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STABILISED POWER SUPPLY UNIT
ror PHOTO-MULTIPLIERS

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 Type RIIB4

INPUT OUTPUT iSTABILlTY OUTPUT RESISTANCE | RIPPLE

High stability low ripple A 10% change in mains
D.C. supply variable be- input voltage results in a

200-250v., 40~ 100 c.p.s. tween 300 and 1,100 volts. change of less than 0.1%; | Approximately 1,500 ohms. Less than 0.01%;, R.M.S,
Max. current 2 mA. Pos. between 1,100 volts and

or neg. may be earthed. 600 volts output.

M O U N T 1 N G The Unit is suitable for standard rack mounting-or for bench use. Bench Stands are available.

N\
7)Y PRICE — £48

Further information is available on request

EDISWAN

RADIO DIVISION - THE EDISON SWAN ELECTRIC COMPANY LIMITED
1,55 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London
‘ Member of the A.E.1. 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 [4th of the month for insertion injthe 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 Bx-

perimental  Establishments in London, Ports-
mouth, Weymouth arcas. Gloucestershire and
Scotland. ualifications: British subjects, mini-

rex;m:n 1oftl'I.SAC.d (pass )Deg{ee, H.N.C or near
uivalent an advantage). ondon salary (men
E.O. £750-£920, A.E.O. £302 10s.-£670 (a{cgrdin:
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/SA. W 3420

ADMIRALTY. Temporary Production Inspectors
required with experience in either Mechanical,
Electrical, Electronic or Marine Engincering for
various places in the U.K. Duties involve work
In “conmexion with the manufacture, inspection,
test and installation of equipment in H.M. Ships.
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 Jleast an equivalent standard of techni--
cal education with qualifications in appropriate
subjects. . Appoiatments  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 fo; each year by which age falls short
of 30. Salaties 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.1. W 3502

ATOMIC ENERGY RESEARCH ESTABLMH-
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-
sttuments 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_recogmised 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 contributo

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

miversity of London). Applications are invited
or 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.
Appllcams 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

SEPTEMBER 1955
A

.at A AW.R.E.

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 3ist 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 engineesing, 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 454
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.1, quoting num-
ber 128/55. W 3511

FLECTRONIC 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 sugh
as oscilloscopes employing high speed time lgz_lsns,
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
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 senjor Techni-
nian posts. Salary Senior Technmician £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 Semior 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 8.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. Ap{;lications invited for one vacancy
in each post of:— A. Head of Engineering Train-
ing. Assistant in  Engineering raining
(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 examination for Technical Assistants
who wish to qualify for promotion into the
Senior Technical Assistant Grade. Post B.

Responsible under the Head of Engineering
Traming 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 ailso 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 carty 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 1is 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 thorough Enowlcdge 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
this 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 tate 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
app-oximate dates, to that address. W 3493
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OFFICIAL APPOINTMENTS (Cont'd.)

EN_GINE!ER (Main Grade) required by The
United Kingdom Atomic Energy Authority, Wool-
wich Commog to control production of elec-
tronic and light mechanical equipment in a
small 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
‘p‘osscss equivalent professional qualifications, and
ave 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 FEstablishment,
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 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 354]

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 Iinitiative
and ingenuity. Applicants must have at least a
Higher School Certificate in science subjects, or
equivalent qualifications," together with wide ex-
perlence of the application of electronics. Pos-
session of a Higher National Certificate or appro-
priate City and Guilds Certificate may be an
advantage. Salary £1,090-£1,285 p.a. Al 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, Lancs, quoting reference 1,()V4VS.3 -

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.l. 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 1Ist 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.E4, 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!lders of the intermediate certificate of the City
and Guilds of London Institute in Iaboratory
technicians work (or recognized equivalent) will
be granted three additional increments, but not
beyond the extended maximum of £479 S5s.
Further particulars and  application forms
greetumable within 14 days) available from the

cretary (1268). W 3547

THE ATOMIC WEAPONS Rescarch Establish-
ments, Aldermaston, Berks and Foulness, Essex.
Have the following vacancies in the grade of
Experimental Officer. Mathematical Physicists
(Theroetical investigations: fluid dynamics, quan-
tum theory, electronic computors), 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 (Climatic testing,
research into explosive phenomena, also Health
Physics and Instrumentation). Technical Admini-
stration and Information. M‘nimum 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 xperimental
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 a2 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. derendmg on experience
and ~ qualificat’ons. . Application forms_ from
Secretary quoting Phonetics /6. W 3525

UNIVERSITY COLLEGE London (Gower Street,
W.C.1) requires FElectronics 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-
mitters, Perforators, Re-perforators or experi-
ence in (b) Cabling, Wiring, Distribution- frames,
Jack fields or a knowledge of (c¢) Long distance
radio cor ication Sy 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.
(Poreign Office), 53 Clarence Street, Cheltwh!a;gz‘
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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 {nowledge 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.\‘\{I. e

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
écheme. 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, io:— 'I)‘he dPersgInm_zll] l‘\’{anla’ger

echnical Employment), € avillan ro-
gle.llers 'Limited,pHatﬁeld, 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
thad 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 RHBBERS LTD.

Experimental Work'§

Manufacturers of Rubber Parts for ROLLS-ROYCE wro.
SEALS - BONDED PARTS - CORD RINGS - DIAPHRAGMS - SILICONE RUBBER COMPONENTS
§ PRECISION RUBBERS LTD BAGWORTH +« LEICESTERSHIRE - Phone: BAGWORTH 241/2

Prototypes \
Specialists in Rubber and Synthetic Rubber Mouldings for Industry Buliap s tich §
M\\\\\\\\\ 100 A A A T RS

THE
RECIPROCATING
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.l.D. approved

LEAVE IT 70

2wis
OF REOGOITCH

SPRINGS, SPRING CLIPS
PRESSWORK, WIRE FORMS
VOLUTE SPRINGS

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
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SITUATIONS VACANT (Cont’d.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Bmployment 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-
flon ‘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 be 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 in
need of Physicists, Electronic Englglce¥s. anld
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 to
break 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 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
modern manufacturing techniques as applied to
Television and Radio transformers, chokes and
coils and should have a good knowledge of
Government ?Entract Rquiremems. Write giv-
ing age, qualifications and sala requi

Box No. W 3542. v EARHES R

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.

ELECTRONIC ENGINEERING

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. SSM.D.). Box No. W 3402.

ASSISTANT ENGINEERS required for radio
communication development work. Good pros-
pects for men with HN.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 £550 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? Canm 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
BEngineering qualifications and experience in the
Radio and Television Industry. Salary range
from £800-£1,000. Apply giving full particulars
of experienci. etc. To Personnel Manager, Radio
and Allied Industries Ltd., Hirwaun Industrial
Estate. near Aberdare, Glam. W13

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 Joension 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 Natiorality 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.1. 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 £650-£1,000 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 £1,000-£1,200, 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
ior.application to communication and electronic
cquipment. 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. Walthamstow, E.l7“, Tho

DETAILL. 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,
Smal! Precision Motors, and Gyroscopic Instro-

ments. Apply stating age, experience and salary
required to S. Brown Ltd., Shakespcare
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.
Begree 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, Surrewy. Bk

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

CLASSIFIED ANNOUNCEMENTS
continued on page 6
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Crecztz'ng 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.

EKGOBMWWMS

SCINTILLATION COUNTERS - SCALING UNITS - COUNTING RATEMETERS . RADIATION

MONITORS - VIBRATING REED ELECTROMETERS - GEIGER'MULLER TUBES - LEAD

SHIELDING - LINEAR AMPLIFIERS - POWER UNITS - COMPLETE COUNTING
INSTALLATIONS - THIGKNESS GAUGES

EXCO ELECTRONICS LTD.,, SOUTHEND-ON-SEA, ESSEX
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$ITUATIONS VACANT (Cont'd.)

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.
onc_llcnt prospects with good commencing
salaries; non-contributory Pension Scheme in
operation. Applications will be treated in strict

dence 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 fpr work on A.A. defence projects at
the British associate company of the Hispano-
Suiza group. Candidates must have Grad. LE.E.
or equivalent qualification. A sound knowledge
of the fithdamentals 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.

ELECTRONIC/ELECTRICAL ENGINEER re-
quired by London Component Manufacturers 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 te 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, l-&lrés‘{’“

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 expsrience. 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 HIN.C. or C. and G
will be cons:dered. 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 reauired for work in connexion with
measurement of radio and television interference.
Superannuation scheme. Write giving full details
of age, qualifications, experience and salary re-
uired to . Personnel .Manager, The Telegraph

denser -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. Superannuatjon 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. Expzrience 'in pulse
circuits or ultrasonics desirable but not essential.
B.Sc. or H.N.C. standard. Worite 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. O N.C.
or inter. minimum qualifications. Weekly or
monthly staff vacancies available according to
experience. Quote EE/3, Personnel Dept., M.O.
&?Ige Co. Ltd., Brook Green, Hammersmith,

-ELECTRONIC ENGINEERS with sound gcnérél

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 SW. 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 spzcifications.
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_ £450-£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. Eng'neering Development

| T Ltd.,
mentation Engineers.  An

attractive

Instru-
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
send 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 soms applications
experience. The salary offered for th's 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 ENGINEERING 6

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, SW“QSI‘?G

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.
Fu'l 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
ilots and electronics. Applicants should have
fl.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.

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, EdinburghWSjns

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

FERRANTI LTD., London Computer Labqra—
tory. The Company invites applications for im-
portant positions .in a new and rapidly expanding
Development Establishment in the London Area
from Enginsering 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:— 1. Process and Maqufacturmg
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 Mcch—
anisms. 7. Circuit Design and Layout Engmee‘r-
ing. 8. Information Storage Mechanisms. Desir-
able qualifications are possession of ngher.or
National Certificate, or equivalent, some p'racucal
workshop experience and experience or interest
in one or more of the above fields. A sta_ﬁ
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, Lancs.
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

LIMITED, HATTON GARDEN, LONDON, E.C.I
Telephone : HOLborn 6989. Vittoria Street, Birmingham, |. Tel: Central 8004. 75-79 Eyre Street, Sheffield, {. Tel: 29212
E.7 )

JOHNSON, MATTHEY & CO.,

SEPTEMBER 1955

ELECTRONIC ENGINEERING



SITUATIONS YACANT (Cont’d.)

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.

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
lus several years’ experience of appropriate work
or 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, 1"Iolt|n;g\?r{19.7

EX-SERVICE RADAR and Radio Technicians
are invited to apply for posts as Test Enginecrs
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) Engincers 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 £800-£1,500. (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 (1). Salary range £600-£900.
The appointments would be to the permanent
§laﬁ 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

FERRANTI LTD., London Computer and In-
formation-Handkng 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-
tronpic 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 eclectronic 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 -

clectronic 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 Iitd., 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, optcal 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 senmior and jumior, 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 essentjal. 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

Manager, Ferranti Ltd.,, Hollinwood, Lancs. . :
1 : ’ can be given in the purchase of a house. Please
Please quote reference BGM 1. W 3458 apply giving full dgtails of career and salary
reautred (in strict confidence) to: Personnel
Officer, Louis Newmark Ltd., Prefect Works,
Purley Way, Croydon, Surrey. W 3496
ELECTRONIC ENGINEERING 8

JUNIOR ENGINEERS required for development
of Television with large manufacturing company
in N. London arca. Excellent prospects for
promotion 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
prospscts 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 HN.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 ecquivalent 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

ing instr 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 engincering section and candidates
should have had experience in modern com-
munications techniques, although applications
will be consldered from engineers trained in
other branches of Electronics. Successful appli-
cants will be required to instruct graduate
engineers. The posis are permanent and pen-
sionable.  Five-day week. Excellent working
conditions in new building. Please reply giving
full details of age, qualitications and experience
and quoting Ref. 2910 to Marconi’s Wireless
Telegraph Co. Ltd., Dept. C.P.S., 336/7 Strand.
w.C.l. 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
engincers and assistants on design and develop-
ment work, and also on associated electro-
mechanical problems. Applicants will be c¢on-
sidered in the following categories: 1. Candi-
dates with i ing or 1 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 of

an interesting long-term programme in an ex-
panding field and includes: 1. Navigational Aids.
2. V.HF. and U.H.F. transmitters and receivers.
3. Pulse systems. 4. Magnetic information
recording systems. These posts are permanent
and pensionable. and offer good scope to men

of ability. Applications giving full details of
qualifications, age, experience, should be
addressed to Personnel Department (EDL),

Murphy Radio Limited, Welwyn Garden City,
Herts. W 3466

CLASSIFIED ANNOUNCEMENTS
continued on page [0
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Arduous Duty

Open ring type.
Back of board mounting.
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Embedded ring types. Single’or muitiganged.
Back of board mounting. Shock and Vibration proof.

Open ring type. Multiganged.
Back of board mounting.

Enclosed ventilated type. Front
or back of board mounting.

For these and other Types
Write or phone

30, OXFORD ROAD, LONDON, .4. Arc 2155
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$ITUA quNS‘ YACANT (Cont'd.)

The engagement of persons answering these
advertisements must be ‘made through a Local
Office of the Minisiry of Labour or a Scheduled
Employment Agency i} 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 comsidered 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. i

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

PHYSICISTS or Engineers required for Design
angj 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-
bham. 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.; Qak Lane,
EBast Finchley, N.2.

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
Test 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 widé
range of Electromic devices. (a) Applicants for
the " Engineering posts should have (for senior
appointments) Technical training to Degree
standard with experience in research or develop-
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;

'l

W.1395

RADIO COMPONENTS. The Plessey Company
Limited, Iiford, Essex. 0
Vacancies exist for Technical Design Staff with
experience in the following field: 1. T.V. and
F.M. Tuner Design. 2. Relays and- Vibrntors':
3. Radio and T.V. Circuit Application Work, 4.
Acoustics.

Components Division.

5. Variable Condensers and Switches.
6. Senior Design Draughtsmen. Invitations are
extended to applicants--with the- requisite exper:-
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 HM.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, ¢ and

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,wEgs;())tS.

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
enginecring ficlds with special emphasis on Mini-
This
and calls for a man with sufficient ability and

stry contracts. is an attractive vacancy

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, cietails of rmalifications and exgerience
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.

recreational ~ facilities. Applications will be
treated as confidential, and should be made to
the Superintendent, Electronic Development
Division, R. B. Puilin & Company Ltd., Phoenix
Works, Great.West Road, Brentford, Midv:élless:%

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 3\?3651218

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 cxpected to: Personnel Mana-
ger, Vidor/Burndept Ltd., West Street, Erith.
Kent. ~ : W 3491

ELECTRONIC ENGINEERING 10

SYLVANIA THORN Colour Television. Tele-
vision Laboratories Ltd., require Circuit Engin-
eers for research work on Colour Television
Systems especially receiver display devices. 1.
Scnior Engineers. Must have had a number of
years experience of actual design work on .E.lec-
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

CLI}SSIFIED ANNOUNCEMENTS
: continued on page 12
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1. Industrial Rgsearch_

2. Production Testing

3. General Electronics

4, AG/DG Voltage Measurement
5. Arc Welding Research

6. Electro-Medical Research N E W MINIATURE

7. Engineering Training Schools

8. Television Servicing | M EAS U R I N G |
v 0S01LLOSGOPE

1. Radio'Servicing TY PE WM.1.

12. Technical Colleges
' Price £49

o E.M.l. ELECTRONICS LTD

HAYES - MIDDLESEX - ENGLAND - TELEPHONE SOUTHALL 2468 (Ext. 55, 857, 1013 & 858)
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TUATIONS VACANT (Cont’d.)

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
l.nclu.n've 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 m;rruﬁents 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 confid giving details of experience
to Box No. W 3486.

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

SERVOMECHANISMS applied to Guided Mis-
siles. 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 1s of great
interest and requires the use of advanced ama-
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) Multichannel carrier current tele-
phone and telegraph equipment. (¢) Carrier
current terminal equipment for radio links, and
submarine cable systems. employing submerged
repeaters.  (d) Transistor applications.  (¢)
Electronic switching and computing. () Electro-
acoustics. (g) Design of new components includ-

ing miniaturization. Assistant Engincers 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. (il)) Recent and
prospective Science Graduates. (iii) H.N C.
Electrical or Telecom Engineering or AAM.LLE.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 t ical committees, co-
ordination of this function inside the establish-
ment and drafting of specifications: there is a
small amount of European travel entailed: perma-
nemt, pensionable position, age limits 28/42.
Applications (in confidence) to the Secreaa;rgls.13

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) usetul. Grad.
I 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.C4. 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 carcer 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 be 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, Semior 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 Manager. Ref. R.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 QOak Lane, Salfords, near
Redhill, Surrey, quoting reference VPL(% T

ELECTRONIC ENGINEERING 12

- nical

THE BRITISH THOMSON-HOUSTON Co. Ltd.,
require graduate Engincers 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 intcrests 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, Vicarago
Lane, Ilford, Essex, require a senior electronics
engincer for development work in an important
field of industrial activity. Experience with servo-
mechanisms, a varied background, and a real
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 Instru Apply
stating age, experience and salary required to
S. G. Brown Ltd., Shakespeare Street, Watford,
Herts. w216

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 Com-
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. Pléase write for further
details quoting Ref. No. LK.11, to the Personnel
Officer, Ericsson Telephones Limited, Beeston,
Nottingham. W 3516

TRANSISTORS—ar engineer is required for the
design and analysis of transistor circuits with
application to a guided missile. Sonie 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-
Employment), de Havilland Pr&;{we;}‘esr?

Limited, Hatfield, Herts.

CLASSIFIED ANNOUNCEMENTS
continued on page 14
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SERVOMEX

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

For the Most Exacting Work

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 :—

. Output continuously variable. 5. 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 {(Contd.)

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.

1

VACANCIES exist for engineers in Radio and
Radar field at our various Depots. Applicants
should possess 1Ist 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 2 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-
g"i"d is Higher National Certificate in Electrical
ngineering or equivalent. (z) Draughtsmen
(Blectrical). 2 Draughtsmen are required to
engineer prototype clectronic equipment under
the direction of an engineer draughtsman. A
knowledge of M.O.S. requirements is desirable.
Minimum qualification Ordinary National Certi-
flcate or equlvalent, Applications, quoting date
and prefix letter of advertisement, to: Employ-
ment  Manager, Vickers-Armstrongs (Aircraft)
Limited, 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 ;car
taken intd 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

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

FOR SALE.

500 Ibs. Radiometal Lamination 13
OA 1ls. lb.

any quantity. Box No. W 1370.

FOR THE VERY BEST technique in V.H.F.
design do please sce the Eddystone ‘820"
FM/AM unit at Webb’s Radio, 14 Soho Street,
W.1. (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: 6S5s.
per 1,000 assorted. P. B. Crawshay, 94 Pixmore
Way, Letchworth, Herts. Tel. 1851. w215

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 SFI. 265-0-265 at 300
m.a.; 6.3 v. at 7 amp.; 4.4 v. at 2.5 amp.: Price
35s. glus 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 SF3.
1540 v. 2 v. at 2 a.: 4 v. at | 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
SF4. 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 SF6. 1,000 v.
at 4 amp. e.g., § K.V.A. Price £8 10s., carriage
and packing 5s. Type SF7. 1,500 v. at | amp.
eg., 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., 1§ K.V.A. Price £12 10s., carriage
and packing 7s. 6d. Type SM2. 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 SM3. 375-0-375
v. at 250 m.a. and 4 v. at 4 a. Price 37s. 6d.,
carriage and packing 3s. 6d. Power Filament
Transformers. Type SM4. 4 v, at 4 a. 2-0-2 v.
at 10 a. Price- I8s. 6d., carriage and packing
3s. 6d. Type SMS. 3.15-0-3.15 at 10 a, 4-0-4 at
10 a. 4-0-4 at 2 a. 4 at 4 a. 2.5-02.5 at 3 a.
Price 27s. 6d. plus carriage and packing 3s. 6d.
Type SM6 34 v. at 2 a. tapped 32 v.. 30 v. and
28 v. for relays, etc., 22s. 6d. plus 3s. 6d. car-
riage and packine. Power Chokes. Open wound
type and feet with clamps. Type SM7. 30 Henry

at 500 m.a.. 355s. Tvpe SMS8. 20 Henry at 500

m.a, 32s. 6d. Type SM9 15 Henry at ‘5‘%0 m.a

Further *“Situations Vacant’” adoertisements %;-: gg %g ml? ;g g::g, aa: 280 m::‘
appear in display style on pages 94, 103, 105, [gs. 6d. Type SM12. 3 Henry at 10 amps.
108,311,112,116,117,120,122,324,128 and 18s. 6d. Type SM13. 200 Henry at 5 m.a. I5s
134- BEP.E. Ltd., Special Sales Dept.. 31 Bourne

House, Grove Road. Eastbourne.- W8S

FOR SALE EDUCATIONAL

COSSOR D.B. 339 °scope in excellent condition. DIGITAL COMPUTORS, October [0th-l4th,
New valves. links viewing hood, leads and in-  1955. A short residential course at the Somerset
struction manual. £35 or nearest. Willis,  Education Committee’s College for Adult Educa-
‘‘Briarfield”’, Clifton Road, Ilkley. W 1397  tion. Tuition by the staff of the Electrical

EXCLUSIVE. Sale of cabinets in bakelite for
Television. Apparatus offered to Constructors for
different countries. Apply Box No. 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, electric lifts, offices, canteen.
Frechold £85,000. Vacant possession. Full
details from Chamberlain & Willows, 23 Moor-
gate, London, E.C.2. (Metropolitan 8001‘/)3)5538

ELECTRONIC ENGINEERING

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.1.

Department of Mathematics and Physics. Ad-
vanced PBlectronics. 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
November, 1955 to 10th January, 1956.

Sem‘conductor Circuit Elements, [7th January
to 28th February, 1956. Fee for each series £1.
App'ications for prospectuses and enrolment
forms should be made to the Head of the Depart-
ment as early as possible. W 3264

14

FREE! Brochure giving details of course im
Electrical Engincering and Electronics, covering
AM. Britt LRE., City and Guilds, ete.
Moderate fees. Write to E.M.I. Institutes, Dept.
EE29, London, W.4 (Associated with Ha]ﬂz\g_,h

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.LLE.E., F.nst.P. Mr. R. A. King
M.A (Cantab.), under the direction of Dr.
G. L. d’'Ombrain, Ph.D., D.I.C., ACG.I,
M.AmILE.E.,, M.LE.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.1.
Department of Mathematics and Physics. The
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 3477
T.V. AND RADIO—A M.Brit. IL.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 l144.page handbook—Free. B.ILE.T. (Dept.
337H). 29 Wright’s Lane, London, W.8. W1

WANTED

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

SERVICE

ANY ELECTRONIC. MS perfectly typed (or
e ncoer ;5 v 1k o Road, Wall =
special typewriter. alkyrie Road, allasey.
Cheshire. w 138&

ELECTRONIC ASSEMBLY, machine capacity
available, (aid). Bel Marlborough Yard, N.19.
ARC 5078. w219

PLASTIC MOULDINGS in Th_en_nopla_stics and
Thermosetting materials,  Specialists in_ high~
grade clectrical mouldings.
Greenwood Rawlins & Co. Ltd.
Raylelgh, Essex. Tel. Rayleigh 903.

Own_ tool-room.
Brook Road,
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.1. 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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"§COTCH 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
Sfinish 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 @ PRODUCT

MINNESOTA MINING AND MANUFACTURING COMPANY LIMITED -+ LONDON * BIRMINGHAM * MANCHESTER * GLASGOW

SEPTEMBER 1955
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Jorvics

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 O‘;A}EN ORGANISATION
You can support the B.R.M.
through the O.R.M.A. (Owen
Racing Motor Association)
Members £1 1. 0 per annum. L L )

Associate Members 5/-. Car Badge Stri lenh. ) '
(full members only) £1.10.0 extra. tringes Lane, Willenhall, S. Staffs

Full details from: THE SECRE- Tel : Willenhall 227 (4 lines) Grams : Hill 227 Willenhall
TARY, ORMA, KENT HOUSE,

MARKET PLACE, OXFORD Branch Works : Wednesfield Road, Willenhall.
CIRCUS, LONDON, W.1. Tele:

Museum 8901-6 Both our Foundries are available for Prototype Work.

WhiteAd 3072 b

ELECTRONIC ENGINEERING 16 SEPTEMBER 1955



o« o 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 - SES8

Phone: Tideway 1172-3

QNED 21Ne
& “%
A
A.LD. Approved Factory

TV U

SEPTEMBER 1955 17 ELECTRONIC ENGINEERING
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when SIZB is important ‘

too small, even in miniature motors, can be as bad as too big.

[n 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

22 x 102 hp.

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.

WV aa € € X A © iinited 196 Sloane Street London SWI
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In the centre of this
Broxlea staff group

are Mr. G. M.
Coomes (Secretary), §
and Mr. L. and M. 1)

> | B.Izzard (Directors). #

FAMILY AFFAIR

:'§4I-

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

BROXLEA

PRODUCTS
LIMITED

A.LD. - approved sub-contractors

HIGH ROAD - BROXBOURNE - HERTFORDSHIRE
PHONE : HODDESDON 3091{2

and aptitudes are fully engaged on
automation, electronic and advanced
telecommunications equipment pro-
duced on sub-contract for some of
the most internationally-famous con-

cerns in this country.

SEPTEMBER 1955
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ceramics

STEATITE & PORCELAIN PRODUCTS LTD.

Stourport-on-Severn, Worcestershire. Telephone : Stoufport |11, Telegrams : Steatain, Stourport SP38
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PLUS delivery

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 complelely impervious to the effects of humidity and
temperature.

Rivlin Resistances can be adjusted to 0.1% of the required value,
or 0.01Q whichever is the greater.

Any value in the range 0.1Q to 75,000Q can be supplied with [a
temperature co-efficient of 0.002% per degree centigrade, and up to
1MQ 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.

X American types reproduced.

14 to 21 days delivery

resistors by RIVLIN

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

Gulliver 2960

2z oy
iy, _
"

/
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Sweep )

I, "j’ﬁ"@”m
s ’7////’04/,4”////4%%”/

- , MOTOR OR MANUAL DRIVE AT WILL.
/ n ﬁy _ / FREQUENCY RANGE 20cs. TO 3Ks.
requeé s
Fg
. VA

Meets Ministry specifications for valve

= vibration testing.
/ iy 72 oy Also suitable for general vibration work.
4(/ M/"”’”;/MZ);WM W/ ’ Automatic reverse and stop or cycle over

complete range or any selected band.

Z ! ,
é/ // . r F1 Constant output 0.1V into 600 ohms or as
4’4. 7 ; specified.

Sweep rate 2 octaves per minute {(can be
varied to suit customers requirements).

W . fall informalion trom

i },‘7;

RIVLIN INSTRUMENTS LTD.

i
gy, Y /W/// , 7a Maitland Park Villas London .N.W.3

Gulliver 2960
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G-PAC

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 a$ 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| EILIOTT

ELECTRONIC ENGINEERING
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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
(D.C. Amplifier)

General
purpose

electronic
analogue
computer

(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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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.

A% THORN

415 ELECTRICAL

I

U2 AIRCRAFT

b

& &
——

EQUIPMENT

If you have not yet received your copy of this useful digest CONTENTS OF THE CATALOGUE INCLUDE

of Thorn electrical equipment please send a postcard to
THORN ELECTRICAL INDUSTRIES LTD.

HEAD OFFICE: 105/109 JUDD STREET, LONDON, W.C.1.
TEL: EUSTON 4433
AIRCRAFT COMPONENTS DIVISION : GREAT CAMBRIDGE RD.
ENFIELD, MIDDLESEX. TEL: ENFIELD 5360

24 FARNBOROUGH - STAND 113

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




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

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

Susceptance : Equivalent Conductance : 0-100 mmbho.
to +230 pF.

Accuracy: +2%, +0'5 pF. Accuracy: 2%, +0'1 mmbho.
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 ke/s and 250 Mc/s.
Bridge sources and detectors are available for use between
1-100 Mc/s and 50-250 Mc/s.

Gomponent Bridge Type B.121

A moderately priced 50 ¢/s instrument with a
very wide rahge, capable of 3-terminal and
a variety of in situ measurements.

R: 3Q to 1000 mQ, C: 1 pF to 1000 mF,
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 ¢/s and 20 ke/s. Input impedance 100K} unbal-
anced or >25K() balanced. In transportable case as Jjii
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
THE WAYNE KERR LABORATORIES LTD * NEW MALDEN - SURREY : MALDEN 2202
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good magnetic
characteristics

ot

Al g R

OIS

GAREFUL
CASTING
GONTROL

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

one of which is illustrated here. Produced by a
. ® PERMALLOY ‘B’ has lower initial permeability than
Company which has the unique advantage of being Permalloy ‘C’ but higher values of flux density. Suitable
' where high permeability to alternating field is required
superimposed upon a steady polarising field.

a large-scale user of its own magnetic materials, a long
® PERMALLOY ‘D’ for very high resistivity without

undue lowering of the maximum flux density. Variation

experience of the apphcatlons of these materials gives of permeability with frequency is small. Ideal for H.F..
. .. : . 3 applications.

full appreciation of the properties essential for uniform @ PERMALLOY *F’ for high flux density, very rect-
. . angular hysteresis loop. with a retentivity of at least 95%,

electrical characteristics and stable performance. 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

Standard magnetic alloys with relation to your specific high value of maximum flux density. Finds special
application for use as high quality receiver diaphragms,
also motor generators and servo-mechanisms in aircraft

requirements. where weight and volume are important factors.

It will pay you to investigate the capabilities of

Srandard Telephores and Cobles Limired

Registered Office: Connaught House, Aldwych, W.C.2
TELEPHONE LINE DIVISION : North Woolwich, London, E.I6
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TELEVISION GAMERAS
programme was broadcast from the Marconi STunlo EQU'FMENT

transmitter at Chelmsford. To-day Marconi high RADIO LIN KS
or medium power transmitters and high power AND TRAN SMITTE RS

aerials are installed in every one of the B.B.C.’s AERIAL SYSTEM S
television transmitter stations and Marconi :

' TELEVISION
television systems are being supplied to countries COLOUR

in North and South America, Europe and Asia. he : lNDUSTRML TELEV!S[ON

MARCONI

Complete Television and Sound Broadcasting Systems

In June 1920 the first advertised sound radio

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED . CHELMSFORD - ESSEG)g
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CABLES and CORROSION

‘FLUON’-insulated cables made by
British Insulated Callender’s Cables Limsted

‘FE.OUON’*
holds its insulating and dielectric properties

from =80° . to 250°c.

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

Power factor < 0.0002

Dielectric Constant 2.0

Dielectric Strength 1,500 to 1,800 volts/mil. on .005 in. sheet.
Surface Arc Resistance  >100 secs. (non-tracking)

Volume Resistivity 10"*—10" ohm.cm.

Water Absorption Nil

Chemically inert, and unattacked by acids, alkalis or solvents. Non-inflammable.
* SELUON?’ is the registered trade mark for the

polytetrafluoroethylene manufactured by 1.C.1
Please ask for full technical data.

IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.r

P.573
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w. BRYAN

avaqge) 7 VIBRATION TESTING

VLF, AUDIO & LRF
A M PLI FI ER S

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 :

1
1
* Vibration Testing E'
* Transformer Testing ! 100 WATTS “VLF” 3 c¢/sto 6 c/s
i
[}

]

b

[}

[}

1

i

% Variable Frequency 1,000 WATTS “VLF”> 6 ¢/s to 2,000 ¢/s ,
Power Supply for i
Synchronous Motors :
{

i

I

1

MARK Il STAR 50 ¢/s to 10 Kc¢/s

and Test Gear.

. ¢ “LRF”  5Kc/s to 100Ke/s ¢
Many of the leading organisations : 10 kw, MARK 10 50 C/S to 10 KC/S
i .

are using this equipment.

Mark Il Star

VIBRATOR

TYPE 1000

‘T'he vibrator is designed to produce a
conunuous alternating thrust of 4600 lbs.
(unblown) at 1 kW and approximately
1,200 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

ava e wW. BRYAN SAVAGE LIMITED

17 STRATTON STREET, MAYFAIR, W.I. Telephone : GROsvenor 1926
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Qs:am

nine - one - two

the most successtul
amplitier design

nine-one-two PLUS

Six position fully screened This book gives details of how to modernise this
popular Amplifier. Stage by stage wiring instruc-

Selector Switch, with or

tions.are included for the improved ‘912’, and there
without pre-amplifier, to are many additional valuable features. By purchas-

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

cater for all types

your existing Osram ‘912’ or obtain full details for
of record, various types constructing this versatile and remarkable Ampli-

of pi ck-u p, ra dio and fier for High Quality Sound Reproduction. It costs

4s. 0d. from your dealer or by post 3d. extra from
m 'cr°ph°ne 'nPUts' Osram Valve & Electronics Dept.

THE GENERAL ELECTRIC CO, LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2.
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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. lIdeal for Machine-
Tool Hydraulic feeds. Sup-
plled, 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

** We can straighten out
your knottiest problems.'’

—THE SUPERFLOCTOPUS

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 theupii
machine is ample
VALVE CO. employs Cossor Oscillographs evidence of the.magnitude
to help investigate vital manufacturing I of the problems invalved
in its design. In their
ability to display and
measure the mechanical or
electrical characteristics
of its component parts
Cossor Oscillographs can

problems. The picture shows a
“Q Series’’ Valve Vibration I

Rig where stresses of known

form, amplitude and frequency :
. 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.

“ S S ‘. Hk ‘ The Technical Advisory Staff would. be. pleased to ‘discuss
. your particular problem. .
c i 'COSSOR HOUSE * HIGHBURY GROVE
LONDON * N.5

#

Telephone= Canonbury 1234 (33 linesy Telegrams:-Cossor, Norphone, London

33
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Our ME 64 Six- channel Recorder . -J|
is a fine example of our hlgh quahty i
Cathode ray Osc1llograph equipment.

' P]ease; write for‘ our catalogues

SOUTHERN INSTRUMENTS LTD

CAMBERLEY SURREY
Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England
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Marconi 6kW HF ISB Transmitters

TYPES
HS 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.

These transmitters, designed in accordance with 'FEATURES INCLUDE

the most advanced practice, provide :— . i
. B ©® Tuning over the whole range without change

(a) Telegraphy on CW and FSK (A1 and F1) of components
(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 ® Envelope feed back to reduce distertion.
manually operated ; HS 72 provides full automatic -
tuning and selection of any one of six pre-set
frequencies. ' '

® Air cooling throughout, -with dust filtering.

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

@ Compact assembly with good access for
servicing and safety interlocking.

>

More than 80 countries now have Marconi equipped telegraph and communication
services, many of which, completed 20 years ago, still give trouble-free operation.

Sy

sor

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

' FURNAGCES

Molybdenum wound

for temperatures
up to 1750° C.

Weighted
————————— entry door

Weighted , /
discharge door /]

Burn-off point /

at discharge Pre-heat

chamber with
burn-off point
at entry

Water-jacketed
cooling chamber

Voltage regulating transformer

with ammeter an voltmeter7

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 1s
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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// Instrumentation \

/

/
,1 and Controls
| /
|
\
\
\
\\ ]
\\ |
\\ |
1‘\
\
\

ACTON LANE WORKS

TELEPHONE: CHISWICK J674 CABLES: MEGGEN, LONDON *
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or a general description, please
write for publication EE 272

EVERSHED AND VIGNOLES LIMITED
* CHISWICK * LONDON * Ww.4

ELECTRONIC ENGINEERING



“ REVOLUTIONARY

in design—
and performance!?!

TYPE W97

HUNTS “THERMETIC” MIDGET METALLISED PAPER

CAPACITORS WITH A TRUE HERMETIC SEAL
FULLY APPROVED TO JOINT SERVICES STANDARD R.C.S.136/A |

CATEGORY 40/100, CLASS IL.1.
TEMPERATURE RANGE : — 100°C to +100°C ?
The W97 capacitor, although of diminutive size, is an extraordinarily robust TYPE W97 STANDARD RANGE
unit. Most miniature units are prone to weakness in end connections and .
general mechanical flimsiness. Such undesirable features are eliminated in No. | CCARTERERIKENSICRE lnehes)
the W97 by the special processes used and extreme care in manufacture. s volts D.C. W, |
CAPACITQR UNIT BM7 0002 | 0.0 0.135
A single metallised paper is used to wind this unit which is made possible 8M8 0.004 0.610 ° 0.135
by the use of Hunt’s Patent covering the '‘castellated’’ pattern. Recent by e Lo g:gg
development by Hunt on a special impregnating material gives the unit BMI2  0.005 0.500 0.180
remarkable brackets of operating temperature. gmz g.g; g.it‘)g gl:gg
SAS!NG, ] o4B {1, 00 o BMIS 003 0.610 0.260
unt’s patented double metal tube, sealed with the special '*Thermetic BMI6 - 004 0.610 0.260 |
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. o mov$40.c 0’:‘:5 s
TERMINATIONS BMS 0.0005 0.610 0135
¢ The terminations are of 24 gauge tinned phosphor bronze wire having a BMg 0.001 0.610 0.135
nominal length of 14", Special attention is paid to the retinfing of the wires gmg ggg% g';% g':gg
! after the capacitor is fully processed. Connection is made to the unit by BM20 0.005 0610 0.180
} applying copper spray to the metallising. The pigtail is soldered to this BM21 0.01 0.610 0.260
| 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
L lowest capacitance in the range, has a self resonant frequency of 280 mega- 600 volts D.C.  Wkg.
cycles. At the other end ofsthg range, 0.04 pF 200 volts, which is the gms gooob;:s. g.g?g g:gg
maximum capacitance, it is 8.5 megacycies. : I
INSULATION RESISTANCE® S el B oo
This is measured at working voltage at a temperature of 20°C. The 8M27 0.0002 0.500 0.180 i
minimum capacitance in the range, SO pF at 600 volts, has an insulation STiaomN fopeo2z Forord 01180 i
resistance greater than 2,000,000 megohms. The maximum capacitance in BM3 0.0003 0.610 0.135
the range 0.04 pF at 200 volts, has an insulation resistance greater than g:gg g.%i 8.288 8:%
25,000 megohms. The intermediate capacitances are approximately pro M3 ©.0005 0500 s
FOWER FACTOR T R A
Less than 2%, at 1,000 cycles per second at 20 C. 5”34 0.003 0.610 0.260
: M35 .0.004 0.610 0.260

CAPACITANCE TOLERANCE
Standard 1 209%. 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. CAPACI T0 Rs

. THE TRADE MARK OF RELIABILITY
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AUTOMATIC DIESEL GENERATING SETS

L { 1

ELECTRONIC ENGINEERING

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, Lherefore, 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 nodern 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
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REGTIFIERS

miniature

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

i I

Erandard Tblepftones and C ables Lmured

Registered Office: Comnaught House. Aldwych, Loddan, w.ez

y 'RECTIFIER DIVISION:, Edinburgh Way,_Harlpw,;fsée‘\:‘é@

i ol o - LTS ! o Rethiite sl
_._An__Ak' o A‘ e
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L ToROIDAL |
POTENTIOMETERS

Ceramic Insulation only— Trpe €. (Precison 57
Tropical model
and approved for available. v

Tropical conditions.

Complete Ceramic Rings for
strength. Also a large range
of precision Toroidal-wound

Potentiometers and Helical

500—100,000
ohms. Winding
270°—355° Linear
accuracy 0259, on
‘higher resistance values.

Potentiometers, 3 and 10 turn.

Have you a copy of this catalogue? If not, write for
list No. 212.

P. X. FOX LIMITED, Hawksworth Road, Horsforth, Yorks.

Tel : Horsforth 283172 Grams : Toroidal Leeds
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The valves tabulated below are examples

I< LY S T R O N S from our standard range. The frequency

coverage can be varied, within certain
. ENGL[ SH ELE CTR[ C * limits, to suit the requirements of
equipment designers. Further particulars

are available on request.

Minimom Typical Operation

Mechanical R.F. Electronic

Frequency Power Tuning
Range Output ] Range
(Me/s) (mW) (Mcjs)

9320-9500 250 30 Micrometer
9555-9685 250 30 Micrometer

9320-9500 25-0 30 Micrometer
9250-9500 25-0 30 External Pin
9430-9650 25-0 30 Micrometer
9645-9775 25-0 30 External Pin
9555-9685 25-0 30 Micrometer

8800-8900 30-0 30 Micrometer
9105-9205 30-0 30 Micrometer
8200-8300 30-0 30 Micrometer

8500-9500 40-0 25 Shaft,
2304 9000-10000 40-0 ] 25 Shaft

1 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.

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 [ to 5 kV (a.c. or d.c.)
E.E. 11309 3 to 10 kV (a.c. or d.c.)
E.E. [1310 5 to I8 kV (d.c.) and 5to 2 kV (r.m.s. on a.c.)

*yide page 100 of Television Engineers’ Pocket Book—a Newnes Publication.

-
SCIENTIFIC()) [2INSTRUMENTS

PYE & CO. LTD.. GRANTA WORKS. CAMBRIDGE, ENGLAND

WG.62
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ENTHOVEN Superspeed -

for

*

*
*

*

[ 4

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 harme
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.

ENTHOVEN SOLDERS LIMITED -

SEPTEMBER 1955

89 UPPER THAMES STREET -

’

soldering . ..

o o

Designed as the result of exhaustive research into the pruperties of
all' kinds of single and multiple core systems, ENTHOVEN stellate 6-
CHANNEL CORE combines ail 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 8Y

ENTHOVEN

SOLDERS LIMITED

SUPERSPEED activated rosin-cored soider for general electrical, electronic and telecommuni-
cation work, and all standard uses. A.L.D, approved to M.O.S. Specification DTD 599.
Complies with B.S.441, 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.

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.L
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-19

... and nobody
knows more than
Gresham about
Transformers for

Electronics

GRESHAM

TRANSFORMERS LTD

RING THE ELECTRONICS DIVISION FEltham 227]-4

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

gm-3omA/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 ' Y
below are absolute values, not design centres. -' M WIJ'IIJW&’ l ‘I '
lul \'ll d | \| '
RATING B & 210 H" ‘
JA. BASE i TH— :
x‘h 2|6'3°p\.’ ;36\’/:\ CONNECTIONS 'I ' m‘ I
. . 2 ' -l-

Va max 800 V Pin | h PIERT =

Vg2 max 300V Pin 2 h tap L 2

Vgl max -loov Pin 3 gl

Wa max 0 W Pin 4 k

Wg2 max 10W Pin 5 g2

Itk Max 800 mA Pin 6 a

Vh/k max. (cathode + VE) 300 V S B

EDISWAN

M A Z D A
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.L.E. Group of Companies Telegrams : Ediswan Westcent London
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THE FERST 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

DE RATIO Ay m-s—ﬁ

‘When a vibration generator is driven from a !
variable frequency source of supply, the ampli- o1 e I 10-

tude response will be as shown in Fig. 1, 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 Aw? 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 wo the frequency of the fundamental resonance is increased.

We are on STAND 245 If you have a vibration problem—

S.B. A. C. Exhibition, Satigue testing, torsional or flexcture testing or struc-
tural investigation — consult Goodmans first, The
Farnborough.

Goodmans V'ibrator Range includes models developing
L7500 /b. to a midget with foreé output of 2 Ib.

Full technical data from “Vibration Dept E”

¥ oKk K K K koW K K K K K K K K K Kk %

GOODMANS INDUSTRIES LIMITED * AXIOM WORKS * WEMBLEY - MIDDX. * Tel: WEMbley 1200 (8 lines)
GDI
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"BICALEX'®

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 Neo. 322,

available on request.

For EVERY type of coil—there’s a BICC Winding Wire

(aﬁ% BRITISH INSULATED CALLENDER’S CABLES LIMITED
7 21 BLOOMSBURY STREET, LONDON, W.C.I
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for a copy of this booklet—please write to

Magnesium Elektron Limited

MANCHESTER LONDON
Lumm’s Lane, Clifton Junction, near Manchester 21, St. James’s Square, London, S.W.1
Telephone: Swinton 2511 Telephone: Whitehall 1040
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. A  § al d lt c ’ epoxy Casting resins

@@%ﬁ@é

§ A  § al d lt c g epoxy resin adhesives
epoxy surface coating resins & A r al d 1‘[ e 2

_1g Testns

epoxy casting resins ¢ A ra 1 d 1 fe ?

Araldite is a Registered Trade Mark
FULL DETAILS WILL BE SENT GLADLY ON REQUEST

Aero Research Limited

A Ciba Company
Dusxford Cambridge. Telephone : Sawston 187 AP 264.141
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TROUGHTON
& SIMMS

11” swing, 18/20" between centres,
1”7 collet capacity

MORE AND MORE FAMOUS FIRMS
USE HARDINGE HLYV LATHES

Specially designed for Small Batch Production of precision parts

Write or *phone for a descriptive HARDINGE
pamphlet and Test Chart or
’ MACHINE TOOLS LTD

(One of the Sheepbridge Engineering Group)

better still, ask for our mobile
demonstration unit to visit you—

. . ... ! | Feltham, Middlesex, Telephone: 3221/5
it may be in your vicinity NOW! Telegrams: Hardinge Feltham

e e L
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FOR UP-TO-DATE
INDUSTRIAL
LUBRICATION

& PARTING

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.

‘dag’ colloidal graphite provides the solution to many
industrial problems involving lubrication at high temperature,
parting, impregnation and electrical conductivity.

The Acheson organisation, manufactuters 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, 18, PALL MALL, LONDON, S.W.
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 '

% THAT’S WHY THE

Felvinaton
POLARSPHERE
INCORPORATES

SALTER

"TRUARC

eiaieidai i e e TS
1 H :
! To Geo. Salter & Co. Ltd., West Bromwich. ] RE Tﬁﬂ N E Rg
Please send details and samples of Salter Retaining r

il . VCCCCCW

IF YOU WISH TO SOLVE
........................................................................ YOUR FIXING PROBLEMS
| [ send representative [ Letter aached | AS EASILY, JUST POST THE
' ! COUPON FOR DETAILS

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

ECC. PATENTS

-
!

CUBICLE. ,
I .

A, ) + . . . n . . . Lo y
These N}BR-EAK Alternator Sets are arranged to operate in conpjunction with existing A.C. mains to provide a continuous
- AC.su s 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. Ufder mains failure conditions the alternator is driven
oy 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.

f ch gi&_incoqn'rues a Lister FREEDOM diesel engine and an E.C.C. synchronous induction motor/alternator. E.C.C.
. atic excitation and control unit is incorporated in the control! piltar. :

- E.C.C. patent ECCOSYNE automatic synchron is unit 1s provided for re-connecting the alternator to the mains on -
mains restoration. These sets xquj:re a continuous NO-BREAK supply both in attended and unattended stations,

. ;_..'- _ Brochure B.I?ﬁ——*'ﬁlw request, . 1"1.‘.:-.
" L
| - — —=
ESTABLISHED 1882

THE ELECTRIC CONSTRUCTION COMPANY LTD.

Head Office and Works:
TELEGRAMS : BUSHBURY ENGINEERING WORKS TELEPHONE :
‘ C ELECTRIC WOLVERHAMPTON WOLVERHAMPTON
21455 > unes»
WOLVERHAMPTON E N G L AN D 7 LINES ——

Manufacturers of Rotating  Electrical  Machinery, Switch  and Control  Gear, Rectfiers 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. » 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./usec. may be
recorded using the D6B or D4B.

Type ... . ‘ D.6 D.4
Diameter . | 6 in. 4in.
Overall lengths (mms.) _ 4_8_0— 370
Sensitivity ... .. | X | 700 | 400 |
mmV.x VA, .. .. | Y :_ 700 | 350 |
Y capacity - f 4ppf 4upuf i
Heater volts % 6.3 6.3
VA, max. KV ... .. . 5 5
VA, max. KV .. 4 2 2
VA, (VA,—2KV) volts : 300 | 300
Vg for cut-off (average) ... —45 | —45
Drivefor 20pals .. .. | 20v | 20v

Screens:

B T e e A e ks

D6P — Maedium persistence.
D6F — Fluoride. Long persistence.
D6D — Double screen. Long persistence.

20th CENTURY ELECTRONICS LTD.
Telephone : Lodge Hill 2121.
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MANUFACTURERS
OF PRECISION
CATHODERAY TUBES
AND
GEIGER COUNTER
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CENTRONICS WORKS

NEW ADDINGTON
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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 ps/cm and 10 ms/cm.
Calibration accuracies are: voltage +5%, time +10%.

AT YOUR

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

Abalancedd.c.ampli-
fier instrument fed
direct or via a probe,
giving a level frequency
response from 30 ¢/s to 100 Mc/s.
, Full-scale readings from 0.5V
. peak to 15 kV peak.

VARIABLE CUT - OFF FILTERS
GFF. 001/01 & [02

High-pass and low-pass filters with ten cut-off frequen-
WIDE-BANDO cles in the range 400 ¢/s to 17 kc/s. Stop-band attenua-

- tion 50 dB; pass-band 5 dB. Input and output impedances
600 (3.

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-
tionaccurate to 3% and voltage calibration
accurate to 2%. Sweep speed .05 usjcm to
6 ms/cm.

Mullard &=

SPECIALISED ELECTRONIC EQUIPMENT

MULLARD LIMITED + EQUIPMENT DIVISION CENTURY HOUSE . SHAFTESBURY AVENUE . LONDON . ®&cC2
(M1466)
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GENERAL | 12 head rotary

G.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 1 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.

WENERAL EBINEER 1S

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, g Victoria Street, London. S.W.r1. Telephone : Abbey 5278
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—for Smaller Production
Quantities

idy =t S
LI
—_— i SHEET AREA UP TO 28" x 40"

Type RA-41P
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

20 low cost punches can be set up in the turret ready for OUTPUT—I0 PER HOUR
instant use.
Maximum sheet size ... & 28 in. x 40 iIn. ALL OPENINGS PIERCED
Throat depth ... vee ... 28in. IN TIMES SHOWN
Capacity 15 tons .
. . . . The WIEDEMANN range inciudes snall

P ” td

unching Capacit g' dlam:ter i: 3Z4 thr::k M"||d St:el idicreen R

& . o oA " s " operated machines of 80 tons capacity, capable

Strokes per minute ... 175 of piercing 6° holes in }" plate.

Write to Sales Department for detailed Catalogue

DOWDING & DOLL LTD

346 KENSINGTON HIGH STREET, LONDON, W.I4

Telephone WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON

58
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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 em, and 30 ¢m.,

London Office: KERN HOUSE, 36, KINGSWAY, W.C.2.

ES/TI9
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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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Polarised Relay

High magnetic sensitivity

Large winding space - High copper efficiency
Symmetrically balanced movement

High Thermal and Shock stability

w
%
*
*
*
*

Low susceptibility to magnetic interference

&) Type 1A 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. 693

[ 844
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THE NEW
MARCONI SIGNAL GENERATOR

TYPE TF 8018

FREQUENCY RANGE 10 to 500 Mc/s

T

NORMAL OUTPUT: 0.1 uV to 0.5 volt, c.w. or modulated to 309, available under all conditions ;
909, modulation at most carrier frequencies. '

HIGH OUTPUT: up to 2 volts c.w., or | volt modulated, at ‘most carrier frequencies.
Sine a.m. : 1000-c/s internal or 30 ¢/s to 20 kc/s external.  For external pulse modulation, r.f.
bandwidth extends to 3 Mcjs. Output impedance : 50 ohms. A.C. mains operated.

MARCONI INSTRUMENTS

SIGNAL GENERATORS « BRIDGES e« VALVE VOLTMETERS o Q METERS - WAVEMETERS
FREQUENCY STANDARDS . WAVE ANALYSERS . BEAT FREQUENCY OSCILLATORS

MARCONI INSTRUMENTS LTD 0 ST. ALBANS . HERTS d TELEPHONE : ST. ALBANS 6160/9
30 Aibion St., Kingston-upon-Huii Phone : Huli Central 16144 19 The Parade, Leamington Spa Phone : 1408
Managing Agents in Export:

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED - MARCONI HOUSE - STRAND - LONDON . w.C2

TC 68
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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 (ﬂ%"tw/&z‘e 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: 15" x 10" x 6" Weight: 23 Ilbs.

"ENGLISH ELECTRIC’

electronic insuiation tester

See our Exhibits on Stand 10, Row DD, 1st Floor, Empire Hall,
ENGINEERING, MARINE & WELDING EXHIBITION
Olympia, September 1—15.

Tue ENGLISH ELECTRIC ComMpraNy LiMITED, QUEENS House, KiNnGswAY, LoNDoON, 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

FOR
RELIABLE

Frequency Range, 2,000— 20,000 kc/s

Our range now includes crystals Jor 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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Bullers 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

BLI28

s BULLERS LIMITED N

~
/
{ MILTON - STOKE-ON-TRENT * STAFFS =
_“‘ Phone: Stoke-on-Trent 21381 (5 lines) - Telegrams & Cables: Bullers, Stok Trent ’.'l
A\ Ironworks : TIPTON, STAFFS London Office : 6 LAURENCE POUNTNEY HILL, E.C.4 j——
‘\\ . Phone: Tipton 1691 Phone : MANsion House 9971 o

T—
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The Elliott 402 Computer

9 weeks’ work in 12 minutes

REGD., TRADE MARK

with the help of

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 § weeks’ normal work has been carried
out on this machine in 1} 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 Bros. (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. computer.

JAMES BOOTH & COMPANY LIMITED - ARGYLE STREET WORKS - BIRMINGHAM 7

Ex:rusions, large foryings, plate, sheet, strip, tubes and wire in lrass and copper as well as light alloys
TD 18Ga0
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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
Output 200-500V 200-500V 0-500V 0-500V 0-500V
250mA 250mA 250mA 250mA 150mA
Y P Number of Ranges 2 2. 4 4 1
N
;;;' Voltage Stabilization +0.02%; +0.0029; +0.1% +0.002%; +0.1%
=& | Effective Output Resistance 020 0020 050 0.020 050
{max.)
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mVY
Outputs —_ —_— 250V 25mA 250V 25mA 250V 25mA
'El- 0—250V ImA | 0—250V ImA | 0—250V ImA
[
a4 Voltage Stabilization — — +0.05% 40.002% +0.05%
=) -

‘ §I§, Output Resistance (max.) — i I Q 0.0l 1 Q
Output Ripple (rms. max.) — — 2mV ImV 2mV
Unstabilized 4 VE 470V 470V 320V 320v

H.T. Supply 250mA max. 630V 630V 470V 470V 630V
) 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 £75

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

Steel instrument case of new design

oo we o

cow

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

. CHERTSEY ROAD, BYFLEET, SURREY.

ALL-POWER TRANSFORMERS LTD.
Tel. : BYFLEET 3224/5
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£1 15 0 per pair
£4 10 0 each
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,.\DIOLPATED

FLEXIBLES WIRES
TAPES & SLEEVINGS

IOLPATED P.V.C. marks a new era in the field of electrical insulation. It is the basis of

“ Permanoid ” Grade VO insulated Wites, Flexibles, Sleevings and Tapes. These retain
their full flexibility and freedom from embrittlement over the widest temperature range yet
achieved, viz. from—35°C. to 150°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 150°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 cotes. 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 Lid., and marketed
by R, W. Greeff & Co. Ltd.,
12, Finsbury Circus, London,

% < PERMANOID’ Grade
VO fexibles, covered wires,
tapes  and  skevings, are
available in a wide range
of sizes and colours at
competitive prices. Technical
leaflets, giving full details and

E.C.2. prices, on request.

Formerly ASSOCIATED  'wapr. 4 IS NEW ISLINGTON
TECHNICAL MANUFACTURERS L ( 'MANCHESTER 4. ™iiSoys

'&wi\g:"
London Branch : 48 Woburn Place, W.C.I. Tel.: MUSeum 3808. S / Bristol Branch : 46 Whiteladies Road Tel.: 36974.
Wolverhampton Branch: 558 Wolverhampton Rd. East, Fighting Cocks, Wolverhampton. Tel.: 38367
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Close
tolerance
twin
triode

for digital computors in business

l"""
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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 EgcCC 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.

ABRIDGED DATA
These figures are for each sections:
Impedance — low
. . Nz cooncosBoooao0ncatennss 100V
Operating speed — high e 8.5 4mA
. A S, 2.1V
Life expectancy — over 10,000 hours gfw ........................ 6.041.2mA/V
() B 27
Vg (Ig= 40.3pA) ...—0.2V
Pa MaXeieriuennrnnnnn 20w
fk max...cooeevennnnns I5mA
Heater ...cccevvveneneen. 6.3V, 0.4A
Base ..........ce.s.... .B7G

Mullarxd

MULLARD LTD., COMMUNICATIONS & INDUSTRIAL YALYE DEPT., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2
A
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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 | 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

SEPTEMBER 1955
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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 Wavetorm 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
u CONTROL CIRCUIT
sine |
output
cou'rFFllo-LLED : FU':JDYAoMg'?:AL AT = [RICCER, bﬂ"‘“f‘n‘g”‘c | EelIIOS UCLIEE
o] SA o Nt
oscILLATOR | peak GENERATOR FoLLoweRr [ circur UL CONTROL CiRCUIT
output -
7d
CATHODE- TRIGGER HARMONIC AMPLITUDE TUNED 5 e
FOLLOWER CIRCUIT o CONTROL CIRCUIT j‘— ADDING e {
l circuit [T FoLLower
ath )
cro., |, | cATHODE- m:';i]s: | HaRMONIC AMPLITUDE Tlunnczuo M
synchronizing FOLLOWER ci VIBRATOR CONTROL < T 1
b
10
CATHODE - TRIGGER AMPLITUDE TUNED
al - HARMONI] L]
FOLLOWER CIRCUIT MULTI- CONTROL CIRCUIT I
- *
Fig. 1. Arrangement of the synthesizer

tube and an adding circuit incorporates the fundamental
and all the harmonics in a single output voltage. A funda-
mental frequency of 256¢/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 Broadca.;ling Corporation
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The fork itself was bolted in a
horizontal position on to a short
length of angle iron while two

to oll cathode
tollower grids

2000Q) telephone earpieces were 4
mounted near the ends on the §2~2k0
prongs and paraliel to them. The
clearance was about one-tenth of
an inch. With this arrangement it
was found that one-half of a 12AT7
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X +300V

47k

100pF WX6
1 ]
| 1 B

double triode was well able to start
and maintain oscillation without

the necessity of matching the coils. —

sync from

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-
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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.

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 14 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-
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Fig. 3. Phase controlling unit

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 Circuit
' R, R, [ R;
HARMONIC *kQ I kQ &)

|
2nd ! 82 | 20 27
3rd 54 5 33
4th 56 5 22
5th J 56 5 27
6th 56 5 33
7th 56 5 33
8th 5 )
9th 56. ‘ shunted 33
10th [ | by 10 |

Harmgnic Multivibrators and Tuned Circuits (Fig. 4)

Conventional cathode-coupled multivibrators were used
pretuned by means of C, and R,. A 5k{} 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 7*.
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 C,. 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. R, 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 QOutput Stage

] 4 | RS ’ 8 |
mwomc] (k) ‘ M) | kD ’ pF) ’ pLF)
| el

2nd 51 015 47 008 | 1
3rd 2 | 05t | 100 0087 | 044
4th 2 0.51 100 005 0-25
5th 56 15 47 003 016
6th 39 22 | 100 003 | 011
7th 78 s | B 002 0-082
8th 56 ) 15 100 002 | 062
9th a7 1’5 220 | 002 | 005

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 256¢/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

L ¢ +300V

from tu_n'mg

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 500k{) potentiometer, and under
these circumstances no interaction could be detected
between the tuned circuits.

Finally a cathode-follower gives a low-impedance
(150Q2) 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 11iin by 3in deep

Fig. 6. The complete synthesizer

with a spacing of 2in (along the length of the chassis) by
2iin (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 104in, 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 45A at 12:6V
(centre-tapped to earth). This employs
a choke-input, two-stage filter. No
special stabilization has appeared to be
necessary.

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

fork coil i
]
220K2 §47kﬂ
] IO'II.AF -
OluF
500k i
E
5] \Wt 47k
L »
F
e !
10k -F )
! % L L
FUNDAMENTAL ADDITION ouT
OUTPUT CIRCUIT AN CLEgy
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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 voitmeter 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-
Once the amplitudes are correct, the phase controls

ments.

Fig. 7. (a) Fund al ; (b) Fund tal+2nd ; (¢) Fundamental-rlnd 4th;

(d) Fundamental+2nd4ﬁ4th r6th (e) Fundamental-‘ 2nd +4th 4-6th + Bth; (l)

Fundamental + 2nd 4 4th - 6th -+ 8th -10th ;  (g) Half-wave rectified  sine-wave
with fundamental suppressed

Fig. 8.
Fundamental+3rd and Sth har
harmonics ; (d) Fundamental 4-3rd, Sth, 7th and 9th harmonics :
with fundamental amplitude reduced 8 (f) As (d) but with fund.lmemal suppressed.

{(a) Synthesis of square wave : Fundamental-rer harmonic ; (b)
al+3rd, S5th and Tih

(e) As (d) but

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 56 7 8 9 10
Relative Amplitude 100 42 0 85 0 38 0 20 0 13
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 3 456 7 8 9 10
Relative Amplitude 100 0 33 0 20 0 14 0 11 ©
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.
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Fig. 9.
+2nd +3rd +-4th ;
harmonics up to 6th (f) Fundamental and odd harmomcs suppressed from snwtooth

(a) Fundamental 4-2nd ; (b) Fundamental+.2nd+3rd ; (c) Fundamenta

(d) Fundamennl -2nd +3rd - Sth; (e) Fundamentai -

For a sawtooth waveform the amplitude coefficients are
as follows:

Harmonic 1 2 3 4 5 6 7 8 9 10
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 9** harmonic which
represents an unmodulated carrier. If 40 per cent of 8'®
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 8'* harmonic voltage is represented as a vector
rotating clockwise at fundamental frequency on the end of
the (stationary) carrier vector. Vr 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 10%
harmonic has been added, resuiting in pure amplitude
modulation. The corresponding vector diagram is shown
Fig. 10.

(a) Carrier (9th harmonic) ; (b) 9th harmonic and lower amplitude (3th

() AM. wave with

harmonic) ; (c) Carrier+2 sidebands (9th +8th and 10th) ;
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

¥
ower
s»J(bond N
~
Y ~
. . _A:nt ol
carrier carrier ] = Y
upper R
e o sideband -
(&) (V]
lower
sideband
sideba
©
carrier:
Fig. 11. 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(1* + 0-8*) = 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

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 !
Harmonic Amplitudes for Various Wind Instrumeats

RELATIVE AMPLITUDES
marvonc 1| 2/ 3 4] 5|6 7 8 9 10
FLUTE 1oo'|130'|_10_1 20|15 2| 1 ==
CLARINET :_100_ — 50 10 60!30:_50_ :_30_17:_1
saxOPHONE | 100 70,1250 9 1| —:7, 5:—
HORN .. | 30 100) 60 | 15 | — — ==~
TUBA i100'70|9 20 1 ___E_j_
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.

The circuit is given of an inexpensive dekdtron 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.
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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 impuises. The
diode is supplied with a variable bias controlled by the
200k} 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
GS10C 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

supplied by an 8uF 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.

MANYE
5V 2a 3k | +400V, <400V
: —0
350V
O
SZ4G
\'s
14
-E B854
44
A : l >~ T
16uF 16pF Te»pF 2" beam of cca
VRios for menitering 500k
t——————»0D
l—\/\/v + l €
Lk2 10K
390kK2
500k$2 500kQ2 5Q

2
\ 270Kk?
6SN7
< PR
° G i5 el Fig. 1. The circuit. of the scaler
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27k 27kQ2 zero 60kQ:
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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
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The scaler has been in daily use for over a year and bhas
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.
Acknowledgment
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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 100c/s in finite steps. A maximum output of 6V r.m.s.
into a 6kQ load is obtainable.

A NUMBER of circuits have been developed for
amplitude-stabilized v.Lf. 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:

Vo=a+bv—dv .. ......... .. )]
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.
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If v is assumed to be a sine wave E sin wf, a useful
approximation if E is small, expression (1) becomes:
Vo = a + bEsin ot — dE® sin’wt
which can be expressed in the form:
Vo=a + E(b — 3dE*) sinwt + (dE*/4)sin3 wt .... (3)
from which the voltage gain o at the fundamental frequency
can be obtained:

a=Voa/E=b—3dE* .. ...........(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 equaiion @):
8a/8E = —(3/2)dE

and:
8EJ/E = —(8a/a) (2b/3dE*) — ) .... .. &)}
16  — — T
e
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Fig. 1. Attenuation and phase angle/frequency characteristic of basic
frequency control network at a given setting o, = 1/CR

Fig. 2. Transfer characteristic measured on the given double-triode
cathode-coupled amplifier
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This expression shows that for a given change of gain
3a./a, the amplitude change 8E/E 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):

dE*?
4 — 3dED) 001
and:
b/dE* = 2575 ....... e AR )
substituting equation (6) in equation (5):
EJE= —(Bala) 166 ... ........... )

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 3¢ harmonic 40dB below thé 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 200Q).

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

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
value. The total 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 N,; manual control of loop gain
to a limited degree is provided by means of the pre-set
control VR,. 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 1-8k() resistor between
point ¢ 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 1c/s steps from 1 to 10c/s, and
the capacitors by means of switch S,, 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 120k{2 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 V,, which operates at 2mA d.c. and gives a d.c.
voltage drop of 85V; its incremental resistance is of the
order of 200(). 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 V,, 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

VAV : g —
[ e =~ | l
PP 8148 TERS 6 b
s2u sZa \520 52:
IOpF (uF 2= OiuF OOIuF
/Szb Sa Sz Saq
113 143 2.3 O I
s L . ! s
795k?
O AN 530k
398 kQ2
318kN
9 265k _ s,
° 227k0:
AR 199k
1772
O— VWV ———==0
159kQ?
o—\ N/
—0¢
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
S-,a, which covers a range of 2-3dB in steps of 0-1dB. An
output circuit resistance of the order of 6k( 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 K,, 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 V,, which has a similar
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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,» is identical to that on §,. and is required to prevent
upsetting the d.c. adjustment when the fine output control
is operated.

A rear view of the oscillator

The output is taken via variable attenuator pads con-
trolled by switches S, and §;, giving a total range of 60dB
in steps of 2dB, and an impedance of 6k{). 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 60k() 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.

ELECTRONIC ENGINEERING



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 percent.

OutpuT LEVEL

The maximum output level is 6V r.m.s. into a 6k{) 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 dc. com-
ponent at the oscillator output when terminated with 6k{},
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: 2* —50dB, 37¢ —38dB, 4t
- 60dB, 5 — 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 (-2dB in signal level.

Powger UNIT

The h.t. output has an incremental resistance of about
2202 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

Rugby Radio

T 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
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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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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 tramsmitters 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 Gillam®. 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
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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

N
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71 |
o
¥

S

A group of telephony
drive units

The aerial selector
switch

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., AM.LEE.

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 severql ke/ s and
may be used where coupling betrween the stagesis carried our with hot-cathode or selenium diodes.

NE of the commonest circuits in electronic switching

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 years®®; 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 Ry about three times as great as Ru. 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 %RL
increases the difficulty of obtaining fm‘
an adequate triggering pulse, and &
makes the steady-state conditions more
difficult to analyse. The design of
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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 condi-

Fig. 1. Eccles-Jordan circuit

Fig. 2. Binary counter

£y

R

PAAAA-

R

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

* Eriesson Telephones Limited.,
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tions. Typical figures for + watt resistors covering factors
(b), (¢) 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
vo}tages 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 oB,
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-

I
[ Imux B
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IUV
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Grid voitage os
specitied In text
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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.

) 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
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Ry and (Ru + Ry) is obtained. The triggering conditions
are then analysed.and a figure obtained for the minimum
amplitude of triggering pulse; the relative proportions of
Ry and Ry 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, loweririg 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 (Rx +
Ry). 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 variois 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:
Es = 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).
+z = fractional tolerance on capacitor values.
E., = maximum anode voltage of a conducting valve.
E., = minimum anode voltage of a conducting valve.
E:, = minimum anode voltage of a non-conducting
valve.
I,, = minimum anode current of a conducting valve
at an anode voltage Ea,.
Es, = maximum grid voltage of a non-conducting valve.
Eq. = minimum grid voltage of a non-conducting valve.
Aex, = minimum amplitude of triggering pulse at the
anode of the coupling rectifier.
Ri, Ru, Ry, Rs, Rg, C: nominal values of components
as shown in Fig, 2.

Design Calculations

Given: Es, Eg, x, v, 2, valve characteristics and limit charac-

teristics of the coupling rectifiers.

(1) Assume a value for Ex,. Where this is not dictated by
external conditions it may conveniently be 1 to 4 of
Es.

(2) Determine values of Rs and R¢ 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 -
Ra(l + y)
Ra(l +y) + Rs(1 = y)
which simplifies to:

[Ex; — Ec(1—x)] + Ec(1 —x) < Eg,

1+y i EA[ —E01

1—-y Eg —Ec(l —x) -

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 1M,

(3) Determine the minimum potential E,, 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

(Rs/Rg) >

EcCl-x)

Fig. 4. Limits for determining Rs and Rg

£ ox]

Fig. 5. Limits for determining Ea,

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

Ro(l — y) .
Ral = ) + Re(l + y) [Fts — Eell + ] + Ec(1+x)=0
from which:

_ (@ +y»0+x Rs Ec
Ey = ) o @

This quantity is used later in the calculation (step (11)).
As a rough interim check it should not be greater than
about  Esg, to allow for the voltage drop in Ry or (Rx+ Rw)
due to current flowing through the coupling rectifier.

(4) Determine the minimum limit value of anode load
resistance, Rk, to ensure that the anode potential of a
conducting valve does not exceed Ejy,.

With the anode potential of a conducting valve at E.,,
determine the minimum current Is, flowing in the asso-
ciated poteatial divider chain Rs, Rg. This occurs under
the conditions shown in Fig. 6, giving:

- M 3)

el el R

At an anode potential E., the valve takes a minimum

151
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current /., as determined from valve characteristic (Fig. 3).
The minimum current through Rk is thus Is;, + Is,, which
must produce a voltage drop Eg(1 + x) — Es,. Thus:

Es(l + x) — Ea,
Rk = ——————

IAx ot 181
(5) Determine R; and (Rux + Rx) as follows.

Referring to Fig. 2, when V, or V, is conducting its
effective anode load resistance is made up of Ry, Rx, 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 Rg. The minimum value of (Ru + Rx) le.

Egllex)

Rgli+y)

R (14y)

Ej -x)

Fig. 6. Limits for determining Is; amd Rx

E3{i-x}

£ 1+x)

Fig. 7. Limits for determining Ea,

(Ru + Rx)(1 — y) must therefore be “at least, say, oRk,
where o is a factor greater than 1. For each stage to be
symmetrical Ri should be equal to (Ru + Rx), and so,
from equation (4):
Es(l + x) — Eu, ©)
A - +1Is) "~ 7
An accurate value of a cannot be obtained until the rela-
tive proportions of Ry and Ry are known. In practice,
however, a is seldom greater than about 1:1, and Ry and
(Rm + Ry) should be calculated using this value. When
Ry and Ry 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 coaditions
in the circuit are as shown in Fig. 7. Applying
Thevenin’s theorem, the anode may be considered to be
returned through a resistance:

1
R = __ . (6)
L y ; (

Rel +y) T Rs + Ro)1 — )

R.=(Rx + Rx) > a
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to a potential :
Ey (Rs + Re)(1 — y)

PT@®Rs+Ra)d —y) + Rl + y)
[EB(I — x) — Ec(l + x)] + Ec(l + x)

_ Es(l — x) Efl+x)
1+ Ry 1_+,_V I+RS+RG 1 -y
Rs+Rgl—-y Ri ~1+y

A load line is now drawn on the valve characteristics in
Fig. 3, intersecting the E axis at Eg’ and the [ axis at
Eg’/Ry’. The intersection of this line with the I'max charac-
teristic gives the required value of E.,,.

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 E,, is obtained
only with the limits shown in Fig. 6. However, to simplify
the following calculations it will bé assumed that the values
depend only on the valve, and apply throughout the range
of supply voltage and resistor values. Provided that Ry

Ec(l14x)

Fig. 8. Limits for determining Ec,

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, — Es — 1
G2 Ag Rs(1 + y) + Ra(l -y [Ea Eo(l + x)]
= Ey s Ec(l”)l e ®)
. -y
~1+(R5/RG).1_y l+(RG/Rs).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 Ry, and the anode resist-
ance of the valve; the maximum value of the time-constant
is then given approximately by:

2 _C + (1 + 2

(1/Rs)+(1/Rq)
If ¢ is the minimum interval between triggering pulses,
then :
r < t/4
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giving:
< ok
41 + )1 + 2)

(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 Eq,. This assumes
a loop gain somewhat greater than unity, providing an
extra margin of safety.

To cause the grid poténtial of V, to fall from zero to
Eg, 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 Cq, of V,. Taking account of the
Miller effect this capacitance will be given approximately
by:

[A/Rs) + 1/Ra))....... ©)

Co, = Cegc + }LCGA .............. (10)
where Cgc is the grid-cgthode capacitance with no anode
current flowing,
Cos is the grid-anode capacitance, and u is the
amplification factor of the valve.
The required change in potential at the anode of V, is
then :

Des, = [1 o ]Ecl ........ (1)
C(l - 2)

To produce this change the grid potential of V, must be
raised to some value eg, 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 Eg,. The change is then:

Aege —=ea, — Eaz ... ... (12)

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

The change in potential Aeqg, is produced by a change
Aes, in the anode potential of V,. It is again necessary
to consider the attenuation in the cross-coupling network,
so that Aes, must be greater than Aea, 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 V, mentioned above, since V, passes no current
while the grid potential rises from Eg, 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 Cg,:

Cea;

AeA5=[l =
a1 -2

] AeG4
‘ CGz
ca -2
error in the estimate of Cg, can be tolerated.

The change Aes; in the anode potential of V, is pro-
duced by the triggering pulse applied to its grid. This pulse
must lower the grid potential to some value egs 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
by:

will usually be much less than 1, and so a moderate

AeAG =11+ —C(-h ] (PN (14)
c(1 - 2)
Egli-x) Egll-x}
Ruti=) RLli+y)

} D

V2

Rslty)

| -
Ecl1-x)
Fig. 9. Limits for determining Rm and RN

It should be noted that eg, and Aea, are negative quantities.

(10) Determine values for Ry and Ry 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 Eg, used above
was based on a negative ht. voltage of Eo(l + 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 V, conducting. The anode voltage of

V, is then:
-~ . Rs(1 — y) B
s Rs(1 — yy+ Ru(l + y) il =
E By(l'=2) S (15)

1 + (Ru/Rg) . LY

1-y
As soon as the triggering pulse is applied the potential at
this pgint must change by Aes,. Its value is then:
ers = Ea; + Aea,
Substituting from equation (15):

en, — . Ex(l -—_X)l + Deag o..t .. (16)
+y
L+ @R 1
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The current i, through Ry, is then:
EB(I ~= x) — €Ag
= — =y ————
Ru(l + y)

- Es(1 — x) B Aeag an

T Rs(1 -=y)+Rul+y Ru(l+y
At the same time the grid potential of V, falls from zero
to eg,, so that the current ig, through Rg is:
eg; — Ec(1 — x) A
TRl £y R
Since no current now flows to the grid of V,, ig, is also
the current in the parallel circuit Rs, C. The current ig,
that must flow through the coupling rectifier to produce
the above changes is thus:

iny, = i — g

Substituting from equations (16) and (17):

fm =

. 1 Ex Ec
lm'—_‘(l—x)( - +
1+y Rs(1 —»)/(1+y) + Re R¢
ACAG - €as . (19)
Ry Rg
c
‘ T E G/ N €
. / o
Ry
A
(e} E = er

Fig. 10. Coonstruction for determining Rm and RN

At this value of current there will be 2 maximum voltage
drop eg, in the coupling rectifier, whose value may be
obtained from the manufacturer’s data. The maximum
permissible potential at p on application of the triggering
pulse is thus:

ep, = exz — €R; 20)

Suitable values of Ry and Ry are now obtained as
follows. Plot the Imm characteristic of the valve as shown
in Fig. 10. Set off lengths oA = en, and 0B = Es(l — x)
along the voltage axis. Draw a line Ac parallel to the
current axis, and set off a length AD = iz, along it. Then
select a trial value for Ry, say approximately (Rw/2), and
‘Es(1 — x) — en,

along DC. AD repre-
Ru(l — ) £ P

set off a length pE =

'sents the current through the coupling rectifier and DE the

current through Ru(1 — y). AE is thus the current through
Rx(1 + y), which divides between the valve and the resistor
chain RsRs. 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 Rx(1 + y). Thus, for the given value of
Ry the maximum value of Rx(1 + y) to produce the
required pulse is (GE/AE); Ry is then given by:
Ry < _1
1+y

If the sum of Ry and the maximum value of Rx per-

mitted by equation (20) is less than Ry, the process is

(GE/AE) ........ (21)
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repeated with a higher value of Ru; 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
Ry.

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

Rw — . 22
1 1
Ru(l +y) Rx(1 —y)
Egl-x) Egli=x)
%RM(on) % R Li+y)
(@) e —
Ryli-y)
EA2
. Ec(lwr)'
R R,
B B N—k A £y

Fig. 11(a). Limits for chec(kmg lowest grid potential of a comducting valve

b) Egquivalent circuit

to a potential :

~(1 —y)
Ew=E B -
w Az + Rl = y) e TR y) [Es(l1 — x) — Ea,l
. EB(] — .:.')+ + EA-_; 1 - (23)
I+ Ru/RO T 1+ (R\/RM)I—;l
Similarly the anode of the coupling rectifier may be con-
sidered to be returned through a resistance:
1+y g
Rx = <SRN 24
T (1/Rw) + (1/R9) @)
to a potential :
Rs(1 + y) S
Ex = Es(1 -
= Re(l +3) + Rl = 3 2070
Es(1 —x)
e T 25
1 + (RL/K%) ' 23

The rectifier current Iz, 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 V, is
then Ex — Ir,Rx, and so, for the grid potential of V, to
exceed zero:

Ex — In,Rx > Ea, (26)

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

The minimum value occurs at the anode of V, under the

SEPTEMBER 1955

conditions shown in Fig. 13(a) with V, 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:

-y

Ry = —————————— ... ... 2
Y (1R + (TR @7
to a potential:
EB(l + x) EA]
Ey = +— .. 28
T71+ (Ru/Ry) 1+ (Rx/Ry) 29
and the anode, through a.resistance:
By — 1 .. @9
1 1
Ry + R — ) * Rs(l + )
Ex'Ew
Ryt Ry X
Characteristic of low impedance
Tas) B B limit rectifier
j 1
:‘L T
TE & -E,,
Fig. 12. Construction for determinig Ir,
Ep(1+x) Egliax)
Ruli-y) (Rt RI=¥)
[ L :
™
é ARyl -y)
I,.‘l 'EM
(O]
Ry . Rz,
2 AN ——— WV (33
) Irs
Fig. 13(a). Limits for checking minimom effective anode load Tesistance

(b) Equivalent circuit
to a potential :
Ex(1 + x)
Ru+ Ry 1-y
Rs "1+ y
The rectifier current may be obtained as before by drawing

a load line corrésponding to Ry + Rz on the characteristic
of a low-impedance limit rectifier. Cailing thé value under

E; =

1+

.the present conditions Ir,, the potential at b is Ex + InaRy

The current Ix; through Rx(1 — y) is then:

Ey + In,Ry — EA1~

 Rx(1-y)

and substituting the-value of Ey from equation (28): |

Es(1 + x) — Ea, + Rulr,(1 - y) s
(I — y)(Ru + Ry) A

b =

. (1)

In, =
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The effective load resistance Rj is the resistance between the
valve anode and the h.t. positive supply that would aliow
the same valve current to flow. Thus:

o Es(l + x) — Ea,

Ry =
and substituting the value of Ix, from equation (31):
R; = Ru+Re ... (32)
1 Rulz,
1—-y VEs(l + x) — Ex,
The required condition is thus:
Ru+Rx  >pe.... (33)
1 Rulg,

1—y  Es(l + x) — Ex,

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

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.
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A Receiver for Submarine Cable Telegraph Signals

By J. W. Thompson,* B.Sc., AMILEE.

An electronic receiving amplifier for submarine cable telegraph signals is described. A.C. couplings
are used in the amplifier and the circuit is arranged 1o 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.

Fig. 1. Simplified circuit of the amplifier

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

h.t.
> -
A s
I !
c RS Rag 2 Ry
4 !
Vs Vg Ve
Cable [ T PR
%EWALIZING 3 Ras
NETWORK | A
Gq_ qu_ VR,
| Aro
AAA
Oucgc::crélay R|9§ Rz% Rz-% %sg
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‘pe amplified also. This interference, which is normally 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 coupling is employed the response
to unit function input is of the form Ae~*, and if the lead-
ing edge of this waveform is used to initiate a rising
potential of the form (1 - 4e~*'), 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 shown
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
V., 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 V, 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 VR,.

The time-constant R,C, is much the shortest in the
system, and the response at the grid of V, to a unit func-
tion input therefore approximates closely to an exponential
of the form Aexp[—¢/(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
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R, an exponentially rising potential appears at the grid of
V,, 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

Wavetorm at A / i

Wavetform at B

Received upit function
after equalization

Slow decay caused by
input transtormer

Rapid decay due to.

Waveform at ¢ C, and Ry of Fig.l

Instantan2ous rise

Wavetorm at D caused by B8, closing

Rise due to potential at

p charging C, via Ry
Waveform at ¢ 1

Resultant

potential,
grid of V,

Woveform at ¢

1

;

'

T

I " ue to 2
:

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

Signal at anode of V,

(l‘) with local correction on
) Signal at anode of V,
(2) A~ ANR AR yith: focal correction off
(3) Signal from contacts of

B AR St S o e YT
SHE IS HIS SISTER

output relays (C; and 0))

Coupling time=-constant = RyC; = 80.m sec

Fig. 3. Speci of three positi 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 V, 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.1.R.E.

When the body temperaiure of rats falls below 15°C the heart stops beating and respiration ceuses.

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.

NE 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 em.f. ¢ = E cos w!.

The quantity of heat is proportional to the power loss
and the time.

Q = prjy — Bt cos¢
J
of] L it o
Q:IRt/J‘l'+‘,,_2621éz ..........

where O = heat produced in calories
J = Joules’ equivalent
If o = specific resistance of the material
k = permittivity of the material

then:
1
—rrepy—— 1 L@
e / '[1 + (Ko A x 278 x 10-%)
10°
—PR| | ®
F ’R[m’ + Ko\ 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):

56300
POWCr/amp/CC = %0 I 0_—2/7 ........ (4)

* National Institute for Medical Research.
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For wavelengths of 30m and above the heat production
is proportional to o

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
b [ {
% In

e & R

T_E \ |

| 3 _i
—
Ta J

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 S00W, operating at a frequency of
3000Mc/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 240() 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 minuies 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

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.

Sy
V——J ______ 7.
TRANS '(;_‘__--_(Z
- DING WAVE @ ! == —=—=9
MAGNETRON ;Sg:‘l\;ﬁ SYSETECYOR L’/ S 17
e — 2
I ? .
gN’ (b)
| iev
dc.
) <)
r";,—__“‘aovsﬁm_—___‘Ti—_"' —_-_————__" B _‘]
o o«f——o’ 10052 )
| A d— I
] |
l -y I
240v |
ac I !
l oeLay ; : z I l
| AND
D ===5 |
RELAY .
I G/ ‘ (Dl |
l i hld I |
S R L R N 2020 M|
—
] VARIAC

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 1in 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
apprcximate mean energy input to the animal was of
the order of 4-Scal/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. 1In 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.
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Fig. 3. Delay Circuit

When the thyratron conducts, the relay closes and C,
charges from the voltage developed across C., cutting off
the valve. The relay then opens and the negative charge
on C, discharges through R,R,. When the charge on
C, has fallen sufficiently, the thyratron again conducts and
the cycle is repetitive at a rate determined by C, and
R, + R,.

A cardicgraph 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-

30
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TEMPERATURE (°C)

~

g

Fig. 4. Temperature .rise plotted for different sections of a rat corpse when
placed in the beam
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Fig. 5. Comparative temperature risc 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.
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Fig. 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 lusec 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 vave 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 enosugh 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 100usec 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
10usec, 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 tie Physics and Chemistry of Surfaces, Department
of Physical Chemistry, University of Cambridge.
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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 (C:R¢) and amplification (V,) 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 V,, which may be of the same magnitude
as the unavoidable stray capacitances and the output

® +

Input
capacitance.C

Fig. 1.

Sunpress_or gated sanatron sweep generator
V, 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 bé 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 lpsec though his circuit also provides inductance
linearized sweeps down to 0-lusec, being then similar in
form and performance to that adopted by Kelley®. Yu
et al’ in a synchroscope attaining sweep velccities up to
800in/pusec 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 lusec dura-
tion. The gating pulse is generated in a monostable anode
'to grid coupled mulitivibrator employing a pair cf video
pentodes, and having a third similar valve used as a
cathode-follower output stage. This muitivibrator 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 / usec.

The circuit is shown in Fig. 2. V, and V, form the
shaping trigger generator feeding a short fast pulse to the

Fig. 2. Single ended

Fast negative
trigger in
(]

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 puise 300V high
and duration determined by the product of C; and R..
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 Cs and R, Values of capaci-
tors C¢ 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 1usec 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,
cn 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/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 lusec trace are not linear, being due to
the initial fast drop usual in Miller waveforms, and to the
anode bottcming, respectively. The writing speed of the
spot in the X direction is about 50mm/pusec and the two
exposures were taken at different settings of the “ bright-
ness” control, and with the pulsed sinusoid at different
phasings.

feedback sweep generator

3

268K 68K

Brightening pulse

REED)
Trigger = Nzgqti\;: — i‘o;mu Gate pulse to c.rt. grid
generator trligngz 68k r.'ﬁg" generator
sensitivity sensitivity
- 200V
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Fig. 3. Gating pulses of 1 and 3u5ec duration

Top: Gate pulse generator unloaded. Bottom: Gate pulse generator driving
singie ended sweep generator and cathode-ray tube.

Fig. 4. Sweep waveforms from sing'e ended sweep generator of
1, 3, and lolusec duration

Fig. 5. Pulsed .sinusoid displayed on 1ysec single ended sweep
Top: One sweep. Bottom: 4 000 successive sweeps superimposed
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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 5000V /usec 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 SO0V, 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 of 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 C; and Re. 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 Cs, 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 vcltage 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, deterniines the charg-
ing current available through R, and keeps it constant to
a few parts per cent over long periods. Values of C, and
C; 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 eflected. 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 gemerator

cathcde 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 V, could also be driven from the
cathode of either V,-or V, as in the circuit published by
Bartlett and Davies, though regrettably this makes the
input impedance of V, 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 V, is very low. A third

Fig. 7. Sweep generator embodying the improvements discussed in ghe text
V, cathode-follower clamp
V, sweep valve
V, gate valve

+
+
_F——
+ A/ _\_
Sweep out
+- _/—
_——
Gate  6CH6 X
pulse in
< -
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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 (EFS55) 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.

The output capacitance of V is effectively reduced by feedback, allowing

a faster rare of rise of output waveform than wou'd normaily be obtained.

By connecting input to output, a monostable multivibrator possessing the
feature is obtained.

A pulse amplifier

G

<+

input
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impedance for the input signal, while V, 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. b, 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 100usec across the screen. This proved to be
the case, and the circuit shown will also produce a 0-3usec

Fig. 9. 1-25ysec.. 450V

sweep, from - push-pull
generator, 1000 swceps
superimposed
The¢ horizontal time-base,
of . about 3usec duration,
on which the sweep is
displayed, is single ended
and prodices noticeable
trapezoidal distortion.

.Fig. 10. 1-25ysec push-
pull generator waveforms
displayed om a 10ysec
horizontal timebase
Top: Vg cathode rise.
Centre: Trigger pulse into
gate pulse generator. Bot-
tom: V, anode fall. In
this oscillogram the ‘‘bot-
tomed” condition of V.
has been exaggerated in
durarion, by increasing the
value of Cg.

swéep, 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
0-05usec to bring the cathode-ray tube to full brilliance
from blackout. Fig. 9 shows a typical waveform, 1-25usec
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. Abcut 1000 traces are here superimposed. Fig.
10 shows separately, the triggering pulse used, ‘and the
anode and cathode waveforms cf V, displayed on a 10usec

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 0-2usec pulse displayed on sweeps of 0-3, 1, 3, 10usec duration.

Puise amplitude about 100V across 500). Left: A 4usec pulse on a 10usec

sweep. A lusec pulse on a 3‘usec sweep. A rung waveform on a J#uc
sweep. A waveform showing overshoot on a lusec sweep.
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The Response Functions and Vector Loci of First and
Second Order Systems

By David Morris*, D.Sc., AM.LEE.
(Part 1)

T hese articles, to be published in four parts, review the simple theory of electrical and mechanical
networks, with the conventional approximations reorganized ro allow for the treatment of very-
low-Q systems.
Part 1 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 ¥V, is given in
terms of the input voltage by the transfer function:

R 1
R +joL T 1+ juTo
where To=L/R = 1/w,. If we introduce a “relative
frequency ” y = w/wo the transfer function becomes:

Vzer =

VolVi= ——— . ()

* University College of North Wales, Bangor.
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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:

a1V a = (B h2AaN reery SR 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 = 1/R, and thus describes the input
admittance in-terms of its zero-frequency value.

Fig. 1. (Above) a simplo first order
system 1 o 1 4
2 2
I NI F
Fig. 2. (Top right) the derivation of 17
the scale of relative periods ‘/—r—b 15
a8
i
Fig. 3. (Right) vector locus of 2 [
a+iy) 5
A o M
]
-3

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 phasz-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 mcre convenient to employ
a scale of relative periods 1/, as shown by DF in Fig. 3
The basis for this scale is illustrated in Fig. 2. If 4D is
drawn of unit length vertically, and then DE is drawn
h'ori'zontaliy to cut the line of the vector- 4B at E, it follows
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from the geometry of the figure that DE = 1/, and the
length DE is therefore proportional to the relative period.
Any line parallel to 4C 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 ofF THE FuncrtioN 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|APB'.
Hence B’D serves as a scale of relative frequencies, and can
be ‘used by drawing a construction line from the pivot or
pole A4, through the operating point C, to cut the scale at
D. Similarly, EF can be used as a scale of relative periods,

| 1
e 2]
F S | =R
0 \ r "1
/ 5 Y
{ \ 2
A 8 glo ods A 5
“~
C \\ - . . -
~_ ; 27
p) ty
v =
I/'y —— l , l —
£— T T T T T -
{ i i
¥ . 3
Fig. 4. Vector locus of Fig. 5. Alternative scales for

1/ +jyr the locus of 1/(1-+jy)

In conjunction with the same pole 4. 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
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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 frequenty

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 PoOLE 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?.

Fig. 7. Illustrating general relationship between pole and scale
Fig. 7 shows an existing scale 4BC, and construction
lines drawn from the pole P through the points S, S,, S~
and Sx 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 § remain unchanged, the segmental angles o, 8 and &
are unaltered. If the scale is redrawn parallel to P’S., the
angles at 4, 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:
AX|AB i
I+ Jy 1+ v*
1 iy -9 by
DX/AB = = 1/2 = =S —_ T ——
/ 1 +9* / I+ 9 = 21+ I+ 9

Dividing top and bottom by y* and letting r = 1/y = T/ T,
-1 iT

200 + 1) 41

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

DX/ AB —

Fig. 8. Concerning the
symmetries of the circular locus

sign. Hence the 1/y points are reflections in WU of the
corresponding y points.

REFERENCES"
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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.

A description'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
numercus 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 200k().

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 “n” 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 10usec
or more. This effect makes germanium diodes diffi-
cult to use in conventional high speed pulse circuits.

* Sir W. G. Armstrong Whitworth Aircraft Ltd.
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and D. R. Woodward*

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 C,, MR, and C,;, MR,.

The circuit consists of four cascaded Eccles- Jordan
stages using Grosdorff* 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
C,, 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 4,, A,, A,, A,, 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 fusec and of 30 to 70V amplitude.

The scaler will operate at any repetition "rate up to
500kec/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
Thanks are due to the Chief Scientist, Ministry of Supply,
for permission to publish this article.
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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 outpui 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,

ARIOUS authors ':*"5° have analysed the noise per-

formance in pulse modulation systems. Jelonek’ 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§. Now
tan = 2f.A, (approx), where f, is the cut-off frequency of
the transmission system.
Then:
=N/2cho...., ....... ,...(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):

f(©) = (Aodo/To) + §(2Ao/1rn) sin (w}md

°)cos wrnt (2)

‘where 4, = maximum amplitude of pulses
d, = width of pulses
fo = pulse repetition frequency
To=1/fo = 2n/wr

wr = 2nf,

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?:

Addo.+ At
F() = Adde-2 29 = L

o0
> @4/ ) sin “Mcos wrnt .. (3)

n=1

Further the random noise can be expressed in termis of
Fourier series® as:

N =3 Cq cos ((2nqt/T) — o)

where T is the total time of observation.

Sti
=== lm‘l:c"l‘g A,

Fig. 1. Time shift of the pulse edges due to noise voltage
This shows that noise voltage will have infinite frequency
components with random phase relations between them.

Noise Outpur DUE TO AMPLITUDE MODULATION OF ZERO
FREQUENCY COMPONENT

The first part of equation (3)°can be re-written as:

Ald, + AY) Aod, Aot

A 7ot T (waf — 90 .. (9)
Where o, ranges from zero to f, and ¢, is random in
phase. The above equation is equivalent to a direct voltage
plus a noise voltage with the amplitude (A4..Ar)/T, and
frequencim up to f.. Since noise powers are additive and
the noise energy accepted by the audio-frequency ampli-
fier is proportlonal to its bandwidth F., then the peak audio
frequency noise power in the output contributed by the

above amplitude modulation is proportional to:

%ﬁ” x Falf,

N’F

r = number of p.r.f. harmonic. ie.: & gars I —=37; (Substituting the value of At = (N/2fcA.)
o Indi;zn Institute of Technalogy, Kharagpur, West Bengal. R (6)
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Noise Output DUE TO PHASE MODULATION OF THE P.R.F.

"AND 1Ts HARMONICS
The second expression in equation (3),

i (2Ao/nn)sin[“M

p.rf. 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 f./f, 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:
Q2Ao/7n) Jm ( “’“—‘23'—") cos (wrdon/2) .... (D)

As At has frequency components from zero to f, 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 F,/f, for each p.r.f. harmonic.
Further calculation of noise-sideband power on a
generalized basis is highly involved and recourse is taken to

given by

] cos wrnt, shows that the

a numerical example which shows the method of approach

to the final result. Consider a p.l.m. system, where
fo = IMc/s, wn = 27 x 10%°c/s, do = 2 x 10~ %sec, F. = 3kc/s,
the slicing level = A4./2, i.e. maximum N = A4,/2 and
Ad = change of pulse length = 2 x 107%sec due to signal
modulation.

For this system:

A’max = Nuax' = 10-¢
2fcAo 4
wr.At.n 2r x 10* x 107* x n
5 = ix2 ——— = (0-008)n ....(8)
[with Ar = Atmax]
so long as x <02, J,(x) =05x and J,(x), J,(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 25"
harmonic, i.e. for n = 25 in equation (8).

After the 25 harmonic, the second order sideband
frequencies have to be considered and J,(x) may be approxi-
mated as 0-125x*. Up to the 100* harmonic of p.r.f. is
accepted by the receiver in the example, so the following
approximation can be made with very little error.

Ji(x) = 0-5x }

J(x) = 0-125x*
The amplitude of the 1°* order sideband frequencies is
therefore given by:

and

At .n .do.n
Q@Aojmn) J, (wn 5 ) WR 20
= 0-005 N cos “"‘——‘;"

And the total 1°* order sideband power is proportional to:

100

3
2 ( 0-005 N cos “L‘;")

The amplitude of the 2°¢ order sideband frequencies are

given by:
. . d‘)
ey 3, (2251 ) s (2o )
_ «N x 10~* S'n(n.mn.d?)
=3 — -n.sin|———

And the total 2™ order sideband power is proportional to:
sin® e
2

oC 015 45 N* . 107*

Total peak 'noise power contributed by the above three
factors is proportional to:

100

. N*.10-° . n*
2

n=1

ie.:

2
[—‘%\:f—?+ 125 N* x 10~ + 0:155 N* x 10—4]
0 Je¢

And the peak noise power accepted by a.f. amplifier is-
portional to:

N? 2 p T
N0 S v : . n 0155 N? . 10~
F./f l4T°zf°_ + 125 N*2 . 107" + ]
ie.:
oC (Fa/fd x 12905 x 107* x N* ...... 12y
| 1 1.
since W =025 x 10

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 12905 x 10~ x N? x (Fa/fo)
=508 x 1072 x N x V(Fa/fe) (13)

For a 100 per cent modulated p..m. system, the r.m.s.
audio signal output is given by:

A, . Ad
—_— = o _z; =do .- 4
ToV2 V2A4, x 10~%; where Ad = d. (14)
Therefore —Ml— in the output
effective noise
V24, x 1072
= 508 x 10w - VUIFD
—_ Ao/N X 508
For Ao/Nwx = 2; Sems/Nett = 10116 .............. 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 Ny, 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

Bk initial calculations, are in random phase relationship with
ie. OC 125N x 107 .............. (10) each other, and Kretzmer® has shown by the auto-
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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:

aN

feAoTo

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~*sec and the
maximum time shift of the pulses due to the signal modu-
lation is +8 x 10~°sec, it is found that the resultant con-
verted p.lm. signal has a mean pulse duration of
10 x 10~%sec [= (8 + 2) x 10~°] and the maximum change
of pulse length Ad is equal to 8 x 10~%sec

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:

i VLY 1SS 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:

Fa/fnLE (oooszv cos %)
. N*:10"*.n* ., fuor.do.n
+2 ey (‘ 3 )

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

Agy = 27 (At[To) =

of W is equal to (0.31416n), whereas in the p.lL.m.

. . .do.n
system considered, the value ofwnTo was equal to
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(0:0628n). The total 1% order noise sideband power is
therefore proportional to:

100

> [0:005 N cos (0-31416 m)]*
n=1

i.e. proportional to:
125 N2 x 10~* . .............. (16)

And the total 2%¢ order noise sideband power is propor-
portional to:

100

En’ N?.10-*.n*

— 6y sin® (0-31416 n)
n=1

i.e. proportional to:
0165 N* - 10~* .............. a7

Hence the total peak noise power accepted by the a.f.
amplifier, given by equations (6), (16) and (17), is propor-
tional to:

N'_’
F,/f. [_—4T.,2 o
i.e. proportional to:
(Fa/fo) . 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:

VIQF./fo) x 12915 N* x 107*]
=508 x 107* x N x V(Fa/fo) (19)

For the p.p.m. system considered, the r.m.s. audio signal
output is given by:

+ 12:5 N* . 10~ + 0-165 N* . 10—*}

A, . Ad
V2T,
Ao x 8
= V2 x 100
=4V24o x 1072, .. ..
r.m.s. signal
effective noise
4V2 A, x 1072
508 x N x 10~°
For Ao/Nw = 2;
Stma/Nett = 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)
07

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.

Therefore : in the output =

x V{fol Fs) = 20:32 Ao/N

ie. 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.lm. 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 ¢ 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 du€ to the fact that the bandwidth in this
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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 (N/2f.A4.) . V(2F./f.), which gives an out-
put signal-to-noise ratio of 10-3 (= 20-26dB) only when
applied to a p.lL.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. Gouriet® 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.

SEPTEMBER 1955

409

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/s. Modulation displacement = +8pusec. Pulse build-up
time = 0-75yusec. Pulse decay time = 1-Susec. A.F. modulating frequency
= 400c/s. D dulated a.f. passb = 100-3 000c/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.ILR.E.

IN 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.

i = -q ‘
:_éin o ——
BAx3 in pivot

e — 0 1

fin E:—Z&Os.w.gx |3—°in x Ifrin nickel sitver
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L— 2in —4

Fig. 14. Octave coupler key wipers and contact wires.

bakelite

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, # in. x $ 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. ‘002uF to “0002u.F.

Frequency range 22174 to 4186¢/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, (=4 186¢/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 iin cheese head brass screws‘. The
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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,
#in 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 1lin 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 framhe. 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

bracket with wood
bearing block for
49 note coupler

Fig. 15. Coupler bar ing detail

P

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 Dffas
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 lin
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. 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

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 u
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

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.
Itincreases the power of the reeds and appears
to have the effect of almost doubling ‘the
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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 10k{2 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 X in Fig I8
Lo top note

compass should not be less than

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

25 notes from CCC and for
ete

Fig. 19. Pedal toning stack

Re:uugs "

from C to CCC, 25 notes:
and the manual to .pedal T Sk e

cgupler are shown in Fig. 21. .. F 10 ccc, 30 notes:
Since the bass contacts are first 5, 10kQ 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. 20. Pedal arr

t of Org

For 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
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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, €.g. trumpet and oboe, two must be

6 wires

standal
contac
block

Abrass cnglzs with rhodium
plated 1 ips

slotfed in to o ¢r%
-

ungn smtchmg $i

wire link drtlwbqr

ng
i R ,
e m

(3 T T A
microswitches  bakelite cams

thin wood strip
screwed on to hold ¥
drawbars in and to
adjust tension on
teit

Fig. 22. Stop switches using microswitches
drawt(ar o .
=2 eh
]
el
¥ i \ i front edge radiused

spring leat 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

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

5k
+ 280V/300Vv
S0K2 2740 S oolsuF Kinura Claringt Flute Viole
-
]
22pF
[le]e] 9]
butfer valve
of phose shift| 47k OOk
vibrato 3
oscillator as
Fig 6 =
22k
lowest note . t°m£"!i ""'.;‘r
a
:_'E—3OV Fig. 24. Solo tone gemerator, and tone forming circuits

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
(C, = 2093c/s) by the 1k} 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 1k, 20 at 5k and 20 at 10Q2, but
the lowest six notes require a series resistor of 5k().

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
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+280V
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.output fromy
generator

8t 161t

: \

— tone circuits
Fig. 25. Frequency divider and iso’ating 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
0-015uF capacitor in the pulse generator.
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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-

30k

OOSuF  OOSuF

200KQ2 [120K2

30K

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
VRI150 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
VRI105 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'®.

o+ht.

'
LoozpF
12AU7

12002

200k

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 -002uF capa-
citor, no additional circuit elements
are required to drive a second

[254F Py [

10K

o0

1|I—

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

Fig. 27. Alternative divider

270k

2 %
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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.
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BOOK REVIEWS

Advances in Electronics and
Electron Physics Volume VI

Edited by L. Marton: 538 pp. 60 figs.
8vae. ° Academic Press Imc., New York.
Price $11.80.
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
.{{q.l;ad to practical uses for tubes of this
ind.

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 donme 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.

EMICONDUCTOR 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 éxcellent 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:
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ELECTRONIC EQUIPMENT

A description, compiled from information supplied by the manufacturers, of new components,

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 whicn
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.

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 picofarads;
the second scale is calibrated to read Z:
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 L.’ 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 025 and 100g,
the speed of the table is controlled to
within 025 per cent by means of a
hybrid circuit which is similar to both

ELECTRONIC ENGINEERING

accessories and test instruments.

Velodyne and Ward-Leonard controls.
The circuit is such that there is a high
degree of stabilization against changes in
supply voltage.
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