc: AVELEY ELECTRIC100 watts to 600 mc. LTD.

1 Kilowatt Load Type RD1 AYRON ROAD
AVELEY INDUSTRIAL ESTATEVSWR 1.05 to 300 mc/s: AVELEY, ESSEX

1.2 at 500 mc/s: Sole U.K. Agents & Concessionaires for
50, 51.5 or 60 ohms. Rohde & Schwarz, Munich-

Communications and Laboratory Instruments
Telephone: SouthlOckendon 3292. Telegrams: AERSALE, South Ockendon, Romford, Essex ES9
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MUREX 'SINCOMAX'
MAGNETS

are used inDORAN
GALVANOMETERS

Photograph by
courtesy of

Doran Instrument
Co. Ltd.

Another typical example of the use of
Murex `Sincomax' Magnets where the
need is for high magnetic stability and
efficiency. In this application as in many

others Murex Sintered Magnets continue to give
accurate and reliable service.

MUREX LIMITED (Powder Metallurgy Division)
RAINHAM  ESSEX Rainham, Essex 3322
Telegraphic Address: Murex, Rainham-Romford, Telex

London Sales Office: Central House, Upper Woburn Place, W.C. I Euston 8265
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research

analysis of pressure, vibration and strain

WEI' GALVANOMETER

RECORDER

,Our other products include:
Automatic Processing Machines, 2 channel Oscilloscopes, In-
ductive and strain gauge type pick-ups, Carrier Amplifiers, etc.

(six and twelve channel)

Available for use with 120 mm. or 150 mm. wide
paper. A.C. mains or 24 volt D.C. operated.

The Recorder is fitted with R.A.E. type Magnet
block and highly sensitive pencil type Recording
Galvanometers available with frequency responses
ranging from 0-40 to 0-2500 c.p.s.

4 -speed gearbox selects speeds instantaneously.
Facilities include: Remote Control, Built-in Timer,
Trace_ Identification (beam interrupter type), etc.

For further information pleasewrite:

NEW ELECTRONIC PRODUCTS LTD.
9 NEW CAVENDISH STREET, LONDON, W.I. Wel. 1421-2

Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers), Ltd., 28, Essex Street,
Strand, W.C.2. Registered for Transmission by Canadian Magazine Post.



Apple -  
keeps the Doctor awake ; in fact, a violent blow on the head is just the
stimulus required to knock his latest daydreams into shape. Catching
the cat neatly in the midriff with his trusty philosopher's stone, Frittertime
lights out on the trail of his panacea for all scientific ills.

We wouldn't dream of insinuating that any of your people rely on this
kind of inspiration, but we know that a knowledge of the instruments on
our current production list frequently comes in useful, and can save you a
great deal of development time and expense. Before starting on that new
project, why not check the equipment in our new Short Form Catalogue?
If you are not in possession of a copy, write or 'phone today.

Timm s cpal a Ham tam pa -72 Gnsint cm,,t (pupa pp).

RELIABILITY-UNDER OUR
12 MONTHS' GUARANTEE, COSTS

HAVE NEVER EXCEEDED 0.2% OF SALES

SEPTEMBER 1955

Thames Ditton, Surrey
Telephone : EMBerbrook 5S22
Cables : Solartron, Thames Ditton
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4b/40,00?
MULTICORE SOLDERS LTD.

THE FINEST SOLDERS AND ACCESSORIES

7 lb Reels
Ersin Multicore 5 -core
Solder is supplied on
7 lb. reels for factory
use. It is approved by
A.1.D., G.P.O.,
A.R.B., D.T.D. 599.,
R.C.S. 1000 and meets
all pertinent U.S.
Government specifications.

GAUGES
10, 12, 13, 14, 16 and 18 gauges are
supplied on I lb. and 7 lb. reels. 19, 20
and 22 gauges are supplied on I lb.
reels only.

ALLOYS
The following alloys are available :
60/40, 50/50, 45/55, 40/60, 30/70 and
20/80. Other alloys are supplied to
special order.
FLUXES
The A.I.D. approved type 362 flux is
supplied as standard in Ersin Multicore
5 -core Solder, but an even faster flux
(type 366) can be incorporated if desired.
They are both Pentacol derivative fluxes
and their residue is completely non-
corrosive.

Printed Circuits
A complete process for the efficient
soldering of printed circuits has been
developed by Multicore Laboratories.
Engineering staffs of electronic equip-
ment manufacturers are invited to write
on their firm's notepaper for Publication
P.C. IC..

Tape SOLDER
Needs no soldering iron;
melts with a match.
Available on 3} lb. reels
for factory use and on
1/- cards.

Special Alloys
T.C.L. (Tin / Lead / Cadmium) melting
point I 45°C.
L.M.P. (with 2% silver content) melting
point 179°C.
P.T. (Pure Tin) melting point 232°C.
COMSOL (high melting point solder)
melting point 296°C.

SOLDER THERMOMETER
This simple form of pyrometer will
enable users to determine quickly the
temperature of solder on a soldering
iron or in a solder bath. The instrument
will measure temperatures up to 400 C.
£6. 12.6 retail.

AUTOMATIC SOLDERING HEAD
This machine
feeds 1/32"-
of 13 to 19
s.w.g. Multi -
core Solder
each time the
iron descends.
Three models
available.

iiRadio & T V Service
Engineers' 1 lb. Reel
This special economy pack

Ili ...1,.,,'' for service engineers con -
.rte ; tains approximately 167 ft.

NAN_ ,.""..-_,. of 18 s.w.g. 50/50 alloy
Ersin Multicore 5 - core
Solder. IS,- each, retail.

Bib WIRE STRIPPER & CUTTER
Strips insulation, cuts
wire, splits plastic
extruded twin flex.
Adjustable to most
wire thicknesses.
3/6 each, retail.

Bib RECORDING TAPE
SPLICER

This sturdy splicer
enables recording tape to be

jointed quickly and accurately without
breaks or 'clicks'. It incorporates many
new detail refinements. 18/6 each, retail.

ULTRA FINE GAUGES

Ersin Multicore 5 -core Solder is supplied
on I lb. reels in gauges as fine as 22
s.w.g. and on lb. reels in even gauges
tetween 24 and 34 s.w.g.

Arax
MULTICORE SOLDER
Specially recommended
for metal fabrication,
this solder has a non -
rosin flux. On 71b. and
1lb. reels and 5/- cartons.

SOLDER RINGS
Butt jointed solder
rings It" -2" dia. and
10-22 s.w.g. are made
from Ersin and Arax
Multicore Solder at
no extra cost. for bulk
quantities.

SIZE 1 CARTON
This handy pack, es-
pecially popular among
service engineers and
radio enthusiasts, con-
tains Ersin Multicore
Solder in 4 specifications.

5/- EACH RETAIL

eso

'itt

Catalogue Alloy
Ref. No. Tin Lead
C 16014 60,40
C 16018 60'40
C 14013 40 60
C 14016 40 60

S.W.G. App. length
per carton

14 21 feet
113 55 feet
13 19 feet
16 38 feet

MULTICORE SOLDERS LTD., MULTKORE WORKS, HEMEL HEMSTEAD, HERTS.

ELECTRONIC ENGINEERING

vt4Home Constructors'
2/6 Pack

This new pack is just
the right size for the
home constructor. It
contains 20 ft. of 18
s.w.g. 60 40 high tin
content alloy Ersin
Multicore Solder
wound on a reel.

SEE US ON

ST AND 63

National Radio Show

EARLS COURT

AUGUST 24 to SEPTEMBER 3

(BOXMOOR 3636)
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