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CLASSIFIED ANNOUNCEMENTS
The charge for these advertisements at the LINE RATE (if under I" or 12 lines) is: Three lines or under 7/6, each additional line 2/6.
(The line words.) Box number 2/- extra, except in the case of advertisements in "Situations Wanted," when it is added
free of charge. At the INCH RATE (if over r or 12 lines) the charge is 30/. per inch, single column. Prospectuses and Company's
Financial Reports 814. Os. Od. per column. A remittance must accompany the advertisement. Replies to box numbers should be add dto : " Electronic Engineering," 28, Essex Street, Strand, London, W.C.2. Advertisements must be received before the 14th of the

month for insertion in the following issue.

OFFICIAL APPOINTMENTS
ADMIRALTY-ROYAL NAVAL SCIENTIFIC
SERVICE. Experimental Officers and Assis-
tant Experimental Officers required in Experi-
mental Establishments in London, Portsmouth,
Weymouth areas, Gloucestershire and Scotland.
The majority of posts are for Engineers and
Physicists (particularly with Electronics). Can-
didates must be British subjects. Qualifications:
minimum H.S.C. (Pass Degree, H.N.C. or
near equivalent an advantage). London salary
(men) E.O. £7201890, A.E.O. (according to
age) £290-£645. All appointments are un-
established, but with some opportunities to
compete for established posts. Application
forms from M.L.N.S. Technical and Scientific
Register (K), 26 King Street, London, S W.1,
quoting A247/52. W 2130
AIR MINISTRY requires Scientific Officer (male)
at R.A.F. station near High Wycombe, Bucks,
for operational research duties, and theoretical
studies in the field of communications and
general electronics. Qualifications: First or
Second Class Honours Degree in Physics or
electrical engineering. Salary: Within range
£445-£815. Post unestablished with possibilities
of establishment through the Civil Service Com-
mission for successful candidate while remain-
ing under age 31. Opportunities for promotion
to higher grade posts on staff of Scientific
Adviser to Air Ministry. Application forms,
quoting A109/54A from M.L.N.S.,Technical
and Scientific Register (K), 26 ing Street,
London, S.W.1. W 2109
AIR MINISTRY requires Experimental Class
Officers at establishment near Marlow, Bucks.
Duties concern installation design of static and
mobile radar and radio systems used by R.A.F.Work of engineering rather than labo.atory
type covering wide range of application of
electronic engineering to meet operational
needs of R.A.F. with which very close contact
is maintained. Accepted candidates are elig.ble
for nomination for membership of Officers' Mess,
offering recreational facilities in congenial sur-
round.ngs. Qualifications- at least Higher
School Cert. (Science) or equivalent rethough
higher qualifications in Physics or Electrical
Engineering may be an advantage. Salaries
within ranges. Experimental Officer (min. age
26) £690-£850 (male), or Assistant Experimental
Officer £276 (at age 18) to £615 (male). Appoint-
ments unestablished. Application forms fromM.L.N.S.,Technical and Scientific Register
(K), 26 ing Street, London, S.W.1, quoting
D290/54A. W 2157
ASSISTANT (SCIENTIFIC). The Civil Service
Commissioners invite applications for pen-
sionaole posts. Applications may be accepted up
to 31st December, 1954, but early application is
advised as an earlier closing date may be
announced either for the competition as a whole
or in one or more subjects. The Interview Board
will sit at frequent intervals. Age at least 174.
and under 26 years of age on 1st January, 1954,
with extension for regular service in H.M.
Forces, but candidates over 26 with specialized
experience may be admitted. Candidates must
produce evidence of having reached a prescribed
standard of education, particularly in a science
subject and of thorough experience in the duties
of the class gained by service in a Government
Department or other civilian scientific establish-
ment or in technical branches of the Forces,
covering a minimum of two years in one of the
following groups of scientific subjects:-(1) En-
gineering and physical sciences. (2) Chemistry,
bio-chemistry and metallurgy. (3) Biolog cal
Sciences. (4) General (including geology,
meteorology, general work ranging over two or
more groups (1) to (3) and highly skilled work
in laboratory crafts such as glass-blowing). Salary
according to age up to 25: £250 at 18 to £380
(men) or £340 (women) at 25, to £520 (men) or
£435 (women); somewhat less in provinces.
Opportunities for promotion. Further particu-
lars and application forms from Civil Service
Commission, Scientific Branch, 30 Old Burlington
Street, London, W.1, quoting No. S 59/54.

W 2111
B.B.C. requires qualified Electrical Engineer for
work on design, installation and electrical
adjustment of aerial systems and associated
transmission lines and filter circuits, etc., for
medium, high and V.H.F. sound, television
and F.M. transmitters. Applicants must be
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physically able and fit to climb and work on
masts up to 750 ft. high and be prepared to
travel extensively throughout U.K. Starting
salary £645 p.a. rising by five annual increments
to £880. Apply: E E.O., B.B.C., London,
W.1, quoting ref. E.899. W 2118
B B.C. requires Senior Lecturer in General
Section of Engineering Training Department,
Evesham. Candidates should possess Degree
or equivalent in Electrical engineering or
physics. Previous experience in teaching and
industry an advantage. Duties concern
presentation of fundamental princip'es of sound
and vision broadcasting to technical and non-
technial staff and successful candidate will super-
vize four lecturers and generally develop work
of Section. Starting salary £990 (maybe higher
for exceptional qualifications) ris'ng by five
annual increments to £1,320 maximum. Apply
E E.O., B.B.C., London, W.1, quoting ref.
E.914, within seven days W 2119
THE ATOMIC WEAPONS RESEARCH
ESTABLISHMENT, Fort Halstead, Kent, has
a vacancy for an Engineer (basic grade) to
develop radar type equipment and units in-
volving high voltage high speed transients, to
meet production and service requirements and
to issue drawings and give information to Con-
tractors with subsequent advice during the early
stages of production. Applicants should have
served a recognised engineering apprenticeship
and be Members of either the Institution of
Mechanical or Electrical Engineers, or have
exempting qualifications: p-evious experience in
this type of work is essential. The salary range
is £620 (age 25) to £960 per annum. Appli-
cation forms from Administrative Officer (Re-
cruitment), A.W.R.E , Aldermaston, Berkshire,
quote ref. 16 /W.G.E./42. W 2152
COVENTRY TECHNICAL COLLEGE. Re-
ouired September 1954. Full-time Assistant
Grade B, Electrical Engineering and Physics
Department. Candidates should be Graduates
or hold good technical qualifications and should
have had industrial, service or research ex-
perience in electronics or telecommunications
engineering. Salary, Burnham Technical Scale
(£490-1755). Application forms and further
particulars from Director of Education, Council
House, Coventry. W 2121
ELECTRONICS TECHNICIAN required for
work on 15 million Volt Linear Accelerator.
Experience in pulse technique desirable. Salary
according to experience in scale £450 to £550,
plus London Weighting. Write enclosing two
copies of references within seven days. Clerk
to the Governors, St. Bartholomew's Hospital.
London, E.C1. , marking envelope " E'ec-
tronics." W 2107
MINISTRY OF SUPPLY, Radar Research
Establishment, Malvern, Worcs, requires Elec-
trical Engineers and Physicists for research and
development work on radio and electronic equip-
ment. Work ranges from fundamental research
on circuitry and physics of solids, to devising
and developing in collaboration with Industry,
e'ectronic devices for the Army, R A.F. and
Naval aviation. Ample scope for initiative
and originality over very wide field concerned
mainly with electronics. Minimum qualifi-
cations Higher School Certificate (science) or
equivalent, but further training in physics or
electronic engineering to H.N.C. or Degree
standard may be an advantage. Salaries within
ranges, Experimental Officer (minimum age 26),
£6901850, or Assistant Experimental Officer
£276 (age 18)-£615. Women somewhat less.
Appointments unestab'ished. Application forms
from M.L.N.S., Technical and Scientific
Register (K), 26 King Street, London, S.W.1,
quoting A 121/54A. W 2143
MINISTRY OF SUPPLY requires Physicist or
Engineer at Instrument and Photographic
Department of Royal Aircraft Establishment,
Farnborough, to work on development of new
automatic pilots and adaptation of existing equip-
ment for special purposes. This will involve
design of electro-mechanical instrument devices.
supervision of associated experimental work and
considerable contact with industry. Minimum
qualification -1st or 2nd Class Honours Degree
or equivalent in physics or engineering. Work-
ing knowledge of electronics and servo -techniques
desirable. Candidates must be keen on prac-
tical as well as theoretical work, medically fit
and willing to fly as observer. Salary within

range, Scientific Officer, £4451815. Women some-
what less. Appointment unestablished. F.S.S U.
benefits may be available. Application form;
from M.L.N.S., Technical and Scientific
Register (K), 26 King Street, London, S.W.1,
quoting D. 272/54-A. Closing date Ilth June,
1 W 2133
MINISTRY OF SUPPLY requires Experimental
Officers in Radio Division of Royal Aircraft
Establishment, Farnborough, Hants. Work con-
cerned chiefly with the development of electronic
equipment, radio frequency measurements at
centimetric wavelengths and for other detailed
technical investigations. Qualifications: Higher
School Cert. (Science) or equivalent but further
training in Physics or Electrical Engineering
to Degree standard, H N.C. or Final City and
Guilds Certificate in Teecommunications may
be an advantage. Appointments graded accord-
ing to age, experience, etc., within ranges.
Experimental Officer (minimum age 26) £690-
£850 or Assistant Experimental Officer £276
(age 18) £615. Women somewhat less.
Appointments unestablished, application forms
from M.L.N.S , Technical and Scientific
Register (K), 26 King Street, London, S W.1,
quoting D. 289/54-A. Closing date 12th June,
1954. W 2154

POST OFFICE: EXPERIMENTAL OFFICER
The Civil Service Commissioners invite appli-
cations from men for this pensionable post in
the Research Station at Dollis Hill, London.
The work is in the electronics field and the
duties involve investigations on both guided and
unguided transmissions in V.H.F. and U.H.F.
ranges. Candidates must have been born on
or before 31st December, 1923. They must
normally have a Pass Degree (or equivalent)
in an appropriate subject or a technical qualifi-
cation, e.g. H.N.C. in appropriate subjects or
with appropriate endorsements. Experience in
the field of electronics is essential. A candi-
date without the academic qualifications but
who has had exceptional experience may be
admitted. Salary E720 to £890. Exceptionally
starting salary above the minimum in an appro-
priate case. Further particulars and application
forms from Civil Se -vice Commission, Scientific
Branch, 30 Old Burlington Street, London,
W.1, quoting No. S4330/54. Completed appli-
cation forms must be returned by 10th June,
1954. Candidates born between 1st January,
1924 and 31st December, 1928, may be con-
sidered but must apply through the open com-
petition (No. S94-95/54). W 2148
THE WAR OFFICE requires for No. 35 base
workshop, R.E.M.E., Old Dalby, Leicestershire:
One Mechanical Engineering Officer (main
grade) to control workshop repairing radar and
associated equipment. Knowledge and experience
of modern electronic and allied engineering pro-
gress and process methods and technique of
management essential, also ability to organize
large repair programmes and production. In-
clusive salary range £1,000-£1.320 (London).
Applicants must be British of British parentage
and Corporate Members of the Institution of
Electrical Engineers or have passed or be
exempt from Sections A and B of their mem-
bership examination. Starting salary fixed ac-
cord'ng to age, qualification and experience on
range quoted. Annual increments subject to
satisfactory service. Post temporary but long-
term possibilities. App'ication forms from
M.L N.S., Technical and Scientific Register (K),
26 King Street, London, S.W.1, quoting D.
258/54. W 2129

TRINITY HOUSE, London. Applications are
invited for appointment to the following posts
in the Electrical and Electronics Department of
the Corporation of Trinity House,
London. (a) One Engineer required
for work in connexion with the develop-
ment of electrical and electronic navigational
aids. This includes the development of optical
systems for fog detection apparatus, develop-
ment of fog signals, audio monitoring equip-
ment and automatic control and indication
equipment. Salary Scale: £1,030 rising to
£1.230 per annum. (b) Two Experimental
Officers required for work as set out in (a).
Salary Scale: £720 rising to £890 per annum.
(c) Two Engineering Assistants required for
planning and progressing electrical instal-
lations, including engine -generating plant up to
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UNCIAL APPOINTMENTS (Coned.)

40KVA wiring and distribution and the design
of small component parts. Salary Scale: £623
rising to £734 per annum. (d) Two Laboratory
Assistants required for general laboratory work
in connexion with (c) above and radio/radar
equipment. Salary Scale: £290 (age 18) rising
to £645 per annum. (Highest age pay): £520
at age 26). (e) Four Radio Maintenance Assis-
tants required to maintain radio and radar
equipment in shore stations and ships. Salary
Scale: £407 rising to £550 per annum. Mini-
mum linked to age 25 years. Minimum
qualifications required: For (a) and (b) Science
Degree, Corporate Membership of the Institute
of Electrical Engineers or equivalent. For (c)
Higher National Certificate in Electrical Engin-
eering. For (d) Higher School Certificate
(Science) or equivalent. For (e) a knowledge of
the fundamental principles of radio and radar
and practical experience in maintenance of use
of such equipment. All candidates must be
medically fit and of British nationality.
Appointments. A proportion of those appointed
may he placed on the permanent established
staff after a satisfactory probationary period.
Applications should be made in writing to the
Secretary, Trinity House, London. E.C.3, not
later than 18th June, 1954, stating age, occu-
pation, qualifications and experience and en-
closing copes of recent testimonials. W 2156
UNIVERSITY COLLEGE OF NORTH
WALES. BANGOR. Applications are invited
for the Chair of Applied Electricity, which has
been instituted within the department of
Physics. Candidates should have experience of
Applied Electronics or Light Current Electrical
Engineering. The appointment will date from
October 1, 1954. and the initial salary will be
£1.700 p.a., with superannuation and family
allowances. Fifteen copies of the application
should reach the undersigned, from whom fur-
ther particulars may be obtained, not later
than May 24, 1954. Kenneth Lawrence. Secre-
tary and Registrar. W 2090
UNIVERSITY OF SOUTHAMPTON. A Tech-
nician with an interest in the development of
Electrical instruments is required in the
Department of Mechanical Engineering. The
selected candidate will be expected to apply his
knowledge to the problems of measurement
which occur in general engineering research.
Technical education to Higher National Certificate
or equivalent standard is required. Appli-
ations in writing giving full details of edu-
cation, qualification and experience together with
the names of two persons to whom reference
may be made, to the Secretary and Registrar,
The University, Southampton, before June 15th.

W 2126
WAR OFFICE require Assistant Mechanical
Engineering Officer (Recruitment Grade Profes-
sional) at Donnington, Salop, to organize, con-
trol and supervise a workshop sector employ-
ing 30 to 40 civilians engaged on repair and
calibration of electrical and electronic test
eauipment. Inclusive salary range £645 to
£960 (Provincial). Applicants must be British
of British parentage and be Corporate Mem-
bers of the Institution of Electrical Engineers
or have passed or be exempt from Sections A
and B of their membership examination, or
possess a University Engineering Degree. Start-
ing salary fixed according to age, qualifications
and experience. Annual increments subject
to satisfactory service. Posts temporary but
long-term possibilities. Application forms
quoting reference D423 /53A from M.L N.S..
Technical and Scientific Register (K). Almack
House, 26 King Street, London, S.W.1. W 2153
WAR OFFICE require three Technical Assis-
tants Grade II (unestablished) for Electronics
Wing, R.E M.E. Establishment, Malvern,
Worcestershire. Duties are to collect and
collate data for use in preparation of reports
on newly developed Electronic Equipments and
to write technical handbooks. covering main-
tenance and repair of Army Electronic Equip-
ments. Applicants must be British of British
parentage, possess an Ordinary National
Certificate (or its equivalent) and have served
suitable apprenticeship and have sound elec-
tronic knowledge. Experience of writing reports
is desirable but not essential. Salary in range
f592-£702 per annum (at age 30) less £20 p a.
for every year under 30. Starting according
to age, qualifications and experience. Annual
increases subiect to satisfactory service. Write
giving date of birth, education, full details of
qualifications and experience of posts held (in -
eluding dates) to Appointments Officer, Ministry
of Labour and National Service, 1-6 Tavistock
Square, W.C.1, quoting E.C.214. No original
testimonials should be sent. Only candidates
selected for interview will be advised. W 2150

SITUATIONS VACANT
The engagement of persona 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.

AERONAUTICAL RADIO ENGINEERS.
Marconi's Wireless Telegraph Co., Ltd., are
continually expanding their already wide activities
in the field of aeronautical radio. There are
posts available for development, project, field
and sales engineers on all aspects of airborne
and ground communications and radio and radar
navigational aids for both civil and military
purposes. Any engineer who is interested in
this field should apply in confidence, giving
details of his experience, etc., and quoting
reference S.A.44, to The Manager, Aeronautical
Division, Marconi's Wireless Telegraph Co.,
Ltd., Dept. C.P.S., 336/7 Strand, W.C.2.

W 2053
A LARGE and well -established engineering
company situated in the East London area
require tool designers and draughtsmen. Appli-
cants should have had tool room apprentice-
ship or equivalent followed by experience
on first-class tool work, in the light mechanical
and electrical fields. Applications are invited
from men of sufficient experience and ability
to justify very good salaries. Excellent work-
ing conditions and staff pension scheme in
operation. Please write, in confidence, giving
details of experience to Box No. W 2114.
AN ELECTRONIC ENGINEER, age 25 to 35,
is required to fill an interesting appointment
in the Development Laboratory of the General
Electric Company, Ltd., at Stanmore. Work
involved will include development of airborne
radar equipment and a knowledge of aircraft
electrical installation would be useful. Pos-
session of a University Degree is desirable, and
a working knowledge of elementary Physics
would be advantageous. Applications should
be made in writing to the Staff Manager (Ref.
EE/AMMV), Brown's Lane Division, The
G.E.C. Stanmore Laboratories, The Grove,
Stanmore Common, Stanmore, Middlesex.

W 2100
AN ELECTRONIC ENGINEER, possessing an
Academic or Industrial Degree and having at
least five years' practical experience is required
for development work on a wide range of elec-
tronic instrumentation. The position offers
ample scope for advancement in a rapidly ex-
panding department. App'icants should be 25
to 35 years of age, and should write giving full
details to Box No. W 1030.
AN OUTSTANDING OPPORTUNITY is
offered to an Electronics Liaison Engineer in the
New Electronic Equipment Division of an old
established electrical company who are expand-
ing to a South Coast area. The qualifi-
cations for this post are a sound technical
background, considerable knowledge and ex-
perience of centimetric radar systems, pulse and
microwave techniques. Applicants should also
be capable of co-ordinating the work of design
and production authorities, and be able to
accept the responsibility for assessing test equip-
ment and specification requirements for Radar
production projects. The salary for this post
will be commensurate with ability. Interested
applicants should write giving full details of
the above experiences and age to Box No.
W 2093.

APPLICATIONS ARE INVITED from
Engineers and Draughtsmen as shown here-
under: (a) Design Engineers and Draughtsmen
with experience of design of television, Ser-
vices communication equipment and/or air-
craft accessories. (b) Tool design draughtsmen
with experience of small to medium class press
tools, jigs and fixtures. The vacancies, which
call for men of sound technical ability, offer
good progressive positions. A good salary
will be paid to the selected applicants and
will be commensurate with previous experience.
Applications should be addressed, in the first
instance for the attention of the Personnel
Manager, The Plessey Company Limited,
Vicarage Lane, Ilford, Essex. W 2117

APPLICATIONS ARE INVITED from suitably
qualified Engineers for Senior Positions in the
Television and Domestic Broadcast Receiver
Development Laboratories. The vacancies
offer considerable scope in the application of
Transistor and Printed Circuitry to this field.
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Applications stating fully, age and experience
and salary required should be sent to The
Personnel Manager, Box No. W 2134.

ARMSTRONG SIDDELEY MOTORS
LIMITED. As a result of the creation of a
separate Rocket Division of Armstrong Sid-
deley Motors, opportunities exist in a new and
Interesting field of engineering. Applicants
should have an appropriate Degree or Higher
National Certificate. Previous experience in
this work is not essential if the applicant has
enthusiasm and ability. Vacancies exist in all
grades of the following positions: Technical
Assistants, Electronic Engineers, Chemists,
Stressmen, Designers, Draughtsmen. Apply
to: Personnel Manager (Reference SAI-
Rockets), Armstrong Siddeley Motors Ltd.,
Parkside, Coventry. W 2104

A SENIOR APPOINTMENT will shortly be
filled in the London laboratory of a firm hold-
ing contracts in guided weapon and kindred
fields. Engineers who wish to be considered
for this vacancy should be graduates and should
have had some experience in industrial engin-
eering laboratories. Some production engineer-
ing experience in addition to microwave elec-
tronic and/or servo experience would be an
advantage. Starting salary will range according
to age and experience and will be on a generous
scale and will be subject to good increases,
according to merit. Pension and life assurance
schemes are in operation. Write giving full
details in confidence to Box No. W 2146.
A VACANCY occurs with a leading manufac-
turer for a man experienced in Wave guide
measurement. An ex -Serviceman with the
necessary experience of Testing and Fault
Finding on Radar Gear would be considered.
Write, stating age, experience and salary re-
quired to Box No. W 2136.

BLACKBURN AND GENERAL AIRCRAFT
LTD., have vacancies in the Electronics Sec-
tion at Brough, for One Senior and Two
Junior Technicians for work on strain -gauging,
electronic instrumentation and vibration investi-
gations on aircraft and gas turbines. Previous
experience of this type of work essential for
senior grade and desirable for junior grade.
The Company's programme on Military and
Civil aircraft offers excellent prospects of per-
manent and interesting work under congenial
conditions at salaries commensurate with
qualifications, ability and experience. Appli-
cations giving full particulars of age, training,
etc., to:-The Personnel Manager, Blackburn
& General Aircraft Ltd., Brough, Yorks.

W 2001

BRITISH ACCOUSTIC FILMS have vacancies
in their laboratories at Shepherds Bush for
Engineers or Physicists to work on sound re-
recording and reproducing equipment, including
Stereophonic systems. Applicants should have
good qualifications, preferably an Honours
Degree, or give evidence of exceptional ability
and interest in electronics and sound reproduc-
tion. Five-day week and Pension Scheme.
Salary according to qualifications and experience.
Applications should be made in writing to the
Personnel Manager, British Accoustic Films
Ltd., Woodger Road, W.12. W 1026
BRITISH TELECOMMUNICATIONS RE-
SEARCH LTD.. a Company associated with the
Automatic Telephone & Electric Co.. Ltd.. and
British Insulated Callender's Cables Ltd., has a
vacancy for a senior engineer for work on the
development of specialized test equipment for
telecommunication systems. There is a super-
annuation scheme and the Company works a
five-day week. Application should be made to
the Director of Research, British Telecommuni-
cations Research Ltd., Taplow Court, Taplow,
Bucks, giving age and full details of education,
qualifications, experience and approximate
salary required. W 2096
CHIEF OF TEST required by well
established transformer manufacturers in North
West London area. Interesting position in-
volving experimental and development work.
All types of transformers up to 20-kVA inclu-
ding audio frequency. Applicant must be used
to working to a high degree of accuracy also
A I.D. and Inter -Services. Permanent pro-
gressive position, pension scheme and life
assurance. Write stating age, experience,
salary required. Box No. W 1016.

CLASSIFIED ANNOUNCEMENTS
continued on page 4
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TO INTRODUCE
to you our new range of

WATERPROOF AND OILPROOF
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ELECTRICAL CONDUITS
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TYPE "MC" w

0 m.r. ' ............
WI

TYPE

TYPE VC' )

As supplied to the Services, and an
ever -widening circle of Commercial users.

Something that is "just a bit better".

A fully descriptive leaflet will be
sent on application.

0111111E
LIMITED

TRADING ESTATE SLOUGH BUCKS

Telephone : SLOUGH 24561 (5 lines) Telegrams : " FLEXIBLE SLOUGH "
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VTUATIONS VACANT (Coned.)

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

tion of Vacancies Order, 1952.

TELEVISION ENGINEERS required for
Demonstration Installation Unit (T.V. Trans-
mission Equipment). Must be willing to travel
overseas. Apply by letter in first instance to:
Engineer in Charge, Demonstration and In-
stallation Section, Pye Ltd., Cambridge.

W 2008
TEST ROOM SUPERVISOR required by
Electronic and Radar firm of International
repute, for appointment which will provide an
outstanding opportunity to the successful appli-
cant in an entirely new production group
!Seated in the South Coast area. Fssimtial
qualifications are:-(a) Good technical back-
ground. (b) Experience of the testing require-
ments associated with the production of
microwave radar, servo and pulse equipment.
(c) Ability to organize and control staff. Super-
annuation scheme exists and housing assistance
may be given. Write fullest details of edu-
cation, experience and age to Box No. W 2105.
THE BRITISH TABULATING MACHINE
CO., LTD., require an " Electronic "
Draughtsman for their Research Laboratory
at Stevenage. Work consists mainly of draw-
ing circuit diagrams, with some mechanical
drawing for chassis and component layout.
Previous experience desired. Applications,
giving particulars as to age, previous experience
and salary required should be addressed to
Personnel Officer, at Letchworth, Hens.

W 1024
THE ENGLISH ELECTRIC COMPANY
LIMITED have vacancies at Luton and in
Australia for Junior Engineers and Laboratory
Assistants. Applicants should have a sound
knowledge of electronic circuitry with prefer-
ably some radar experience. These positions
are permanent and progressive and attractive
salaries are offered for able and experienced
men. Assistance with housing for some of the
posts may be given, and a staff pension scheme
is in operation. Application to Dept. C.P.S.,
336/7 Strand, W.C.2., quoting reference 456V.

W 2071
THE ENGLISH ELECTRIC VALVE CO..
LTD., Chelmsford, are requiring Senior and
Junior Graduate Engineers for work on mag-
netron and klystron development work. Please
apply to Dept. C.P.S., 336/7, Strand, W.C.2,
quoting Ref. 419M. W 2138
THE GENERAL ELECTRIC CO., LTD., have
vacancies at Stanmore for Electronic and Elec-
trical Engineers for work in Development
Laboratories. There are a few senior positions
available to experienced men with a University
Degree or an equivalent qualification and more
junior positions for men of O.N.C. standard
and/or with previous experience in development
work. The work is interesting and there are
openings in each of the following fields: -1.
Servo -mechanisms and Magnetic Amplifiers. 2.
Microwave Circuits. 3. Pulse Circuits. 4. General
Radar circuits and C.R.T. radar presentation.
5. Preparation of G.W. equipments for trials.
6. Stabilized Radar aerials. Applications should
be made in writing stating age, qualifications
and experience and should indicate the specific
interest of the applicant. All positions are
permanent in ideal working surroundings and
there are excellent welfare and social facilities.
Please reply to the Personnel Manager (Ref.
EE/MW.2), Brown's Lane Division, The
G.E.C. Stanmore Laboratories, The Grove,
Stanmore Common, Stanmore, Middlesex.

W 2099
THE GENERAL ELECTRIC CO. LTD..
Brown's Lane, Coventry, require Senior and
Junior Electronic Development Engineers for
work on Guided Weapons and like projects,
particularly in the field of Microwave and
Pulse Applications. Mechanical Development
Engineers, Designer Draughtsmen and
Draughtsmen, preferably with experience of
Radar type equipments, also required for the
above projects. Salary according to age,
qualifications and experience. Apply by letter
stating age and experience to the Personnel
Manager (Ref. R.G.). W 169
THE RESEARCH LABORATORIES of The
General Electric Co., Ltd., East Lane, North
Wembley, Middlesex, have a vacancy for an
Electronic Engineer with General B.Sc. degree
or Higher National Certificate to work on life

ELECTRONIC ENGINEERING

investigation of radio valves. Candidates for
this position must have completed National
Service if under 26 years of age. Apply in
writing to Staff Manager (Ref. RLO /23), giving
full particulars of age, qualifications and ex-
perience. W 2076
TIME STUDY ENGINEER and Rate Fixer
required by a well -established engineering com-
pany engaged in the manufacture of electronic
and associated equipment. Applicants should
have training in effort rating and in the prac-
tical application in time and motion study of
small batch production or radar, electronic
equipment and electro-mechanical instruments.
The vacancies present attractive opportunities
to keen and energetic men of good experience
and qualifications. A generous salary will be
paid to the selected applicant. Please reply,
giving full details of experience to Box No.
W 2115.
TRANSFORMER DESIGNER required for
development projects involving audio -frequency
power transformers, pulse transformers, oil -filled
units, etc. Apply stating age, qualifications and
experience to the Personnel Manager (Ref.
R.G.), The General Electric Co.. Ltd., Brown's
Lane, Allesley, Coventry. W 192
TRANSISTORS. The British Tabulating
Machine Co., Ltd., Icknield Way, Letchworth,
Hens, has a vacancy for a graduate engineer
or physicist for research and development work
on the use of Transistors in pulse and switch-
ing circuits. Applicants should possess an
Honours Degree in Physics or Electrical En-
gineering, and have experience of either Tran-
sistor circuit techniques or of pulse circuits as
used in digital computing, radar, etc. Salary
will be based on qualifications, age and ex-
perience. Applications stating age, experience
and training should be sent to Personnel Officer.

W 1995
URGENTLY REQUIRED. Young single men
as Electronic Wiremen, also Junior and Senior
Test Engineers in connexion with Television
Cameras and ancillary equipment. Apply in
writing to Personnel Officer, Dept., 24, Pye
Ltd., Radio Works, Cambridge. W 2128
VACANCIES EXIST at all levels for Engineers
in the Research Laboratories of S. Smith
& Sons (England) Ltd. There are also a num-
ber of vacancies for exceptionally skilled
laboratory, mechanics and wiremen. The
laboratories are of modem design and are situ-
ated in pleasant Cotswold country near
Cheltenham. Posts are permanent and a Staff
Pension Scheme with life insurance is in oper-
ation. Married staff after a short period of satis-
factory probationary service, may apply for a
house on the company's modem housing estate.
Promotion prospects are good in these con-
tinually expanding laboratories. Applicants for
the more senior posts of Project Officer or
Specialist Engineer which carry a salary of up
to £1,500 per annum should preferably have an
Honours Degree or equivalent qualification, and
in the former case should have had experience
of controlling a project team. General ex-
perience in some of the following fields is a
necessary qualification for Project Officers, ex-
pert knowledge in one field is essential for a
specialist. Applicants for less senior posts
should have some experience in one or more of
the fields listed. (a) Mathematical Study of
Controlled Stability. (b) Aircraft Navigation. (c)
Automatic pilots. (d) Electronics (preferably
including knowledge of magnetic and transistor
amplifier techniques). (e) Electric and /or
Hydraulic Servomechanisms. (f) G.W. Field
Trials. Travelling expenses will be paid to
applicants selected for interview. Write in first
instance for application form to: Personnel
Manager. S. Smith & Sons (England) Ltd.,
Bishops Cleeve, Nr. Cheltenham, Glos, quoting
Ref. GW7/F. W 2124
VACANCIES EXIST for Junior Engineers and
Laboratory Assistants on work connected with
expanding programme involving Radar and
associated devices. Qualifications required are
as follows.-Junior Engineers should be of
Graduate standard with preferably some ser-
vices or laboratory experience of radar.
Laboratory Assistants should be of Matricu-
lation standard in mathematics and physics
and familiar with the use of normal test equip-
ment. A student member would be suitable.
Salaries according to age and experience. Appli-
cations should be made in writing in the first
instance to the Chief Development Engineer,
Decca Radar Limited, 9 Davis Road, Tolworth,
Surbiton, Surrey. W 1991
VICKERS-ARMSTRONGS LTD., Crayford,
Kent. have a number of vacancies in their
Computer Laboratory as follows: 1. Honours
Graduates to engage in research and develop-
ment work on commercial electronic computing

machines and devices. 2. Engineers and Tech-
nicians to engage in development and design of
electronic commercial computing machines and
devices. Qualifications University Degree,
Higher National Certificate or equivalent. 3.
Electrical Draughtsmen to engage in the design
of electronic commercial computing machines
and devices. Also required: Junior and Senior
Electrical Draughtsmen accustomed to work
concerned with circuit and cable lay -out par-
ticularly in connexion with Naval and Military
equipment. Experience in the design of small
electrical apparatus and lay -out of electronic
equipment will be an advantage. Also required,
Graduate Electrical Engineers, age about 30,
with Degree or H.N.C. and practical experience
in servos, electronics or tele-communications,
for development work on low -power servo
systems. Applications should be made is
writing to the Manager, Engineering Depart-
ment and Labour. W 2057

VICKERS-ARMSTRONGS LIMITED, Wey-
bridge Works: Guided Weapons Development.
Applications are invited from experienced
Engineers for senior staff appointments in the
following grades:-Electronic Engineer to lead
Group on Servo Control and Simulator Design.
Electro-Mechanical Designer-to develop small
mechanisms. Vacancies also exist for: Engin-
eers, Technical Assistants, Draughtsmea
(Senior, Intermediate, Junior and Trainee),
Laboratory Assistants and Mechanics. For
work on structural, electronic, electrical and
mechanical engineering development. Suitable
academic qualifications are required; Engineers
and Technical Assistants-graduate or equiva-
lent Draughtsmen and Laboratory Assistants
-H.N.C. standard. Applications should be
made to: Employment Manager, Vickers-Arm-
strongs Limited, Weybridge Works, Weybridge,
Surrey. W 2075

WANTED LABORATORY ASSISTANT,
Ordinary National Certificate standard for
Television and Radio Coil Factory. Forty-
four hour, five-day week. Salary in accor-
dance with experience. Apply to Miss K. S.
Cowan, Personnel Officer, Mitcham Works
Ltd., Winchelsea Road, Harleaden, N.W.IO.

W 194
WIREMAN for modern research laboratory,
capable of working to verbal instruction and
able to do original layouts. City and Guilds or
National Certificate an advantage, at least three
years' experience imperative. (Ref. 71). Write
in detail, quoting reference No. of position
sought to: The Personnel Dept. (Technical Em-
ployment), De Havilland Propellers Limited,
Hatfield, Herts. W 2089

A further " Situations Vacant " advertise-
ment appears in display style on page erg.

SITUATIONS WANTED

CHIEF OF DEPARTMENT specializing in
Servo Systems, Analogue Computors, Aircraft
Instruments, Magnetic Devices and Component
Development desires change where abilities to
establish leadership and to meet delivery dates
are appreciated. Middle thirties. £2,000 p.a.
Box No. W 1036.
EXPERIENCED Technical Author seeks publi-
cations position. Midlands. Box No. W 1042.
TECHNICAL WRITER available for limited
period. Box No. W 1041.

FOR SALE

A.F. SIGNAL GENERATOR for Sale. Guaran-
teed in perfect condition, covers 20c/s to
50kc/s approx. 1 per cent, sine and square
outputs attentuator, etc., in strong cast com-
plete with full instruction sheets. Bargain £9
only, must sell. Send s.a.e. for full details.
Box No. W 1034.
CABLE/FLEX. much cheaper in odd bung*
coils. Short lengths supplied. Lists BDC. 591
Green Lanes, London, N.B. W 1962
DECAL. Transfer Labels for marking elec-
tronic equipment. Standard edition approxi-
mately 750 titles covering all aspects of elec-
tronics, radio, recording, etc. 4s. 9d. plus 3d.
post. Amateur Edition, devoted to amateur

CLASSIFIED ANNOUNCEMENTS
continued on page 12
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for Smaller Production
Quantities

1.111/VIEDEMANN
Type RA -41 P

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

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

Maximum sheet size 28 in. x 40 in.
Throat depth ... ... 28 in.
Capacity ... ... ... ... ... 15 tons
Punching Capacity 3- diameter in WV thick Mild Steel

2' f t " r " f I , ,

Strokes per minute ... ... ... 175

JUNE 1954

SHEET AREA UP TO 28" x 40-

OUTPUT-I8 PER HOUR

OUTPUT-IS PER HOUR

me.. me    
OUTPUT-I0 PER HOUR

ALL OPENINGS PIERCED
IN TIMES SHOWN

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

Write to Sales Department for detailed Catalogue

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

Telephone WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON
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FOR SALE (Coned.)

radio, recording, etc., approximately 300 titles.
3s. 6d. plus 6d. post. Both in black or white.
Alexander Equipment Ltd., Sandhurst, Kent.
Sandhurst 276. W 1031

GERMANIUM DIODES Is. each. Large quan-
tities cheaper. BDC, 591 Green Lanes, London,
N.8. W 1040

IPOTS. Inductive potentiometers (A.R.L.
Mk. I linear), 60s. each, guaranteed.
Alexander Equipment Ltd., Sandhurst, Kent.

W 1032

MAGSLIPS at I /10th to 1/20th of List Prices.
Huge stocks. Please state requirements. K.
Logan, Grove Road, Hitchin 1744, Herts.

W 183

METALWORK. All types cabinets, chassis
racks, etc., to your own specifications.
Philpott's Metal Works Ltd. (G4B1), Chapman
Street, Loughborough. W 2000

OIL FILLED CONDENSERS. Dubilier
0.5 x 0.5 MFD -- 2,200 volts. Quantity at
large discou'it. Box No. W 2125.
SINE -COSINE RESOLVERS (3" Magslip
Transmitters No. 5, AP 10861). Brand new,
each in maker's tin. Offered in quantity at leas
than one tenth of cost. Export inquiries in-
vited. P. B. Crawshay, 166 Pixmore Way.
Letchworth, Herts. W 153

STABILIZED POWER UNITS. Boldre series
100 watts, stab lized 150-500V, variable. Un-
stabilized 300-700 6.3V A.C. 100 watt. Impe-
dance less than 152, ripple 5 MV, stability
0.02 per cent. Suitable for all main service
voltages and frequencies. A. Laboratory model:
£79 10s. B. General purpose model: £57 10s.
D Skeleton model for bui ding into equipment:
£42. Reduction for small ranges or spot
volts. Power units designed and built to
specification. Sub -contract wiring, assembly
or potting. Inter -unit cabling made up exact
lengths. Newtown Industries, Lym1ngton,
Hants. W 1027

THERMOCOUPLE WIRES-Insuglass Covered
-Various gauges and combination of alloys
in stock. Inquiries for long or short lengths
to EE/TW Department, Saxonia Electrical Wire
Co., Ltd., Roan Street, Greenwich, S.E.10.

W 1989

UNREPEATABLE BARGAIN. Tape Re-
corder Amplifier low push pull output, separate
bass, treble and two mixer volume controls,
with high quality M.W. radio tuner, fitted inf.
imped. detector, Shl dial, etc., and bias oscil-
lator stage complete with power supply for
A.C. in guaranteed perfect condition, with
operating data. Rec'g. feed push pull, full
level monitoring facilities, etc. Gives about
best possible results for either recording or
repro'n. Offers over £15. Please send s.a.e.
for full details, photos, etc. Box No. W 1035.

EDUCATIONAL

CITY & GUILDS (Electrical, etc.) on " No
Pass-No Fee " terms. Over 95 per cent
successes. For full details of modem courses
in all branches of Electrical Technology send
for our 144 -page handbook-Free and post
free. B.I.E.T. (Dept. 337C). 29 Wright's
Lane, London, W.8. W 142

COVENTRY TECHNICAL COLLEGE. Session
1954-55. Electronic Engineering. Applications
invited for entry to three year full-time course
commencing September, 1954 from those re-
quiring comprehensive training to advanced
level in Electronic Engineering, qualifying for
technical posts in radio, telecommunications,
television and industrial electronics. Syllabus
will cover requirements of City and Guilds,
Brit. I R.E., and I.E.E. examinations. Entry
age 16 or over. Application forms and fur-
ther information from Principal, Technical
College, The Butts, Coventry W 2113

FREE Brochure giving details of courses in
Electrical Engineering and Electronics, covering
A.M.Brit.I.R.E., City and Guilds, etc. Train
with the Postal Training College operated by
an Industrial Organisation. Moderate fees.
E.M.I. Institutes, Postal Division, Dept. EE/29,
43, Grove Park Road, London, W.4. W 190

T.V. AND RADIO-A.M.Brit. I R.E., City
& Guilds, R.T.E.B. Certificate, etc., on " No
Pass-No Fee " terms. Over 95 per cent suc-
cesses. Details of Examinations and Home
Training Courses in all branches of Radio and
T.V. Write for 144 -page handbook-Free.
B.I.E.T. (Dept. 337H), 29 Wrights Lane, Lon-
don. W.8. W 187

SERVICE

WEBB'S SERVICE DEPT. for complete reno-
vation of complex communication receivers of
any make. Test report issued showing sensitivity
selectivity, signal/noise equal to, or better than,
makers' original figures. Webb's Radio, 14
Soho Street, London, W.I. W 196

PATENTS

EXPLOITATION OF PATENTS. The
Proprietors of the following British Patent*
desire to secure commercial exploitation by
licences in the United Kingdom:-British
Patent No. 671537-Microwave Lens Lattice
Matched to Space Impedance. British Patent
No. 650041 - Improvements in or relating to
Antennae or Radiators for Electromagnetic
Waves. British Patent No. 579746-Improve-
ments in or relating to Directive Electro-Mag-
netic Antenna Structure. Please reply to Box
AC 89517, Samson Clarks, 57/61 Mortimer
Street, London, W.1. W 2103

AGENCIES

CANADA. Technical Director of medium-sized
Electronic Company, travelling to Canada,
wishes to contact Electronic and Electrical
Manufacturers interested in an efficient sales
and servicing organization for their products in
that country. Box No. W 1033.

ELECTRONIC ENGINEERING

MORE PARTS OF PERFECTION
Sandwell castings are renowned for their precision and high
tensile strength, and are incorporated on many of the best
known products throughout the Electrical Industry including
Ferguson Pailin Industrial Switchgear. Where only the best
castings will do, call in Sandwell - our specialised knowledge
and experience are at your service at all stages from the blue-
print to the finished product.

Photo by courtesy of
Messrs. Ferguson Pullin Ltd,

* Specialists in the production of
the finest quality Sand Castings,
Gravity Die Castings and Pressure
Die Castings in all Light Alloys and
Non -Ferrous Metals by the most
modern methods.

THE SANDWELL
CASTING CO.

BANK STREET FOUNDRY, WEST BROMWICH
Tel: STOnecross 2231 (4 lines) Grams: "REPCAST" WEST BROMWICH
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SERVOMEX

AC2
10 amp. Voltage

STABILISER

achieve an
even higher
standard of
accuracy with
the new . . .

Servomex AC voltage stabilisers have rapidly become standard equip-
ment, and have been widely adopted by leading government and
commeicial laboratories throughout the country. The new model, type
A.C.2, embodies several improvements, check these features :-

 Continuous servo gives accuracy of 0.25%
 True RMS stabilisation
 Zero distortion
 Velocity feedback gives

independent of friction
 Unaffected by changes of amplitude, frequency,

waveform, or power factor
 High output, 10 amps. at 200-240 volts
 Efficiency 95%
 Brush changing in a few seconds
 Normally supplied for rackmounting, external

case (as illustrated) optional extra
Please write for new data sheet.

complete stability,

The Servomex range also In-

cludes low voltage, high

current D.C. and A.C.

Stabilisers, Magnetic Ampli-

fiers, Motor Controllers, etc.

SERVOMEX CONTROLS LTD.
Servomex Controls Ltd., Crowborough Hill, Jarvis Brook, Sussex. 'Phone: Crowborough 1247
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Potted
with Araldite'
For potting and sealing electrical components, `Araldite' is without

equal. In addition to its remarkable electrical and mechanical qualities, `Araldite' offers outstanding

adhesion to metals, whilst shrinkage on setting is exceptionally low. `Araldite' is resistant to high

temperatures, humidity and corrosive agents and satisfies the Services- specification for the sealing

and potting of electrical equipment. This new epoxy resin is being extensively used for potting and

sealing components for radio, electronics and electrical engineering. Our illustration shows an induct-

ance and mica dielectric capacitor network for shaping a transmitted radar pulse. Potting in 'Araldite'

Photo by courtesy of Telegraph Condenser Company Ltd.

Aero Research Limited
A Ciba Company, DUXFORD, CAMBRIDGE. Telephone: Sawston 187

ELECTRONIC ENGINEERING fit 14

ensures hermetic sealing and permits a,

reduction in size and weight.

These are the new Epoxies!
Araldite' (regd.) epoxy resins art -
obtainable in the following forms:-

 Hot and cold setting adhesives for
metals and most other materials in -
common use.

 Casting Resins for the electrical,
mechanical and chemical engineering -
industries.

 Surface Coating Resins for the
paint industry and for the protection_
of 'metal surfaces.

Full details will be sent

gladly on request.

`Araldite'
epoxy casting resins

264-65
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THIS instrument has been designed
-"- to fill the need for a self-contained
compact frequency standard of
moderate cost and very high accuracy.

Sine wave and pulse signals are
produced at five standard frequencies,
the pulse waveforms being extremely
rich in harmonics.

An oscilloscope, complete with X and
Y amplifiers, is incorporated for visual
frequency comparison, and a Beating
circuit and loudspeaker for aural check-
ing. Standard frequencies are switched
to these two circuits internally, and their
employment is therefore unaffected by
connections made to the output plugs.

A synchronous clock driven from a
voltage of standard frequency provides
a time standard which may be main-
tained accurate to within a few seconds
a year.

The instrument is enclosed in one of
the Airmec range of cases which is
suitable either for bench use or forward
mounting on a 19 -in. rack.

Taster Oscillator : Crystal -controlled at a frequency of 100 kc/s. The crystal
is maintained at a constant temperature by an oven.

)utputs : Outputs are provided at 100 c/s, I kc/s, 10 kc/s, 100 kc/s
and I Mc/s.

The above outputs are available, simultaneously with
sinusoidal or pulse waveform from separate plugs.

tability : Four hours after switching on a short term stability of
considerably better than I part in 106 is obtained.

Full details of this or any other Airmec instrument will be forwarded gladly upon request.

HIGH WYCOMBE BUCKINGHAMSHIRE
Cables : Airmec, High Wycombe.
Tel.: High Wycombe 2060
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SORENSEN'
.m.ola VOLTAGE,.

ig.v.,.,,. REGULATOR.

MODEL 1000-2S

OUTPUT VOLTAGE
CONSTANT TO 01%
AGAINST INPUT VOLTAGE, INPUT FREQUENCY

AND OUTPUT CURRENT

The exceptionally accurate and reliable Sorensen

Regulators, already well known to Engineers, are now

made in England under licence by J. Langham Thompson

Ltd. Model No. r000 2-S - an A.C. Regulator - is
the first in production, and other models will be announced

in due course as soon as they are available.

Descriptive literature will be gladly sent on request.

        ap III I fa  
   e  4.0.

0
 ..... 60 

e
11-..."mn

Specification

RATING i KVA
INPUT VOLTAGE 190-260
INPUT FREQUENCY

So cis ± to%
OUTPUT VOLTAGE

220-240 (adjustable)
REGULATION ACCURACY

+0.1% max.
RECOVERY TIME o.t secs.
HARMONIC DISTORTION

3% max.
P.F. RANGE Down to 0.7
LOAD RANGE

No load to full load

GROUP

LANGHAM THOMPSON
LIMITED

BUSHEY HEATH HERTS
Telephone: Bushey Heath 2411 Grams and Cables: "Tommy Watford"
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TRANSDUCERS
for the measurement of

SURGE, FLUCTUATING OR
STEADY PRESSURES

(Gauge or Differential)
samewitem mmowns

momminemommore sels.
......____

FOR SURGE, FLUCTUATING OR STEADY PRESSURES

TYPE NO. 448 (as illustrated,

o -1000 p.s.i. to 0 - 50,000 p.s.i.

TYPE NO. 449
o-10 p.s.i. to 0 -1,000 p.s.i.

Both the above types comprise a 4 -arm strain gauge
compensated bridge, producing a voltage output
(m.V.) directly proportional to the applied pressure.

TYPE NO.522 o- 15 p.s.i. to 0 - 2,500 p.s.i.

Pressure is applied to a diaphragm which is
caused to change the inductance of an iron
cored circuit. This change of inductance
can then be used either to create out -of -
balance in a bridge or to frequency
modulate an oscillator.

FOR STEADY OR SLOWLY
FLUCTUATING PRESSURES

TYPE NO. 548
o- 5 p.s.i. to 0 - 4,000 p.s.i.

Comprising a Bourdon tube or
bellows operating a precision
potentiometer. These trans-
ducers produce a voltage out-
put directly proportional
to pressure. IL 7

GROUP

    els__  _. ".   
II   e   a   
is

111.11.0.0.     
111  I
     

J. LANGHAM THOMPSON
LIMITED

BUSHEY HEATH HERTS
Telephone : Bushey Heath 2411 Grams and Cables : "Tommy Watford"
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ALL -POWER
REGULATED POWER SUPPLIES

SERIES 500
4 NEW MODELS

RATED FOR 350mA OUTPUT
The four models detailed below are
similar to the existing 500 series
units and have the same overall physical
dimensions.

AVAILABLE FOR PROMPT DELIVERY

Model 506
(fitted with end frames)

ABRIDGED DATA
(Further information on request)

Data Model 506 Model 507 Model 508 Model 509

w I-
> ,,4'

4- .o-7=

,- a
Ei.%

Output 200-500V
350mA

200-500V
350mA

0-500V
350mA

0-500V
350mA

Number of Ranges 2 2 4 4

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

Effective Output Resistance
(max.) 0.2 a 0.02 a 0.5 SI 0.02 a

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

) ...

git'a
fll0 li

1:1W of
,,,.

Outputs - 250V 25mA
0-250V 1mA

250V 25mA
0-250V I mA

Voltage Stabilization - - ±0.05% ±0.002%

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

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

Unstabilized +VE
H.T. Supply 350mA max.

470V
630V

470V
630V 47320V0V

630V

470V
0V

630V

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

Price E 7 7 £98 £88 L106

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

with fully protective covers.

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

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

Steel instrument case of new design E4 10 0 each

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

ALL -POWER TRANSFORMERS LTD. CHERTSEY ROAD, BYFLEET, SURREY
Tel.: BYFLEET 3224/5
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COSSOR presents...

The, NW COW))

Double Becto, Meittorph,

CI.53

Tekplione CANonbury 1234 (3311tes).
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MODEL 1052
Two similar amplifier channels with an approximate
gain of 2000 and an upper frequency response of 5
megacycles (minus 6 DB) are features of this new Cossor
Double Beam general purpose oscillograph. The
repetitive or triggered time base has a sweep duration
from 200 milliseconds to 5 microseconds.

The instrument will operate from power supplies of any

of the various frequencies and voltages encountered in
the Armed Services or from standard civil supply mains.

The top and side panels are quickly detachable to allow
inspection and a removable plate at the rear of the instru-

ment allows access to tube plates, anode and modulator.

and, Vote Catibratir
MODEL 1433

Primarily designed to be used with the new Cossor
oscillograph the Cossor Voltage Calibrator model 1433
provides an accurate means of calibration of input volt-
ages to the plates or amplifiers of any oscillograph.
Calibrating voltages are read directly from a wide scale
meter without any computation being necessary.
Measurements can be made to an accuracy of ± 5%
and the instrument can be used in any application where
a source of accurately -known voltage is required.

COSSOR ELECTRONIC
INSTRUMENTS

Write for illustrated leaflets about both of these instruments

A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT. 2,
HIGHBURY GROVE, LONDON, N.5

Telegrams : Cossor, Norphone, London. Cables : Castor, London.

Al9

ALWAYS USEi,

COSSOR
TUBES

VALVES
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SUGGESTION BOX
Take a closer look at this! It may be full of suggestions for solving your problems.
An intricate electronic circuit is embedded in BAKELITE Polyester Resin,
SR.I 7449-the grade specially recommended for 'potting' circuits.
This resin has not only exceptionally high resistance to shock but it also pro-
tects delicate components from heat, humidity and corrosion. It is one of a group
of BAKELITE Polyester Resins whose many different properties are being used in
a wide range of applications.
It may be that this suggests ways in which Polyester Resins could be of service
to you. If so, please 'phone or write to Bakelite Limited, who will be delighted
to give you every assistance in following up new ideas.

TREFOIL

BAKELITE 00
REGD. TRADE MARKS

BAKELITE LIMITED 12/18 GROSVENOR GARDENS LONDON SW1 Telephone: SLOane 0898
Producers of Phenolic, Urea, Alkyd & Silicone Moulding Materials  Polyester Resins  Phenolic & Urea Resins, Cements & Adhesives  Laminated Sheet,
Rod & Tube  Glass Fibre & Asbestos Laminates  Rigid & Flexible PVC Sheet  PVC Moulding & Extrusion Compounds  Decorative Laminated Plastics

P.67
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TYPE 3244
Rating IKV.SA.

TYPE 3245
Rating IKV.SA.

TYPE 3246
Rating IKV.SA.

TYPE 3247
Rating IKV.5A.

EDISI'VAN metal glass seals
These outline diagrams illustrate a rarme of Ediswan
metal -glass seals delivery of which can be effected promptly.
Many additional types can be supplied by arrangement,
and our Engineers will welcome the opportunity of
collaborating with you in the design of special seals for
your particular requirements.

!la] MIN .085

TYPE 3248
Rating IKV.5A.

 375

.15

Side view 3244-8
NOTE All pins are ".04/25 Top

Ends Rounded Spaced on ".5 PDC.

.7.187 MIN

4

.125 I

TYPE
No.

VOLTAGE
RATING

(Volts)

CURRENT
PER

TERMINAL
(amps)

REMARKS

252 7,500 10.0

3279 2,000 10.0

3167 10,000 10.0

3183 2,500 5.0

3244 1,000 5.0

3245 1,000 5.0
Voltage
between

3246 1,000 5.0 pins and

3247 1,000 5.0 flange.

3248 1,000 5.0

3280 750 5.0

E D I SWAN

TYPE 3183
Rating 2.5KV.5A.

212 -.-

TYPE 3280
Rating 750V.5A.

For full information please write for publication R.1602
RADIO DIVISION

THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS RD., LONDON, W.C.2
Telephone : Gerrard 8660 Member of the A.E.I. Group of Companies Telegrams : Ediswan, Westcent, London

1,01t.lioa

1.183

--n0

TYPE 252
Rating 7.5KV.10A.

'611Di

TYPE 3279
Rating 2.0KV.I0A. On nu neut.

.691

181

II"

I;

TYPE 3167
Rating 10KV.10A.
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The performance of
only as good as

Multiway Plugs

and Sockets for

quick action

and positive

contact

These reliable Plugs and Sockets, proved in
service, provide a quick positive connection for
up to 28 terminations. They need lower inser-
tion pressure per contact than any comparable
product, and when fully mated a dust and damp
proof seal is provided between Plug and Socket.
Considerable latitude in matching can be allowed
when they are used in rack mounting applications.

These components are in regular use by :- The English
Electric Co. Ltd., Messrs. Marconi's Wireless Telegraph
Co.Ltd. and Messrs.Standard Telephones&Cables Ltd.

4 8 12 20 28
WAY WAY WAY WAY WAY

PLEASE WRITE FOR FURTHER
ELECTRONIC ENGINEERING h 22
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any equipment is
its terminals

These versatile Miniature connectors provide
perfect coupling between co -axial cables and
instruments, and are extensively used in Tele-
vision, Radar, and Communications equipment.
They are i00% pressure and flash tested before
despatch. The full range consists of a variety of
Cable and Panel Mounting units of either plug
or socket type, and a recent addition is an elbow
connector for applications where it is desired to

keep the face of the panel clear. Suitable for use

with co -axial cable Uniradio 32 and 43.

Miniature

hermetically

sealed Co -axial

Plugs and Sockets

to RCS.322

A.I.D & A.R.B - A PPROVED

POWER CONTROLS
LIMITED

EXNING ROAD, NEWMARKET. TELEPHONE NEWMARKET 3 181
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`UNITORS'
A range of miniaturised connectors

by "Belling -Lee"

TIN DIPPED AFTER BEING
RIVETED INTO COLLAR

FLOATING PIN
WITH FLATS TO
PREVENT ROTATION

MOULDING

SLOTS CLOSED

AND SOCKET
HARDENED

SOCKET FIRMLY
RIVETTED INTO
MOULDING

_TIN DIPPED AFTER BEING
.../crrn INTO COL. e.

4 to 25 -WAY FROM
"Unitors" are links in the chain of electronic

events. Any weakness means failure, and perhaps
disaster. " Belling -Lee Unitors " are approved by
A.I.D. and A.R.B., and have Joint Service Approval.

In recent independent tests, five pairs of 12 -way
" Unitors " made 16,335 insertions and withdrawals
and were still serviceable.

The test apparatus was rigged in such a way that
the plug portion was offered up to the socket with
the pins at the maximum limit of float, and in-
dividual pins approached the relevant socket at
various angles.

U.K. PAT.
649,739.

SWISS PAT.
277,799.

STOCK
A coupling comprises a block of plugs and a

second block of sockets, arranged so as to be non-
reversible. Round pins are employed, turned from
high grade brass, silver plated. The normal pins
carry 3 amp., but each block has two large pins or
sockets to carry 10 amp. All pins are fully floating,
and the method of assembly is the subject of a patent.

Resilient sockets are of differentially hardened
beryllium copper. All contacts, plugs and sockets
are numbered on the face and reverse sides of the
body. The distance between flanges when plugged
together is 0.281 in.

A cable cover for line connection is available,
together with retainer for chassis mounting.

BELLING & LEE LTD
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND

ELECTRONIC ENGINEERING

LIST NO. PINS
L.653/P&S. 4
L.654/P&S. 8
L.655/P&S. 12
L.656/P&S. 18
L.657/P&S. 25
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low voltage

point contact transistor

hre

ex

The GET2 is generally
available to all classes of users

List price £1.17.6.

GET2 This new G.E.C. Transistor, now

generally released, has been specially designed for low

voltage operation. Similar in dimensions and construc-

tion to the GET', it differs from it in having a higher

current gain and a collector dissipation limited to 75mW.

The characteristics of the GET2 make it particularly

suitable for use with computers, production test limits

having been chosen with this application in view.

The GET' is continuing in production but supplies
are restricted to Equipment Makers and Government

Departments. The price has been substantially reduced

and is available on application.

Full technical information may
be obtained on request from ...

The Osram Valve and Electronics Department

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2.
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Multi -channel tuning!

"TELETUNER"
(TRADE MARK)

Type TV.12

Instant, single -knob selection !
Select a frequency in the 50-220 Mc/s range-select any one of
twelve in fact-and this new Cyldon Multi -channel " Teletuner "
will handle it. This compact two valve unit performs the
functions of R.F. amplifier and frequency changer in a television
receiver. Write for Folder TV 1953.

FOUR NEW TRIMMERS
by the Makers of " Cyldon" Trimmers and Variable Capacitors

No. 26. Mica Compression Trimmer. No. 28. Air Spaced Trimmer. No. 29. Glass Trimmer. No. 30. Ceramic Trimmer.

Full details and specifications

available on application

SYDNEY. S . BIRD
& SONS, LTD.

)Contractors to Ministry Of Supp/y,Post
Office, and other.H.M6Overnment Depts

CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX. Telephone : Enfield 2071-2.
Telegrams : " Capacity, Enfield."

ELECTRONIC ENGINEERING 26 JUNE 1954



iF

PROBLEMS in precision moulded plastics can
become " mountains " of worry, bringing financial

loss and delays.

Why be behind schedule and tolerate difficulties in
design and manufacture of plastic components-when
we may have the answer to your Thermo -setting
Plastic problem ?

Our team of highly -skilled specialists, backed by
the most up-to-date plant, offer you a first-class
design, engineering and tooling service in Thermo-
setting plastics.

CBS

Oi.n,vtg.nmajtfritetki

.4

at

ttiN4
1 'Ail

Just a few of the trades
we have been privi-

leged to serve

AIRCRAFT

CHEMICAL TRADES*
ELECTRICAL MOTORS

RAILWAYS*
RADIO*

*

VACUUM CLEANERS

Nik

STATIONERY

SWITCHGEAR*
TOYS

GLENVILLE GROVE
DEPTFORD LONDON S E 8

PHONE : TIDEWAY 1172-3

JUNE 1954 tot27 ELECTRONIC ENGINEERING



 The New Pack Set type 46

B.C.C. VHF Communications Equipment stands
alone in its class. Unequalled performance and
reliability is combined with ease of maintenance
and simplicity of operation.
B.C.C. sets the standard for reliability and efficiency.

BRITISH COMMUNICATIONS CORPORATION LIMITED
Second Way, Exhibition Grounds, Wembley, Middlesex

Telephone : Wembley 1212
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Improved high and low
pass filters

TEN CUT-OFF FREQUENCIES IN ONE COMPACT PANEL    0                            
THESE

Mullard variable cut-off filters, originally developed in conjunction with the
British Post Office, represent a marked advance in filter technique. New design features

together with the use of Ferroxcube pot cores have resulted in a valuable reduction in
panel size, as well as high attenuation characteristics outside the passbands. Frequency
ranges are controlled by a single selector switch -
an especially important facility in frequency analysis.

The ten cut-off frequencies of the high pass and
low pass filters are so arranged that the filters may
be used in pairs to provide very narrow frequency
samples.

Brief technical details of the Mullard filters at
present available are
given here; communi-
cation engineers and
research workers who
may require more com-
prehensive information 20

are invited to apply to
the address below.

io

Insertion loss dB
11 70

High -Pass Filters (Type GFF.001/02)

CUT-OFF
FREQUENCIES (fc)

IMPEDANCES

STOPBAND
ATTENUATION

PASSBAND
ATTENUATION

DIMENSIONS

440, 660, 990, 1480, 2222, 3333,
5000, 7500, 11250, 16800 c/s selected
by 10 -way switch

Input and output 600 ohms, balanc-
ed or unbalanced

At 0.8 x fc -50 dB
At 0.6 x fc - 60 dB

3dB ± 1 dB from 1.1 x fc to 20 or
25 kc/s depending on cut-off
frequency (fc)
19 in x 3i in x 6 in deep.

I

Average response
curve for H.P.
and L.P. Filters

01 02 0.5 I

f/fc (low-pass) and fc/f (high-pass)

Low -Pass Filters
(Type GFF.001/01

CUT-OFF
FREQUENCIES
(fc)

IMPEDANCES

STOPBAND
ATTENUATION
PASSBAND
ATTENUATION
DIMENSIONS

400, 600, 900, 1350,
2025, 3040, 4500, 6830,
10250, 15400 c/s select-
ed by 10 -way switch
Input and output 600
ohms, balanced or un-
balanced
At 1.25 x fc -50 dB
At 1.35 x fc -60 dB
2dB ± 1dB from 50 c/s
to 0.9 x fc
19 inx 3iinx 6indeep

SPECIALISED ELECTRONIC EQUIPMENT

60

0

MULLARD LTD., EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
(MI 433)

ft'-9 ELECTRONIC ENGINEERING



SERVICLNG AGENTS

AUTOMATIC
FREQUENCY
MONITOR (1 Mc/s)

0

.

.411...
aa
.  . I 
0

0

0

.0.0.e.

0

0.0.0.0.

 
Designed for the measurement of any frequency in the range 10 c/s

to 1 Mc/s with a basic accuracy of ± 0.005% ± 0.1, 1.0, or 10 c/s.

Higher accuracies available if required. The unknown frequency is

determined by counting the number of cycles that pass through a 'gate'

open for a selectable time interval of 0.1, 1.0, or 10 seconds. The

result is presented on six panel mounted meters each scaled 0 to 9

and is in decimal notation. Full information available on request.

E m 411,44. sinv z cos It E El
A Company within the J. Arthur Rank Organisation

WORSLEY BRIDGE ROAD LONDON SE26
Telephone HITher Green 4600

SALES AND F. C. Robinson & Partners Ltd., Hawnt & Co. Ltd., Atkins, Robertson & Whiteford Ltd.,
287 Deansgate, Manchester, 3 59 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.3
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the right move . . .
In more than fifty countries Pye radio-

telephones are indicating the right move. The next
step, great or small, in divers undertakings.

In civil engineering immediate direct com-
munications are vital. The deployment of resources
to the fullest advantage demands contact. Contact
swift and sure. Contact at speeds to match the action
required.

Wherever men and machines are on the
move Pye V.H.F. Radio -telephones will promote
speed and efficiency.

Telecommunications

LIMITED

CAMBRIDGE' ENGLAND

CAMBRIDGE
1431

ENGLAND
6B/8

ELECTRONIC ENGINEERING



INSULATED
CHAMPIO

For sixty years Connollys have had the

honour of supplying the ever increasing

needs of electrical manufacturers using

winding wires.

Their new factory at Kirkby, the

most modern of its kind in the world,

has enabled them to extend very widely

their range of products which now

include paper covered, cotton and

glass covered strips.

Your enquiries will be welcomed.

Samples gladly supplied on request.

The largest manufacturers of
fine enamelled wire in the world.

CONNOLLYS
CONNOLLYS (BLACKLEY) LIMITED

Kirkby Trading Estate, Near Liverpool
Telephone : SlMonswood 2664. Telegrams : " SYLLONOC, LIVERPOOL"

Branch Sales Offices :

SOUTHERN : 34 Norfolk Street, Strand, London, W.C.2. TEMple Bar 5506
MIDLANDS : 15/17 Spiceal Street, Birmingham. MIDIand 2268
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411P WIDE SERVI
In the field of communications and electronics, Redifon's many

faceted services are enhancing vital safety factors on land and sea

and in the air, and are bringing new standards of efficiency to

industrial production.

REDIFON LIMITED, BROOMHILL ROAD, LONDON, S.W.I8 Telephone VANdyke 7 2 8 1
A Manufacturing Company in the Rediffusion Group
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IMMEDIATE DELIVERY

'ENGLISH ELECTRIC' switchboard -pattern ammeters and voltmeters with round or

square cases for flush or projecting mounting, and with open or semi -protected dials,

are now available ex stock.

Bold open scale and bar pointer ensure Simplified mounting.
clear readings at greater distances.

Sustained accuracy under adverse
Robust compact construction. operating conditions.
High shock resistance.  Comply with British Standard and
Low power consumption. international specifications.

Portable instruments, ammeters, voltmeters and wattmeters, etc., are available
for industrial and laboratory applications with first -grade and sub -standard
accuracies.

Good deliveries are also offered for: POWER FACTOR INDICATORS
WATTMETERS VARMETERS FREQUENCY MLTERS REMOTE POSITION INDICATORS

REMOTE TEMPERATURE INDICATORS SHUNTS UP TO 20,000 AMPERES

'ENGLISH ELECTRIC'

THE ENGLISH ELECTRIC COMPANY LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2
Instrument Department, Stafford

WORKS: STAFFORD PRESTON RUGBY BRADFORD LIVERPOOL ACCRINGTON
INS. 27AD4
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& &modal aciwagtsle,
OF THE

ENNUILightweight SILVER -ZINC

ACCUM ULATOR

TYPE H 705

LIGHTWEIGHT

ACCUMULATOR

NEW MAIDEN SURREY

For a number of years the Venner Lightweight Silver -Zinc Accumulator
has undergone the most exacting tests to ensure its effectiveness in con-
stancy of voltage and high rate of discharge which makes it so superior to
the ordinary heavyweight and large size accumulators of similar capacity
and power. It has proved itself in all climates with outstanding success.

Where size and weight are a serious disadvantage in electrical storage, the
Venner Accumulator is ideal. Write for illustrated technical literature EE/A.

VENNER ACCUMULATORS LTD., Kingston By-pass, New Malden, Surrey. Tel.: MALden 2442 (7 lines)
ASSOCIATED COMPANI:S : VENNER LIMITED VENNER ELECTRONICS LTD.
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Superspeed

THIS UNIQUE

/ STELLATE CORE IS THE

SECRET OF FAULTLESS FLUXING

. because it gives six points of rapid solder collapse

and the flux is liberated immediately heat is applied.

The correct amount of activated flux is always present

in Superspeed, thus eliminating dry or H.R. joints.

The stellate core is featured only in the Enthoven

range of cored solders which ensures perfect soldering.

ACTIVATED ROSIN CORED SOLDER
for all Radio, T.V. electronic and telecommunication soldering. Com-
plies with M.O.S. Specification DTD. 599 and is approved by the A.I.D.,
G.P.O. and R.C.S.C. Superspeed is available in a wide range of alloys
and gauges. Samples together with comprehensive literature gladly
sent on request. Technical advisers are available for consultation.

MANUFACTURED BY THE ENTII OVEN GROUP

Marketed by Enthoven Solders Ltd., Enthoven House, 89, Upper Thames Street, London, EC -4.

13923

Telephone: Mansion House if .11
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Pya supplies the
/Sayler of the

Admiralty Type 619 H.F.,M.F. Transmitter
and

High Quality Communications Receiver Type C.A.T.

Designed as a general purpose wireless set to a British Admiralty
specification, Type 619 is surely the most versatile set in the world.

* Receiver C.A.T. can receive As, 2 or 3 signals over the whole
band 3o mc/s-16o kc's (to -1900 metres), and Alsignals
down to 6o kc/s (5000 metres).

* It is specially designed to suppress re -radiation with its con-
sequent risk of interception and D/F by enemy submarines
in war.

* Transmitter 619H can radiate At, 2 or 3 emissions from
1.5 mc 's to 16 me 1s (zoo -19 metres) at a mean power of 4o watts.

* Transmitter 619M can radiate At or 2 emissions from 330-
550 kc/s (910-545 metres) at a mean power of 15 watts.

* Type 619 can be matched into any aerial system. The trans-
mitters are so designed that they cannot overload if the aerial
is shot away or short circuited in war or by accident, and remain
ready for instant service when an alternative aerial can be
connected.

* A specially designed vacuum relay provides listening through
on a single aerial.

* Type 619 is robust and small. Mounted vertically it occupies
the space of a tall man. In cramped wireless offices it may be
mounted as four separate units.

1911M1111111.11

It is being fitted over the whole range of British
warships-
Aircraft Carriers and Cruisers 4 sets
Destroyers, Frigates, Escort Vessels, Minelayers 3 sets
Mine Sweepers, Motor Torpedo Boats, Motor
Launches, Harbour Protection Craft, etc. i set

Designed and manufactured for the Royal Navy by

REES MACE MARINE LTD.
One of the Pye group of Companies

Overseas Enquiries to:

PYE LIMITED CAMBRIDGE ENGLAND

Approval for general fitting in
N.A.T.O. Navies has been
given and orders for many
619's have already been placed
by friendly powers.
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Multitrack Magnetic Heads for 2, 3 or 4 tracks on f"
tape, 8 tracks on i" tape, and 16 tracks on I" tape.
Designed with a separate unit head for each track.
Meticulously precision engineered.

High performance from audio through ultrasonic range.
Special head to grid transformers.

Accurate tape transport mechanisms for all tape sizes
with tape speeds from I in./second to 100 in./second.

the miniature

Epsylon
multitrack
tape
recording
system

For Special
Instrumentation

PLUG-IN UNIT AMPLIFIER
AND ELECTRONIC SECTION
A. (Illustrated) Single channel

Record/Playback Amplifier
with plug-in corrector.

B. Bias Oscillator/Monitor.
C. Power Pack.
D. Push-pull Power Output

Amplifier for 8w. un-
distorted output into 15

ohms impedance.
E. I" Test Oscilloscope.
F. Spot Frequency Test Osci-

llator.
Dimensions of these units, except C,
are x 3t" x 4" C-6" x r

Ask for further particulars from

EPSYLON RESEARCH & DEVELOPMENT
The Barons St. Margarets Middlesex
Telephcne : Popesgrove 441-5

ELECTRONIC ENGINEERING

CO. LTD.
England

Telegrams : Erd, Twickenham, Middx.
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For MAXIMUM PROTECTION
against

Supplied with 'C' Cores to RCL 215 dimensions or with
Standard Laminations to RCL 216 dimensions, Leocast
Transformers have been satisfactorily tested to the
standard required by RCS 214 (Grade S) to Humidity
Class H.1. The dielectric qualities of the resins used
make Leocast Transformers particularly suitable for
high -voltage applications.

GRESHAM TRANSFORMERS LTD., TWICKEN HAM ROAD, HANWORTH, MIDDX. FELtham 2271-4
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NEW OFAS Zia' OLD pRoectows

FOR ECONOMICAL 'PRODUCTION'

PROCESS!GAS
INLET

COOLING
WATER
OUTLET

TO SEPARATOR
TANK

COOLING
WATER
INLET

OPERATING CYCLE OF KINNEY VACUUM PUMP

The plunger, moving in the direction of the arrow, rapidly

creates space into which gas is admitted through the inlet

valve. Simultaneously, gas previously trapped is being
compressed. When the plunger reaches its highest

position, air or gas and surplus sealing oil is expelled
through the outlet valve and nozzle into the oil separator

tank. There, the oil is retained and the air or gas dis-
charged to the atmosphere. Further movement of the
plunger closes the inlet valve and completes the cycle of

operation.

KINNEY VACUUM PUMPS
SHOW THE WAY
Has it ever occurred to you that Kinney Vacuum

Pumps might well solve your problems ? Cathode

ray tubes, electric lamps, coated lenses and mirrors,

drugs, foodstuffs, coated foils, condenser papers,

electrical components-these are a few of the
products now being made quicker, better and more

profitably, thanks to Kinney Vacuum Pumps.

Models VSD and DVD single stage (to microns

absolute pressure or better); model CVM double

stage (0.5 micron or better), displacements 15 to

700 c.f.m. Bulletins

tot and 104 tell

you all about them.

ENERAL ENGINEERING
CO.1 RADC LIFIE

GENERAL ENGINEERING CO. (RADCLIFFE) LTD.

Station Works, Bury Road, Radcliffe, Lancs.
Telephone : Radcliffe 2291 (3 lines) Telegrams : " General " Radcliffe

London Office : 3rd Floor, 9 Victoria Street, London, S.W.I.
Telephone : Abbey 5278
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FACT versus ASSUMPTION
Vibration effects can be assessed by assumption,
estimation and long calculation. Prototypes can
be built on those assumptions, but with many
anxious moments awaiting operational test results-
results which may nullify months of patient effort.
It is much simpler, and certainly more economical,
to conduct preliminary tests in the laboratory by
creating vibrations under controlled conditions-
and so obtain the facts. That is the precise function
of Goodmans Vibration Generators. They
provide vibratory sinusoidal forces at controlled
frequency and amplitude, by which specific vibratory
conditions over a wide frequency range can be
accurately simulated to assess their effects
on materials, structures and components.

Applications include FATIGUE TESTING,
ELECTRICAL COMPONENT TESTING, VALVE
MICROPHONY TESTING, TORSIONAL
VIBRATION TESTING, FLEXURE TESTING OF
METALS AND PLASTICS, ETC., AND
MECHANICAL STRUCTURE TESTING.

GOODMANS

VIBRATION GENERATORS
GOODMAN'S INDUSTRIES:LIMITED,

Axiom Works . Wembley . Middx.

GD Tel.: WEMbley 1200 (8 lines)

JUNE 1954

The range includes models from the 8/600 illustrated,
developing a force of +300 lbs. to the midget model
with a force of ±2 lbs.

A41 ; ELECTRONIC ENGINEERING



CONTRACTORS TO
GOVERNMENT DEPARTMENTS

ELECTRONIC ENGINEERING

TYPE H.H. 160
Copyright Hassett & Harper Ltd., 1954.

British Patents Pending.

Electronic Instrument
Racks in combinable

single units

H.H. 160 Units as-

sembled together in

vertical formation.

The H.H.160 Steel Rack Unit can be

supplied either as a welded or riveted

assembly, or completely knocked down-

for carriage or shipment-with screws and

nuts for easy erection. Fixing holes for

side, top and back panels are so placed that,

with panels omitted, any number of

units may be bolted together, either

vertically or horizontally-as illustrated.

Send for the H. & H. Catalogue of

Electronic Cabinets, Racks and Cases.

Hassell& Harper [hi
REGENT PLACE, BIRMINGHAM, I

Telephone: CENtral 6418 (4 lines)
LONDON: I40 PARK LANE, W.I

Telephone: MAYfair 9651 (3 lines)
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Casting in

Aluminium Alloy

(approx. weight 386 lbs.);

C.SILIIILL LTD
Manufacturers of

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, including
Heat -treated Alloys, Aluminium Alloy Gravity
Die Castings.

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

Design your Castings for
SHELL MOULDINGS

and save Machine Shop costs

CILLHILL LTD
Stringes Lane, Willenhall, S. Staffs.
Tel: Willenhall 227 Grams: Hill 227

(4 lines) Willenhall
Branch Works: Wednesfield Road, Willenhall

Both 'our Foundries are available for Prototype Work

WhiteAd 26198
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INSULATION

in electronic equipment
Silicone -bonded insulation includes resin -
bonded glasscloth laminates in rod, tube
and sheet form that can be machined and
fabricated ; varnished glasscloth from 0.004in.
thick; micanite and mica/glasscloth; varnished
glasscloth and silicone rubber sleevings and
silicone -enamelled winding wire. Coils are
impregnated with silicone varnish MS997.
Silicone insulation will withstand operating
temperatures at least 50°C. higher than con-
ventional insulation. Where extreme com-
pactness of design is necessary, particularly if
excessive temperature rises are likely, silicone
insulation is recommended.

100.000

10.000

1."

0

U.I

1.000

100

50

5"

eP

150 200 250

DEGREES CENTIGRADE

BRITISH
MADE
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A recent, typical example of a component designed for silicone
insulation is the power transformer made by Marconi's Wireless
Telegraph Co. Ltd. for use in B.B.C. television cameras. These
transformers are insulated with silicone -bonded materials and
impregnated with silicone varnish for operation up to 150° C.
By using silicone insulation the transformers give more power
per pound weight than with any other form of insulation.
THIS GRAPH compares the thermal endurance of silicone varnishes. The " life "
is based on the hours necessary to reduce the electric strength of varnished glasscloth
to half its initial value. Measurements were made on strips of heat -cleaned 0.004 in.
glasscloth. Each strip was dip -coated with the varnish, cured and then dipped and
cured again to give a finished thickness of 0.017 ±0.001 in.

Write for fall information to

MIDLAND SILICONES LTD
(An associate company of ALBRIGHT & WILSON LTD.)
19 UPPER BROOK STR EET  LONDON  W.I. (Tel: Grosvenor 4551)
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The Metrovick
MAGNETIC
AMPLIFIER/THYRATRON
CONTROL SCHEME

The magnetic amplifier thyratron combination is a

semi -electronic equipment designed for industrial app-
lications requiring good accuracy of control with wide
range of speed or torque regulation, and may be used
in many cases where hitherto only fully electronic
equipment has been available. The reduction in the
number of consumable components and high impedance
circuits increases reliability and simplifies servicing.

Speed ranges of 20 : 1 or more with accuracy to
about 2% of maximum speed are obtainable. The
equipment may also be used in fully automatic schemes,
for example tension control in reeling and speed
relationship between individ-
ual motors on continuous
strip processes etc.

The illustration shows a standard
equipment for up to I hp rating,
used for machine tool drives, or tension
control in rubber and plastic industries.

Write for descriptive leaflets Nos.

981 1- 1 and 98/2-1 which give
further details of speed and torque
control systems,

METROPOLITAN -VICKERS
ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 17

Member of the Al.!. group of companies

1-1/A102 -P
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the answer to
many problems

will be found within the pages of the
Pullin Electrical Measuring Instrument

Catalogue. A copy by your side will enable
you to plan the instrumentation of your

electrical installations at the drawing board stage,
and save much time and money later on.

Write for a copy stating the particular range
of instruments in which you are interested.

SERIES 35, .32' DIAL V.U. METER
for power level indication.

SERIES 25, 22- DIAL MINIATURE RANGE.
Square flush type also available
in round projecting or
round flush pattern.

RECTANGULAR FLUSH
PATTERN INSTRUMENT.
With circular pressed steel
base and moulded front cover.
Heavy d...ty cast f ro e front
cover also available.

instrumentation by

Industrial
Switchboard
Voltmeters
Wattmeters

SERIES 20, 2" DIAL
MINIATURE RANGE.
Round projecting type
also available in round
or square flush pattern.

ROUND PROJECTING TYPE SWITCHBOARD,
INSTRUMENT (4" AND 6" DIAL SIZES).
In pressed steel case. Convertible to flush
mounting by separate attachment.

Measuring Portable
Instruments Testing Instruments
Dynamometer Multi -Range
Testing Sets Test Sets
Frequency Meters

MEASURING INSTRUMENTS (PULLIN) LTD., ELECTRIN WORKS, WINCHESTER STREET, ACTON, LONDON, W.3.

PHONE: ACORN 4651-3 AND 4995.
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FROM 60 TO 109 C.P.S.!
AND FROM -80°C TO 300°C                                       

3a w

4IL et 111

4 411.
4111L.

T.C.C. Patent Nos. 698607 and 698608-which will give completely reliable service even under hot, humid conditions.                                       
PLUON' is used by The Telegraph Condenser Co. Ltd., London, to seal the ends of their tubular condensers,

3LL-' 10" O 1412" ,

holds its outstanding electrical properties
even under very humid conditions
Power Factor 0.000i
Dielectric Constant 2.o

Dielectric Strength 1,500 to 1,800 volts/mil on .005 in. sheet
Water Absorption NIL
Non -Tracking

* 'FLUON' is the registered trade mark of the polytetrafluorethylene
manufactured by I.C.I.

Please ask for full technical data from :
IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.i
P.569
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Electrical STAMPINGS

and magnetic SCREENS

by MEA
Pacing progress in the ever expanding field of
Electronics the extensive M.E.A. range of
standard toolings, plus special patterns on
request, are available in all grades of
Silicon and Nickel Iron Alloys. Your
requirements, standard or special,
will receive immediate attention.

The following catalogues are
available :-
Transformer and Choke Stampings,
F.h.p. Motor Stampings,
Magnetic Screening Tubes and Cases
Nickel Iron Alloys Data,
On request to our Head Office.
Dept. CF/k.

ci&tviee to ore&w,e Aiwa"
.thougke de mil, eafAmks

MAGNETIC & ELECTRICAL ALLOYS LIMITED

A
Head Office: 101-103, BAKER STREET, LONDON, W.I.
Works : BURNBANK, HAMILTON, LANARKSHIRE.
MANCHESTER : 33, BYROM STREET, DEANSGATE.
BIRMINGHAM : 12,!,WESTWOOD ROAD, SUTTON COLDFIELD, WARWICKSHIRE.
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Tel : Welbeck 3381/2
Tel : Hamilton 932/3/4

Tel: Blackfriars 5223
Tel : Streetly 78586
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BICC WINDING WIRE

USE OUR TECHNICAL ADVISORY SERVICE

If you are faced with a winding problem please ask
for assistance ; BICC technicians are always willing
to give you the benefit of their experience. For
most winding wire jobs the Publications listed will
provide the data you require. They are available
on request.

1

No. 266 Insulated Winding Wires and
Strips.

No. 296 "Bicaloc" Winding Wires
(Self Bonding).

No. 303 Enamelled Oil Base Winding
Wires.

No. 322 " Bicalex" Winding Wires
(Synthetic Enamel).

No. 328 " Fifty - Three" Enamelled
Winding Wires.

BRITISH INSULATED CALLENDER'S CABLES LIMITED Callatc 21 Bloomsbury St., London, W.C.I
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Precision
Cathode Ray
Tubes

Four Gun Tubes
Series Q.6

These Tubes employ four indepen-
dent electron guni. All sixteen
deflector plates are separately
connected to side arms and inter -
plate screening ensures the complete
absence of intermodulation. The
traces can be superimposed and
each gun has a useful scan area

I of at least 100 mm. x 80 mm.
Independent connections to the four
grids and the four focus electrodes
permit optimum conditions of opera-
tion for each gun and all or any of the
beams may be brightness modulated.
Sweep speeds of 100 cm/psec.
may be recorded using the Q6B.

Diameter ... ,.. ... 6 in.

Overall length (mm.) ... ... 500

Sensitivity ... ..,

mm./V x VA, ...

X 580

Y 540

Y capacity pie ... ... .., 5

Heater volts ...... 6.3

Heater amps (per gun) ... ... 1.1

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

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

Vg for cut-off (max.) ... -70

Screens:
Q6B - Blue for photographic or visual use.
Q6G - Green for visual observations.
Q6P - Medium persistence.
Q6F - Fluoride. Long persistence.
Q6D - Double screen. Long persistence.

MANUFACTURES OF
MULTIGUN CATHODE RAY
TUBES

AND GEIGER COUNTER
TUBES

 mar,
r!kt,

el!!

202 Century
Electronics Limited

)
20th CENTURY ELECTRONICS LTD.

Telephone : GlPsy Hill 2277/78

DUNBAR WORKS, DUNBAR STREET,

WEST NORWOOD. LONDON, S.E.27.
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ARCONI

11,

COMPLETE COMMUNICATION
SYSTEMS

Surveyed, Planned, Installed, Maintained

mu ation

t:

M

MARCONI'S WIRELESS TELEGRAPH CO. LTD.
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The post and telegraph services
f over eighty countries rely on

years' service. The network of LF,
MF and HF communications systems

is now being extended by VHF multi-

 1

Marconi installations, some of

which have seen more than twenty

channel radio -telegraph and telephone

equipment in terrain where line or cable

routes would be difficult and costly.

ilI

CHELMSFORD ESSEX
LG IR
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MARCONI HS SERIES

High Frequency

Transmitters

The HS.31, 41 and 51 Series of Transmitters have ratings of
2.5 Kw, 10 Kw and 30 Kw respectively ; all provide the following
features : operation on any one of 6 spot frequencies or continuous
tuning over the entire range, rapid frequency change between
pre-set frequencies, easy and safe access for servicing ; RF feed
back to reduce distortion ; air cooling throughout with dust
filtering ; high overall efficiency.

Service flexibility is the keynote of these transmitters, all of
which are designed as linear amplifiers ; ISB telephony, CW and
frequency shift telegraphy, double sideband telephony, frequency
shift diplex, can all be accommodated.

An outstanding feature of the HS series of transmitters is the
compact mechanism employed for anode tuning. The inductance is
mounted integral with the valve anode assembly and is continuously
variable.

MARCONI
COMPLETE COMMUNICATION SYSTEMS
Surveyed, planned, installed, maintained

MARCONI'S WIRELESS TELEGRAPH CO. LTD. CHELMSFORD ESSEX

LC I
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Marconi VHF FM
Multichannel Terminal
and Repeater Units
HM 100 AND 150 SERIES

Marconi VHF multichannel systems pro-

vide reliable and economical communica-

tion. Up to 48 telephone channels can be
provided simultaneously and some of these

may be further sub -divided by VF tele-
graph channelling equipment to give

either 18 or 24 telegraph channels. The

equipment operates in conjunction with
carrier apparatus which is the same as
that already standardised for use on line
systems. Such a radio system can operate

over hundreds of miles by placing repeater

units at suitable points along the route.

* The equipment will operate entirely
unattended and changeover
is automatic in duplicate systems

1 oal

All units can be easily withdrawn
for inspection and maintenance.

MARCONI
COMPLETE COMMUNICATION SYSTEMS

Surveyed, planned, installed, maintained

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED  CHELMSFORD  ESSEX
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Frequency -Shift

Diplex Drive and

Keying Equipment

TYPE HD 61

Diplex or twin -channel Frequency -Shift
Keying is a development of the single -
channel FSK system which has proved its
advantages in recent years. Diplex FSK
enables two simultaneous frequency -shift
telegraph channels to be operated on a
single CW transmission. The Type HD
61 equipment illustrated is designed for
keying most class C transmitters, including
the Marconi S.W.B. series, by the diplex
frequency -shift system. It also provides
single -channel FSK for telegraphy and
on -off keying of CW. Any one of six
pre-set crystal controlled frequencies may
be instantaneously selected.

The equipment comprises five units (mixer,
crystal, keyer, power supply and monitor).
Units may be readily removed for replacement
or servicing.

MARCONI
COMPLETE COMMUNICATION SYSTEMS

Surveyed, planned, installed, maintained

MARCONI'S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX

LC4
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.202,E5,5 CONTAOL

SUNVIC
TIME DELAY
SWITCHES

B.T.H. Transceiver Unit
with doors open.

The use of Sunvic time delays for vital applications in aircraft

is an example of their undoubted reliability and consistency.

They provide delays from 3 seconds to 6 minutes unaffected

by variations in ambient temperature. They are used by all
the leading manufacturers of radar equipment for circuit pro-

tection and have a variety of other applications, including

filament protection in electronic equipment and sequence switching.

Another example of the important part played by-

CIVIY N217SUNVIC

SUNVIC CONTROLS LTD. (Specialproducts Diva.), No. I Factory, Eastern Industrial Estate, Harlow, Essex. 'Phone: Harlow2031

Manufacturers of Pneumatic and Electrical Instruments for detection, measurement, control and recording of Temperature, Flow, Liquid Level,
Specific Gravity and Pressure, in Science and Industry. Vacuum Pumping and Measuring Equipment, etc.

Member of the A.E.I. Group of Companies.
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B.M.B. MINIATURE BALL BEARINGS
FIT SHAFTS AS SMALL AS 0.040in.

They're accurate to millionths
. . . and good for years ahead
In the manufacture of their extensive range of aircraft,
marine and industrial instruments, Kelvin & Hughes Ltd.,
London, leave nothing to chance, well knowing that unvary-
ing dependable performance may be a matter of life or death.
We are proud, therefore, to be helping in our own small
way to ensure the efficient performance of the Mk. 12

aircraft turn and slip indicator shown. B.M.B. ball bearings
are fitted to the gyro athwartship axis and give unfailing per-
formance under varying conditions of speed and temperature.
If you make instruments, small mechanisms or machines,
B.M.B. Super -Precision ball bearings will ensure greatly
increased efficiency at reasonable cost.
Ask for latest catalogue.

0

BRITISH MANUFACTURING BEARINGS COMPANY LIMITED, CRAWLEY, SUSSEX
Sole Selling Agents : B.M.B. (SALES) LIMITED, 2 BALFOUR PLACE, MOUNT STREET, LONDON, W.I.

Phone : GROsvenor 3155 (3 lines) Grams Oritmanbea, Audley, London
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Mir

AOarianuis.

miniature HT RECTIFIERS

for domestic RADIO and TELEVISION
receivers

FEATURES
 Withstand overloads such as charging current

of deformed electrolytic capacitors
 Instant starting - no warming -up period
 Unlimited instantaneous overload
 Practically indestructible in service.

 No limit to size of reservoir capacitor
 Simple wiring-two connectors only.

 Simple mounting - no valve holder
 Small size ... low weight

 Low heat dissipation
 Low cost

SELENIUM

genTerCel
RECTIFIERS

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

RECTIFIER DIVISION : Warwick Road, Boreham Wood, Hertfordshire
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ultra -sonic systems

see gAVnangQ LM Electronics Division

OSBORNE EAST COWES ISLE OF WIGHT TELEPHONE : COWES 22I t
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TAYLOR TUNNICLIFF (REFRACTORIES) LTD.
ALBION WORKS LONGTON STOKE-ON-TRENT

London Office : 125 HIGH HOLBORN, W.C.1

Telephone : Holborn 1951/2
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Introducing
Pilot Carrier

NARROW BAND Frequency Shift

The unit illustrated is a single receiver
converter; dual or triple -diversity con-
verters can also be supplied. All can be
worked on bandwidths from to to 200

cps. In addition, plug-in discriminators
have been developed, which enable the
equipment to be used on orthodox wide
shift F.S. circuits.

* REDUCES ERRORS BY A RATIO OF 4: I

* IS UNAFFECTED BY FADING OF AS MUCH AS 85 db

* IS UNAFFECTED BY RECEIVER FREQUENCY DRIFT

Working on an exceptionally narrow bandwidth of only 5o cps, instead of
the conventional 85o cps, the new P.C.F.S. equipment operates with un-
precedented efficiency despite high noise and interference levels. On live
circuit operation, errors are reduced by a ratio of 4 : r, whilst fading of
as much as 85 db has no effect on reception.

ORR ORR IR OMR WORN WO II II        II I 

,u ..h

.

,,,,,, 04/00, .1;11,1,th! ......
ll \AA

ins4",,..i.Hit(fithi,,,..401101),.4 1: """ 4°4'. '

 II ROI ORRIO11 111 OR  MOROI. ROO
The oscillograph film shows the actual output and input of a P.C.F.S.

converter under working conditions, with typical interference and noise levels

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.
RADIO AND TRANSMISSION DIVISION, STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2.

Telephone: TEMple Bar 9262. Cablegrams: Strowgerex London.

AT14401-B1107
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Variable reactances for "X" Band

32;1400

The instrument illustrated is useful in intro-
ducing reactance into a waveguide for the
checking of other components or for the
temporary matching of an otherwise reactive
load, etc.

Two items are available :-

MODEL I
Reference 32/1400 having micrometer
and vernier scales enabling settings
to be repeated to .01 mm.
Probe diameter 1.8 mm.
Maximum penetration 10 mm.
Longitudinal traverse 42 mm.
Overall length 148 mm.

Available ex -stock.
(51")

MODEL 2
Reference 32/2200 is a simpler instru-
ment without scales or verniers, and
has a probe diameter of 1.8 mm.
Maximum penetration 9 mm.
Longitudinal traverse 32 mm.
Overall length 102 mm. (4")

Larger versions of these instruments are shortly
to be made available for use on Waveguide
No. 10.

We will gladly quote for the manufacture of
precision electro-mechanical devices to your
drawings or specifications in any quantity.

MICROWAVE INSTRUMENTS LTD.

JUNE 1954

WEST CHIRTON INDUSTRIAL ESTATE,

NORTH SHIELDS, NORTHUMBERLAND.
Telephone : N. Shields 2817.
Telegrams : Microwaves N. Shields.
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Fusion sealed
AGAINST MOISTURE

Penetration of water vapour is undoubtedly
one of the major factors which affect the stability
and reliability of germanium diodes. Partial and
complete sealing techniques, while keeping the
inside of diodes moisture -free, have in the past
often introduced other undesirable fillings.

The Mullard aim has been not only to safe-
guard diodes from the ill-effects of water vapour,
but also to reduce the number of different

/ the risk of contamination. The ultimate point
materials used in construction and so minimise

//A
in the evolution of this type of construction is
marked by the 0A73, the first of a Mullard
range of all -glass diodes.

In this latest form of construction the glass
envelope is melted onto the lead-in wires, so
forming properly made fusion joints similar to
those employed with great success in the many
millions of radio valves which are made each
year. These joints are entirely sealed and there is
no possibility of performance being jeopardised
by the entry of moisture or any other substance.

The 0A73 has been specially designed for
industrial and telecommunications use. It has
been tested to the full tropical specifications for
the CV442 and is an approved type.
Further information on this and other diodes
in the Mullard range may be readily obtained
from the address below.

All glass
POINT CONTACT

GERMANIUM
DIODE

ABRIDGED DATA

Forward Current:
at +0.25V .... >100vA
at + 1.0V . > 8mA

Reverse Current at 25°C:
at - I .5V < 20tAA

at - 10V < 2004A
at - 20V < 800t.t.A

at - 30V . < I.25mA

Operating Ambient Temperature: -50 to +75°C.

R.F. Characteristics: the 0A73 is suitable for
operation as a wideband R.F. detector.

ELECTRONIC ENGINEERING

Mullard
MULLARD LIMITED, COMMUNICATIONS & INDUSTRIAL VALVE DEPT.

CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2

mvrx57
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High Frequency Communications

IT is almost exactly sixty years since a young man, then
barely twenty years of age, began to experiment with

induction coils and Hertzian oscillators in the garden of
his father's house near Bologna. With the enthusiasm of.
youth and a vision as yet undimmed by the disappoint-
ments and frustrations which experience so often brings,
young Marconi believed that these new electric waves
could be used for practical signalling. From the very out-
set, Marconi's aim was directed towards the development
of communication and, as evidence of his tenacity and
daring, we have . but to recall that within seven years he
was sending messages by wireless across the Atlantic.

In recent years, all the excitement associated with dis-
covery and new development has tended to focus interest
on the fields of V.H.F., television, radar, electronic calcula-
tors and other pulse techniques. Special meetings and con-
ventions have been held to discuss such developments, and
this journal has devoted special issues to reviews of their
progress but, in so directing attention to these fascinating
branches of the radio tree, there has been, maybe, some
chance of neglecting, or even forgetting, the far more
substantial roots and trunk which are represented by con-
ventional H.F. radio communication. One is apt to forget
that H.F. installations still account for some 70 per cent
of the capital investment in radio equipment and to over-
look the technical, economic and social importance of this
more conventional field.

In recognition of this tendency to neglect the field of
H.F. communications and in order to lessen the risk of
forgetting its fundamental importance, it has been decided
to devote this issue of ELECTRONIC ENGINEERING to a review
of present practice and a consideration of the special
problems which still face the radio communications
engineer.

Almost all the outstanding problems seem to arise in
consequence of the strictly limited band of frequencies
which is, in fact, available for medium- and long-distance
radio communication. Although convention may include
the whole range from 3 to 30Mc / s within the H.F. band, the
behaviour of the ionosphere and the vagaries of propaga-
tion very substantially reduce these limits and there cannot
be the slightest doubt that the available bands have now
become seriously congested. Even though it be granted
that complete acceptance of a world-wide agreement on

No. 316

frequency allocations would effect an enormous improve-
ment, there would still remain a great and growing need
for severe limitation of the bandwidths occupied by indivi-
dual transmitters. There is, we believe, a vital need for the
development of medium and high -power transmitters in
which the design effectively prevents the radiation of un-
necessary sidebands.

In recent years, there has seemed to be a marked ten-
dency for users of the H.F. band to use higher and yet
higher power in an attempt to drive through the clutter of
interference which is so largely caused by frequency
" spreading " and the use of inefficient keying methods.
The logical consequence of this deplorable tendency can
only be a shouting match in which none but the loudest
can make himself heard, and in order to discourage such
an unseemly contest, the need for development of improved
transmitters is imperative.

Although limitation of the bandwidth occupied by
individual transmitters will go a long way towards a
reduction of the present congestion, there is little doubt
that a further and very substantial contribution could be
made by improvement in the design of aerial systems.
Far too often today a major proportion of the transmitter
power is radiated in side lobes which contribute nothing
to the signal strength at the receiver, but which add
enormously to the world-wide level of interference. It is
thirty years since Franklin developed the beam array which
caused such a revolution in the plans for the system of
Imperial communications; yet, in the intervening years no
better solution has appeared to the problem of concentrat-
ing the radiated energy into a narrow beam, focused sharply
on to the receiver.

Let us recognize, then, that there are still major tech-
nical problems of immense importance to be solved in the
field of H.F. communications. Let us remember that this
field accounts for the largest proportion of capital invest-
ment in our industry, and for a large share of the export
market in radio equipment. We may then appreciate the
real importance of the H.F. communications in our current
economy and be prepared to devote a more lively interest
and technical effort into a solution of the outstanding
problems which still confront us. It is with these thoughts
in mind that this issue of ELECTRONIC ENGINEERING is
presented.
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COMMONWEALTH

RADIO COMMUNICATION SERVICES

A brief history of the growth of the Commonwealth Communication Services and an account of
some of the problems to be faced in the future.

IN Commonwealth, as indeed in World Communications,
telegraphy pioneered the introduction of high frequency

radio techniques, telephony and broadcasting following as
the possibilities of the new medium became more fully
appreciated.

It is fitting therefore that since an article of this length
cannot deal adequately with three such comprehensive
services it should confine itself to an outline of the origins
and subsequent development of Commonwealth high -
frequency radio -telegraph services.

In July 1924 the Marconi Company signed contracts with
the British Government and the Dominions of Australia,
Canada, India and South Africa for the construction of
radio stations of what was then an entirely new design,
capable of providing telegraph circuits having a traffic
capacity greatly in excess of anything hitherto known in
the sphere of long-distance point-to-point communications.
By the end of 1927 when the fourth and last of these
circuits, that between London and Bombay, had passed its
acceptance tests and gone into commercial operation it
was apparent that a revolutionary advance had taken place
in the history of telecommunications.

Other nations besides Great Britain had, of course, been
experimenting with short -waves; both the United States
and Germany were, in fact, operating commercial short -

Cable and Wireless Ltd.

wave services over very considerable distances as early as
1925, and much operational data were being compiled and
studied. The indications were, however, that the signals
were too erratic in their behaviour to be of any great com-
mercial use, and the attitude of American engineers
towards the use of high frequencies for main communica-
tion channels has been described as one of " interested
scepticism." It was only in this country that the proper
significance of directional transmission and reception was
appreciated, and there is no doubt whatever that C. S.
Franklin's " Beam " aerial, more than any other single
factor, accounted for the spectacular success of the Com-
monwealth telegraph circuits, a success which naturally
attracted universal attention to the possibilities of the new
medium not only for telegraphy, but for radio -telephony
and broadcasting.

The " Beam Wireless Services," as these original Com-
monwealth H.F. services came to be known, were at first
operated in the United Kingdom by the Post Office, and
so entered into direct competition with the privately owned
submarine cable companies, whose extensive cable networks
already served all the Dominions except Canada (Fig. 1).

In the above photograph "Electra House" the London headquarters of Cable and
Wireless Ltd. can be seen (with Union Flag flying). In the foreground is Captain
Scott's ship the " Discovery", while on the skyline can be seen the dome of St.
Paul's Cathedral and the spire of St. Bride's Church.
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There occurred an abrupt outstripping of " demand " by
" supply " in the telegraph domain, and the effect on the
traffic receipts of the cable companies was so serious that
they were soon in grave danger of economic ruin. Happily
such a catastrophe was avoided by Government action.
Considering the importance of the cable system to the
Commonwealth, not only from the strategic aspect, but also
because of its great reliability, the Government brought
about a merger between cable and radio interests so that

the Commonwealth, atter leading the world in this new
medium for some two or three years, ceased to have a
separate existence of their own; the pattern of their develop-
ment had thenceforth to be related to the needs of the
cable and wireless system as a whole, an unfortunate
circumstance from a technical standpoint, as events were
soon to prove. Barely had the advantages of a co-ordinated
external telegraph system begun to be realized before the
economic depression of the 1930's spread over the world,

Fig. 1. British cable companies' network, 1929

Fig. 2. Commonwealth cable and wireless network, 1930

on 29 September 1929 all the telegraph communications
of the Commonwealth and Empire were, by Act of Parlia-
ment, placed in the hands of a single operating company,
later to become Cable and Wireless Ltd. At the same time
a Commonwealth Communications Advisory Committee
was set up, with members nominated by the British and
Commonwealth Governments, to be responsible for safe-
guarding strategical needs and to provide some measure
of co-ordination of policy.

So it came about that H.F. radio -telegraph services in
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drastically reducing the interchange of business telegrams,
the revenue from which forms the life blood of most com-
munication enterprises. Fig. 2 shows the Cable and Wire-
less network as it was at this time. With all the main
Commonwealth and Empire routes from the United King-
dom served both by cable and by short-wave radio, it was
possible to effect substantial operating economies by strictly
avoiding all unnecessary duplication of channels. In prac-
tice this policy resulted in a drastic curtailment in the use
of the radio channels, which tended to be operated only
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during those hours of the day when their performance was
known to be good, and shut down at the onset of periods
of difficult route conditions.

From an economic standpoint such an arrangement
could not be challenged, but it was not unnaturally deplored
by radio engineers faced with the task of probing the
mysteries of the ionosphere and deprived of much needed
operational data.

However, world trade gradually recovered and by 1938

The volume of telegraph traffic to be handled, in par-
ticular Government and Press categories, increased
enormously, and for a few months the efficiency of the
composite system was strikingly demonstrated. Then Italy
entered the conflict, and at once cut all the Mediterranean
cables between Gibraltar and Malta, interrupting the main
cable routes to the Middle East, India, the Far East and
Australia. To counter this grievous blow, followed later
by the loss of the whole of the Far Eastern cable network
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Fig. 4. Commonwealth telecommunications-post-war wireless system

thirteen additional short-wave circuits were being operated
from London, including two new " beam " circuits to
Nairobi in Kenya and Salisbury, Rhodesia. Also, in the
intervening years, " cables " and " wireless " had learned to
live together in harmony, each learning much from the
other, and each benefiting from the association. Integra-
tion of the two systems had reached an advanced stage
(Fig. 3), and Commonwealth communications secured
against anything but a major catastrophe, when war was
declared in September 1939.
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to the Japanese, only one course of action was left-the lost
capacity had to be recovered through increased use of high
frequency radio. Expansion on an unprecedented scale was
called for.

New radio circuits were started up between London and
such key switching points in the cable system as Gibraltar,
Malta, and Aden, in order that as much as possible of the
system's pre-war flexibility might be salvaged; new radio
circuits were provided for the war -time Dutch, Belgian
and French Governments in London to maintain contact
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with their loyal overseas territories in the East and West
Indies and in Equatorial Africa; new radio circuits were
established to handle press traffic from war theatres remote
from adequate cable services; and special automatic radio-
telegraph relay stations were constructed in Colombo and
Barbados to improve the working, and therefore the traffic
carrying capacity, of the Australian circuit with London.
Fig. 4 shows the effect of this expansion on the Common-
wealth and Empire services.

The end of the war brought with it a fundamental change
in the organization. Control of the system by the " single
operating company " of the 1929 Act of Parliament was no
longer considered compatible with the principle of partner-
ship in Commonwealth relationships.

At a Conference in London in 1945 a detailed plan was
accordingly drawn up in which the Commonwealth Govern-
ments concerned agreed to take into national ownership
the external telegraph services in their respective territories,
constituting " National Bodies " to assume responsibility
for their operation and maintenance.

In the event, the National Bodies which it had been
decided could be either a nominated existing Government
Department or a specially established public corporation,
were constituted thus :

United Kingdom
Canada

Australia

New Zealand
South Africa
India

Ceylon

Southern Rhodesia

General Post Office
Canadian Overseas Telecommunica-

tions Corporation
Overseas Telecommunications Com-

mission (Australia)
Post and Telegraph Department
Department of Posts and Telegraphs
Ministry of Communications (Over-

seas Communications Service)
Posts and Telecommunications

Department
Posts and Telegraphs Department

The same 1945 Conference agreed to the setting up of a
Commonwealth Telecommunications Board with powers
substantially greater than those of the original Communi-
cations Advisory Committee of 1929, to co-ordinate future
policies and technical developments, with particular empha-
sis on the continued integration of radio and cable as com-
plementary parts of a balanced system.

The splitting up of the Cable and Wireless Ltd. system
and its reorganization under the various National Bodies
commenced in 1946 and was substantially completed by
1951. Realizing how much depended on the technical
efficiency of this much more loosely knit organization, the
Commonwealth Telecommunications Board lost no time
in sponsoring a meeting of technical and traffic experts
from the United Kingdom, the Commonwealth countries
and several of the Colonies. This meeting, the first in the
history of Commonwealth Telecommunications was held
in London in 1950 and provided the opportunity for a
wide range of discussions on technical and traffic policies,
and for a comprehensive review of technical advances and
research projects likely to have applications in further
improving the Commonwealth system.

Some idea of the diversity of technical factors involved
in maintaining and co-ordinating the development of Com-
monwealth radio -telegraphic services may be given by
outlining the course of a representative telegram filed in
London for transmission to, say, Sydney in Australia.

In London, such a message would first be prepared
for transmission in the form of a perforated tape, which,
on the outgoing Australian circuit, would be fed into one
of a pair of automatic transmitters associated with a time -
division multiplex system known as double -current cable -
code or D.c.c.c. This system, developed by Cable and
Wireless Ltd. as part of their aforementioned policy of
integrating cable and radio circuits, is operated basically
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Fig. 5. D.C.C.C. equipment. From top to bottom: Automatic transmitter
type A40: D.C.C.C. multiplex sending unit type 312; D.C.C.C. multiplex

receiving unit type J13; direct printer type B8
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on cable code, a three -positional code using the standard
morse alphabet. Two channels, whose speeds may be
varied according to radio path conditions and traffic
demands, but winch commonly work at around 75 words
per minute, are combined to produce a two -position aggre-
gate signal capable of being handled over any normal
radio -telegraph link.

All the equipment is synchronous, both transmitting and
receiving units at each terminal being controlled from a
similar constant -frequency source, with the receiving unit
having additionally a synchronizing device applying phase
correction to hold it in step with the incoming signals. Fig.
5 shows a modern combined transmitting and receiving
terminal complete with synchronous drive, and the asso-
ciated circuit apparatus.

D.C.C.C. was first used to provide direct printing telegraph
channels on radio circuits as far back as 1930, when it was
applied with conspicuous success to the London-Capetown
beam circuit. At present London operates 21 such circuits
and there are 22 others elsewhere in the Commonwealth
system. In the rest of the world, however, recent years
have witnessed a parallel expansion in mechanization by
the use of 5 -unit teleprinter code on international
radio circuits, largely in order to standardize equip-
ment and facilitate direct interconnexi on with in-
ternal telegraph networks. Because of its inherent
liability to character transposition errors when sub-
jected to the violent changes in signal-to-noise ratio
encountered from time to time on all high frequency radio
circuits, plain 5 -unit code has found little favour in the
Commonwealth system. The same useful objectives, and
also the expansion of subscriber -to -subscriber teleprinter
operation, can be better achieved by employing a 7 -unit
code, of which there are several forms under development.
With each character containing the same number of mark
and space elements mutilations occurring in transmission
are readily detectable at the receiver. Failures can either
be indicated in a positive manner by the printing of a

symbol (error -detection) or the scope of the
mechanism can be further extended to initiate auto-
matically a request to the transmitting terminal for an
immediate repetition of the corrupt character (error -
correction). Two such 7 -unit systems, one entirely elec-
tronic and the other electro-mechanical, are about to go
into service on Commonwealth routes. In each case the
use of D.C.C.C. time -division channelling equipment will
allow one of the two channels to be retained on cable -
code, so preserving a valuable feature of the present inte-
grated cable and wireless network-the facility of transfer-
ring traffic in perforated tape form from one medium to
the other with a minimum of delay.

Returning to the specific case of the telegram to
Australia, the aggregate signal from the D.C.C.C. combining
unit is used to control one of a group of frequency -modu-
lated voice -frequency channels carried over landline to the
selected radio transmitter station, frequency -modulated
valve oscillators being used for transmission, limiter -dis-
criminator units for reception and derived type band-pass
filters for effecting channel separation. For speeds up to
120 bauds twelve channels, each using a deviation of 50c/s
are normally grouped together, with 240c/s spacing be-
tween adjacent carriers; for speeds beyond 120 bauds and
up to 280 bauds the number of channels per group is
reduced to six, with deviation increased to 100c/s and
inter -channel spacing 480c/s.

At the United Kingdom transmitter station the signal
from the line channel is used to key the radio transmitter
allotted to the Australian service. Frequency -shift tele-
graphy will normally be employed over the radio path,
the high -frequency carrier being shifted some 400 to
500c/s between the two positions, space and mark, of the
telegraph signal. The appropriate radio frequency for
communicating with Melbourne will have been selected,
and the transmitter output of 20kW of high -frequency

power conveyed via concentric tube transmission line to
an aerial array directed on Sydney.

This may be a Franklin beam array, comparatively
little changed from the original design which made
history in 1926. No other type of directional array has
proved more effective in meeting the requirement of long-
distance point-to-point circuits for a concentration of
radiated energy both in the azimuthal and zenithal planes.
Against this, there have to be considered its cost, both
initial and maintenance, and the fact that it can be used
for only one specific radiated frequency which, at a given
time, may not be the optimum frequency for the route.
It is customary, when the beam frequency fails, to transfer
the service to a correctly orientated rhombic aerial. With
this type of transmitting aerial, the polar diagram varies
slowly with wavelength, making it suitable for operating
over a fairly wide band of frequencies, albeit with some
sacrifice of aerial gain. (The gain of a Franklin beam
array is of the order of 20-23db over a single vertical
half -wave aerial; that of a rhombic is generally assessed
at 13-16db.)

Choice of the correct radio -frequency and effective trans-
mitter power for the circuit requires a knowledge of the
characteristics of the transmission path via the ionosphere,
and of the noise level to be anticipated at the receiving site.

Although Kennelly and Heaviside had earlier postu-
lated the presence of an ionized layer in the upper atmo-
sphere capable of reflecting radio waves, it was not until
the period 1925-1927 that the researches of Sir Edward
Appleton and his co-workers proved the existence first of
a layer about 100 kilometres above the earth designated
the E layer, then of a still higher layer termed the F layer.

The opening of the Commonwealth beam circuits coin-
cided then with these first explorations of the ionosphere.
Data on the diurnal and seasonal changes of the layers
were only beginning to be accumulated, so the early choice
of operational wavelengths was largely guided by the
" shadow charts " of Tremellen and Eckersley, where the
order of radio frequency advocated for a circuit depended
on the degree of sunlight or darkness through which the
radio wave was to pass on its path from transmitter to
receiver.

In 1937 a C.C.I.R. sub -committee on wave propagation
was able to report considerable progress in the practical
application of data by then available and, recognizing the
value to operating agencies of knowing the optimum fre-
quency to use at any given time on any given route, the
sub -committee produced distance/frequency curves which
can be regarded as the forerunner of modern Prediction
Charts.

With the development of the technique of vertically
sounding the ionosphere at many different parts of the
world-work in which Commonwealth participation has
been of such value that at present over thirty ionosphere
sounding stations are located on Commonwealth territory
-the regular and irregular variations of the layers through-
out the day, season and sunspot cycle became apparent.
The importance of being able to estimate the atmospheric
noise levels on any frequency for any time and any part
of the world was also appreciated and as much informa-
tion as possible collected for the compilation of noise-
charts.

In these fields of ionospheric research as in so many
others of a technical nature, progress was sharply accelera-
ted during the second World War, with its unprecedented
military calls for reliable long-distance communications.

As a result, Commonwealth telecommunication services
were by 1946 able to benefit from greatly improved
methods of ionospheric forecasting, which facilitated the
issuing in chart form of monthly forecasts for specific
circuits.

Four examples of United Kingdom (Cable and Wireless)
forecasts for the Australian route are grouped together in
Fig. 6 to facilitate comparison. Two are for 1947, a sun -
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spot maximum year, and two for 1953, at or near sunspot
minimum conditions. The increased difficulties of operat-
ing the circuit during the years of low sunspot activity are
evidenced by the narrowing of the available frequency
band and the virtual closing of the route over long periods
of the day.
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The charts take no account of the effects of ionospheric
disturbances which, by lowering the maximum usable fre-
quency and increasing absorption, further restrict the
" pass " band of usable frequencies, so contributing much
to the uncertainties of H.F. communication. The trans-
mission path via the ionosphere has, in fact, been likened
to a band-pass filter with the disadvantage " that it intro-
duces attenuation, distortion and noise which depend
erratically on frequency, time and position, and are not
under human control!"

It will be appreciated, therefore, that on this London -
Sydney circuit, as indeed on all long-distance radio -tele-
graph circuits, there are inevitably periods of no communi-
cation which can vary considerably in length according
to the state of the ionosphere. In the Commonwealth
system, with its extensive cable network, temporary inter-
ruptions to radio circuits can often be satisfactorily covered
by using alternative cable routes, particularly if the failures
occur at times when the traffic load is light; but when
prolonged interruptions coincide with heavy traffic con-
centrations steps must be taken to bring the radio circuit
back into service through the intermediary of relay
stations, located geographically so that the main (unwork-
able) route is sub -divided into sections for each of which
a satisfactory working frequency can be found. (Fig. 7.)

As early as 1930 the London -Montreal and the Montreal -
Melbourne beam circuits were thus interconnected to
provide a traffic channel between London and Melbourne
when direct communications had temporarily failed; but
the first overseas point in the Commonwealth equipped
specially for radio relaying was Ascension Island in the
South Atlantic, in 1939, to improve the overall perform-
ance of the London -Montreal circuit. This circuit, pass-
ing as it does through an auroral region, is particularly
sensitive to geomagnetic disturbances, so that the alterna-
tive route via Ascension, substituting two less vulnerable
circuits in tandem, is often of considerable value in
bridging the gaps experienced in direct working. A
similar installation in Singapore for the Australian circuit
was interrupted by war, but plans were immediately laid
to provide relay facilities at Barbados in the West Indies
and Colombo in Ceylon. Both stations came into opera-
tion towards the end of the war, while to the same end it
was arranged that the Australian terminal of the London
circuit could when necessary be transferred from Melbourne
across the continent to Perth. Relaying facilities via Nairobi
have recently been added to strengthen the position further
during the present difficult phase of the sunspot cycle.

telecommunications. wireless relays
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It can be seen by com-
paring Figs. 3 and 7 that in
developing the relay network
it was possible to preserve
the concept of " cable and
wireless." The desirability
of so doing lies in the fact
that although automatic radio
relaying plays a most impor-
tant part in reducing lost cir-
cuit time, it cannot overcome
the paralysing effects of the
severest ionosphere storms,
and on such occasions it can
be of great advantage to have
the facility for interconnect-
ing workable radio links with
appropriate cable sections
to reconstitute long-distance
circuits.

The actual radio plant at
relay points differs in no
way from that at terminal
stations, but because of the
distortion introduced by the
transmission medium it is
best to "regenerate" the tele-
graph signals before retrans-
mitting them over a second
radio link. Fig. 8 depicts a
type of electronic regenerator
designed for use with the
D.C.C.C. multiplex system, but
suitable for regenerating any
synchronous telegraph system
with an aggregate speed
between sixty and three hundred bauds. The principle
employed is to explore the centre of each received signal
element with a locally generated (resistance -capacitance or
crystal -controlled oscillator) 50 microsecond pulse to deter-
mine whether it is " mark " or " space," and use the in-
formation so obtained to initiate new signals of correct
length.

Distortion in high -frequency radio -telegraph circuits is
introduced mainly by fading and multipath phenomena,
both of which arise from the fact that the electromag-
netic waves comprising high -frequency signals can and do
travel between transmitter and receiver over a multiplicity
of paths of varying lengths and characteristics. With so
unstable a medium as the ionosphere, homogeneous
neither horizontally nor vertically, even closely adjacent
rays, following approximately the same path, arrive at the
receiving point with random phase relationship and wave -
polarization. Received signal strength dependent on the
vector sum of these received rays, can therefore vary be-
tween wide limits, fading troughs as deep as thirty to
forty decibels being commonly experienced. Fortunately,
fading is different in time at points quite close together in
space, so that its effect can be substantially reduced by
what is termed " space -diversity reception "-selecting the
best signals from those received on two (or sometimes
three) separate aerial arrays spaced a few wavelengths
apart on the same receiving site. Multipath, as its name
implies, refers to a condition when signals are received
over a number of separate paths, distinguishable by differ-
ing times of arrival at the receiving point. The first
signals received are those that have had the minimum num-
ber of reflexions consistent with the geometry of the
circuit; subsequent " echoes," which can produce over-
lapping components lengthening the signal element by as
much as two milliseconds or more, result from the arrival
of signal components that have made more but shorter
hops.

Fig. 8. Electronic regenerator
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Returning to the particular case of the telegram from
London to Sydney, reception in Australia might be effected
at either Melbourne, Perth, or Sydney, according to pre-
vailing route conditions, and whether the circuit was direct
from the United Kingdom or via one of the relays already
mentioned. Receiving arrangements would be generally
similar whichever Australian radio terminal was involved.

The vicissitudes of the ionosphere as a transmission
medium have not unnaturally caused unremitting efforts
to be directed towards the development of receiving
systems capable of maintaining efficient circuit operation
in all but the most adverse propagation conditions.

In the fundamental struggle for " signal " against
" noise " the gain and directive discrimination of the re-
ceiving aerial are naturally of great importance, and most
Commonwealth countries retain Franklin beam arrays in
their modern form for reception of the particular fre-
quencies for which they are designed. The structurally
simple rhombic aerial is often used for reception on other
than " beam " frequencies, but Cable and Wireless Ltd.
have found their Horizontal Array of Dipoles (H.A.D.)
superior in general performance. This array has a for-
ward gain of about 18db compared with a single half -
wave aerial, and a front -to -back ratio better than 15db,
but its clean polar diagram, free from side -lobes, is the
feature which makes it particularly valuable as a receiving
aerial. It consists of a series of end -fed dipoles spaced
one behind the other directly connected to a central twin -
wire feeder and suspended at the required height for the
optimum vertical angle of reception. The standard design
comprises ten elements in line, and generally two arrays
are erected in parallel (Fig. 9).

Aerial to transmission line transformers constructed on
Mumetal or Ferroxcube cores are widely used for ter-
minating 600,Q balanced aerial feeders to 75f/ coaxial
cable, which on large sites is used to convey the H.F.
signal to the receiver building with negligible noise pick-
up, or crosstalk from adjacent aerials
When an aerial array covers a wide frequency range and
has a sufficiently wide aperture it is often used simul-
taneously for taking more than one service, and to allow
several receivers to be fed from one aerial it is standard
practice to terminate the aerial feeder correctly into a
valve amplifier in the receiver building, and to provide
multiple outputs at the correct impedance for the indivi-
dual receivers.

The modern high -frequency telegraph receiver is of
necessity an elaborate and costly piece of equipment. It
is required to select and amplify only the narrow band of
frequencies containing the wanted intelligence, rejecting
interference from closely adjacent channels the signals in
which may often rise to a much greater level than the

Fig. 9. Standard design of H.A.D.
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wanted signal; it must operate satisfactorily from radio -
frequency signals of widely varying levels, and it must
maintain such a high degree of stability that essentially
unattended operation over long periods is practicable.

The Marconi HR91 is a double -diversity telegraph re-
ceiver of the type extensively used on main traffic circuits in
the Commonwealth system. It can be continuously tuned
over the range 3-27.5Mc/s, but also provides for immedi-
ate selection of any one of three pre -tuned spot frequen-
cies-an important feature in facilitating rapid wave -
changes. By employing the double superheterodyne
design, and using band-pass crystal filters giving 80db
protection against unwanted signals 1 kc/s from the edge
of the pass -band, a very high degree of selectivity is
obtained. Automatic frequency correction circuits keep
the receiver tuned to within 10c/ s of the frequency of the
received signal, and the level of the received signal may
change by as much as 80db without causing more than a
10db alteration in output level, such rigid automatic gain
control being made practicable by the exceptionally large
ratio between receiver -overload and recording -threshold
levels in this design of receiver.

At the Australian radio receiving station the output of
a receiver of design comparable with that just described
would be used to key a voice -frequency circuit over a
landline into Sydney's Central Telegraph Office. (Where
very long landlines are involved the received signals
might be electronically regenerated before being retrans-
mitted over the line circuit.) In the Central Telegraph
Office, a receiving unit of the synchronous D.C.C.C. system
would regenerate the aggregate signal and separate out the
two channels of the multiplex which terminate in Direct
Printers (Fig. 5). The telegram would thus be received
in the form of printed characters on tape, gummed down
on to a message form and delivered to the addressee. If
it was of average length-containing some twenty to
twentyfive text words-about fifteen seconds would elapse
between the commencement of its transmission from
London as perforated tape and the completion of its recep-
tion in printed tape form in Sydney.

With transmit times of this order it is inevitable, parti-
cularly in the larger cities of the Commonwealth, that the
times occupied in preparing outgoing telegrams for trans-
mission and delivering received telegrams into the hands
of their addressees have tended to become the controlling
factors in determining the overall speed of service it is
possible to give. This situation, it may be remarked, has
a close parallel in the field of air transport, where it can
also be quicker to fly passengers hundreds of miles between
terminal airports than to convey them by road to and
from those airports! Phonogram, telex and high-speed
fascimile systems have all been developed to improve
collection and delivery times, and in the United Kingdom
the position has been materially strengthened with the
conversion of the inland service to an automatic switch-
ing system whereby the Overseas Telegraph Office in
London can dial and transmit by teleprinter to every major
telegraph office in the country.

Looking towards the future, there seems little doubt that
the rapid and continuing growth of air transport, and the
introduction of high-speed commercial aircraft on regular
scheduled flights between the continents, must result in a
need for more and faster international telegraph services,
with particular emphasis on subscriber -to -subscriber
operation.

The difficulty of accommodating additional high fre-
quency circuit requirements in an already overcrowded
part of the spectrum is the basic problem facing radio
telecommunication engineers today, and most of present
day research and development work is, to a greater or less
extent, directed towards its solution.

In the Commonwealth system, to achieve the most effec-
tive use of available high -frequency allocations it can be

anticipated that increasing use will be made of frequency -
division channelling by modulating an independent side -
band transmitter with up to three F.M.,V.F. (frequency -
modulated voice -frequency) tones to produce the same
number of frequency -shift telegraph channels, spaced in
frequency -by no more than one kilocycle per second. Each
channel, capable of further sub -division by time -division
methods, will normally be received on a separate frequency -
shift receiver, and individual channels may be used to
serve different destinations provided the distances and
bearings of the receiving points are such that similar route
conditions prevail.

A less elaborate channelling system known as Fre-
quency -shift Diplex promises to come into extensive use
on more lightly loaded circuits. (See Page 268.)

Time -division channelling, which also plays an important -
part in obtaining the most efficient utilization of available
circuit capacity, can be expected to grow rapidly with the
demand for subscriber -to -subscriber, or as it is sometimes
called "leased channel " operation. Systems designed
specifically for 7 unit error -detecting teleprinter codes, and
incorporating error -correcting facilities, are already in an
advanced stage of development in the Commonwealth
while the D.C.C.C. system, as already mentioned, has been
adapted to allow one channel of 7 unit to be combined
for transmission with a channel of cable code, to preserve
the required flexibility in the usage of radio and cables.

These measures, together with the continued develop-
ment of radio -frequency transmitters and receivers of im-
proved frequency stability, of aerial arrays to take account
of the varying azimuthal and zenithal wave arrival angles
encountered in practice, and of additional relay stations to
increase alternative routing facilities, should help materially
to reduce the gap between present practice and ideal per-
formance.

Many difficult problems, however, remain to be solved.
There is, for example, much more to be learned about the
fundamental characteristics of ionospheric storms and
their causes before dislocation of high -frequency com-
munications can be avoided by giving the operating agen-
cies reliable storm warnings in time for alternative
measures to be put into effect. And finally, as many lis-
teners to medium frequency broadcasting in this country
will appreciate, interference from other radio transmis-
sions, some of which are not particularly amenable to
international discipline, can seriously degrade, or in the
worst cases completely interrupt, the best engineered of
high -frequency radio circuits.

Nevertheless, the advent of repeatered submarine coaxial
cables promises to mark yet another revolutionary step
forward in long distance communications, and the Com-
monwealth with its integrated cable and H.F. radio net-
work, should be as well placed in 1954 as it was in 1924
to derive the fullest advantages from developments in
either sphere.
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H.F. COMMUNICATION SYSTEMS
A Review of Current Practice

By A. W. Cole*, A.M.I.E.E.

ONG distance point-to-point radio communication is now
Linearly 50 years old, and until about 1925 was conducted
entirely on V.L.F. (long wave) channels which have a rela-
tively low traffic handling capacity due to the high noise
levels and the inefficiency of the transmitter radiator
system.

After the first World War very considerable effort was
applied to using H.F. for long distance operation. This
work was carried on in many parts of the world, both by
amateurs and professionals, but it is generally agreed that
the first successful commercial application was made in
this country by the Marconi Company when it introduced
its famous Beam System, which came into operation in
1926.

Using this system, high speed telegraph circuits were
set up in the Commonwealth and subsequently extended
to other countries. Parallel development in other countries
was accelerated and within a very short time large numbers
of long distance high speed telegraph circuits were in use
all over the world. This development had an appreciable
effect on the existing submarine cable companies, but
eventually there was a good deal of collaboration between
the two interests and the world telegraph system is now
largely co-ordinated. Apart from other things, the exist-
ence of these large radio systems revolutionized the tele-
graphing habits, particularly of the business communities.

Very shortly after the inauguration of these high speed
telegraph systems, the same circuits were used for tele-
phony, using double sideband transmissions. Thus, soon
after 1930, H.F. systems were carrying a major part of the
inter -continental telegraph and telephone communication.

Apart from these common carrier systems for public
use, similar communication systems were brought into use
by the Armed Forces of various countries, for the first time
enabling them to be partially independent of the various
submarine cable routes and providing a degree of flexi-
bility which had hitherto been impossible. While the
general development of the H.F. communication systems
has been governed by the civil requirements, the Services
have contributed extensively to the available knowledge
and have influenced the main lines of development.

During the last war, the far flung nature of military
and other operations called for a further vast increase in
the available civil and military communications capacity
and effort was devoted not only to improving the efficiency
of existing and new circuits, but also to introducing print-
ing telegraph operation on a large scale.

While amplitude modulation, commonly known as on -
off modulation, is still largely used for telegraph operation,
frequency shift modulation is coming into greater use.
Single sideband operation is now almost universal for
important telephone systems.

At the present time the more important international
circuits operate with time division, printing telegraph
multiplex systems for telegraphy and independent sideband
systems for telephony, in some cases providing two tele-
phone channels on each sideband. Over the years there
have also been substantial developments towards obtaining
privacy on the telephone channels.

* Manager, Communication Division, Marconi's Wireless Telegraph Co., Ltd.

In addition to the normal point-to-point application
there are various world networks operated for news -cast
services either employing Hellschreiber or 5 -unit printers
and in some cases morse transmission.

Considerable use is also made of the point-to-point
services for carrying broadcast programmes from one part
of the world to another.

The extensive development of the operational require-
ments has led to many detail improvements on the equip-
ment and also on the arrangement of the plant on radio
stations, particularly with a view to reducing personnel
requirements and obtaining greater reliability. The posi-
tion now reached is that there is a tendency towards
standardization of technique and ideas and a strong urge
towards the improvement of performance on an inter-
national basis.

Some Current Problems
The full scope of international H.F. communication may

not be fully realized. There are thousands of channels in
use, the most heavily loaded ones being used by public
carriers, often operating both telegraphy and telephony
on a multi -channel basis.

Unfortunately the world system is not based on a logical
plan, but has grown up on the basis of a very large
number of often unrelated circuits operating between
individual countries. But for national policy and con-
siderations of national security the number of channels in
use could be drastically reduced by routing telephone and
telegraph traffic into the main trunk systems of the world
rather than operating a large number of lightly loaded
point-to-point circuits.

Most countries of the world operate an overseas radio
communications service and even quite small countries
may operate a number of long distance services giving
direct access to most parts of the world.

While main trunk services are fully loaded and make
economical use of the frequency spectrum, other services
are too lightly loaded or technically insufficient and
are often occupying bandwidth in a manner which cannot
be considered as entirely economical, having particular
regard to the shortage of channels.

However, the issue is largely a political one and in the
foreseeable future it doei not appear that much can be
done to reduce the number of channels in operation. On
the contrary, the number of channels is likely to increase.

Quite apart, therefore, from the need for technical
improvements in the search for better quality systems, the
heavy loading of the available H.F. band makes it very
necessary to study all possibilities of avoiding inter -
channel interference. The main approaches to this problem
are to increase frequency stability and to reduce the trans-
mitted bandwidth to the minimum required for the
particular service involved.

Reduction of bandwidth is not the only problem which
needs to receive attention. Many of the directional aerials
used, particularly for transmission, are of such a design
that the horizontal polar diagram has major side lobes
which transmit a very considerable percentage of the
energy in unwanted directions. For receiving arrays this
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problem is less serious in that end -fire arrays such as the
RCA Fishbone or the Cable & Wireless H.A.D. (Horizontal
Array of Dipoles) do give very much greater protection
in this respect. For transmission, however, the rhombic
aerial is in common use and without elaborate combina-
tions of arrays and restriction of bandwidth it has so far
proved difficult to reduce side lobes to reasonable propor-
tions for transmission purposes.

Control of Bandwidth
The position is far from satisfactory, many transmitters

in current use barely conforming to the Atlantic City
requirements for frequency stability and many transmit-
ting very considerable energy outside the strictly required
bandwidth.

The definition of the strictly required bandwidth is
obviously one of some difficulty and has engaged the
attention of successive international conferences. Slowly,
however, the required performance of transmitters is being
defined and it may be expected that at the next I.T.U.
Conference (which should be held in 1958) regulations may
be formulated governing at least some aspects of this
problem.

In the meantime the design of transmitters is receiving
special attention in all parts of the world and it is now
generally accepted that for telegraphy it is preferable to
use frequency shift (Fl) transmission in that, being a con-
stant amplitude system with low power modulation it is
possible to introduce bandwidth restricting elements with-
out great difficulty. If amplitude modulation (Al) is still
to be used then a radical improvement can be made only
if linear transmitters are utilized. As such transmitters are
coming into current use for single sideband telephony it
is convenient to use the same type of equipment for Al
telegraphy. With linear transmitters the bandwidth can be
determined in the low power modulating stage of the trans-
mitter and is then only degraded in terms of the non -
linearity of the transmitter itself. Despite the non -linearity
which occurs in the transmitter the overall effect is satis-
factory and may well meet any international regulations
of the future.

Some interesting measurements have been made of the
bandwidth of a modern linear transmitter with Al modula-
tion. These measurements were carried out using an
analysing filter which permitted the various components in
the transmitted spectrum to be separated and measured.
The transmitter was modulated with telegraph reversals at
240 bauds. Measurements were possible at levels of - 50db
or more referred to the carrier amplitude, and the results
are indicated in Fig. 1.

The results show that at 240 bauds the. transmitter sub-
stantially meets the C.C.I.R. 1948 recommendation and
with a suitable design of low-pass filter inserted in the input
to the low -power modulator the recommended performance
can be obtained.

In this case the original telegraph waveform was such
that the higher order harmonics were eliminated before
application to the modulator and broadly the telegraph
signal contained up to the fifth harmonic of the funda-
mental keying frequency. With such a condition -the band-
width on frequency shift is somewhat greater than with
Al modulation but, on the other hand, it is not necessary
to have a linear transmitter and the required bandwidth
condition is more easily maintained. If the transmitter is
to be used for telegraph only there is some considerable
advantage in using a class -C condition; in a typical case
the continuous rating of the transmitter may be 75 per
cent higher for class -C operation than for the linear con-
dition using the same valves and circuit constants.

The position on telephony is somewhat more satisfac-
tory in that single sideband operation is now being
utilized almost exclusively and the determination of band-
width is again mainly a function of the non-linear factors
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in the transmitter amplifier. With the increasing need for
multi -channel operation it fortuitously happens that there
has been a need for linear amplifiers having less distortion
and this in itself will result in the' products thrown outside
the strict modulation band being reduced to an absolute
'minimum.

It will be seen that the major problem is, therefore, that
of Al telegraphy and that if it does not prove possible to
replace existing class -C transmitters by linear transmitters
for this purpose, then the adoption of Fl operation will
become much more necessary and rapid than it has been
in the past.

This delay in the adoption of what appears to be a much
better system has been due to a number of factors. First,
when frequency shift operation was first used by American
interests during the war, the claims made were such that
they could not be substantiated on traffic operation. The
change to frequency shift did not always provide an
immediate remedy in the case of a circuit which was
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Fig. 1. Bandwidth measurements, 240 baud transmission

operating poorly, and under certain radio conditions does
not necessarily give the signal-to-noise improvement or
reduction of distortion which is anticipated. The study of
the transmission phenomena associated with frequency
modulation for long distance telegraphy has occupied
several years and it is only gradually that the right con-
stants for this system are being evolved and really satis-
factory operation obtained.

It is felt by the author that there has been a tendency
to place far too much emphasis on the virtues of such
improved systems as frequency shift working without pay-
ing proper attention to basically good engineering practice
on the circuit involved. It is only too true that many high
frequency point-to-point circuits have been brought into
operation without proper investigation into the power
requirements, sites, aerial systems and frequencies. Under
these conditions many circuits operate in a relatively in-
efficient manner over a long period and it is often difficult
to analyse all the factors involved and to bring about a
more satisfactory standard of working.

Problems affecting bandwidth on receiving stations are
less difficult and in general it can be said that technical
developments have reached a satisfactory standard and at
present little further improvements are called for in the
specifications for the better types of receivers. The design
of crystal lattice filters and LC filters of various types has
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cached such a stage that almost any normal requirements
in ultimate bandwidth of the receiver can be met. Such
problems as are left are mainly connected with the in-
evitable wide acceptance band of R.F. amplifiers and the
first frequency changers of receivers. Considerable cross
modulation can take place in these early stages of the
receivers and as it is not an easy matter to provide
adequate selectivity prior to such amplifiers and non-linear
elements, it has become the practice to design the amplifier
to cater for a wide range of input voltages. Thus, in a
current receiver it is possible to carry an adjacent channel
interfering signal 60db above that of the wanted signal
without marked cross modulation effects.

Although it is a relatively easy matter to design ultimate
filters in the receiver which have any required bandwidth,
some inconvenience may be caused by the phase delay
characteristics of such filters. Thus, in experimental
frequency shift systems using a small shift in a narrow
band, very considerable distortion can be caused through
unequal phase delay near the cut-off frequency of the
filter; this is a matter which is receiving attention and there
is no reason why it should not be ultimately solved.

Trends in Telegraph Modulation
The increasing use of frequency shift modulation has

already received comment. When this system was first
brought into normal use a shift of 850c/s was commonly
used. This shift was not introduced on any true scientific
basis, but came about largely because the original designer
had available standard filters which suited this shift. Sub-
szquently it has become common to use a 500c/s shift for
most systems.

Recent work on frequency shift systems has tended to
show that smaller shifts and narrower bands would be
more satisfactory and a number of experimental narrow
band systems are in use. In a preferred system the overall
bandwidth employed, taken at points 3db down, is 500c/s
and the frequency shift is of the order of 200c/s. Such a
system will accommodate a high speed time division multi-
plex system and can be used for most types of telegraph
transmission.

For single channel start -stop or synchronous systems a
bandwidth of 300c/s is envisaged with a shift of 100c/s.

A basic problem on telegraph systems is that of dividing
the high speed capacity of the system into slower speed
channels in order to give more efficient operation and to
provide more flexibility. On land line systems it is conven-
tional to provide this channelling by means of frequency
division, but so far on radio systems time division has
found more favour.

Time division has certain limits in that the existence
of multi -path effects on the long distance routes sets a
limit to the maximum keying speed and the capacity of
the system. In most cases this maximum (which may be
generally accepted as 160 bauds) is sufficient to permit of
the reauired traffic being carried without difficulty and
there are several successful systems which have been in use
for many years.

One of the minor drawbacks' of time division systems is
that they are of necessity synchronous and it is sometimes
difficult to link the channels to other telegraph systems
which may be running at different speeds or operating
under different conditions. For this reason there is also
scope in the international radio communication field for
frequency division channelling systems.

Some effort has been made to obtain this form of chan-
nelling by using conventional line V.F. telegraph equipment
on a 2 -tone basis, i.e. using one tone for mark and a
second for space in order to achieve a polar signalling
effect. This arrangement has proved reasonably satisfac-
tory on stable and mainly moderate length circuits, but for
the more difficult and longer distance systems it has proved
to be only partially successful.

Telecommunications engineers have, therefore, given
considerable attention to the possible use of frequency
shift V.F. telegraph channels as an alternative, and the
experimental results have been attended with some success.
A typical system provides for the transmission of three
frequency shift V.F. telegraph channels within an overall
3 000c/ s bandwidth (i.e. one " unit " of an independent
sideband transmission). The liability to error has been
proved to be very much less than that with 2 -tone systems
and there is no question that systems of this type will
come into regular use in future.

For the receiving terminals of such systems it was
originally the practice to use an independent sideband
receiver using diversity and to combine the channels after
demodulation. It has been found in practice, however, that
improved results can be obtained by using separate tele-
graph diversity receivers for each channel. Not only does
this give better overall results in that each receiver is set
up to cope ideally with one channel, but the arrangement
gives greater operational flexibility. This is leading to the
practice of obtaining transmitter economy by operating a
linear transmitter to a number of destinations on roughly
the same route by means of this type of channelling; each
distant terminal station receiving the channel it requires
on a normal diversity telegraph receiver.

In some cases there is a call for a less elaborate chan-
nelling system and in this case it is possible to use frequency
shift diplex. This arrangement uses a normal frequency
shift transmitter which is capable of being modulated on
to one of four discrete frequencies. With these conditions
it is possible to transmit two simultaneous telegraph chan-
nels using four possible combinations which may be as
set out in the following table:

FREQUENCY
TRANSMITTED

CHANNEL
A

CHANNEL
B

11 Space Mark
f2 Space Space
./.8

Mark Space
14 Mark Mark

The frequency shift diplex system has the advantage
that it requires relatively small changes on the transmitter
and receiver and, in effect, doubles the capacity of the
circuit with little expense. There is, of course, a degrada-
tion of performance due to the increased bandwidth and
also because the random signalling on the two channels
may give rise to transient conditions, the elimination of
which causes occasional delay in telegraph signalling.

Transmitting Station Plant
The conventional radio transmitters of the past have

usually been self-contained and mainly designed to perform
a single function. The most common form of medium
and high power H.F. transmitter has been an equipment
using class -C amplification with a self-contained drive
system giving a choice of several crystal frequencies and
probably with an emergency LC oscillator. The telegraph
modulation has been carried out at low or medium power
and in order to avoid undue bandspread due to keying
transients, time -constants have been inserted in the keying
circuits.

This solution has never been entirely satisfactory because
the limiting action of the class -C amplifiers does in fact
subsequently remove a good deal of the " shaping " intro-
duced by the time -constant arrangement., Thus, under
conditions of varying supply voltage and tuning adjust-
ments in the transmitter and the amount of drive applied
to the various stages, marked variations in bandwidth could
take place, but nevertheless with careful maintenance and
attention and with efficient technical operating staff, it
has been possible to operate such transmitters in a fairly
satisfactory manner. Unfortunately, the majority of such
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transmitters are not necessarily operated under ideal con-
ditions and considerable interference is caused by exces-
sive bandwidth of the telegraph transmissions.

Additionally, some transmitters as have been manufac-
tured to date do not normally meet the requirements of
frequency stability. Under the Atlantic City Regulations,
transmitters are required to have a stability of 30 parts in
106 and numbers of the transmitters in use can only just
meet this requirement.

There has been a progressive introduction of F1 opera-
tion and with class -C transmitters this has resulted in a
marked reduction in the interfering effects due to tele-
graph keying. It might even be said that one of the main
advantages of using Fl is that the bandwidth can be
more easily determined and controlled and this benefit
is equally as important as any signal-to-noise improvement
at a receiver.

With the development of various systems it has become
necessary to consider more flexible transmitting arrange-
ments. A modern transmitting station may be called upon

Frequency
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Thus, considerable attention has been paid to open wire
switching systems which merely need a commutating device
for direct connexion of the transmitter feeder to the
required aerial system.

To meet the modern requirements, system design
engineers have, therefore, separated the various parts of
the complete transmitting system in such a manner that
full flexibility can be easily obtained. The various parts
of the system can be tabulated as follows :

(1) The primary frequency drive system.
(2) The low power modulating system.
(3) An amplifier capable of delivering the output of

the low power modulator to the feeder at an appro-
priate level.

(4) A feeder commutating arrangement.
The drive system is satisfied by providing a bank of

single frequency crystal drive units of a compact type,
one unit being provided for each radiated frequency on a
station: As the standard output frequency of the low
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Fig. 2. Arrangement of units in a typical H.F. transmitting station

to handle any of the following types of service:
(1) S.S.B. telephony.
(2) S.S.B. transmission with multiple telegraph channels.
(3) Frequency shift telegraphy, Fl.
(4) Frequency shift diplex telegraphy.
(5) On -off telegraphy, Al or A2.
(6) Double sideband telephony.
With the older types of plant it has normally been

necessary to have separate telegraph and telephone trans-
mitters, particularly where single sideband operation is
required. Where many mixed services are operated this is
a great disadvantage and the modern trend is to produce a
type of transmitter which will cater for all systems when
a suitable low power modulator is applied to the input.

The overall flexibility of systems is also concerned with
utilization of aerials. In some large stations quite compre-
hensive feeder and aerial commutation schemes have been
evolved, most of the fully flexible schemes being based on
using coaxial feeders. This does bring in limitations in
that in matching the unbalanced coaxial feeder to balanced
aerial systems it is usually necessary to have a frequency
conscious network. This has led to complications in
switching tuned circuit elements in the field by remote
control or with other forms of remote tuning mechanisms.

r1

Ii
I i

L1

Exponential Line
Matching 200/6000

power modulating system is 3.1Mc/ s the primary crystal
drive frequencies are suitably offset. To simplify the
driving arrangements, all the crystal frequencies fall within
the range 2-8Mc/s.

The standard output level of each drive unit is 100 milli -
watts into a 75 ohm coaxial feeder. The frequency stability
is better than 5 parts in 106.

The low power modulating system can utilize any of
the following:

(1) A frequency shift and on -off keying unit which
provides for telegraph speeds up to 400 bauds and
frequency shifts up to 1 200c/s.

(2) A frequency shift diplex sending unit which provides
two simultaneous telegraph channels on the basis of a
4 -point frequency shift or normal frequency keying or
on -off keying.

(3) An s.s.s. drive rack of the conventional type provid-
ing two independent sidebands each with a band-
width of 6 000c/ s.

All these units deliver a modulated signal at about
100 milliwatts into a 75 ohm feeder and are fed directly to
the transmitter which is nothing more than a linear ampli-
fier. This linear amplifier has two inputs, one for the
primary drive frequency and one for the low power
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modulated intelligence. The primary drive frequency is
fed into a harmonic generator and when multiplied to the
appropriate radio frequency it is mixed in a simple mixer
stage with the low power modulator signals.

The remainder of the transmitter is a class -B amplifier
delivering x kilowatts into the feeder system.

In a typical range the transmitters may have an output
of 21 kilowatts, 10 kilowatts or 30 kilowatts.

Transmitters can be tuned automatically from remote
control positions so that one of up to six frequencies can
be transmitted.

For feeder commutation several types have been con-
structed using 600 ohm open wire feeders as the basis. A
typical example is the Miller Switch which can be arranged
to be fully flexible up to a limited number of transmitters
and receivers, A typical switch provides for 20 transmitters
and will connect any of these units to any one of 40
aerial feeders.

Horizontal
Array of

Dipoles

300/750
Transformer

Coaxial/
Feeder

300/750
Transformer

Horizontal
Array of
Dipoles

tO

Band-Pass
Filters

tional access being provided by means of manual con-
nexions.

In some cases the operation of the switch may be auto-
matically linked to the control circuits of a transmitter
so that previously planned programmes and frequencies
can be set up complete with the required aerial system.

The unit arrangement of an H.F. transmitting station is
shown in Fig. 2.

Receiving Plant
The arrangement of medium and large size H.F. receiving

stations has generally been stabilized for some years. On
most stations the balanced twin wire feeders are terminated
by means of dust core transformers into a 75 ohm coaxial
cable. These transformers may be mounted in the field
adjacent to the aerial or on frameworks near the main
receiving building.

The coaxial feeders are then taken to a main distribu-

Aerial Distr bution
Amplifier

S S B RE [CENER

Upper Sideband } To Terminal
Station

Lower Sideband

Second Output
(Fs.Duplex) To Teleprinter

DOUBLE DIVERSITY ...-
TELEGRAPH RECEIVER

at Terminal
Station

Fig. 3. Typical receiving station unit arrangement

The open wire switch, while being robust and flexible,
has disadvantages in that if mechanized it becomes costly,
and also occupies a large volume of space.

Coaxial switches using the Swiss commutator principle
have been in use for many years, but, as already men-
tioned, have the disability that ultimately the overall
system becomes frequency conscious. When such switches
were originally designed they were used with curtain arrays
having a very narrow bandwidth and with the more general
adoption of wideband aerials such as the rhombic, their
use has become limited.

To overcome this difficulty a most promising develop-
ment is now taking place, and that is the use of twin
coaxial feeders for the commutating system. Such a
system, having an impedance of about 200 ohms, can be
connected to a 600 ohm open wire feeder through a wide -
band exponential line and thus the mechanical advantages
of the coaxial type of switch are obtained in a balanced
system. Nevertheless, this type of cross connexion switch
can never be as conveniently flexible as are rotary switches
of the Miller type, and it is usual to operate them on a
zonal or group basis; each transmitter normally having
access to a limited number of aerial feeders with addi-

Telegraph
Monitor

tion switchboard where they can be connected directly to
receivers; but are usually fed to amplifiers having multiple
outputs, so that a number of receivers can be connected
simultaneously to one receiving feeder cable.

It is the modern practice to insert a band-pass filter in
the input to the distribution amplifier, this filter having
not more than one octave bandwidth and normally having
a similar bandwidth to that of the aerial system. The
insertion of this filter minimizes the production of spurious
outputs in the distribution amplifier.

The distribution amplifier normally uses cathode -
follower outputs which are terminated into coaxial cables
for distribution to the receivers.

For the trunk telegraph systems, diversity receivers are
used which have a very high performance and which are
provided with elaborate monitoring facilities. A typical
receiving station unit arrangement is shown in Fig. 3.

For single sideband telephone reception, diversity is not
normally used, as in general no advantage can be gained.
This is partly because of the relatively wide bandwidth of
the system and the fact that any path selecting device in a
diversity receiver is not able to differentiate between
different types of selective fading within an audio frequency
band.
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A High Power Communication Transmitter
W. J. Morcoin'

This article describes a new single sideband transmitter for world-wide service. Its design has been
based on the requirement of (a) remote control; (b) four telephone channel operation.
Although this article only describes the transmitter rated for 30kW peak envelope power, a
whole series of transmitters, generally similar in circuit techniques, have been, or are being, pro-

duced of powers of 2VcW, 6kW, and 10kW peak envelope power.

FROM an economic viewpoint it must be possible to
transmit the maximum number of messages in any 24

hours between two points. It follows that maximum power
should be used to cover as long a period as possible on
any one frequency, and that frequency change must be
rapid when conditions on that frequency become impos-
sible. From a power aspect the advantages of S.S.B. or
I.S.B. (independent sideband) systems are well known in
that the bulk of the
output power of the
transmitter is radiated
in the form of intel-
ligence, whereas in a
D.S.B. system the
power conveying in-
telligence is only 1/6th
of the total radiated
output. The advan-
tages of I.S.B. are
further increased by
the fact that with

four speech channels
can be used on one
transmitter within a
bandwidth of 12kc/s,
without undue cross-
talk. Also the coin-
cidence of peaks of
modulation between
two or more channels
in a four -channel
system is not a fre-
quent occurrence, so that the level of each channel can be
approximately the same as that where only one channel is
used, without overloading the transmitter. This has been
confirmed by field trials. This system is not limited to
speech channels, and multi -channel telegraph working can
be used without any alteration at the transmitter. Thus the
choice of service is in the hands of the operators at the
radio telephone terminal. In the case of c.w. telegraphy,
the linear amplifiers enable the low level signal curbing to
be faithfully reproduced on the transmitter output, thus
avoiding adjacent channel interference.

Remote control of frequency change is carried out by
the use of individual motors and associated control
mechanism units, mounted on the front panels and each
driving an individual frequency changing control. This
provides automatic selection of six preset spot frequencies
or manual tuning anywhere in the frequency band. Because
of the high power of the transmitter and the large com-
ponents to be operated, the wavechange time is of the
order of 1+ minutes maximum.

To limit the number of control spindles to be operated,
ganged inductance and capacitance circuits are used. In the

* Marconi's Wireless Telegraph Co., Ltd.

Front view of the type HS.51 transmitter with the doors removed.

higher power stages the whole frequency band of 4-27'5Mc/s
is covered by one control shaft. A new design of variable
capacitor using sulphur hexafluride as dielectric has been
developed for this purpose.

Control circuit design and reliability of performance are
considerably improved by the use of grid controlled,
mercury pool Ignatron tubes in the rectifier.

So that the greatest flexibility of use may be provided
the drive and thesingle sideband
generating equipment
have been divorced
from the transmitter
proper, which is in
reality only a mixer plus
linear amplifier. (See
Fig. 1). This has the
advantage that alter-
nate services of S.S.B.,
F.S.K., C.W. or D.S.B.
telephony can be pro-
vided by a simple
plugging in operationfrom suitable
external equipment.
Where multiple trans-
mitters and multiple
drives are used thisinter -change-
ability contributes
enormously to the
flexibility of the
station.

General Performance
This transmitter operates in the band 4-27'SMc/s. Both

sidebands are used so that up to four separate speech
channels may be operated. Attenuated carrier is also
radiated. Alternatively telegraph tone keyed channels may
be used.

The peak envelope power of the transmitter is 30kW and
the design has been done to meet Services requirement as
regards preferred components and valves, and for tropical
operation to Specification RCS.1000.

Control facilities permit local or remote operation on
six preset spot frequencies, or local control, manually, on
any frequency in the band.

Feeder impedances may be 60012 twin, 2001) twin or 751)
coaxial with a standing wave ratio of 2/1, i.e. a range of
100 to 1 2001) in the twin wire condition.

Recent experience has shown that when the transmitter
is loaded to maximum power by two equal tones the inter -
modulation products should be less than - 36db in relation
to the amplitude of the individual tones. The use of a
spectrum analyser showed that all intermodulation products
so complied.
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The noise leVel was better than - 60db relative to peak
envelope power on I.S.B.

Circuit Description
HARMONIC GENERATOR AND MIXER STAGES

The transmitter specification calls for 6 spot frequency
outputs in the band 4-27.5Mc/s with input signals of
3.1Mc/s (.-} watt x.s.B.) and 3.4-7.0Mc/s (1/10 watt). Since a
very high performance with regard to spurious frequencies
was required it was decided from the outset to use six
separate mixer units, each of which could be switched
bodily and each be tuned to give optimum performance,
rather than proceed with a ganged mixer which could only
give a compromise performance over a wide tuning band.

In general two types of spurious emission will be
generated in a mixer of the type shown in Fig. 1.

(a) Frequencies which are far removed from the wanted
radiated frequency and which can be removed to a
given degree by adequate selectivity depending on
economic and space considerations.

3.1Mc/s-is-
is

BALANCED
MIXER

"Ca

AMPLIFIER

AR MON IC
ENERATORS

Crystal
Oscillator

fr

LI NEAR
AMPLIFIER

STAGE

m 2 or m=4

Output 4-27 5 Mc's
= fC3 t S

Fig. 1. Arrangement of transmitter stages

(b) Frequencies which are coincident with or in audio
range of the radiated frequency. These cannot be
removed by stage selectivity and must be guarded
against by arranging that they fall outside the wanted
band as far as possible. Some coincident points are
inevitable, but the amplitude of these can be
restricted by using a very small input signal at
3.1Mc/s, ensuring that both oscillators have a pure
sine waveform and that intermodulation due to non -
linearity of the mixer stage itself is reduced to a
minimum.

PREDICTION OF COINCIDENCE POINTS
These are worked out by constructing a chart of the type

shown. For the sake of clarity the basic chart has been
split up into three sections, of which only one section is
reproduced here (Fig. 2). The ordinate is scaled in terms of
for/ fs (and also in terms of radiated frequency for) while
the abscissa is fo,/ fd. There are three lines on the chart
at angles of 45°. Two of these lines represent the desired
signal and are marked f - fa (= radiated frequency below
10Mc/s) and fc,, + (= radiated frequency above 10Mc/s)
respectively, while the third line is mixer input frequency

Fig. 2 includes all terms in which n in the expression
nfe, + pf5 has only integral values, the remaining portion
of the charts would include those terms in which n is
fractional and in = 2 and those terms in which n is frac-
tional and m = 4.

GANGING OF CONTROLS
It is usual to employ either a variable capacitor or

inductor as the tuning element in the amplifier stages. To
cover the normal frequency band of 4-27.51VIc/s, a number

of fixed inductors or capacitors must be employed. By
ganging a suitable variable capacitor and a variable inductor
together, the whole frequency band of 4-27.5Mc/s can be
covered on one tuning control, thus avoiding range switch-
ing or coil changing. Neutralizing R.F. amplifiers is another
obstacle to a rapid frequency changing so that neutralizing
must be constant over the frequency band-a difficult
achievement on the multiplicity of amplifiers-or neutraliz-
ing must be avoided, such as by the use of tetrode stages or
grounded grid stages.

10

9

8

7

4

3

2

1

0 ,,,,, ,,,, %.. x,

A//
,.;:NIIIVAME '

7It:

/1,
.'4.#14. Al Iwo.

; al17,10.ElII.
Pliilt I

0 1 cs5 7

(30

274

(24-0

LIST OF SYMBOLS

fs Independent sideband signal fed to mixer input
from I.S.B. drive unitf Oscillator input signal to the mixer stage

11 Any multiple of fo,

p Any multiple of fs

Mixer unit output frequency
f fez. = fo3 + f, for for 10Mc I sl
(for = fe3 - fs for ler lOMc/s

nfe, ± pf, general product in mixer output as a
result of mixing the two input
frequencies f, and /.3

Crystal frequency from which f is derived
in Multiplication employed in the H.G. producing

fc3 (f.3 = mix)
(In the design in question m = 1, 2 or 4)

f'

Fig. 2. Chart for prediction of coincidence points
The figures in brackets on the right-hand ordinate give the radiated frequency

(fed in Mc/s.

LINEAR AMPLIFIERS
One of the main causes of non -linearity in R.F. amplifiers

is the change of input impedance produced by grid current,
so it is advisable to limit the number of stages where grid
current is flowing to a minimum. One satisfactory solution
to this problem is to use a high power gain tetrode, in
which the grid never swings positive with respect to the
cathode, so that it can be driven by a voltage amplifier.
In the succeeding power amplifiers, where grid current is
practically unavoidable, various methods have been
employed to reduce its effect on linearity. Early trans-
mitters used damping on the grid circuit, but to be effective
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the load produced by the damping must be considerably
greater than that produced by grid current. This makes
this system very wasteful. Another method is to employ
an adjustable quarter -wave network between the anode of
the power tetrode and the grid of the succeeding stage.
The constant current characteristics of the tetrode is
converted by the quarter -wave network to constant voltage
characteristics at the grid of the succeeding stage, and the
effect of grid current on linearity is reduced to negligible
proportions. This is a very effective system, but the dis-
advantages are the setting up of the quarter -wave network
for rapid frequency chSnge, containing as it does three
variable elements, and the fact that the succeeding ampli-
fier must be neutralized. A third method of reducing the
effect of grid current on linearity is to use grounded grid
amplifiers, where the grid cathode load due to the anode
current is considerably greater than that due to grid
current. Also the grounded grid amplifier does not have
to be neutralized. From these considerations it appears
that the most suitable arrangement for linear power ampli-
fiers is a power tetrode which does not run into grid current,
followed by grounded grid power amplifiers.

AIR

Output

CATHODE CHOKE

INPUT RF

GROUNDED GRID
DECK

INSULATED ANODE
SUPPORT

Al R

Fig. 3. The final stage

SINGLE SIDED CIRCUITS
Using grounded grid technique with single sided circuits

and placing the tuning elements below the valve anode, a
very compact arrangement is obtained (Fig. 3) wherein the
R.F. current returns symmetrically on the inside of the
cabinet and direct radiation from this stage is reduced to
a minimum. The enclosing cabinet is also used as the air
duct and with the air exhausted from the lower end of
the cabinet, the air stream successively cools the filament
and grid seals of the valve, the valve anode, and finally the
tuning elements of the anode circuit.

Compared with push-pull circuits, the R.F. voltage across
the tuned circuit, and the R.F. current circulating in that
circuit are considerably reduced. Thus the conductor size
can be smaller, and does in fact make variable coils of
power amplifiers a practical proposition.

Again compared with a balanced circuit the number of
paths for spurious oscillations is considerably reduced. The
effect of this is so marked that no anti-squegger devices are
required on the power stages of the transmitter which will
be described later.

The disadvantage of obtaining a balanced output from a
single sided circuit can be overcome by a tuned link circuit
which also serves as an attenuator of harmonic and
unwanted frequencies.

OUTPUT CIRCUIT
The output circuit must be capable of giving a balanced

output from the unbalanced output of an unbalanced final
stage, it must cover 27.5-4Mc/s, and be cable of matching
feeder impedances from 10012 to 1 20012 over the frequency
band. It must also be capable of giving good rejection of
harmonics.

These requirements were met by using a magnetically
coupled output circuit followed by a 7r -coupler. Partial
balance is obtained by earthing the centre point of the
tuned capacitor and by earthing the centre point of the
capacitor which is across the feeder. (See Fig. 4).

With the type of adjustable anode circuit used, and with
the coupling coil wound centrally around the anode coil,
it is not easy to obtain sufficient variation in mutual
inductance between these two coils to meet the different
feeder impedances. Consequently the coupling coil posi-
tion has been fixed and output loading adjustment must be
obtained by other means. By using the 7r -coupler after the
tuned circuit, it is possible to obtain variations in output
loading by adjusting the series coils in the 7r -coupler. It can
readily be seen that the 7r -coupler enables a wide band of
feeder impedance to be accommodated in that it is possible
to raise or lower the impedance across the tuned circuit
by simply adjusting the coils.

In practice, it has been found that 20012 balanced or
60012 balanced feeders can be accommodated over the

M.T.

Fig. 4. The output circuit

Feeder

whole frequency band with a 2-1 standing wave ratio with-
out any switching adjustment whatever. Further, if a 7512
unbalanced feeder is to be used, it is connected to one side
of the circuit, leaving the other side free. The effect of this
is to give 30012 impedance across the circuit and so 7552
feeder (unbalanced) can also be accommodated. Using this
output circuit, for small changes of loading or feeder
impedance it is only necessary to adjust the 7r -coupler coils
and the anode circuit tuning, for the effect on the output
circuit tuning is very small. Should it be necessary to make
a large change in loading conditions then the output circuit
must be retuned, but this is an exceptional requirement.

The use of the 77 -coupler gives an appreciable attenuation
to the harmonic frequencies in addition to that provided
by the coupled circuits.

POWER SUPPLIES
Valve types for the transmitter were selected so that

only one high voltage supply is needed. This is 8kV, all
other anode supplies being 500V or less.

Because of their long life and reliability the English
Electric Ignatron type AR63 was selected for the main
H.T. supply. These valves are grid controlled, half wave,
mercury pool rectifiers and six are used for three-phase full
wave rectification.

The grid control facility permits switching on of power
in steps of one-third, two-thirds and full voltage, and the
operation of high speed overload tripping with automatic
resetting, all this being achieved by the use of Post Office
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type relays. The only contactor of any size used is one
triple -pole slow -acting isolator which normally operates
off load.

The smoothing circuit of the main rectifier uses a single
stage with small inductance and large capacitance to give
low transients to the varying load.

Filament supplies to the directly heated filaments are by
metal rectifiers. Direct current heating is necessary to keep
phase noise within required limits.

MOTORIZED CONTROLS
There are fifteen control shafts which require operation

for tuning the transmitter. These are divided into four basic
categories.

(a) Low torque, multi -turn, requiring accurate setting.
(b) Low torque, single turn, requiring accurate setting.
(c) High torque, multi -turn, requiring not extremely

accurate setting.
(d) High torque, single turn, requiring not extremely

accurate setting.
All these types of shafts are operated by variants of a

basic motor " head " design.
It was decided, bearing in mind the need for adequate

service facilities, that internal to the transmitter mechanical
complexity should be avoided, and the complete driving
mechanism of motor, electro-magnetic clutch, pre -selector
cams and potentiometers for remote tuning indication
should be mounted on a detachable panel, screwed on to
the front panel of the transmitter, and connected to it by
quick release plugs.

Accordingly four versions of the so-called " motor head "
were produced to meet the four requirements already
described under (a), (b), (c) and (d).

For the (a) condition the motor head uses two clutches
and two cam selectors, one being used to select the par-
ticular turn and the other to select the required part of the
turn. This arrangement permits high speed operation over
most of the travel and low speed for the final selection.

For (b) condition only one clutch and one cam are used.
In both (a) and (b) conditions the pre -selecting relays are
wired to the clutches via the cam selectors, while contacts on
the clutches control the motor circuit. Thus motor overrun
does not affect accuracy. Where torques were particularly
light and where inertia of the moving parts tended to cause
overrun, the torque was purposely increased by friction
brakes.

Where extreme accuracy of setting is not necessary the
clutches have been dispensed with and the cam selectors
operate direct on the motors.

Most of the control shafts have to be reversed during
tuning and this is done by using limit and reversing
switches on the motor head assemblies.

To ensure accuracy of tune all tuning is done in the
same direction so that any backlash can be catered for.

Continued tests showed that after wavechange the
transmitter performance, as assessed by power output and
measurement of intermodulation products, was repeated.

Description of Transmitter
The complete transmitter, with doors removed, is shown

on page 237.
The complete structure is 20ft long by 3ft 9in deep and

7ft. high. The enclosure is built entirely of pressed alumi-
nium panels and strips with a number of internal free
standing units of angle iron frameworks mounting power
supplies and control circuits, and aluminium boxes mount-
ing the higher power radio frequency circuits.

External to this structure and in a fireproof room at the
rear are the main power transformer, smoothing choke and
capacitors, filament rectifiers and the automatic voltage
regulator. The extractor fan for air cooling is housed
external to the transmitter in its own room.

Starting from the extreme left-hand the transmitter com-
prises the following stages.

(1) Power input cubicle with isolator, fuses, control
relays and contactors and the interlocked three handle
switches for door locking, high tension earthing and
" transmitter on " switching. Safety precautions are quite
comprehensive, making it practically impossible to get
access to any dangerous voltage.

(2) Auxiliary rectifiers, local control push -buttons and
selector switches, metering of low power supplies, monitor
convertor panel and half of the Timic diagram.

The transmitter can, at this position and the adjacent
bay be tuned to any frequency in the band with the aid
of the mimic diagram which displays the circuit with full
metering and with indicator meters showing the physical
setting of every tuning meter. A " manual -automatic "

Fig. 5. Rear view of main Fig. 6. Rear view of final
amplifierrectifier

switch at this position permits automatic selection of any
six pre-set frequencies to be made, while the "local -remote"
switch will transfer wave selection and " on -off " control to
a remote point. (The mimic diagram can be seen faintly
in the photograph on page 237).

(3) The main rectifier (Fig. 5) is housed in this bay, on
the front of which is the other half of the mimic diagram,
the indicator lamp panel and an input test point.

(4) The six input mixer circuits, mounted in pairs, the
early low power linear amplifier and the high power
tetrode circuit are mounted in this bay.

This tetrode stage has the, same type variable inductors
and variable capacitors as are used in the penultimate and
final amplifiers.

(5) The penultimate amplifier, a grounded grid triode,
and the circuits for radio frequency feedback occupy the
whole of this cabinet.

(6) The final amplifier fills this bay. Fig. 6 shows the rear
view of this cabinet and illustrates the compactness of the
grounded grid stage which handles 30kW peak envelope

ELECTRONIC ENGINEERING 240 JUNE 1954



I-

m 10
0
aa 20
z
0

30

40
0
IX 50

- 5
+2 0 -2 -4 -6 -10

INPUT LEVEL IN DECIBELS

Fig. 7. Third order intermodulation products

I

-....L..
i

Power output

....%

3(
I

I

.7
21

I

I

% .. K

I, 30kW PER
-. .....

4."' ... ...........

7.......'')....."".......................4"..--IPS.

-16

m

7C

z
m

m

m

m

a

power and is tunable from 4 to 27.5Mc/s and has only
one tuning control for the whole stage. The stage is stable
over this frequency range and no anti-squegger devices of
any sort are necessary. Because of the weight of the valve
used, lifting tackle, on runners, is built into this unit.

(7) Matching circuits to convert from the single sided
circuit to balanced feeders are housed here. They permit
tuning at 600f2 or 20012 balanced or 7512 unbalanced with
standing wave ratios of 2/1.

(8) An access way to the back of the transmitter has been
provided since it is intended that when multiple trans -
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mitters are used they will be installed butting end to end.
This access way also provides symmetry of appearance.

Results
The performance of the prototype transmitter fully met

the requirements specified.
Measurements of intermodulation products were taken

for a large number of carrier frequencies and those for
both the 373 and the 5th order at a carrier frequency of
27.5Mc/s are given herewith (Figs. 7 and 8).
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New Developments in H.F. Receivers
By F. W. J. Sainsbury*, Wh.Sch., A.C.G.I., D.I.C.

H.F. point-to-point communication systems vary in their requirements for a number of reasons,
and at the receiving end of the system it is not practical to meet the various requirements with
one type of receiver only. This article describes a range of receiving equipments recently developed

with a view to meeting the various requirements both technically and economically.

THE circuits handled in most receiving stations will show
a considerable variation in character, chiefly in the

matter of importance, amount of traffic, degree and type
of radio distortion and presence or otherwise of interfering
signals. Obviously, various combinations of these charac-
teristics can exist, but it is convenient to divide circuits into
three groups:

GROUP 1
This includes heavily loaded circuits of first importance

whose frequencies are not subject to change and which must
be maintained for the longest possible daily periods.

GROUP 2
Under this heading fall circuits which are not required

for continuous operation, or which are not subject to very
severe radio conditions.
GROUP 3

This includes comparatively easy lightly loaded circuits
or those where a high standard of accuracy is not essential.

To meet these varying requirements with one type of
receiver would mean that if the receiver was capable of
dealing with the difficult circuits then it would be more

* Marconi's Wireless Telegraph Co., Ltd.
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than good enough for the easy circuits. This obviously
would not be an economic arrangement in spite of the
standardization achieved.

A range of receivers has been developed therefore so
that receiving stations may be eauipped on a sound
economic as well as a sound technical basis.

Group 1. Telegraph
The first of these, a double diversity telegraph receiver,

is intended for Group 1 operation. The points considered
as the basis of the design were:

1. SERVICE
To be capable of being connected to a pair of spaced

aerials for the reception of F.S.K. and on -off signals on any
three frequencies in the range 3 to 27.5Mc/s, the change
from one frequency to another and general operation to
be effected by the minimum number of controls. At the
same time the design should provide for continuous cover-
age of the whole frequency range.

The output to be capable of operating a teleprinter,
undulator, or tone sender.

2. PERFORMANCE

This to be the best possible so that the receiver will
operate successfully for long periods with little or no
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attention even though signal conditions are poor.

3. OPERATION
Without sacrifice of performance the receiver should be

capable of operation by comparatively unskilled staff.
Fig. 1 shows a receiver being set up for a particular

circuit by a member of the technical staff. The doors are
subsequently locked and the receiver handed over to the
operating staff.

The block schematic is shown in Fig. 2, and it will be
seen that the receiver is a double superheterodyne with first
and second intermediate frequencies of 1 600 and 100kc/s
respectively. Automatic frequency control is applied to the
second frequency changer and the main selectivity is pro-
vided by crystal filters at 100kc/s. For on -off signals the
two paths are combined in the common load of the third
detectors and taken thence to the D.C. circuits and keying
frequency filters. In the case of F.S.K. signals a path
selector is used, the same path selector feeds the A.G.C.
circuits for both types of keying.

While the general schematic is fairly conventional the
circuits and general detail are not and it is proposed to
detail the more important points.

SIGNAL FREQUENCY

The range of 3 to 27.5Mc/s is provided by three double
diversity amplifiers covering 3 to 6.5, 6.5 to 14.5 and 14.5
to 27.5Mc/s, respectively. Each amplifier has two H.F.
stages and all circuits are separately tuned.

Associated with each amplifier is a crystal oscillator
which covers the whole frequency range, but to provide
for cases where a particular crystal may not be imme-
diately available, a variable LC oscillator is fitted.

The frequency range of this oscillator is 2 to 4Mc/s and
multiplying circuits are used to extend the range to 32Mc/s.
By careful electrical and mechanical design the setting
accuracy of this oscillator is correct to within 1 kc/s at
the fundamental frequency and the temperature coefficient
is not more than 5 parts in 106/ °C. Humidity variations
have no effect on the stability. Normally, one of each
type of amplifier is fitted, and frequency selection is
achieved by switching the aerial input and I.F. output.
Should two of the reauired frequencies be in the range
of one of the units then that particular unit could be

ATTENU-
ATOR

0-40db

A TUNING

Aerial ,_col 0-1 OSC"
LATOR

ATTENU-
ATOR

0-40db

SF

S.F.

S.F

F
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Fig. 1. Preset adjustments being made on the HR.91

duplicated at the expense of one of the other types.
Tuning of the H.F. circuits is facilitated by the provision

of a tuning oscillator which can be patched into either
aerial input at will.

In a receiver designed for central station working it is
important that the radiation of the first frequency change
oscillator is kept to an absolute minimum, otherwise
spurious signals are created which may cause interference,
and in certain circumstances mistune another receiver by
operation of the automatic frequency control circuits.

Fig. 2. Simplified diagram of the HR.91
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Fig. 6. D.C. circuits of the HR.91
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Special precautions have been taken to minimize this
oscillator leakage by careful attention to screening and de -
coupling. Fig. 3 shows, for a typical receiver the amount
of first oscillator voltage leaking through to the aerial
terminal.

FIRST I.F. AMPLIFIER
The first intermediate frequency amplifier is centred at

1.6Mc/s and has a bandwidth of 8kc/s. This allows for a
maximum signal spread of 2kc/s and a receiver drift of
±3kc/s.

SECOND FREQUENCY CHANGE OSCILLATOR
The second frequency change oscillator, like the first

oscillator, is designed for maximum stability and is com-
paratively unaffected by variations in temperature, humidity
and supply voltage. Automatic frequency control is applied
to this oscillator.

SECOND I.F. AMPLIFIER
The second intermediate frequency amplifier is centred

at 100kc/s and provides the main selectivity of the receiver.
Alternative passbands of 1 and 2kc/s are provided by
crystal filters whose response curves are shown in Fig. 4.
The ratio of bandwidths at 80db and 3db attenuation is
less than 2 to 1 and the performance is unaffected by tem-
perature over the range 10° to 15°C.

For comparison purposes the response curves of the
100kc/s filters has been redrawn in Fig. 5, together with
selectivity curves of a good communications type receiver.

D.C. CIRCUITS
For on -off keying, the output of the 2' I.F. amplifier is

taken to a diode rectifier, and combination of the two
diversity signals is achieved by providing a common load
for the two final rectifiers.

The D.C. amplifiers and limiters are conventional and low-
pass filters serve to
differentiate between
keying and noise fre
quencies (Fig. 6).

The overall
LOW-PASS characteristics of the

D.C.
FILTER LIMITER

on-oFF-R.0 SLICER - AND
FSX.- L.C. PHASE

REVERSER

Signal
Bias

PHASE
REVERSER

Reversekey'i

AFC. gate K s.s.high

AF.C. gate Orsn.K-sOloffw

D.C.
POWER
VALVES D.C.

OIM.Wt

receiver are such that
on -off signals of sine
wave formation vary-
ing in amplitude by
35db, are handled with
negligible bias varia-
tion. This is shown in
Fig. 7 and it is
interesting to note
that over the range of
signal strengths shown
the level at the final

243 ELECTRONIC ENGINEERING



1

detectors varies from 4 to 400 volts. No automatic gain
control is used for this test.

The recording threshold is the steady input necessary to
change the current output from a clean space to a clean
mark and is a static test. Under this condition the first
limiter is not fully operative and some bias variation will
be present when the signal is keyed, from the curve it will
be seen that zero distortion is reached, i.e. the limiter is
fully operative, when the input has been increased by
approximately 5db. This gives the ratio between the static
and working sensitivities for the keying formation and
speed considered. If the signal is " square," i.e. is not
curbed, then the static and working sensitivities should be
identical. In practice, however, due to the build-up time
of the I.F. filters, some curbing is introduced and the ratio
is of the order of 1 or 2db.

For frequency shift keying, a path selector is used to
select the strongest signal which is then fed to a limiter dis-
criminator and then to the D.C. circuits.
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Fig. 7. Signal bias variation (HR.91)
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A.G.C.
The A.G.C. circuits are also fed from the selected output

and the A.G.C. control voltage is variable both in amplitude
and time -constant, so as to cater for the type of keying
and speed of fading. For on -off keying very little A.G.C.
action is used, it being found preferable to rely on the
overload characteristics of the receiver. A time -constant
of 100msec is a usual value. Rather more A.G.C. action may,
be used for F.S.K. signals.

A.F.C.
The A.F.C. system is shown in block schematic form by

Fig. 8. The purpose of the gate valve is to prevent opera-
tion of the A.F.C. system by noise or interfering signals in
the case of on -off keying and to select the required con-
trol signal in the case of F.S.K. signals. The control voltage
is obtained either from one of the D.C. limiter stages, or
from the signal discriminator. For the latter case a revers-
ing stage is included so that the A.F.C. is controlled by
either the mark or the space frequency.

The A.F.C. discriminator is centred at 100kc/s for on -off
keying and is varied to suit the shift value for F.S.K.

After limiting, the discriminator output is used to pull
the frequency of a crystal oscillator. This is achieved by

varying the mutual conductance of a reactance valve con-
nected to the crystal oscillator via a quarter wave network.

A four -phase output is obtained from the difference
frequency between the pulled and reference oscillators and
is applied to an impulse type motor which is geared to vary
the frequency of the second oscillator.

The speed of the motor is a function of the error
frequency so that no overshoot is present such as exists
with a system using a constant speed motor which is
switched on and off. The resulting tuning accuracy is
better than 10c/ s.

CONTROLS
Reference to Fig. 1 will show that a large number of

controls of various types is fitted, but the great majority
of these are set to suit the particular circuit. When used
as a three frequency pre -tuned receiver, the doors are
closed and the only controls then accessible are:

1. Frequency selection switch.
2. Aerial attenuator in each path.
3. Fine tuning control giving variation of ±-3kc/s.
4. A.F.C. on -off switch.
5. Signal bias.
6. Monitoring switch.
In addition 2 path level meters and the current output

meters are visible.

Group 1. Telephone
The corresponding Group 1 telephone receiver is the

type HR.93, It follows the basic principles of the
first receiver except that it is designed for non -diversity
reception of independent, single, and double sideband
telephony transmissions. A total of six preset frequencies
is allowed for.

The main design points in a S.S.B. receiver are:

1. ACCURACY OF TUNING
This is especially important when using a local carrier

when a frequency error of not more than a few cycles can
be tolerated. This calls for very stable frequency change
oscillators, and an automatic frequency control system
which is accurate and will not mistune the receiver during
periods of fading.

2. SENSITIVITY
So that full advantage may be taken of a quiet receiv-

ing site and directional aerials, the receiver sensitivity in
terms of signal input for a given signal-to-noise ratio
should be good. Furthermore, the signal-to-noise ratio
should increase progressively as the signal strength
increases, this is particularly important for rebroadcasting.

3. SELECTIVITY
The present-day close spacing of frequency allocations

demands that each channel should occupy the minimum
possible bandwidth. On the other hand, quality considera-
tions demand that the channel should be as wide as
possible.

It follows, therefore, that the ideal selectivity curve
should be square, i.e. uniform response in the passband
with extremely rapid rate of cut-off outside the passband.
To minimize the possibility of interference and cross modu-
lation effects it is important that the passband should not
be wider than necessary, ideally it should be adjustable to
suit the transmission.

4. OVERALL FREQUENCY RESPONSE
When two subscribers are connected via a land and

radio telephone link, a great many pieces of apparatus are
involved, each with its frequency response. If the overall
frequency response of the link is to be reasonable, then the
performance of each individual piece of apparatus must
be of a high standard.
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The simplified block diagram is shown in Fig. 9. It is
similar to the first receiver in that the double superhetero-
dyne principle is used with first and second intermediate
frequencies of 1.6Mc/s and 100kc/s respectively. Auto-
matic frequency control is applied to the second frequency
changer and the separation of the sidebands and carrier
is effected by crystal filters at 100kc/s. Both local and re-
conditioned carrier facilities are provided.

It will be noticed that the general schematic is not novel,
the interest lies in the detail and this will now be described
briefly.

SIGNAL FREQUENCY

This follows the pattern of the HR.91 except that the
number of preset frequencies now totals six. The same
types of signal frequency amplifiers, crystal oscillators and
stand by variable oscillator are used.

Ac
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I F2

1001,</$

amplifier depends on the filter bandwidth, the tendency is
to make the filter as narrow as possible. The bandwidth
adopted represents the limit when such points as ease of
tuning and stability with temperature and other variables
are considered. The gain of the amplifier is variable to suit
the various degrees of carrier suppression used, and the
output is limited so as to present a fixed level at the
demodulator.

SIDEBAND FILTERS

Alternative bandwidths of 6kc/s and 3.5ke/s are pro-
vided for each sideband, selection being by means of coaxial
U -links. Typical response curves of the upper sideband
filters are shown by Fig. 11 and are summarized in
Table 1.

The figures given are substantially constant over the tem-
perature range of 10 to 50°C and are independent of varia-
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Fig. 9. Simplified diagram of HR.93

FIRST 1.F. AMPLIFIER
The total bandwidth of the amplifier is 18kc/s, this is

necessary to allow for the reception of a transmission with
two 6kc/s sidebands and the possible variation of ±3kc/ s
introduced by the fine tuning or A.F.C. of the second
oscillator.

SECOND FREQUENCY CHANGE OSCILLATOR

By means of a switch control, this may be set either to
1.5Mc/s or 1.7Mc/s to meet the convention of sideband
positioning above and below the signal frequency of
10Mc/s, A.F.C. or manual control may vary this oscillator
by ±3kc/s.
CARRIER AMPLIFIER

This is centred at 100kc/s and is preceded by the carrier
filter whose response is shown in Fig. 10, the filter band-
width is 60c/s at 2db.

As the signal-to-noise ratio at the output of the carrier

AMP-
LIFIER

SIDE -
BAND
A GL

DET-
ECTOR

Line
U.Se.

VOLUME
IND-

ICATOR

To controlled stages
RE

S ideb and amplifier

L.E Line
AMP S BLIFIER

VOLUME
IND-

ICATOR

tions in humidity and reasonable mechanical shock. To
prove the latter point a prototype filter has been subjected
successfully to the instrument vibration test specified in
K.1 1 3 .

AUTOMATIC GAIN CONTROL

The output of the carrier amplifier, before limiting, is
used to operate the automatic gain control circuits. The
valve stages controlled are the second R.F. stage, two stages
in the first I.F. amplifier and one stage in the second I.F.
amplifier.

During periods of selective fading it is obvious that the
carrier level does not follow the fading of the sidebands,
and for this reason the carrier A.G.C. is given a long time -
constant. A constant volume amplifier is then necessary
between the receiver output and the input to the telephone
terminal.

Where the sideband signal consists of frequency modu-
lated tones, either for facsimile or telegraphy, then side -
band operated A.G.C. can be used with great advantage.
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AUTOMATIC FREQUENCY CONTROL

The carrier amplifier output is taken via a gate valve
to a limiting stage and thence to a mixer stage where it is
compared with the 100kc/s standard oscillator. The. output
of the mixer stage, which is the difference or final error
frequency, is taken to a phase -splitting network and is then
used to operate a four -phase impulse type of motor which
controls the second frequency change oscillator.

As this system depends upon the direct comparison of
two frequencies, and the correcting system operates at a
speed proportional to the difference frequency, the overall
accuracy is very great and the final error is, for all prac-
tical purposes, zero.
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TABLE 1
Response of Sideband Filters

FREQUENCY

(fc = 100
(C/S)

000 C/S)

DISCRIMINATION
RELATIVE TO MEAN
INSERTION LOSS IN

PASSBAND
(Decibels)UPPER SIDEBAND LOWER SIDEBAND

fc - 350 and
below

fc - 200
fc - 100

fc + 350 and
below

fc + 200
fc + 100

Not less than 75

,, 45
If 25

FOR 6kc/s
BANDWIDTH

fc + 100 to
fc + 6 000
fc + 6 520
and above

fc - 100 to
fc - 6 000
fc - 6 520 and

below

Not more than
± 1

Not less than 75

FOR 3.5kcis
BANDWIDTH

fc + 100 to
fc + 3 500
fc 4- 4 020
and above

fc - 100 to
fc - 3 500
fc -4 020
and below

Not more than
± 1
Not less than 75

The Purpose of the A.F.C. gate valve is to render the
A.F.C. circuits inoperative by noise when the carrier fades
below a certain predetermined level.

Group 2. Telegraph
A telegraph receiver designed for Group 2 working is

illustrated in Fig. 12 and the block diagram is given in
Fig. 13. The type title is HR.11.

It is designed like the HR.91 for double diversity recep-
tion of F.S.K. and on -off signals, but the change from one
circuit to another may be effected more rapidly. The
general facilities, oscillator stability and discrimination and
selectivity are slightly inferior when compared with the
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HR.91, but improved discriminators and A.F.C. performance
have been introduced so that values of shift down to 100c / s
can be successfully dealt with. An overall selectivity figure
of 500c/s is recommended when using the very low values
of shift, and, with this arrangement, adjacent transmissions
need not be spaced more than lkc/s apart. This, of course,
demands good transmitter stability and is probably achieved
most easily by using frequency modulated tones spaced lkc/ s
apart on one sideband of an I.S.B. transmission. For recep-
tion, the original carrier is ignored and a separate telegraph
receiver used for each channel.

SIGNAL FREQUENCY

The range of 3 to 27.5Mc/s is covered by four conven-
tional switched bands. Two stages of amplification are used
and the tuning is ganged.

The first oscillator is
separately controlled and for
reasons of stability covers the
limited frequency range of 2.7
to 5.2Mc/s, multiplying cir-
cuits being used to extend the
range to match the signal fre-
quency circuits. The maxi-
mum temperature coefficient
is about 10 parts in 106/°C.

As an alternative to the
continuously variable oscilla-
tor, crystals, up to a maxi-
mum of 6, may be plugged in
and selected by switch
control.

FIRST I.F. AMPLIFIER
This is centred at 2.6Mc/s

to give good image signal pro-
tection and has a bandwidth
of approximately 10kc/s.

SECOND I.F. AMPLIFIER

Two crystal filters, centred
at 100kc/s, are connected in
series to provide the narrow
passband, one of the filters
being switched out of circuit
when the wide passband is
required. There are two
editions of the receiver, one
is fitted with filters to give
alternative passbands of lkc/s
and 2kc/s, and the other
edition uses different filters
which provides alternative
passbands of 0.5kc/ s and
lkc/s.

Fig. 14 shows the response curves of the three filter
arrangements. Care has been taken to obtain good tran-
sient responses, especially in the case of the narrow filter.

ON -OFF SIGNALS

For on -off signals the output of each 2nd I.F. amplifier is
taken from a power amplifier stage to a diode detector, the
outputs of the two detectors are combined in a common
load in the conventional manner. Two independent current
outputs of 30-0-30mA are provided so that the simultaneous
operation of an undulator and a teleprinter, or two tele-
printers is possible.

F.S.K. SIGNALS
For F.S.K. signals, outputs from the 2" I.F. amplifiers

prior to the power output stages are changed to 10kc/s,
path selection is effected at D.C., but is controlled
by the signal levels at 100kc/s. By this means
greatly increased sensitivity and stability are obtained for

Fig. 12. The HR.11
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the signal and A.F.C. discriminators, and enables shift values
down to 100c/s to be successfully handled.

AUTOMATIC FREQUENCY CONTROL

The block schematic of the A.F.C. system is shown in
Fig. 15. An output at 10kc/s is taken to a separate limiter
and discriminator, the tuning of the latter being variable
in switched steps to cater for shift values of 100, 140, 200,
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Fig. 14. Filter responses (HR.11)

280, 400, 560 and 840c/ s. The use of intermediate values
may give rise to a slight amount of signal bias, but this is
easily corrected by adjustment of the bias control.

The D.C. output from the discriminator is fed,
modulator. A tone input at 400c/s is fed
simultaneously to the modulator and to
one winding of a two-phase motor, the
latter is mechanically coupled to a small
variable capacitor forming part of the tuned
circuit of the 2nd frequency change oscillator.

The tone output from the modulator,
which varies in magnitude and phase accord-
ing to the magnitude and polarity of the
discriminator output, is taken through a
gating stage to an amplifier and then to the
other winding of the two-phase motor. The
gating stage is keyed from the limiter in the
D.C. circuits, and prevents operation of the
A.F.C. system by noise or other causes during
long rest periods in on -off keying.

AUTOMATIC GAIN CONTROL
The A.G.C. system is adjusted to operate for

signals which are within 20db of the level
necessary to cause overloading, and is not
applied to the signal frequency stages until

to a ring
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the gain of the 18' I.F. amplifier has been reduced by 20db.
This latter precaution is necessary to avoid degrading the
signal-to-noise ratio.

A single switch provides simultaneous variation of the
A.G.C. intensity and time -constant so as to cater for various
types of keying and degrees of fading.
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Fig. 15. Automatic frequency control (HR.11)

By adding an extra unit, the HR.11 receiver may be
adapted for the reception of two channel frequency shift
or Diplex signals. The block schematic is then as shown in
Fig. 16.

Group 2. Telephone
The companion to the HR.11 for telephony working is

is shown in block schematic form by Fig. 17. The type
title is HR.21. The circuit arrangement is similar to the
HR.93 except in the following respects :
1. The H.F. circuits are ganged for tuning purposes and

conventional range switching is used.
2. The frequency stability of the 18' oscillator is slightly

inferior, it varies between five and ten parts in 108/ °C

Fig. 16. Inc usion of diplex on the HR.11
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over the frequency range. The setting accuracy too, is
inferior.

3. There is no tuning oscillator since tuning of the ganged
R.F. circuits is comparatively easy.

4. The first I.F. amplifier is centred at 2.6Mc/s so as to
maintain a good image signal protection in spite of any
small ganging inaccuracies which might exist.

5. Provision is made for one bandwidth only, 6kc/s being
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the receiver is thus eminently suitable for all but the most
difficult telephony transmissions.

Group 3. Telegraph
A telegraph equipment to deal with the easy circuits

classified as Group 3 need only be comparatively simple in
character, and relatively cheap to manufacture. There is,
sometimes, a tendency to condemn such an equipment when
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Fig. 17. Simplified diagram of the HR.21
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adopted as the standard for both upper and lower side -
bands, 3-5kc/ s filters may be fitted instead if required.
The performance of the filters is identical with those
fitted to the HR.93.

6. Sideband A.G.C. is not provided.
From the foregoing it will be appreciated that the changes

are largely in the nature of facilities and that the overall
performance is only slightly inferior to that of the HR.93,
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it fails on the more difficult circuits, but a little thought
will show that this criticism is unfair.

A simple form of double diversity recording unit is
shown in schematic form in Fig. 18 and illustrated in
Fig. 19. The type title is HU.12. It is intended for opera-
tion with two communication type receivers and its per-
formance, as may be expected depends to a large extent
on the frequency stability and selectivity of the particular
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Fig. 19. The HU.12

receivers used. No modifications are necessary
receivers.

to the

F.S.K. OPERATION

The B.F.O. of each receiver should be offset from the
mid -frequency of the I.F. amplifier by
2.5kc/s and the L.F. gain controls set so that
the receiver output level as determined by
the A.G.C. system is about + 5dbm. The mini-
mum input level to record is about - 25dbm
so that the equipment will handle quick
fades of the order of 30db. 0,

To minimize the effect of receiver drift a
wideband discriminator is used, the output
being capacitively coupled and clamped by
a D.C. restoration circuit. As a result, the
signal may drift ±800c/s before retuning is
necessary, but a preliminary warning is
given by a simple flashing neon light system.

Combination of the two received paths is
effected at D.C. and is controlled by a selector
operated by the signal levels before limiting.

The equipment will handle frequency shift values between
400 and 1 000c/s the maximum keying speed is 120 bauds,
but the keying filters may be switched to give optimum
noise protection at normal teleprinter speed.

ON -OFF OPERATION

It will be seen that the circuit adopted is conventional,
diversity combination of the signals is achieved by the use
of a common load for the two bottom bend detectors.

The receiver output may be centred at 1 000c/s in the
usual way or may be adjusted to 2 500c/ s to facilitate
change -over from on -off to F.S.K. reception.

Group 3. Telephone
A Group 3 telephony receiver is illustrated in Fig. 20 and

shown in block diagram form in Fig. 21.
It will be noticed that the circuit follows a conventional

S.S.B. practice, but the mechanical size is that of a normal

communication type receiver. This has been achieved by
relaxing the performance somewhat in the following
respects:
1. The signal frequency and variable oscillator circuits are

ganged.
2. Provision is made for the reception of one sideband

only; this, however, may be switch selected.
3. The skirts of the response curve of the sideband filter

are not so steep as for the HR.93 and HR.21.
4. The overall frequency response is not so good.
5. The first oscillator stability is of the order of 30 parts

in 106/ °C.

BRIEF CIRCUIT DESCRIPTION

The signal frequency range of 2 to 30Mc /s is covered in
four switched bands and two stages of radio frequency
amplification are provided. The first frequency change
oscillator may be either variable or controlled by any one
of six crystals.

The first I.F. amplifier is centred at 1.6Mc/s and the
second at 100kc/s, the second frequency change oscillator

Fig. 20. The HR.22
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may be set either to 1.5 or 1.7Mc/s according to which side -
band is required.

The remainder of the circuit is obvious from the diagram,
responses of the sideband and carrier filters are given by
Figs. 22 and 23 respectively. Provision is made for recon-
ditioned carrier only, and as this does not call for such
accurate tuning as in the case of local carrier operation,
the carrier filter is relatively wide.

Automatic frequency control is applied to the second
frequency changer through a reactance valve, which in
turn is fed from a crystal discriminator. Frequency drifts
up to ±3kc/ s are corrected to within 10c/s by this system.
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1.5 to 30 Mc's at Sea
By D. J. Spooner*

The allocation of frequencies for marine use, the operation of the British Area Scheme gad the
short-range radiotelephone system operated in British home waters are delineated and the manner in

which these facilities are used by the deep-sea trawler is described.

o'r HE International Radio Regulations, drawn up at
1 the International Telecommunication Convention at

Atlantic City in 1947, allocate for the use of ship stations
the following frequency bands between 1.5Mc/s and
30Mc/s:

For medium -range radiotelephony (and radiotele-
graphy to ships with qualified operators) 1.6Mc/s to
3-7Mc/s. This is known as the Intermediate (LP.) or
Radiotelephony (R.T.) band. For long-range radiotele-
graphy narrow bands in the region of 4, 6, 8, 12, 16 and
22Mc/s. These are known as the H.F. bands.
Radiotelephony is also permitted in parts of all except

the 6Mc/s H.F. band, but the facility is little used by any
except the larger passenger ships as a frequency tolerance
of 0-005 per cent, which is beyond the capabilities of most
marine transmitters, is imposed on radiotelephony trans-
missions.

The assignable H.F. radiotelegraph frequencies are
tabulated below :

BAND
(MC/S)

15 FREQUENCIES
PASSENGER
WORKING

9 FREQUENCIES
CALLING

98 FREQUENCIES
CARGO

WORKING

SPACING WIDTH SPACING WIDTH SPACING WIDTH
(kc/s) (kc/s) (kc/s) (kc/s) (kc/s) (kc/s)

4 2.5 40 1.0 8 0.5 48.5
6 3.75 60 1.5 12 0.75 72.75
8 5.0 80 2.0 16 1.0 96.0

12 7.5 120 3.0 24 1.5 145.5
16 10.0 160 4.0 32 2.0 192.0
22 10.0 144) 5.0 40 2.5 122.5

 The frequency tolerance demanded of radiotelegraph
stations is 0.02 per cent which, it will be noted, is somewhat
greater than the spacing of the cargo working frequencies.
However, it is believed that, by assigning frequencies in
rotation to the thousands of ships involved, interference
will be avoided and better communications result.

A ship is assigned a minimum of one calling and two
working frequencies in each of the H.F. bands. In the first
five bands frequencies are assigned in harmonic sequence;
so from three crystals oscillating in the region of 2Mc/s
it is possible to derive a total of 15 frequencies. If the
22Mc/s band is used, a further three crystals are required.

Only keyed -carrier emission is permitted in the H.F.
radiotelegraphy bands and the power radiated must not
exceed 1kW.

These are the facilities allocated, by international agree-
ment, to ship stations. The manner in which they are to
be used by British ships is laid down in The Merchant
Shipping (Radio) Rules, 1952, and in the Notices to Ship
Wireless Stations issued from time to time by the General
Post Office.

The Radio Rules are issued by the Minister of Transport.
They divide British shipping into three classes and pre-
scribe the nature of the equipment to be carried by each.

Class I includes all mechanically propelled ships which
carry 250 passengers or more and are at sea for 16 hours or
longer between consecutive ports.

Class II includes passenger ships other than those of

 Redifon Limited.

Class I and cargo ships of 1 600 tons gross and upwards.
Class III ships are those of 500 tons and upwards, but

of less than 1 600 tons.
The Rules do not apply to ships not propelled by

mechanical means, cargo vessels of less than 500 tons,
pleasure yachts or fishing boats.

Ships of Class I and
Class II are required to
carry a main transmitter
and an emergency trans-
mitter -both operating in
the medium -frequency
band, and a receiver
covering the frequencies:
15kc / s to 20kc / s and
100kc/s to 25Mc/s.
Ships of Class III are
required to carry a radio-
telephone installation if
they are not equipped
with a medium -frequency
radiotelegraph installa-
tion.

Although the fitting of
H.F. transmitters and of
R.T. equipment (except in
the case of certain ships
of Class III as men-
tioned above) is volun-
tary, to ensure that the
available ' facilities are
used to the maximum
advantage of all, the
nature of the equip-
ment to be carried
is prescribed. Before
their apparatus may be
fitted to any ship, manu-
facturers must submit it
to the Ministry for type
approval. To obtain a certificate of type approval, .the
apparatus must pass a series of tests to ensure that
it will not, because of inadequate performance, waste the
time of the coast stations or of other shipping.

For the purposes of long-range ship -shore communica-
tion by British ships, the world has been divided into a
number of areas. Each area is covered by an area trans-
mitting station from which traffic for British registered
ships is sent during six schedules daily. These schedules
are at the same times (G.M.T.) inall areas.

The area stations are:
TRANSMITTING STATIONS

Portishead
Capetown
Ceylon
Wellington
Vancouver
Sydney.
Singapore
Halifax

Transmitter type G80 for
deep-sea trawlers, etc.

405-525kc/s c.w. & M.C.M.
1.6-3.7Mc/s c.w., M.C.W. & R.T.
4, 8, 12, 16Mc/s c.w.

RECEIVING STATIONS

Portishead
Capetown
Ceylon and Bombay
Waiouru and Awarua
Vancouver
Sydney
Singapore and Hong Kong
Halifax
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A traffic list, in alphabetical order of call signs, is sent
at the beginning of each scheduled period. This is followed
immediately by the transmission of the relative radio -
telegrams. Unless acknowledgment is received from the
ship to which it is addressed, a radiotelegram is repeated
in each of the five succeeding schedules.

In order that traffic may be routed through the correct area
station, the latest information about shipping movements is
essential. Ships are, therefore, required, when entering or
leaving port or when changing areas, to notify the area
station of their movements.

A ship wishing to communicate with a shore station
must first call the station on the appropriate calling
frequency. If an answer is not received within a short
time, the call must be repeated. If the call remains un-
answered, other receiving stations may offer to accept the
traffic on behalf of the station being called. This does not
affect the charge for the message because no charge is
made for relaying messages from one area station to another.
Thus, a ship wishing to send a radiotelegram to an address
in London might call Portishead but might be answered
by Capetown who would take his traffic and forward it to

An approved receiver for compulsorily fitted ships (Redifon
type R5OH)

Portishead, over the point-to-point radio network linking
the area stations.

Having established contact with the area station, the
ship's operator announces the working frequency on which
he wishes to work. If this is agreeable to the area station,
he is instructed to change to that frequency and send his
traffic. Traffic is never sent on the calling frequency.

Around the coasts of the United Kingdom a short-range
radiotelephone service is operated by the following coast
stations:

Wick Radio
Stonehaven Radio
Cullercoats Radio
Humber Radio
North Foreland Radio

Niton Radio
Land's End Radio
Seaforth Radio
Portpatrick Radio
Oban Radio

The calling and distress frequency for this service is
2 182kc/s. Nine frequencies between 2 009kc/ s and
3 373ks/c are allocated for the use of ships working with
coast stations; each frequency being designated by a
Channel Number. In general, a ship is assigned two
channels. A further six frequencies are allocated for inter -
ship communication.

Coast stations transmit traffic lists from four to six
times daily, at fixed hours, on their working frequencies,
after a preliminary announcement on 2 182kc/ s.

A ship wishing to pass traffic to .a shore station calls the
station on 2 182kc/ s indicating that he has a message to
transmit on, say, Channel 2. The shore station replies on
2 182kc/s, telling the ship to transmit on Channel 2 and
listen on . . . kc/ s. Traffic is then passed on these
frequencies.

There are three internationally agreed casualty and warn-
ing signals which are normally sent on 2 182kc/ s. These are :

Use of Signal

Sent three times when a ship is in
danger and requires immediate
assistance.
Sent three times to indicate that a
very important message is about to
be sent concerning the safety of a
ship or of some person on board.

" SECURITE " is the Sent three times to indicate that a
SAFETY SIGNAL gale or navigation warning is

about to be transmitted.
Ship stations are expected to listen on 2 182kc/s for dis-

tress calls for three minutes at the beginning of each hour
and half-hour. Coast stations are, of course, listening con-
tinuously on this frequency.

The urgency signal " PAN " followed by the word
" MEDICO " is used to initiate a call for medical advice. A
ship requiring medical advice may obtain it through any
coast station. Where the request is made in the form of
a message, the coast station passes it to the appropriate
medical authority, whose reply is transmitted by the coast
station to the ship. Where the radiotelephony " Link "
service is available, the Master of the vessel may, if desired,
be connected by telephone direct to the medical authority.
No charge is made for this service.

Telephone communication with any shore subscriber
(Link Service) may be obtained through any of the coast
stations if within sufficiently close range. The maximum
range at which link calls are accepted is, nominally, 150
miles, but with suitable equipment and under favourable
conditions, calls can be made over much greater distances -
500 miles or so.

The procedure for making a link call is as follows :
(a) Ship calls the coast station on 2 182kc/s stating "Tele-

phone call channel . . . "
(b) Coast station replies on 2 182kc/s and indicates the

frequency on which it proposes to work.
(c) Ship transfers to the stated channel frequency and

gives the name of the telephone exchange and
number required.

(d) Coast station replies on the working frequency.
(e) Ship remains on watch until the telephone sub-

scriber is connected or the coast station gives other
instructions.

A subscriber wishing to communicate with a ship books
his call through his local telephone exchange stating, if
possible, the name and telephone number of the coast
station with which the ship is expected to be in contact.
The ship is then notified in the next traffic list that the call
is booked.

To avoid the delay in making contact with the ship, the
introduction of a selective calling system is under considera-
tion. This would use a combination of audio frequency
tones to actuate automatic alarm devices in individual
ships.

In addition to the radiotelephone service, Wick Radio,
Stonehaven Radio, Humber Radio and Oban Radio operate
a radiotelegraphy service in the R.T. band and two
frequencies are allocated for inter -ship radiotelegraphy.
Wick Radio also provides a radiotelegraphy service on the
4, 6, 8 and 12Mc / s H.F. bands for the benefit of fishing
vessels.

Signal

" MAYDAY " is the
DISTRESS SIGNAL

" PAN " is the
URGENCY SIGNAL
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These are the facilities available to British shipping. How
are they used by the various classes of ships ?

Large passenger ships make use of the whole range of
facilities and the volume of traffic they handle, concerned
not only with the working of the ship, but with the private
and business affairs of the passengers, is enormous. From
one of the trans -Atlantic liners it is possible, at any time
during the crossing, to put through a telephone call to a
subscriber on either side of the Atlantic. This traffic is
now being handled by multi -channel single-sideband equip-
ment. To enable the ship's newspaper to be produced,
news is received by teleprinter and pictures by facsimile.

Most ocean-going cargo ships carry transmitters cover-
ing the six H.F. bands and delivering between 50 and 500
watts to the aerial. They are thus able to communicate
with their owners from any part of the world and can be

SOW radiotelephone with D.F. for small fishing craft

diverted, at short notice, to pick up any cargo which is
available.

Many ships of this class are now being fitted with
medium -range radiotelephone apparatus. This is proving
to be a great, saver of time by permitting ships' officers to
arrange such matters as towage, fuel supplies, victualling
etc., by direct telephone conversation with those concerned,
while the ship is anything up to 500 miles from a port of
call.

Many of the larger cargo ships as well as passenger ships
are now fitting- wideband aerial amplifiers and a system
of concentric feeders to distribute entertainment pro-
grammes for the benefit of the crew. This system enables
any member of the crew to use his own receiver in his
cabin with the benefit of a really efficient aerial. Thus, the
array of broom -sticks and bits of wire protruding from
portholes, which were such an annoyance to ship owners
and such a vexation to radio officers when they used the
direction -finder, are no longer required.

The variety of craft using the R.T. band is legion and
ranges from compulsorily fitted Class III ships to small
fishing boats and private yachts. The aerial power of
their apparatus varies from two or three watts to a
maximum of 100 watts.

Unique among them all is the deep sea trawler; so,
in conclusion, its equipment and the manner in which it
is used will be described in some detail.

These ships sail to the Barents Sea and to Iceland and
the coast of Greenland but, although some of them run
to 600 tons and carry a crew of 27 hands, they are not,
as fishing boats, compelled to carry radio. In fact they
carry a radio installation more comprehensive than that
of most cargo vessels for they depend to a great extent
on their communication equipment for the size of their
catch and the price obtained for it when it is landed.

One form of transmitter, which is very popular, covers
the R.T. and M.F. and H.F. telegraphy bands. The whole
equipment is housed in a single cabinet approximately
two feet square and six feet in height. The power amplifier
delivers 100 watts of carrier power to the aerial circuit
on each band. Continuously variable frequency control
is provided on all bands. The equipment may be operated
either from the ship's 110 volt or 220 volt mains or from
a 24 volt battery supply.

Generally two communication receivers are fitted-a
main receiver, as type approved for use in compulsorily
fitted ships, and a stand-by receiver. The main receiver
covers 13kc/s to 26kc/s and 95kc/s to 32Mc/s. The stand-
by receiver covers 350kc/s to 8Mc/s.

Besides a medium -frequency direction -finder for naviga-
tional purposes, a direction indicator operating in the R.T.
band is carried. This gives a bearing accurate to within
about two degrees and is used for keeping track of other
vessels which are making successful hauls.

As these ships make use of the radiotelegraphy bands,
they must carry certificated radio officers.

A round trip to the Barents Sea or to Greenland takes
approximately three weeks-about a week each way sail-
ing to and from the fishing grounds and about a week
actually fishing.

On the way to the fishing grounds the duties of the radio
officer are not particularly arduous. Throughout the day
he will be occupied on the R.T. gathering information
about the fishing from other ships returning from the fish-
ing grounds. With many of these the skipper will talk via
the extension microphone in the wheel -house.

There will be weather reports to gather and traffic lists
to be taken. If his should be the commodore ship, two or
three times a day, at fixed times, he must collect reports
from all the other ships of the company's fleet and relay
them to the owners. By this means, news of the whole
fleet is conveyed to the owners in a single message which
costs far less than would individual reports since inter -ship
communication is free. This practice is also followed by
the companies operating fleets of tramp steamers.

These reports are sent in private code for the informa-
tion they contain may have a considerable effect on market
prices.

There will, most likely, be private messages to handle
for the crew for, as these men are ashore for only about
48 hours in every three weeks, much of their personal busi-
ness is conducted by radio. They find flowers ordered by
radiotelegram convenient for marking birthdays and other
anniversaries; if they wish to back a horse, that, too, can
be done by radio.

If the ship is bound for the Barents Sea she will probably
steam inside the Lofoten Islands from Harstad to Honnigs-
vag and pilotage will have to be arranged by radio.

All this, with the care of the radar, echo -sounders and
patent log, is enough to keep the radio officer pleasantly
busy throughout the day, but leaves him sufficient time for
meals.
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As the fishing grounds are approached the pace quickens.
The operator is now on duty for about 18 hours a day and
most of his meals are taken at his post. Both communica-
tion receivers as well as the direction indicator are con-
nected to. the loudspeakers and tuned to different parts of
the R.T. band to gather any hint of the presence of fish and
the operator must be ready, at a moment's notice, to take a
snap bearing on a successful rival. If the ship gets into a
good run of fish, the skipper may order wireless silence so
as not to attract other ships, but the listening watch will
not be relaxed until the hold is full.
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H.F. Airborne Communication Equipment
By G. L. Warner*

H.F. equipment is now the only means of long range communication between aircraft and ground.
The operational requirement for such equipment is discussed, leading to a brief description of a
typical equipment fulfilling the requirement. Future trends in H.F. airborne equipment are also

mentioned

THE use of the H.F. band as the principal means of long -
range communication between aircraft and the ground

has been continually increasing since the end of the last war
until the use of the M.F. band, which was previously pre-
dominant, has virtually disappeared. Apart from the major
consideration that communication in the H.F. band is more
reliable, this change is due to several other factors, chief
among these being the fact that M.F. transmitting equipment
is fundamentally more bulky than its H.F. counterpart, and
the R.F. voltages developed on the aerial system are such
as to render prohibitive their use in high -flying aircraft.

Before dealing specifically with H.F. communication
equipment, it is best to consider first some of the basic
requirements for any airborne radio equipment. These
are :-

(1) The equipment must be as light in weight and as
small in size as is possible without jeopardizing its
ability to withstand mechanical shock and vibration,
and also the ease with which it can be maintained.

(2) The equipment must be capable of being operated
with the minimum of controls. This is particularly
so in the case of equipment which has to be con-
trolled by the pilot of the aircraft, since in the first
place the pilot has no time to operate controls which
require precise adjustment, and secondly space in the
cockpit is severely limited, and the controls must
therefore be fitted into an extremely small panel
area. In some cases, it is necessary for the equip-
ment to be controlled from two distinctly separate
points, for instance by the pilot and by the radio
officer.

(3) Whatever its frequency band, the equipment should
offer a number of pre -determined spot frequencies so
that changes of frequency can be made in the mini-
mum of time.

The above are the three main requirements for a piece
of airborne equipment. Bearing them in mind, it is now
possible to consider the operational requirements for an
H.F. airborne communication equipment.

The equipment falls mainly into two classes : -
(a) For use in small aircraft of an all -up weight of the

order of 20 000/30 0001b.
(b) For use in large trunk -route type of aircraft.

The basic requirements for the two classes of equipment
are similar, the only difference being in detail.

Standard Telephones and Cables Ltd.

Operational Requirements for H.F. Airborne Communica-
tion Equipment

FREQUENCY BAND
The frequency laid down for H.F. airborne communica-

tions by the Atlantic City Convention is 2.8-18.1Mc/s. A
very great majority of frequencies lie in the band 2.8-
I2Mc/ s, and for small aircraft an equipment covering this
frequency band is usually adequate. Most communication
is carried out on the same frequency from ground to air
and air to ground. When differences in the two frequencies
exist, they rarely exceed 5kc/s, and only occur on
frequencies used for c.w. communication.

TYPE OF TRANSMISSION
Transmission and reception on c.w., m.c.w., and R.T.

signals is required. There is an increasing tendency towards
the use of R.T. for aircraft communications, some schools
of thought being directed towards converting all com-
munications to this class of service so that the equipment
can be operated by the pilot, thus obviating the need for a
radio operator. Whether these extra duties can, in fact,
be added to those which the pilot already has is not a
question which should be discussed here.

OUTPUT POWER
Operational experience has shown that for large aircraft

an output power into the aerial tuning system of some 100-
150 watts is adequate. It is also required that this power
should be capable of being modulated 100 per cent for
R.T. purposes. In modern high speed aircraft, however, it
is becoming increasingly difficult, if not impossible, to pro-
vide conventional fixed wire aerials outside the skin of the
aircraft. Aerials located within the contour of the aircraft,
while ideal aerodynamically, are less efficient electrically,
and therefore there may be a future need to increase con-
siderably the output power within the limits  of antenna
voltage on these types of aerials.

For smaller aircraft, the power of the transmitter is
governed by the available space, and a power 30-40 watts
into the aerial system is the usual compromise.

FREQUENCY STABILITY
The stability requirement of the Atlantic City regula-

tions for airborne equipment is ±0.02 per, cent. This
requirement makes the use of crystal control general. Until
recently, crystal control was only applied to the transmitter,
the receiver being continuously tuneable. In modern
equipment, with the trend towards simplified operation,
crystal control of the associated receiver is a normal
feature.
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Fig. 1. STR.18C 100 channel pilots remote control unit

NUMBER OF SPOT FREQUENCES
The number of spot frequencies which should be offered

is somewhat debatable. It is, however, generally accepted
that, with 150 channels available, an aircraft can fly to any
part of the world without the necessity of setting up new
channels.

REMOTE CONTROL
The equipment should be capable of being controlled

from a small unit not exceeding 8in high, 6in wide, and
2fin deep. Changing of frequency should be carried out
by the absolute minimum of controls. As mentioned
previously, in present-day large aircraft it is generally
necessary for control to be provided at two points. This
can be done either by installing two remote -control units
with a simple change -over arrangement, or by replacing
one of the control units with a set of controls on the front
panel of one of the main units with a similar change -over
arrangement. (Fig. 1 shows a typical remote -control unit.)

RECEIVER
The performance of the receiver should be equivalent to

that of a conventional high-grade communication receiver,
i.e. having a sensitivity of the order of 2,uV/m on c.w. with a
signal-to-noise ratio of the order of 20db, the important
difference betWeen a modern airborne receiver and its
ground counterpart being the economy in controls and
provision for remote operation. Some modern receivers
are fitted with a muting control which can be set to open
at a pre -determined signal level. This feature is thought to
be a very useful one for equipment operated by the pilot,

Fig. 2. STR I8C 100 -channel H.F. airborne communication equipment
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since it removes unwanted noise in the headphones when a
signal is not present. The facility is, however, of doubtful
value in an operatorrcontrolled equipment, since he may
well miss signals which are not sufficiently strong to open
the muting circuit.

POWER SUPPLY
The equipment should operate from the low -voltage

power supply which is available in the aircraft. This is
a nominal 27 volts n.c., which may vary between 22-29
volts under certain flight conditions. In new aircraft, how-
ever, this voltage is controlled over much narrower limits.

An equipment meeting a large number of the operational
requirements indicated above is shown in Fig. 2. The
equipment consists of five main units-: --

(1) The Receiver Drive Unit (Extreme left-hand unit in
Fig. 2) containing the receiver, the initial stages of the

Fig 3. STR.18C 100W transmitter unit

transmitter, and all the frequency -determining circuits for
both the transmitter and receiver. From this unit the equip-
ment can be set up on 100 spot frequencies without touch-
ing any other unit. Once these spot frequencies have been
set up, the equipment can be operated either from controls
on the unit or on R.T. only from a remote -control unit
intended for operation by the pilot.

(2) The Transmitter Unit (Fig. 3) containing the trans-
mitter penultimate and output stages, terminating in a

low impedance 70 ohm output. The
transmitter is inductance -tuned by
three variable inductors which are
ganged together, thus simplifying
the remote -control system and set-
ting -up procedure. The output of
the transmitter varies over the fre-
quency band between 100-200 watts.

(3) The Aerial Coupling (Fig.
4) comprising a r -network of
two variable inductors coupled
by any one of six capacitors.
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Fig. 4. STR.18C wire aerial coupling unit

(4) The Power and Modulator Unit (Fig. 5) containing
a rotary transformer operating from 27 volts input, giving
an output of 600 volts D.C. and 300 volts D.C., and a modu-
lator capable of modulating the transmitter 100 per cent
with some 10-15db of speech clipping.

(5). The Remote Control Unit (Fig. 1) containing those
controls required by the pilot to operate the equipment in
the R.T. condition only.

An equipment such as that briefly described above repre-
sents the contemporary method of splitting airborne equip-
ment into a number of units (an earlier version of the
equipment went further and had a separate receiver and
transmitter drive unit). Current American practice is to
have the transmitter, receiver and modulator in one large
unit without any external operational controls, with
separate power unit and aerial tuning unit, the control unit
being usually tailor-made to suit the aircraft. If two control
positions are required, this is provided by two control
units with a simple change -over switching device.

Future Trends
Future trends in H.F. airborne equipment come under

three broad headings. The first must obviously be towards

Fig. 5. STR.18C power and modulator unit
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an improvement in the " certainty rate " of establishing
communication. Secondly, increasing the flexibility of the
equipment so that an aircraft can operate in any part of
the world and always have the necessary frequencies avail-
able. Thirdly, the most important of all, towards greater
reliability of operation, the ultimate aim being that the
equipment can be installed in an aircraft with the certain
knowledge that it will go on operating satisfactorily for,
say, 1 000 flying hours without further attention.

CERTAINTY OF COMMUNICATION
Reliability of communication can come from an increase

in transmitter output power, and in the case of R.T. opera-
tion, improved or different systems of modulation. Con-
siderations of weight and power requirements and the high
aerial voltage involved make any increase in power above
300-400 watts impracticable in normal aircraft. Under
average conditions, it is not likely that any great improve-
ment will result from such an increase over the normal
100-150 watts. As far as improved methods of modulation
are concerned, the use of single sideband is being investi-
gated. Should any move in this direction be made on an
international basis, considerable improvement in R.T. com-
munication will result. Such improvements must, however,
be weighed against the increased complexity of the equip-
ment, particularly during the inevitable interim period
when both single and double sideband equipment have to
be carried. As an alternative, a good deal of work has
been done on speech clipping which effectively increases
the mean modulation depth. Results of tests on equipment
with some 10-15db of clipping show a very marked increase
of intelligibility in conditions of high noise level and/or
weak signals.

FLEXIBILITY OF EQUIPMENT
The ultimate requirement is that an equipment shall have

available every frequency which can be possibly ever
required. This means that the equipment must be capable
of transmitting and receiving a frequency every 0.5kc / s
throughout the recognized air frequency bands. To pro-
vide this facility would, however, make an equipment
extremely complex and expensive. Therefore, it would
appear that alternative equipment should be available, one
offering, say, 100 or 150 channels, utilizing one crystal per
channel, the other offering every likely channel and
employing some form of crystal -saving technique. To
satisfy the above, it seems likely that future trends in the
build-up of equipment will be a compromise between the
British and American systems, with one unit containing the
frequency -determining circuits, which would either be
frequency -synthesizing or single -crystal -per -channel type,
and a second unit containing all the other portions of the
transmitter and receiver plus the modulator. The power
unit and the aerial coupling unit would be separate units.
With an arrangement such as this, an airline operator
would carry a standard transmitter -receiver unit, and
would have a choice of which type of frequency -determin-
ing unit he carries.

RELIABILITY
Work is constantly going on with a view to improving

the reliability of equipment. The recent introduction of
" ruggedized " valves will do a great deal towards remov-
ing the principal source of trouble in airborne equipment,
i.e. early valve failure. The trend towards the use of A.C.
in aircraft means that it will be possible to operate all
motors in airborne equipment, i.e. tuning motors, fan
motors, etc., from A.C. instead of D.C. This will result in a
considerable increase in the reliability factor, due princi-
pally to the fact that no brush gear will be required. The
use of A.C. will also make it possible to dispense with D.C.
rotary convertors, and change over to static A.C. power
packs. All these factors have a very considerable bearing
on the overall reliability of the equipment.
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Radio Teleprinter Systems
By D. H. C. Scholes*

A great and increasing proportion of the world's communications is carried by radio teleprinter
systems, but the techniques involved have received little notice in the general technical press.
It is the purpose of this article to review the various systems of automatic radio telegraphy and
to discuss in general terms some of the technical problems involved. A commercially available
receiver terminal using the latest development-F.s.K. is described. The principle of operation of
the teleprinter is also briefly described because of the influence of the machine on the electronic

techniques developed for the various systems.

THE field of automatic radio telegraphy can be roughly
divided into two classes of operation-short distance cir-

cuits using ground -wave (where conditions approximate to
those obtaining with physical circuits) and long distance
operation. It is to this latter field that the major part of
this article is devoted.

It is thought that some readers, while knowledgeable
in the wider field of radio and electronics, may not be
so familiar with the principles of automatic telegraphy
and the liberty is taken of digressing briefly for their
benefit before coming to the radio aspect.

In telegraphy the intelligence is conveyed in the form
of a series of " characters " each corresponding uniquely
to a particular letter, figure or sign. These characters are
made up of two classes of signal designated " marks "
and " spaces ". These are indicated either by the trans-
mission of signals of opposite polarity or by sending a
signal for " mark " and none for space." In the Inter-
national Morse Code (Fig. 1), the spaces are not really used
to convey intelligence, but to separate the characters and
the two types of mark signal of which they are composed.
These two signals are long and short " marks " the long
one or " dash " being three times the length of the short
or " dot ". The spaces between the dots and dashes of a
character are the same length as dots and those between
characters are of equal duration to dashes. As the
characters of the i.m.c. contain varying numbers of dots
and dashes, they are of varying length.

The system used for teleprinter operation (Fig. 2) is rather
different and is known as the " 5 -unit " code. Here again
the characters are composed of spaces and marks, but in
this case both play an equal part in conveying the
intelligence. All the characters in the 5 -unit code are of
the same length: they consist of a " start " signal (space),
five signals which may be any combination of marks and
spaces and correspond to the letter to be sent, and a
" stop " signal (mark). The transition from mark to
space throughout the character is virtually instantaneous
and each character therefore really consists of a con-
tinuous signal of varying polarity. Each mark or space
of the character is 20 milliseconds in duration, except the
stop signal which is 30.

The earliest method of radio communication was by
manual telegraphy using Morse and in the hands of skilled
operators this method can still provide more reliable
communication under adverse conditions than any other.
Even with skilled operators, however, speeds higher than
30 to 40 words per minute cannot be maintained and
with only moderate skill, the speed falls to 20 W.P.M.
or less.

The automatic morse system, where the transmitter is

* The Plessey Company Ltd.

keyed by a paper tape with punched coding and the
signal is received on a similar tape travelling under an
electromagnetically operated pen, has been successfully
applied to radio telegraphy with the object of eliminating
the skilled telegraphist and speeds up to 600 W.P.M. are
possible. This system is still in wide use, but for many
classes of traffic (such as aircraft movement messages)
where there must be the minimum delay between the
origination and receipt of messages and the transmission
must be undertaken by personnel whose skill does not
lie in the direction of morse telegraphy, the auto morse
system, involving transcription of the received message

MARK
Fig. 1. Typical morse signal on auto-morse receiving tape

SPrE START

M RK I

TIME

I 2 3 4 5 STOP

I t 1

POINTS OF SAMPLING ,or selection)
Fig. 2. Typical teleprinter signal

from morse characters on a tape has obvious limitations.
It is here that the teleprinter comes into its own. Send-

ing is within the power of anyone who can work a type-
writer and receipt is direct on a printed page. Carbon
copies can be prepared simultaneously and in addition
the signal can be regenerated for re -transmission over
radio or wire at the initial (or any subsequent) receiving
station. For receiving the signal, no skill is required at
all-the teleprinter will continue to receive automatically
as long as it is fed with paper and ribbon. As the paper
is in long rolls rather than sheets, the machine needs quite
infrequent replenishment. The normal teleprinter is
limited by certain factors in its design to a maximum
speed of 66 W.P.M. which is, however, quite adequate for
most purposes.

As the problems of radio teleprinter operation are
intimately bound up with the limitations and methods of
operation of the teleprinter, a further short digression is
necessary here for consideration of these factors. The
operation of any key of the sending machine causes the
" start " space to be sent followed by the 5 code units
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corresponding to the letter, with the " stop " mark signal
completing the operation. These signals are sent out at a
rate which is controlled by a governed electric motor on
the machine. At the receiving end, the start signal con-
nects to a similar motor (governed to run at a speed
within >x per cent of the sender motor) a sampling mechan-
ism which applies itself to the incoming signal at a time
corresponding to the middle of each code unit with the
object of determining whether that unit is a mark or a
space. It will be obvious that the virtual identity of
speed of sending and receiving motors is essential to
ensure that the sampling is done correctly. It is only
necessary to ensure synchronization holding for the
duration of one character as the sending and receiving
mechanisms are always started in step by the start signal.

A moment's consideration will show that any inter-
ference by the transmission medium with the time of
arrival of the signal elements may combine with errors
in the timing of the sampling to cause the receiving
mechanism to interrogate at a time after the start signal
which should correspond to the centre of a particular
element but at which time the element in question has
either not arrived or has terminated.

Other sources of similar error are rounding of the pulses
(causing the receiving relay to be in the correct position
for less than the allocated 20 milliseconds and thus
reducing the margin allowed for error in the moment of
sampling) and excessive sharpening of the pulses which
may result in their containing too little energy to drive
the receiving relay to its correct position. The vagaries
of radio propagation over long distances are capable of
producing all these effects and it is to their mitigation that
the techniques used in radio -teleprinter operation are
mainly devoted.

Finally, teleprinters can be used on either " single
current " or " double current " working. The receiving
relay is of the polarized type and if so adjusted, that
there is no particular restoring force to either the mark
or space position, it can be driven in either direction by
the sending of signals of appropriate polarity by the
transmitting machine. In single current working the
sending machine applies a voltage to the line for mark
and none for space. In this mode of operation the
receiving relay is biased by applying a voltage of suitable
polarity to hold it to space when there is no voltage on
the line. This bias voltage is made equal to half the
signal voltage to give symmetry of operation. When a
sending machine is running but not sending it applies a
continuous mark signal to the line. In double current
working, a negative polarity corresponds to mark and
positive to space. Teleprinters are so designed that
reception of mark for a given length of time will switch
off the receiving motor automatically and the reception
subsequently of a calling signal will cause the motor to
restart.

The main methods of conveying teleprinter signals by
radio are: -

1. On -off keying of the carrier.
2. Radiation of different carrier frequencies for mark

and space.
3. On -off keying of a single audio modulating tone.
4. Modulation at two different audio frequencies for

mark and space.
Systems 2, 3 and 4 are known as frequency shift, single

tone and two tone respectively. Systems 1 and 2 are nor-
mally restricted to H.F. working, while the others can be
applied either to H.F. or to short range working on V.H.F.
or U.H.F.

In all these systems the received signal is either already in
the form of an audio tone or is converted into such a form
by a heterodyne system. This enables the signal to be passed
through narrow audit filters to improve the noise factor.

Because of the use of this method, the c.w. on-off and F.S.
systems are not suitable for V.H.F. and U.H.F. working. The
direct relation between carrier frequency and audio note
inherent in the heterodyne method would mean such wide
variations_of note frequency with carriers of any reasonably
attainable stability that the filters would have to be so wide
to avoid rejecting the signal that they would contribute
nothing to the noise factor of the system. Single and two-
tone working, where the note stability is dependent only
on the stability of the generating oscillator, are more prac-
ticable for V.H.F. and U.H.F., but they have definite draw-
backs for H.F. as will be shown later.

Single and two-tone teleprinter signals can, of course, be
transmitted over any link which will accept audio modula-
tion and are consequently applicable to A.M., F.M. or pulse
systems. In addition with these systems, any appropriate
method of line telephone channelling can be applied to
radio links of suitable bandwidth to provide multi -channel
teleprinter operation over one R.F. circuit.

Coming now to the main subject of long distance work-
ing, consider the case of c.w. on -off transmission. This
corresponds roughly to single current working in that the
two states are " signal " and " no signal " and consequently
" bias " must be introduced at the receiving end. This
immediately introduces a problem in that the bias has to
have a value as near as possible to half the mark signal
level. The use of fixed bias as on wire circuits is obviously
not appropriate in the conditions of wide variation of signal
level experienced on the H.F. band. This drawback would
not be so serious if the received signal were composed of
rectangular pulses, but in practice the edges of the pulses
slope to a greater or lesser extent and this slope can be
both great and variable. A little consideration will show
that the application of fixed bias to a sloping pulse edge
will have the effect of shortening the mark pulse relative
to the space or vice versa according to the relation at the
time between signal and bias levels. In bad cases, it
could, of course, lead to the complete suppression of mark
or space signals. This, as shown earlier, will cause wrong
sampling and consequent misprinting.

At first sight it might appear that the use of A.G.C. to-
gether with automatic bias -level adjustment would com-
pletely cure this fault, but it will be seen that as some
characters can consist of all or nearly all space pulses the
time -constants of both A.G.C. and bias control circuits must
be long enough to hold steady during such a character.
Under these conditions, very rapid fading, which is quite
common, will not be compensated, parts of a character
will still suffer distortion and misprinting will frequently
occur. It will thus be seen that c.w. on -off keying has its
limitations. The use of dual or preferably triple -diversity
reception is essential if reliable long distance communica-
tion is to be approached by this system as this method
gives the best protection against rapid fading in the absence
of any material help from A.G.C. Also diversity reception
is indicated to combat deep fades which may take the
signal below noise level at any particular aerial site, in
which circumstances A.G.C. will, of course, be of no avail.

Both the on -off system and frequency -shift present the
same problems in connexion with transmitter stability and
receiver frequency -change and beat -frequency oscillator
stability when very narrow audio filters are used because
of the danger already alluded to of the tone frequency
wandering outside the filter pass -band. It is common prac-
tice now to use temperature controlled crystals for all
oscillators. The somewhat lower stability needed for the
B.F.O. does, however, enable a variable free oscillator to
be used to enable adjustment of the note to filter centre -
frequency to be made in setting up a circuit.

In the on -off system the audio note is passed through a
filter as already described and is then rectified and applied
through a relay or valve keyer to the receiving teleprinter
The filter must not be so narrow that it appreciably rounds
the signals and for normal teleprinter signals a bandwidth
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of 100c/s seems to be the optimum. Care must also be
taken in the design to see that the filter does not ring at
the keying speed used. Because of the use of bias the effec-
tive signal power in this system of working is only half
that corresponding to the signal at the receiver aerial.

Single -tone working with a conventional A.M. transmitter
on H.F. suffers in the main from the same drawbacks as
c.w. on -off. However, the carrier is now present all the
time and this enables the A.G.C. and bias level problems to
be simplified as these circuits can now have fast time -
constants. The transmitter conditions, however, are now
much more severe than for telegraphy as the carrier must
be on all the time. As the modulation is keyed the opera-
tion does not quite impose a continuous 100 per cent
modulated condition as well, but as the intelligence is now
conveyed only by the sidebands, modulation level must
be kept as high as possible. In order to compare the service
likely to be afforded by this system with that by a c.w.
on -off circuit, consider a transmitter having a power output
at 100 per cent modulation the same as the carrier power
of the c.w. transmitter. The power available for conveying
the signal, residing in the sidebands only, is half this and,
in fact, the comparison is rather worse in that it is only
the power in one sideband which contributes to the noise
factor of the system. In single tone working as in on -off
c.w. the use of bias further reduces the effective signal.
From the foregoing account, it will be appreciated that
single tone is not really suitable for H.F. working. On
V.H.F. with F.M. apparatus, of course, most of the objec-
tions connected with modulation are overcome, but we are
still left with a single current system with its attendant
reduction in effective signal strength.

Passing to two-tone working, we now consider a double -
current system for the first time. In this case there are
signals corresponding to both mark and space, the receiv-
ing relay is positively driven in both directions and no bias
is needed. This has the two -fold effect of removing the need
both for automatic bias adjustment and for wasting half
the signal in overcoming the bias. The presence of a con-
tinuous audio signal (remembering that the transition from
mark to space is virtually instantaneous) enables a limiter
to be used in the two-tone receiving system with resulting
improvement in constancy of signal level and possibly
some improvement in noise factor. In the case of H.F.
working, two-tone clearly has advantages over the systems
already discussed and is, in fact, widely used. The condi-
tions as far as the transmitter is concerned are, however,
the most severe of all, corresponding as they do in con-
tinuous send with continuous 100 per cent modulation.
On V.H.F., F.M. systems this trouble does not arise and
two-tone affords the most satisfactory operation. Even
with A.M. systems on V.H.F the problem is not serious as
the transmitter power is in any case quite small and any
but the most parsimoniously designed transmitter is
generally capable of continuous operation.

The objection to the waste of the carrier power which
applies to both the tone systems on H.F. can be met by the
use of two tone on single sideband but a few moment's con-
sideration will show that this is virtually a frequency shift
system.

It is worth remembering again at this stage that the tone
systems do not call for any special precautions in con-
nexion with frequency stability of the R.F. circuit and
consequently they require less specialized radio systems
provided a few simple precautions are observed. The
frequency shift method, which will be considered next,
does require both special transmitting and receiving
apparatus to ensure the best results. The results do, how-
ever, appear to justify the extra complication.

Frequency shift operation is one of the more recent
developments in radio teleprinter working and is really an
F.M. system, although the signal is conveyed by the ampli-
tude of the frequency deviation rather than the frequency
at which the deviation takes place.

In this system one carrier frequency corresponds to
" mark " and another, a few hundred cycles different, to
" space ". Experience has shown so far that the change
between mark and space should be arranged through the
smooth alteration in the frequency of one driving oscil-
lator rather than an abrupt change of drive from one
oscillator to another on a different frequency. It will be
seen that F.S.K. is a double current system like two-tone,
but that it has the added advantage of being a c.w. system
which enables all the power radiated by the transmitter to
be usefully employed. It has, in addition, the advantage
over the other c.w. system that the carrier is always present
for control of A.G.C. Limiters can be used, as in the case
of two-tone.

Comparing the F.S.K. system with the c.w. and two-tone
systems it is found :

1. Versus c.w. on -off it has the advantage of coherent
carrier and double -current working. By addition
of a drive unit F.S.K. can be applied to an existing
telegraph transmitter (al hough this may need de -
rating to allow for the new continuous key -down
condition). Use of F.S.K. will also probably result
in lower distortion of the signal elements than in
the case of on -off keying (which is usually done at
low level and subjected to considerable distortion by
subsequent class -C amplifiers). At the receiving
end, a substantial quantity of extra equipment will
be needed, although if the on -off system employs
stable frequency -change and beat -frequency oscil-
lators, these will serve equally well for F.S.K.

2. Versus two-tone it has the advantage of a c.w.
system of wasting no power in a carrier which con-
veys no intelligence. The conversion of an on -off
transmitter to two-tone i also virtually impossible
except by the addition of an expensive high power
modulator. In this case also, the c.w. transmitter
would have to be derated to allow of continuous
key -down with the added stringency of a con-
tinuous 100 per cent modulated condition as well.

Practical tests have also shown that F.S.K. appears
to show marked advantages in the presence of selec-
tive fading and that dual diversity with F.S.K. gives
as great an improvement as triple with other systems.

The system has several technical difficulties and of these
the major one is the need for exact agreement between the
mean point of the transmitted mark and space frequencies
and the receiver oscillators. Automatic frequency -control
of the receiver can be used but this is subject to the severe
limitation of danger of capture by unwanted interfering
signals in the congested H.F. band. The need for this high
degree of synchronization arises from the fact that any
shift of the centre -frequency will have a first -order effect
on the mark -space ratio and a small drift will cause serious
telegraph bias distortion. In the case of on -off keying small
frequency drifts will only cause changes in amplitude whose
effect will be of the second order only on bias distortion
provided auto bias control is used. This factor in the case
of F.S.K. is more of a technical problem than a system defect
and the use of very stable oscillators throughout gives a
complete and quite practical solution.

In F.S.K. reception, the final extraction of the teleprinter
signals can be achieved either by the use of a B.F.O. at I.F.
with subsequent resolution of ff.: mark and space elements
by two audio filters or a discriminator or, by converting the
signal to a low I.F. frequency such as 20kc/s and using a
discriminator at I.F. frequency. The relative advantages of
filter versus discriminator methods are the subject of much
controversy, especially in respect of which system is more
tolerant of centre -frequency drift of the signal. The dis-
criminator does appear to have the advantage that no limi-
tation arising from filter ringing is placed on signalling
speed.

The discriminator system will all accept a wider range

ELECTRONIC ENGINEERING 258 JUNE 1954



of " shifts " (mark -space frequency ,spacings) and is, there-
fore, more flexible but this can be .paralleled in the filter
system by the use of switched or plug-in filters. Filters
would appear to be rather more satisfactory in the miti-
gation of the effects of noise.

A table is given below showing very roughly the relative
effectiveness of the various systems discussed for use on
long-range H.F. circuits. The figures represent equivalent
radiated power necessary for the same degree of circuit
reliability. Auto-morse and telephony are also included
for comparison. It is realized that the relation can never
really be as simple as shown because of the large number

Fig. 3. Four channel dual diversity F.S.K. receiver (Plessey)

of factors contributing to the " goodness " of the circuit
but it is thought that this simple comparison, based, as it is,
on considerable field work over a number of years will be
of some slight value.

Manual Morse (c.w.) 0db
T.P., F.S.K. + 7db
Auto Morse (c.w.) + 10db
T.P. two-tone + 10db
Voice (A.M. 100 per cent mod.) + 14db
T.P. single tone + 16db

NOTE: No data on 2 -tone S.S.B.
but probably about the
same as F.S.K.

In conclusion, it seems appropriate to describe briefly
a frequency -shift receiving system as representative of the
latest system of radio teleprinter operation in regular
service. It is worthy of note in passing that on the
operational side, systems are being introduced which will
enable the automatic routing of teleprinter messages to
different destinations by the use of switching devices at,
the main receiving terminals actuated by code groups pre-
fixing the messages.

The equipment to be described, which is illustrated in
Fig. 3 provides four separate dual -diversity , channels,
any two of which may be used on traffic simultaneously.

The eight receivers are fed from two aerial systems
via a multi -channel aerial amplifier having two indepen-
dent amplifier channels, each with 5 outputs.

A high frequency oscilla-
tor unit, employing closely
temperature con t r olled
crystals, provides four in-
dependent outputs for the
four receiver pairs.

Similarly, two beat -fre-
quency oscillators units, pro-
vide four independent crystal
controlled outputs. These
units also embody highly
stable free oscillators which
can be used as alternatives to
the crystals if extra flexibility
is required.

Diversity switching and
mark and space element
separation is accomplished on
each diversity channel by
a convertor unit. The con-
vertor units are of specialized
design and completely sup-
press the receiver which is at
any instant producing the
poorer signal. The rapidity
and effectiveness of this action
is such that change -over
can take place during a signal
element without introduc-
ing unacceptable distortion.
The convertor units also
contain the limiters and mark
and space filters and recti-
fiers needed to produce the
D.C. signals for teleprinter
operation.

The low level D.c. produced
by the convertors is passed
to the keyer amplifiers which
produce the higher level polar D.C. which finally
operates the teleprinters. The keyer amplifiers also embody
" mark -hold " circuits which produce a continuous mark-
ing signal to close down the teleprinters should the radio
signal fail. Restoration of a proper signal automatically
restarts the system.

Restriction of space has inevitably led to a rather
sketchy treatment of this complex subject, but it is hoped
that this brief survey will prove of interest to those readers
who are not familiar with the rather specialized and little
publicized field of radio telegraphy on which a great pro-
portion of the world's communications depend.

Fig. 4. Eight channel F.S.K. trans-
mitter drive unit (Plessey)
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Developments in Frequency Shift Keying
and Radio Teleprinter Systems

By A. G. Williamson*, A.M.I.E.E.

In the mechanization of telegraphic communications, equipment must be promoted which has a
lower error liability than that of the operator. Causes of errors due to printing machines and radio
path effects are examined and field test comparisons between various forms of diversity transmis-
sion are quoted. The degree of sideband emission in F.S.K. systems is mentioned and several
types of transmitting and receiving equipments briefly described. The importance of the type of

telegraph code used is stressed and various printing mechanisms described.

THE reasons for the choice of the 2-30Mc/s band for long
distance radio telegraph links and the attendant necessity

for changes of frequency at intervals of some hours and
at much longer intervals, are well known. Despite all
efforts, there are still periods when no traffic can be passed
and this means that the maximum possible use must be
made of the circuits when conditions permit.

The Armed Services use the same range of frequencies
for long and short distance links and in the latter case, Space

in addition to propagation problems, there are those set
by aerials which cannot be most efficiently sited and pos-
sibly by interference from other stations. Mark

Developments in radio telegraph systems have been
directed towards passing the maximum amount of intel-
ligence in the minimum time for the maximum number of
hours per day, using the minimum bandwidth and trans-
mitter power required for reliable service.

Reliability in this context refers to improving on the
performance of a highly efficient human operator who
makes one error in 10 000 characters'. Thanks to the
vagaries of the ether, the error rate in as many characters
on a normally good long distance H.F. link averages as
much as 15 and depending on the type of code used, can
lead to as many as 10 undetectable errors'.

The available bandwidth may be used for a single high
speed keying channel or divided in time or frequency into
a number of low speed channels. However the circuit
bandwidth is used, machine transmission of the intelligence
is inevitable, thereby introducing the problem of ensuring
that the signal received is not so distorted in the time
dimension that the receiving machine cannot translate it
correctly.

Telegraph Distortion
The effect of one form of telegraph distortion on the tele-

printer (British) and teletypewriter (American) will be con-
sidered. The same 5 -unit start -stop code in a slightly
different form is used in each case. In the British system,
the signals for each character consist of a positive start
signal of 20msec, followed by five signal elements, each of
20msec, and a negative stop signal of 30msec. As the
shortest element is 20msec in duration, the keying speed is
50 bauds corresponding to a keying frequency of 25c/s.

On receipt of a start signal, the receiving equipment is
rendered active for 130msec and then is passive until the
next start signal arrives, thus avoiding the necessity for
ensuring synchronization between sending and receiving
mechanisms over long periods. The actual process by which
the printer sets up to print the character is carried out in an
interval of 6msec in the centre of the 20msec element
interval.

Transmission systems can cause distortion which is
defined as the time by which any change -over is early or

Formerly Redifon Ltd.

late with respect to its correct position as measured from
the onset, expressed as a percentage of unit code element
length.

In Fig. 1 is shown the code for " S " and it will be

Eatly
Change -over

(al
Single Pole

7m std.. 7m sec.-* Late
6m sec Change -over

Distortion percentage-
x

x 100per cent
20

Fig. I. Teleprinter code for letter S

False
Element

Bias level for
o.c. circuit

----Pulse without noise
-Noise combined with pulse

Neutral
Level

Fig. 2. Effects of severe noise on signal after demodulation

apparent that, provided the desired change -over occurs
between two selection intervals, the correct character will
be printed. Thus the maximum distortion which a tele-
printer will tolerate is 35 per cent, but this assumes perfect
adjustment of the receiving mechanism and for safety, a
figure of 25 to 30 per cent should be taken as the limit.

Similar considerations apply in the case of the automatic
high speed (100 baud) receiving equipment although the
permissible distortion is more than 80 per cent.

Radio Path Effects Causing Telegraph Distortion
NOISE

The effects of noise on a signal after demodulation at a
receiver are shown in Fig. 2 for single and double pole
signals. It will be seen that noise can cause false signals
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and/or telegraph distortion in a single pole signal and
telegraph distortion in a double pole signal.

FADING
Fading of all frequencies of the signal in unison (flat

fading) can result in low signal-to-noise ratios and where
very narrow bands of frequencies fade independently tele-
graph distortion may occur.

MULTI -PATH EFFECTS
Though the signal may be launched so that there should

only be one path between transmitting and receiving aerials,
variations in the reflecting layers will give rise to other
and slightly longer paths.

For 3 000 mile links two and even three path conditions
are common, but for shorter distance working, two path
conditions will be more general. The maximum group time
delay regularly encountered on 3 000 mile links are of
2msec duration, but at the low frequency end of the H.F.
band greater delays may be encountered'.

Other Causes of Telegraph Distortion
Apart from distortion of elements and groups of

elements in the radio path, the shape of the element can
vary due to changes in wave shaping circuits, and changes
in oscillator frequencies, at transmitter and receiver.

Methods of Overcoming Fading and Multi Path -Effects
In using A.G.C. on radio telegraph receivers, difficulties

are encountered when the speed of the fade enters the
range of possible signalling speeds as can occur under
multi -path conditions.

To counteract these conditions use must be made of
schemes using a number of receiving aerials-space
diversity; or simultaneously transmitting a number of
frequencies for each signal element-frequency diversity;
or using a radio channel having a good performance in
the presence of multi -path fading effects-single sideband
systems. Use of two or three of these methods together
is common, but there are factors governing the choice of
combinations. For example, long distance commercial
links may use receiving stations carefully chosen and of
considerable area, whereas Services stations may be mobile,
ship -borne or otherwise restricted in area. Where space
diversity is possible, two or three aerials spaced 5 or more
wavelengths apart feed separate receivers.

The gain of double over single and treble over double
diversity, depends to a large extent on the complexity of
the aerials employed. For example, in the case of simple
aerials, a gain of 10db for triple over double is claimed',
while for complex aerials the difference may only be a few
decibels'. In comparing results the method of combining
the outputs of the receivers should be considered.

Frequency Diversity
This may be divided as follows :
1. Transmitter diversity.
2. Frequency shift keying.
3. Phase modulated c.w. on -off.
4. 2, 4 and 6 tone A.M.
It is very difficult to compare the efficiency of these

systems as their performance is affected by signal-to-noise
ratio, speed of signalling, permissible distortion, details of
receiver circuit, frequency deviation used, frequency
stability of link and whether square or rounded signal is
transmitted.

TRANSMITTER DIVERSITY
This has been tested by RCA' by using two 1kW trans-

mitters at 15:49Mc/s at Bolinas, California, feeding two
separate rhombic aerials eight wavelengths apart. The
transmitters used frequencies differing by 200c/s and were

keyed at 30 bauds 850c/s shift. Identical filter type
receivers with I.F. bandwidth response 5db down at 900c/ s
were installed at three urban sites in New York anc
received transmissions from one and then two transmitters
alternately at 5 -minute intervals. The results of these tests
are shown below.

SITE

SiN RATIO
IN 17KC/S

BAND
db

ERRORS
1 TRANS-

MITTER

WITH
2 TRANS-
MITTERS

NO. OF
CHARACTERS

TRANS-
MITTED

RATIO OF
IMPROVE -

MENT

1 -5 to -16 201 13 10' 15.5 : 1

2 +6 to - 6 409 25 4.5 x 104 16.3 : 1

3 +9 to 0 65 2 8 x 108 32 :1

FREQUENCY SHIFT KEYING
In the purest form the keying is so applied to a single

oscillator that the shift between the mark and space
frequencies is smooth and in this case the signal may be
regarded as a frequency modulated carrier, the deviation
being the shift and the keying speed the modulation.
Typical values are 50 baud (25c/ s) working and deviation
of from 148-560c/s the lowest and highest shifts recom-
mended by the C.C.I.R. A more complex condition results
when the shift in frequency is obtained by switching
between two R.F. oscillators. Difficulty is experienced due
to transients arising from the sudden phase discontinuities
caused by the switching, and though filtering may be used
the' overall result is a system of higher inherent distortion.

For telegraph channels on which fading is experienced
the bandwidth permissible for Al (c.w. on -off) is five times
baud speed of keying, for Fl (F.S.K.) this is increased by
the amount of frequency shift (I.T.U. Atlantic City 1947).
While it may be difficult to meet this condition in an Al
transmitter, in F.S. working the sideband radiation is more
easily regulated. If the modulation index, i.e. ratio of
half total shift to keying frequency, is less than 0.5 there
will be two significant sidebands, i.e. greater than - 40db
below unmodulated carrier, and the bandwidth for sine
wave keying will be four times keying frequency. As the
modulation index is increased the sidebands of greatest
energy move away from the centre frequency and by using
a keying wave containing fundamental and harmonic at
one-third of the amplitude of fundamental instead of
fundamental only, the strongest sidebands may be moved
further from the centre frequency, but at the expense of a
slight increase in bandwidth8".

For example :

WITH 50 BAUD KEYING, 450c/ s SHIFT
Fundamental only:

Modulation index 225/25 = 9
Therefore number of significant sidebands = 13
Total band 26 x 25 = 650c/s
Strongest sidebands at ± 100 and ±-125c/s

Fundamental plus third harmonic at ;rd amplitude
Modulation index 225/(25 x 1.5) = 6
Therefore number of significant sidebands = 9
Total band 18 x 37:5 = 675c/s
Strongest sidebands at ± 187.5 and ± 225.0c/ s

These figures may be compared with the total band of
450c/s occupied by a 150c/s channel keyed at 100 bauus
with fundamental and third harmonic.

At the receiver the advantages of F.S.K. are that a signal
amplitude is transmitted continuously allowing the A.G.C.
to be more effective and limiters having a range of some
60db and acting in lmsec may be used. The limiter not
only removes amplitude variations due to flat fading, but
can be used in space diversity systems to discriminate
between the signal levels in two paths.

Field tests conducted by Cable and Wireless Ltd on the
London -Ascension circuit' showed that the use of F.S.K.
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gave an advantage of 10db over c.w. on -off using a single
receiver and an elementary receiving aerial. In field tests
conducted by RCA', F.S.K. on dual diversity reception
using gated I.F. combination gave a gain of approximately
1 ldb over c.w. on -off on triple diversity reception, at an
error rate of 0.1-0.5 per cent.

A theoretical analysis" of the advantages of various
receiving arrangements for on -off and F.S.K. signals of the
same keying speed, passing through an I.F. amplifier of the
same bandwidth in each case, gave the following in terms
of threshold signals :

RELATIVE SIGNAL-TO-NOISE RATIOS

c.w. on -off

c.w. on -off
followed
by 125c/s

filter

F.S.K. filter
detector
followed
by 250c/s

filter

F.S.K.
discriminator

followed
by 125c/s

filter

0db -6.8db -9.8db -14db

PHASE MODULATED C.W. ON -OFF
When the radiated pulse of R.F. is phase modulated by

about one radian, the following sideband distributions
occur:

Ratios relative to unmodulated carrier = 1.
Radian 0.5 0.75 1.0 1.4 1.5
Carrier 0.94 0.86 0.76 0.57 0.54
1st S.B. 024 0.34 0.44 0.54 0.56

2nd S.B. 0.03 0.06 0.11 0.20 , 0.22
3rd S.B. 0.005 0.01 0.02 0.05 I 0.06

The rate of modulation should be at least several times
the keying frequency and thus with high speed keying, the
use of a modulation angle greater than 1.0 would cause
significant third harmonic sideband occupying a wide band.

When received on an A.M. receiver, this type of modula-
tion has, in some instances, proved as good as F.S.K. even
on a link on which c.w. fading ratios of 30 to 40db were
observed. It is interesting to note that in field trials" this
superimposed phase modulation was applied to F.S.K. and
gave a 50 per cent improvement over a period when the
error rate was 1 to 2 per cent and for short intervals the
reduction was greater. Obviously, this phase modulation
applied to F.S.K. results in a transmission which occupies
a prohibitively wide frequency band.

2, 4 OR 6.TONE A.M.
On Double Sideband Transmitters

It may be said that the direct application to radio of wire
line type voice frequency telegraph systems with a view to
availability of equipment and compatibility started a
development, results of which seriously challenge F.S.K.
systems. Two-tone experiments led to the use of four -
tone, two tones per element. This was extravagant in trans-
mitted bandwidth and hence the application to s.s.B.
systems followed.
On Single Sideband Transmitters

Systems employing a separate A.F. tone for each element
(two-tone) when applied to the carrier of a S.S.B. transmitter
give an emission fundamentally identical with that given
by keying two R.F. oscillators whose frequencies correspond
to those of the sidebands. A general advantage of s.s.B.
systems is that the carrier can be reconditioned at the
receiver and used with a simpler A.F.C. than is possible with
a F.S.K. transmitter. Most s.s.B. systems carry at least one
speech channel and extra two-tone channels are added at
A.F. where required. Frequency stability (± 3 per cent of
shift) between channels is more easily obtained than if R.F.
two-tone channels were to be added.

The difficulties of effecting comparisons between various
systems have been mentioned, but a very useful approach
is made by use of the Post Office fading machine or

" artificial ether "12. In this equipment overall fading and
selective fading and multi -path effects with steady or vary-
ing noise can be studied.

The following comparisons were made at a signalling
speed of 50 bauds with a simulated two -path transmission.

Approximate Order of Merit in Terms of Telegraph
Distortion in the Presence of Selective Fading

ORDER
OF

MERIT

FREQUENCY-
SHIFT OR

TWO-TONE

FREQUENCY
CHANGE

C/S

SQUARE OR
ROUNDED
SIGNALS

METHOD
OF

RECEPTION*

1 r-)
k.

2{

3

4

5

6

FS
TT

'TT
TT
TT

FS

TT

TT

TT

850
850

840
600
600

120

120

120

840

S
S

S
S
R

f

R

R

R

FL
FL

A
AL
AL

FL

AL

A

A

 A = Two-fil ers-AM. detector. AL = Limiter -Two -filters -Ant. detector.
FL = Limiter -linear discriminator. t Total bandwith 200c/s at 6db.

These tests do not simulate s.s.B. transmission and hence
the following field tests made by Cable and Wireless do not
seriously compromise the P.O. results. In the Cable and
Wireless tests a system was used in which two S.S.B.
systems with opposite sidebands suppressed share the same
carrier frequency. On one sideband were three F.S.K.
channels of 150c/ s shift and on the other a two-tone
system using 680c/s and 780c/s.

With a signalling speed of 50 bauds, the average number
of times in the two minute period that the telegraph dis-
tortion exceeded 124 per cent on the two-tone channel was
six times that on F.S.K. when using a single receiver. When
using double diversity the F.S.K. was 18 times better. An
interesting feature of these tests was that on double spaced
diversity, 100 baud working, for a figure of 10 per cent dis-
tortion in the two minute period, reception on F.S.K.
receivers was four times better than when the S.S.B.
receivers were used.

Frequency Shift Keying Transmitters
These are standard in amplifier and power stages, but

the frequency determining stages differ as the frequency
tolerances applicable to fixed transmitters are 0.003 per cent
for the carrier and ± 3 per cent on the frequency shift
itself. In practice greater stability is desirable.

PULLED MASTER OSCILLATOR TYPE (Fig. 3)
A keying valve is used to shift the frequency of the

oscillator and if this valve is a cathode -follower placing an
inductance in series with a crystal, a satisfactory perform-
ance results2a.

PULLED LC OSCILLATOR AND FREQUENCY CHANGER TYPE
(Fig. 4)

The auxiliary oscillator is centred on 200kc/ s and the
master oscillator frequency chosen to suit the channel in
use. As it is not possible to shift the frequency of a
200kc / s crystal oscillator sufficiently, this oscillator must
be an LC type.

PULLED CRYSTAL OSCILLATOR AND FREQUENCY CHANGER
TYPE (Fig. 5)

The Redifon GK85 unit is of this type and by using
pulled crystals and a frequency changer, gives a higher
frequency stability than an LC oscillator type. This arrange-
ment also permits flexibility in the degree of shift and the
sense of the shift with respect to the carrier frequency.
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Frequency Shift Receiving Equipment
The receivers are very similar to high quality communica-

tion receivers in the early stages, but the stability of oscil-
lators, R.F. and I.F. stages must be very good. Alternatively,
any drift in these circuits must be corrected by an A.F.C.
system or compensation provided for these effects. By using
adaptors, existing communication type receivers can be
effective in F.S.K. links.

RECEIVING EQUIPMENT FOR SINGLE AERIAL RECEPTION

1. Filter Type Receiving Adaptor (Fig. 6)
The final I.F. output is heterodyned with an A.F.C. con-

trolled B.F.O. and the output fed through a limiter to four
narrow -band filters. Two of these select the code elements
while the other two, spaced about 1 element by the permis-
sible drift frequency, provide the A.F.0 control.

MASTER

OSCILLATOR

KEYING
VALVE

CRYSTAL MAST-
ER OSCILLATOR

R.F.

AMPLIFIER
POWER

AMPLIFIER

Fig. 3. Pulled master oscillator

KEYING
VALVE

KEYING
WAVE

SHAPER

MODULATOR
BALANCED HTo

output sto9e s

4
2ookep,

C
OSLCIL LATOR

4

REACTANCE
VALVE

if suppressed
200 °ad} Removed_(2kiars

by f i I ter

Hg. 4. Pulled LC oscillator and frequency changer

From
keying
valve

CRYSTAL MAST-
ER OSCILLATOR

f

KEYING
WAVE

SHAPER

MODULATOR(
BALAED 10 output stages,

LIMITER

r, suppressed

5°C)kls IAf Removedand filter4-(sookcis ±ttr)

4

FREQUENCY'
CHANGER

4.5MOT Welt
CRYSTAL CRYSTAL

OSCILLATOR -7/ccr Devio- OSCILLATOR

4 lagrr ligle and
...I REACTANCE frequency trimming

VALVE

Fig. 5. Pu led crystal oscillator and frequency changer

Discriminator Type Adaptor (Fig. 7)
The adaptor unit, developed by Redifon Limited in con-

junction with the Ministry of Supply, incorporates an alter-
native method of drift compensation. The input circuits
double the I.F. as a safeguard against instability and feed
a two -stage limiting amplifier. A noise suppressing
(squelch) bias may be applied to the second limiter. When
the level of the input signal is sufficiently high, this bias
may be set to suppress any noise output which would arise
if the transmitter shut down. The Foster -Seeley dis-
criminator is followed by a low-pass filter
restricting the noise bandwidth passed on to
the D.C. amplifier. Any appreciable drift of
the transmitter and receiver oscillators will I.F.give rise to an asymmetrical output from UL

the discriminator and D.C. feedback is pro-
vided which restores the symmetry as long
as the drift does not exceed ± 2.75kc / s.
The shape of the elements is improved by
passing them through a slicer which squares

Input
F o

from
receiver

REACT-
ANCE
VALVE

AMPLIFIER -111-6

*Ye

2400c/

RECTIFIER

.Y..

D,SCRIM-
I N ATOR

_J

KEYING

AMP-
LI FIERS

Fig. 6. Filter type receiving adaptor

Relay
'="

the positive and negative crests. By this means the tele-
graph distortion is better than ± 2 per cent provided that
the receiver and receiving relays are correctly set up.

A discriminator type adaptor and power supply unit

RECEIVING EQUIPMENT FOR SPACED DIVERSITY RECEPTION

Combination Following Comparison of Signals after Dis-
criminator (Fig. 8)

The Redifon R151 receiver in conjunction with B.T.R.
type F.S.Y.1. adaptor provides a flexible high performance
receiving equipment. The receiver is highly stable and has
six switched channels. Each channel is provided by plug-in
units for R.F. and buffer circuits to suit the first crystal
oscillator frequency. This oscillator may be pulled to com-
pensate for differences between transmitter and receiver
oscillator crystals. The B.F.O. may be tuned to select the
upper or lower sideband of _the received signal when
adjacent signals interfere. The receiver output is passed
into the B.T.R. adaptor, the combination of the two receiver
outputs taking place in the limiter following the dis-
criminator.
Combination Following Comparison of Signals at I.F.

In the Marconi HR91 receiver the amplitudes of the

from DOUBLER
FREQUENCY _I

LI M I TER

2 STAGE
f
receiver

Fig. 7. Discriminator type adaptor

DISCRIM-
INATOR

D.C.

AMPLIFIER

Noise 'CATHODE

Suppression FOLLOWER

Bias

SLICER

D.C.

KEYING

AMP-
ILI EPS

Rcloy
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Vi

First S:5nal Unit

Osc, I lator Unit I

v fecond Signal Unit

F P

L

1.6

FREOU
CHANGER

t !km Bdb
2.5d1=40db

AI

A.ac.

19t0 35Kcis 3 STAGE
LIMITING

PLIFIER
D.C.

Path
Re layBALANCED

Adaptor
DISCRIM-
INATOR

KEYING
AMP-

AND
FILTER

LIFIER
AND

1.7 to 3-514s 3 STAGE FILTER
-.LIMITINGPath

AMPLIFIER

Fig. 8. Combination following comparison of ignals after discriminator

signals in the two paths are compared and gated so that
only the stronger signal is allowed to reach the discriminator
(see page 241).

Codes"
As was mentioned before, reliability of a circuit is

measured in terms of the number of errors and, particularly
where messages are in cipher, it is vital that these errors
shall be detectable. The five -unit start -stop code is used in

The Redifon R151 signal unit

the teleprinter and teletype as the most economical code
possible for a 26 -letter alphabet, though the use of one
" case shift " signal, allowing the printer to produce two
different characters from the same code, doubles the pos-
sible number of combinations. When start and stop pulses
are used, the efficiency of code is reduced by some 30 per
cent and, in addition, these two signal elements become
very important, as their mutilation can throw the printer
out of synchronism for several characters. For this reason,
the five -unit code is most efficiently used on a synchronous
system, the machine speeds being very tightly controlled.
The high efficiency of this code means that it is open to
undetectable errors and protection can only be obtained
by so constructing the code for each character that the
mutilation results in a combination which does not
represent any other character, e.g. two -condition seven -
unit code. An alternative is to arrange the code so that
the signal element is made up of two successive conditions
and both these have to be reversed to give a false element,
e.g. double current cable code. While it is of great value to
detect the error, the message is still incomplete and the
method of providing the missing information in the mini-

sl

mum of circuit time is very important.
Only two of the most common methods
can be mentioned here. These are the
automatic RQ / BQ system in which over
a return channel, the receiver stops the
transmission which is restarted at the
character which was in error. The other
is a full repetition system in which two
identical transmissions take place with a
delay of, say, eleven characters.
Mechanisms Used in Radio Teleprinter

Systems
Before discussing the printing

mechanisms, some mention will be made
of other machines more related to the
type of transmission. For general traffic
reasons in large systems, it is convenient
to have the signal in tape form so that it
may be stored until transmission condi-
tions are suitable and often at this point,
use is made of equipment convert-

ing the five -unit start -stop code to a seven -unit code, giving
greater error detection. The seven -unit code is then worked
on a synchronous basis over radio links and reconverted to
extend the message to a start -stop teleprinter.

The printing machines most used in conjunction with
H.F. radio systems are start -stop machines; the Creed types

The Redifon R151 oscillator unit

7 and 11, the Olivetti T2 -CM and T2-ZM and the Siemens-
Halske type 68 all being suitable for 50 baud (66 w.P.m.)
working. The two latter machines have facilities for pro-
ducing a perforated tape in addition to the printed message
and this tape may be used for transmission at other speeds
of signalling. The American Teletype machines were stan-
dardized at 45.5 baud working, but developments are
taking place towards 75 baud working.

All these machines are mechanically complex and for
many applications, a simple mechanism would be a great
advantage. The Siemens Hell teleprinter has a relatively
simple transmitting and receiving mechanism and uses a code
requiring rather wide bandwidth, but building up each
character visibly, directly from the code elements. The
characters are built up from 25 elements and extra or lost
elements appear directly as missing portions of a character
or as random elemental lines. At a speed of 50 W.P.M. the
telegraph speed is 245 bauds and the code consisting of
49 elements with 25 active elements per character can be
used on a synchronous or start -stop basis depending on the
machine.
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A Narrow Band Frequency Shift Telegraph System
(Pilot Carrier Frequency Shift)

By R. Terlecki*

C.C.I.R. recommendations and the difficult conditions experienced on the H.F. band demand a new
approach to radio telegraphy.

Brief assessment of the disadvantages of c.w., S.S.B. and wideband F.S. systems are given, followed
by a description of a novel radio telegraph system and the equipment developed for its field trials.
Finally, conclusions drawn from tests carried out show the important advantages gained from

the system.

MHE recent C.C.I.R. Conference in London once again
I stressed the urgent need for reduction in bandwidth
occupied by radio telegraph systems operating in the high
frequency radio spectrum. For frequency shift telegraph
systems a modulation index between 2 and 5 has been
recommended.

The growing post-war demands for new and direct print-
ing communication circuits creates conditions of acute -
overcrowding and at the present time it can be said that,
on many routes, only the brute force of high power trans-
mitters, elaborate and costly unidirectional aerial systems
and the highest class of telegraph terminal equipment can
offer any reasonable margin of operational safety.

On -off systems although supposedly operating on a single
frequency, require an excessively wide band of frequencies
on both sides of the carrier to accommodate all sidebands
derived from the abrupt manner in which the transmitter is
keyed.

A temporary practical solution for congestion together
with increasing reliability of operation, was achieved during
and after World War II when wideband frequency shift of
500 to 850c/s (known as F.S., F.S.K. or F.s.T.) and single
sideband (known as s.s.B.) multi -channel systems replaced
some of the orthodox on -off or amplitude modulated
circuits.

S.S.B. systems demand large capital expenditure on the
transmitting and receiving ends of the link, and costly
skilled operation and maintenance. In consequence the
S.S.B. systems may be considered only for certain trunk
multi -channel inter -continental links where extremely large
traffic capacity may be required.

For other purposes many telegraph communication links
have been converted to frequency shift operation, mainly
by the addition of various units to existing equipment.
Fig. 1 is an example of unit construction of this type. The
typical installation in this arrangement consists of two
radio receivers (not shown in photograph), two F.S. con-
vertors' working in dual diversity reception-associated
power unit and cathode-ray monitor' which gives an
instantaneous indication of correct tuning and permits visual
assessment of prevailing propagation conditions on the link.

Unfortunately the simple conversion to a wideband F.S.
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system, with the usual existing radio equipment designed
for on -off operation, proves to be not entirely suitable for
the present and in particular the future operating condi-
tions. The principal difficulty lies in frequency stability

Fig. 1. Unit construction of conversion equipment

which is inherently inadequate, in consequence of which
the required bandwidth is unhecessarily wide in relation to
the telegraph modulating frequencies employed. Moreover,
and for the same reason, such an installation often requires
costly continuous monitoring.

Numerous attempts have been made to correct frequency
drift or mistuning by relatively complicated automatic
frequency control or D.C. eliminating or bias correcting
circuits. However, apart from their high cost such facili-
ties' have their limitations and lead to deterioration of the
circuit by reduction of signal-to-noise ratio and greater
susceptibility to noise and adjacent channel interference.

In principle it can be said that for maximum reliability
the receiving terminal of a frequency shift circuit should be
manned for most of its working period. This is necessary
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on account of the divided responsibility for overall circuit
frequency stability between transmitter and receiver. In
these circumstances any attempt to reduce the shift leads
only to greater difficulties in the maintenance of com-
munications.

Consideration a!ong the lines described led to the develop-
ment of the Pilot Carrier Frequency Shift (P.c.F.s.) system.

Principles of the P.C.F.S. System
The principal object of the Pilot Carrier Frequency Shift

system is to place all the responsibility for frequency stability
of the circuit on the transmitter. In consequence any drift
or mistuning of the receiver frequency changers produces
only a comparatively unimportant variation in the ampli-
tude of the signals.

This is achieved by transmitting simultaneously not one
but two closely spaced radio frequencies, one of the fre-
quencies, the pilot, being fixed, the other modulated in
frequency according to the transmitted code. The actual
separation of the frequencies is equal to the desired audio
frequency at the output of the radio receiver. Accordingly,
the system provides facilities for transmission of audio
frequency signals over a radio circuit without the use of
audio modulators in the transmitter.

Telegraph
Line RELAY REACTOR

Oven

preserve the stability of the resultant beat frequency.
The outputs from the two mixers, after selection of the

appropriate sideband, are fed independently into suitable
radio frequency amplifiers and/or frequency multipliers
and finally to class -C power output stages. Due to the very
close spacing of the two radio frequencies, this arrangement
requires two independent aerials.

By way of example, let it be assumed that the crystal
frequency is 3 500kc/ s, the fixed low frequency generator,
500kc/ s, and the keyed low frequency oscillator has
frequencies of 500450kc/s or 500.500kcis. After appro-
priate mixing and selection of upper sideband, without
multiplication, the output carrier frequency of one trans-
mitter will be 4 000kc/s. The output of the second trans-
mitter will be varied between 4 000450kc/ s and
4 000-500kc/ s. The centre frequency of the receiving dis-
criminator should be tuned to 475c/s and the shift will be
50c/s. It should be noted that, because separate output
stages are used for the transmission of the pilot and intel-
ligence signals, full advantage of highly efficient class -C
amplifiers is retained; there is no amplifier which has to
handle the instantaneous peak power of both transmissions.
As an alternative arrangement the outputs of the two
mixers may, of course, be fed to a single transmitter. How-

V
L.F.

GENERATOR MIXER
RF POWER
AMPLIFIER
kClass-C)

RF CRYSTAL LIMITER CATHODE-
OSCILLATOR DETECTOR AND RAY

DISCRIMINATOR MONITOR

L.F.

-1-11. GENERATOR -14.4 MIXER

L J
Fig. 2. Arrangement of

For simplicity the system can be considered as one in
which the usual beat frequency oscillator has been removed
from the receiver and placed at the transmitting end of the
circuit where it serves as a pilot carrier. The resultant audio
beat frequency obtained in the detector of the receiver is
equal to the difference between the frequencies of the two
transmitters. It is independent of the frequency stability of
the receiver and can only be altered in amplitude by its
selectivity. The final selectivity before extraction of intel-
ligence is provided by the telegraph filters in the terminal
equipment.

The exceptionally high overall stability obtained by this
system permits a substantial reduction in shift.

Transmitting Terminal
For the practical application of the pilot carrier

frequency shift system the transmitting terminal may be
arranged as shown in block diagram Fig. 2. A single radio
frequency crystal oscillator is fed to two mixers. One of
the mixers is fed simultaneously by a low frequency
generator of fixed frequency. The second mixer is fed by
another low frequency generator whose frequency can be
varied between two predetermined values (corresponding
to mark and space) by a reactor keyed from the telegraph
sender.

The crystal oscillator with both low frequency generators,
for preference, should be arranged within a common tem-
perature controlled oven. In this way it can be expected
that even in the event of small frequency changes as may
occur in low frequency oscillators, they will take place in
the same sense and nearly to the same extent and thus
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AMPLIFIER

`Class- C

transmitting terminal

ever, the transmitter must then be linear and instead of
frequency multiplication, frequency changers must be
employed.

The simple monitoring facilities shown on the block
diagram will provide for easy monitoring of the trans-
mission.

Receiving Terminal
The receiving F.S. terminal equipment for this purpose

does not require any special provision apart from the ability
to discriminate between closely spaced mark and space
frequencies and a narrow band filter for adequate rejection
of noise and adjacent channel interference.

Operation Over an Experimental Radio Link
During the past few months for the purpose of confirma-

tion of laboratory work, an experimental narrow -shift link
(P.c.F.s.) was set up over a rather difficult distance of about
100 miles. For the deliberate deterioration of the circuit,
the carrier frequency chosen was too high for the path
length and time of transmission. In consequence all the
usual difficulties occurring on long haul H.F. telegraph
circuits were experienced, i.e. deep and fast, fiat and selec-
tive fading, multi -path propagation, low signal-to-noise
ratio and interference.

TRANSMITTER
For the field trials the transmitting terminal was arranged

as follows :
Two commercial type F.S. exciters (keyers) were modified

to enable one common crystal oscillator to be used for both
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units. The keyed low frequency generator of one exciter
was adjusted to give the necessary low frequency shift,
while the second low frequency generator in the other
exciter was off -tuned by an amount necessary to obtain the
required audio frequency beat between the two radio
frequency carriers.

To maintain both mark and space frequencies sym-
metrically placed with respect to the receiving discriminator,
a small portion of the radio frequency output was fed to
a- common detector. The resultant audio frequency beat,
after limiting, was fed into a discriminator with exactly the

Fig. 3. The receiving convertor

same centre frequency as in the distant receiving terminal.
The polar discriminator output as presented on a commer-
cial type cathode-ray tube tuning indicator, gave accurate
indication of correct adjustment of the transmitter.

RECEIVER
The receiving convertor used for trials is shown in Fig. 3.

A block schematic is given in Fig. 4. It provides for the
conversion of the audio frequency output from the radio
receiver into D.C. pulses for the direct operation of the
recording mechanism such as teleprinter, tape recorders,

Input from SAND - POST

Receiver-IP. PASS LIMITER DISCRIM-
INATOR

DETECTOR

FILTER FILTERING

Pow EN

UNIT

Fig. 4. Arrangement

etc., without the aid of relays or external D.C. supply.
The convertor consists of the following elements :-

Narrow band input filter providing the necessary pro-
tection against noise and interfering signals.

A limiter giving protection against rapid and deep
amplitude variations of incoming signals.

High slope linear discriminator permitting wide toler-
ances on shift actually employed.

Post -detection filtering for removal of audio frequency
from discriminator output.

Non-linear amplifier to improve the waveform of the
telegraph signals from the discriminator.

Integrating stage with variable negative feedback, pro-
viding manual adjustment of the bias, i.e. relative lengths
of mark and space elements.

Non-linear D.C. amplifier followed by paraphase power

stage (electronic output) which provides, as required, single
or double current square wave output and obviates the
need for relay and telegraph line battery.

Power supply units, which provide the necessary H.T.
and L.T.
The complete receiving convertor with its power supply

units was housed in a cabinet 24in deep with front panel
19in wide by Tin high, suitable for mounting on inter-
national 19in rack.

For ease of inspection and maintenance, the equipment
was sub -divided into four functional units:-

One chassis containing limiter and discriminator.
One chassis containing all circuits beyond discriminator

and including line output stages.
Two power supply units.

All four units were assembled on a shelf fitted with tele-
scopic runners to permit the equipment to be withdrawn
from the cabinet without interfering with its operation.

The narrow band input filter was mounted on a recess at
the back of the cabinet. Inter -connexions between indivi-
dual chassis and all external connexions were made via
plugs and sockets, so that any unit could be quickly and
easily replaced.

Results and Conclusions
The results of the experiments carried out with the pilot

carrier on the air show great improvements in overall
stability of the circuit and provide the following advan-
tages :-

Considerable reduction of the shift employed (modula-
tion index of 1 or even less can be contemplated) which
results in substantial reduction of bandwidth per channel.
Despite the fact that the oscillators were not as preferred,
in the same oven, it was possible to operate indefinitely with
modulation index of 1 or even less. During this time no
frequency adjustment was, or indeed could, be made at the
receiving end.

On account of the narrowness of the filter pass -band, the
signal-to-noise ratio with a given level of signal was
improved by several decibels compared with usual type of
F.S. receiver.

Unattended operation of radio receiver and its telegraph
terminal, which makes it specially attractive for sea or air
teleprinter broadcasts.

BIAS

CONTROL

t

AMPLIFIER

POWER
UNIT

of receiving convertor

-OP POWER

STAGE Current Output
Single/Double

Use of existing highly efficient class -C transmitters and
orthodox radio receivers.

Another advantage of the system is the ease with which
multi -channel facilities can be provided by the addition of
further close spaced keyed frequencies with the use of the
one common pilot carrier. Frequency diversity can be pro-
vided by the same means.
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Frequency -Shift Diplex
By S. C. Heward*, B.Eng., A.M.I.E.E.

A development of F.S.K., termed Frequency Shift Diplex is described. This system, which is designed
primarily for teleprinter working, permits the simultaneous radiation of two independent signals.
The equipment necessary to convert a normal single channel system to Frequency Shift Diplex is

also described.

1.HE technique of frequency -shift keying (F.s.K.) in
telegraphy working is now so well established that its

advantages over c.w. on/off keying have been proved to be
not merely theoretical, but of real practical value. Briefly,
in the F.S.K. system the change from " space " to " mark "
causes the radiated frequency to shift by a given pre-
determined amount. For example, if the assigned frequency
of the transmitter is f, the space frequency might be
f - 2 and the mark frequency f + f,/ 2 (f, is usually about
850c/s). Detection is achieved by a Foster -Seeley dis-
criminator, preceded by amplitude limiter and followed
by -low-pass filter circuits. The system is, in fact, frequency
modulation, and offers similar advantages, among which
are:-

(a) A high degree of freedom from corruption of the
signal by random noise :

(b) A high degree of protection against selective fading :
(c) An improved signal-to-noise ratio over on/off

keying:
(d) Ease and cheapness of operation. The receiver may

be left unattended for long periods, the constantly
radiated carrier enabling the A.F.C. and A.G.C. circuits
to operate under optimum conditions.

A further development of this basic principle is a system
of F.S.K. called, by the Marconi Company, Frequency -
Shift Diplex; which permits the simultaneous radiation of
two independent signals. This' advance results in the doub-
ling of the traffic -handling capacity of any single -channel
link, achieved at a low cost and with simple modification
to existing equipment.

In this system the carrier frequency is capable of being
shifted to assume any one of four values, f f, f, and f4,
and Table 1 shows how any permutation of mark and space
signal on two independent channels may be conveyed by
the use of these four frequencies.

TABLE 1
Permutation of Mark and Space Frequencies

CODE 1 CODE 2

FRE-
QUENCY

CHANNEL
A

CHANNEL
B

FRE- .
QUENCY

CHANNEL
A

CHANNEL
B

/I
/.2

f3h

Space
Space
Mark
Mark

Mark
Space
Space
Mark

f1
f2
A
f 4

Space
Space
Mark
Mark

Space
Mark
Space
Mark

The table gives the two commonly used codes by which
the result can be achieved, while Fig. 1 shows a signal  3 "
oil channel A and a signal " M " on channel B, using these
codes.

The carrier is shifted by 400c/s, 800c/ s or 1 200c/ s to
give the four frequencies, which are produced by a

*Marconi's Wireless Telegraph Co. Ltd.

0

frequency modulated crystal oscillator (Marconi FMQ), the
lowest frequency being the natural frequency of the crystal.
The output of this " keying " is then mixed with the output
from the main transmitter crystal drive to produce the final
radiated frequency, to be fed to the transmitter.

Decoding is accomplished in the receiving unit by
employing three discriminators, one for channel A and two
for channel B. These have centre frequencies correspond-
ing to the mean values of f, and f f2 and f, and f, and f4

Channel A'

(a)
Channel -13'

Code 2 (b)

TIME
14-
fj

Code I (c)

fi -

Fig. I. Figure 3 on channel A and letter M on channel B

911111111111=11111110111111111111111111111MMEMINEME
111110111111NEIMMEINMENNIIIIIIIMME11111111

°E111EZIIMENN111111111111111111110MMEMEMIIIIMI
11111111111113111111MIIMMMEMINIIIIIIIIM
111EMEIMIl011111111111121111111IMINEIMEN
1111111111111111M=01111111111100111111111111111111
111111111MINI0111111\MMINIEN1111111111111MO
MEMMELTAINIMM0111111211111101111=11.

MENNIIIMIIIIMI11121111111111110.111111111MEMIN
.111111111MMEMEMEMMIIMMOMMINIIIIIIN
IMINEMEI11111111111111eNUMEMENCIIIIII

fa I 00keis 1'3

FREQUENCY

Fig. 2. Characteristics of the discriminators

101

respectively, and their characteristics are shown in Fig. 2.
The operation of channel A depends solely on discriminator
A which gives a positive output on space and a negative
output on mark. Two discriminators control channel B,
however, and these are, in turn, controlled by gating circuits
so that discriminator B1 operates on frequencies f1 and J.,
discriminator B2 being cut off, while at frequencies f, and
f, the reverse is the case.

Table 2 indicates which discriminators are operative
when code 2 is employed.
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TABLE 2
Discrimination Operative for Code 2

FREQUENCY DISCRIMINATOR
A

DISCRIMINATOR
Bi

DISCRIMINATOR
B5

f, Operative on
space

Operative on
space

Inoperative

f2 Operative on
space

Operative on
mark

Inoperative

fa Operative on
mark

Inoperative Operative on
space

f4 Operative on
mark

Inoperative Operative on
mark

The output of discriminator A, therefore, corresponds to
channel A and that of discriminator B, or B, to channel B.

When it is considered that the keying of a transmitter
does not produce square pulses, but pulses with finite rise
times, it can be appreciated that distortion will be present
due to the shifting bias caused by asymmetry on channel A
when channel B is being keyed (difference between x and y
in Fig. 3(a) ). This is a fault inherent in the use of code 2,
which was the original code employed with the equipment
in the U.S.A. In subsequent development by British
engineers code 1 was devised, and this is now the standard
code in use on U.K. circuits. A glance at Fig. 3(b) will
show how the asymmetry on channel A is overcome.

Channel B uses two discriminators, as mentioned earlier,
and consequently no distortion due to asymmetry of the
kind discussed above is present. Unfortunately, however,
distortion of a different kind is present due to the " split "
in a character caused by the finite time taken to change
over from B, discriminator to B, discriminator when
channel A is keyed (see Fig. 3(c) ). Due to this feature it is
a recognized practice to arrange for channel B to be
operated at a relatively low speed and put any fast traffic
to be handled on channel A.

Another form of distortion which is inherent in the
system as a whole is that due to near -coincidence of keying
on the two channels. When a reversal on one channel
occurs very shortly after a reversal on the other channel,
the resulting frequency change to be handled by the system
may be the equivalent of a keying speed very much in
excess of either of the speeds in use on the traffic carried,

Fig. 3. Effects of keying distortion

/3

Code 2 - - -
r2

(a) fi

r3

Code
12

(b) r,

Code

14

13

f2

-x- y
Ct. A selection level

Ch. a on mark Ch. s on space

Ch. a on mark

(c) ti

Ch.A on mark

_ z -

Ch B on space

Ch. A on space

Ch.A selection level

B2 selection level

_st _selection level

and the equipment will be unable to respond faithfully to
the very short peak, with resulting distortion (see Fig. 4).
Unless it is possible to synchronize the two keying speeds
so that reversals take place together, it is therefore desir-
able to operate with widely differing speeds, so long as
the speeds do not approach a close harmonic relationship.

In practice, with random keying at up to 100 W.P.M.
(70-80 bauds), the distortion can be disregarded and for
the purpose for which it was designed, namely, teleprinter
working, the Diplex system is a great boon to the operating
companies.

The Circuit

The two pieces of equipment necessary to convert a
normal single -channel transmitter -receiver system to

M

Cannel { 55 a reversals

Channel

f

M

50 B reversals

A

Codel

f2 - s

Pulse equivalent to 1000 v keying

-S 144

Fig. 4. Distortion caused by near -coincidence of keying on the two channels

The HD.61 drive unit

frequency -shift diplex are the Marconi HD.61 Drive and
the HU.14 Receiving Unit.

THE HD.61 DRIVE (Fig. 5)
This is arranged so that it is also suitable for single -
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channel frequency -shift keying, on/off c.w., M.C.W. or for
facsimile working.

In the case of 2 -channel F.S.K. working the signals on
the incoming lines are applied to two separate chains of
triode p.c. amplifiers, each chain incorporating a diode
limiter stage. The final D.C. amplifiers control the conduc-
tion or non -conduction of three double -diode valves.
Corresponding to the four possible conditions of the in-
coming lines there are four states of operation of these
diodes, each of which results in one of four distinct bias
potentials (one of which is zero bias), being applied to the
grid of a cathode -follower stage. The output of this stage

Line A ELECTRONIC
- RELAY AND

2 CHANNEL
Line B FS. BIAS STAGE

50cis
TRIGGER

L
CRYSTAL

OSCILLATOR
3 MO.

MONITOR

giving normal shift keying of the 3.1Mc/s oscillation
frequency on mark and space signals. Stabilized power
supplies maintain excellent shift stability.

For on -off c.w. working a keying potential is applied
to the control grid of the buffer amplifier valve. The
signal passed to the mixer stage is therefore 3.1Mc/s
keyed on -off. If frequency modulation of the radiated
c.w. or F.S.K. signal is required as an anti -fading measure
the output of a 400c/s double -triode oscillator is con-
nected to the control grid of the reactance valve.

In the case of M.C.W. on -off keying an externally
generated keyed tone is applied to the suppressor grid

CRYSTAL OSC- BUFFER AND
REACTANCE ILLATOR 3.1 Mcls CW./NICW. OUTPUT CRYSTAL TUNED

MODULATOR INCLUDING KEYING AMPLIFIER OSCILLATOR AMPLIFIER
OVEN VALVE 4 -8 Mc/s 4- BMWs

31 Mc/s

CRYSTAL TUNED

400 c/s
OSCILLATOR

4- 8Mc/s
AMPLIFIER

4-8Mc/s

F M.
OSCILLATOR

CRYSTAL

OSCILLATOR
TUNED

AMPLIFIER
4- 8Mc/s 4-8Mc/s

A C
POWER UNIT F. S. KEYING PANEL

CRYSTAL TUNED
OSCILLATOR AMPLIFIER

4-8 Mc/s 4-8 Mc/s

3.1 Mc/s
AMPLIFIER

31Mcls
AMPLIFIER

CRYSTAL TUNED
OSCILLATOR

4 -BMWs
AMPLIFIER

4-8 MO

AUDIO

CRYSTAL
OSCILLATOR

TUNED
AMPLIFIER

DISCRIMINATOR
OSCILLATOR
400,800 ANDPANEL 1200 c/s 4- EIM cis 4-8 Mc/s

To c.r7c7F-0 To Phones
CRYSTAL DRIVE

PANEL j

rr
AMPLIFIER

4-8 Mc/s

HARMONIC
GENERATOR

(X 2)

41,

HARMONIC
GENERATOR

( X 2)

AMPLIFIER

427 5 Mc/s

300V
RECTIFIER

AND
SMOOTHING

450V
RECTIFIER

AND
SMOOTHING

fMonitor panel, crystal
r To drive panel, mixer and

output panel

To penultimate and output
amplifiers (mixer and output panels)

POWER SUPPLY PANEL- - - - - - - - - '

AMPLIFIER
4-27.5Mels

is applied to the control grid of a reactance valve, which
is coupled to the tuned circuit of a 3.1Mc/s crystal
oscillator. The frequency of this oscillator is thus in-
creased in four steps (Oc/s, 400c/s, 800c/s, 1 200c/s)
corresponding to the four discrete bias potentials applied
to the reactance valve.

The frequency shift keyed 3.1Mc/s signal is passed to a
pentode valve acting as a buffer amplifier and limiter. The
signal is further amplified in a tetrode output stage before
passing to the mixer.

For single channel F.S.K. working the keying signal on
one pair of incoming lines is applied to a single chain of
three D.C. amplifiers. The output from the third D.C. ampli-
fier is applied to the control grid of the reactance valve,

MIXER

I FINAL
FROUENCY
AMPLIFIER
4-27.5M*

MIXER AND OUTPUT PANEL

PENULTIMATE
AMPLIFIER
4- 27.5Mc/s

OUTPUT
AMPLIFIER

4- 27-5Mc/s

li 5-20
Watts approx.

Fig. 5. The type HD.61 drive and keying equipment

of the buffer amplifier. The limiter is removed from the
anode circuit and bias conditions are altered.

In order to convert the 3.1Mc/s keyed signal to the
required frequency for radiation it is combined in a
balanced mixer circuit with a steady drive frequency. This
drive is obtained from a crystal oscillator, via harmonic
generators when required. The frequencies are chosen so
that

= for ± 3.1Mc/s
where f = drive frequency from crystal oscillator or

harmonic generator.
fir = required radiated carrier frequency.

The drive frequency originates at one of six crystal -
controlled pentode oscillators. These oscillators are
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designed for operation in range 4 to 8Mc/s. The drive is fed
to the mixer stage through a chain of tuned amplifiers and
frequency doublers. The number of doublers required
will depend on the value for for, the radiated frequency,
and either or both of the two frequency doublers may be
switched out of the chain.

The keyed 3.1Mc/s signal is fed in push-pull to the
cathodes of a balanced mixer and to the grids of this mixer
stage the steady drive frequency is applied, the signal
from the tuned circuit of the mixer being passed to a

LIMITER
DISCRIMINATOR D.C.

LIMITER

tone at 400c/s, 800c/s or 1 200c/s generated by an A.F.
pentode oscillator. The resulting beat frequency can be
observed on the monitor meter or checked on headphones.

A double -diode discriminator provides a source for
checking the waveform of the 3.1Mc/s F.S.K. signal using
an external oscilloscope.

THE HU.14 RECEIVING UNIT (Fig. 6).
The receiving unit is designed to fit easily into a standard

cabinet or rack, and takes the I.F. output at 100kc/s from

D.C.PHASE
REVERSER

LOW-PASS
FILTER

41-0-11.
I. F

AMPLIFIER
LIMITER DISCRIMINATOR

B1
GATE A.F.C.GATE

AMPLIFIER1001tch

ISCRIMINATOR D.C. LOW-PASS- LIMITER
82

GATE LIMITERS FILTER

TEST
OSCILLATORBUFFER

The HU.14 receiving unit

two -stage amplifier. The output amplifier consists of two
tetrode valves connected in parallel and capable of deliver-
ing up to 20 watts to a transmitter. The output circuit
is connected to a coaxial cable termination.

The output from the equipment will normally be at the
final radiated frequency of the transmitter and there will
be no subsequent frequency multiplication stages. In
this way the high shift stability of the keying unit is main-
tained throughout. If however subsequent frequency
multiplication should be employed it is necessary to divide
the basic shift in the keying unit by a corresponding factor.
There is provision in the reactance modulator circuit for
division by 1, 2 or 3.

The built-in monitor circuits consist of a 3.1Mc/s crystal
oscillator, similar to that used in the keying unit, followed
by a tuned amplifier utilizing a triode -connected pentode.
The output of this stage is combined by a metal rectifier
with the output from a similar amplifier which is fed with
keyed 3.1Mc/s signal from the keying unit.

The resultant difference frequency is heterodyned with

_01

SQUARING
AND BIAS
CORRECTION

DOUBLE
CURRENT

DC. OUTPUT

Channel A

Out put

To A .EC.(Ljpoi)
Circuit

A. F. C. GATE

AMPLIFIER

_...1SQUARING DOUBLE
AND BIAS CURRENT

CORRECTION De. OUTPUT

Fig. 6. The type HU.14 receiving unit

A rc./H5R9
Circuit

Channel B

Output

an existing receiver. This 100kc/s output is fed via a trans-
former to a pentode amplifier whose output is divided and
coupled to three limiter valves, one in each path. The three
Foster -Seeley discriminators are fed with the limiter out-
puts and each utilizes a double -diode valve.

The A path discriminator output is fed to a series of
double triode valves whose function is to shape and square
the signal before it is finally amplified in a D.C. push-pull
stage. An interstage low-pass filter removes unwanted
noise components which are higher than the signal fre-
quency. From two points in this chain, two voltages,
having a 180° phase difference, are fed off and applied
to the suppressor grids of gating valves in paths B, and B,
respectively. Either one of these valves conducts, there-
fore, depending on the output of the path A discriminator,
and so serves as a gate. Depending on which gate is
open, the output of either discriminator B, or B2 will be
fed to a series of squaring and shaping valves and then
finally amplified.

Also included in the unit are A.F.C. control stages which
produce voltages to key the A.F.C. gating valves in the
main receiver. Reversed keying operation is catered for
by a simple switching process, which action by-passes one
of the limiter valves and provides the necessary phase
reversal.

When the transmitter is on " rest " and no intelligence
is being radiated, the maximum frequency will be radiated
and the receiving unit will correspond to " mark " on both
channels.

An oscillator is incorporated for test purposes, a con-
ventional Hartley type circuit being employed, followed
by a buffer stage. By means of plugs and sockets the
output may be inserted into the circuit at appropriate
points and provision is also made for testing waveforms
at various stages by jack connexion.

Power supplies are taken from the main receiving
equipment, a filament transformer being the only power
component built into the F.S.K. unit.
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Naval Low Power M.F.-H.F. Communications
By J. R. Humphreys*

This article points to some of the more difficult problems which arise in the design of low power
M.F.-H.F. communications equipment for naval use, and explains, together with information of a
general nature, how these problems have been solved in the design of a new British naval equipment

type 619.

SOON after the end of the last war it was evident to
those responsible for supply to His Majesty's Navy of

low power M.F.-H.F. radio communications equipment that
a situation existed where the available space for this type
of equipment was severely limited and was occupied by
equipment, either no longer in production or fast becom-
ing obsolete for one reason or another. The Collins
"TCS" was typical of equipment in use at the time.

It was therefore decided that a new design of equipment
was necessary which could be installed in the space then
occupied by the smallest of this type of equipment so
avoiding structural alterations to vessels. It was thought
reasonable, that with the improvement and miniaturization
of components, and particularly valves, during and after
the war, that a higher general standard of technical per-
formance could in fact be achieved in spite of the space
restriction.

A specification was drawn up giving effect to these con-
siderations and also embodying those features which were
found to be desirable as a result of experience during the
war, and not present on the current equipment. The
Admiralty type 619 equipment has been developed to meet
the requirements of this specification and the four units
comprising the equipment will be described in relation to
this specification.

There is not space here to give the complete specifica-
tion of this equipment and therefore only those details
which are unusual will be described, together with a brief
outline of points of general interest. The equipment con-
sists of a high frequency transmitter (1.5 to 15Mc/s),
maximum power 40 watts; a medium frequency transmitter
(330 to 550kc/s), maximum power 20 watts; a communi-
cations receiver covering all frequencies from 60kc/s to
30Mc/s and a power unit which supplies the receiver and
any one transmitter.

Perhaps the most important consideration was one of
size, which was rigidly fixed at the outset and had there-
fore a somewhat restricting influence upon the design;
calling for very careful thought as to how the available
space should be split among the two transmitters and
receiver.

The total height, width and depth of transmitters and
receiver, as shown in Fig. 1, was specified and also the
dimensions of the power supply and control circuit unit.
The transmitters or transmitter and receiver had also an
alternative side by side mounting position.

From the electrical point of view the specification was
mainly conventional but with a number of interesting
requirements which are not commonly met in this type
of general purpose equipment. Considering firstly the
power supply, it was decided that this would operate en-
tirely from A.C. and that D.C. ships would be dealt with
by separate rotary convertor installations. The power
unit would supply the receiver and any one of the trans-
mitters, and would house all relays and switching required
in connexion with remote control operation, which is
usually carried out in a control circuit exchange. Micro-
phone input circuits for the H.F. transmitter, keying input

* Pye Telecommunications Ltd.

arrangements, and additional outlets for the receiver out-
put, were also accommodated in the power unit. These
last requirements added considerably to the wiring com-
plication and in the 619 power unit two separate chassis
were adopted, with an external interconnecting cable thus
easing to a great extent the problem of servicing what
would otherwise have been a very heavy and difficult unit.

M F
TRAAi5MITTEF1

P.

AN5ai1 ER

Fig. 1. The complete equipment

POW UNIT.

Considering next the M.F. transmitter which is used
primarily for navigation, homing, or distress working, this
had to provide c.w. and m.c.w. operation between 330-
550kc/ s and was required to load and tune with an aerial
which was common to the receiver and would have effec-
tive series capacitance ranging between 70pF and 750pF.

An interesting requirement (which applied to the H.F.
transmitter as well) was that no damage must arise as a
result of an open- or short-circuit aerial. The small length
of aerial with which the transmitter must work and the
open -circuit short-circUit requirements are unusual and
worthy of some mention. Aerials of very low resistance
whose capacitance is equal to 70pF (i.e. whip aerials) which
are now being used increasingly, present two difficulties.
One is that of coupling them into the output stage of the
transmitter without serious loss of power in the coupling
network and the second is that the more efficient the
network the higher the voltage between aerial and earth.

To this latter difficulty must be added the requirements
of common aerial working with the receiver, keying speeds
of 40 W.P.M. and "listening through" between words.

To satisfy these requirements efficiently a special vacuum
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Fig. 2. The vacuum type aerial relay

type aerial change over
relay was developed which
would follow the keying
speeds and also withstand
voltages of 3kV R.M.S. with
50 per cent modulation, the
voltage limit set by the
specification. This is shown
in Figs. 2 and 3.

In order to keep the
voltage down to this level
a it output filter was used
and arranged so that it
could not be tuned to
resonance with short
aerials unless a shunt capa-
citance was switched in on
the aerial side of the filter
thus automatically reduc-
ing the voltage.

The specification re-
quirements that there
should be no damage to
the transmitter with open -
or short-circuit aerial con-
ditions was intended to

cover cases of emergency when, say in time of war, aerials
are damaged. In such cases communication might well be
of extreme importance and the word " damage " was held
to mean any excessive dissipation of the power amplifier
stage.

To obtain the required protection an extra power ampli-
fier valve was used in both transmitters and also a clamp
valve to stabilize the screen voltage to these valves. This
method of limiting dissipation, although more costly of
valves and current consumption, has the advantage that
the valves are safe however much the aerial circuits are off
tune, either unwittingly or during the process of tuning
up. In addition it ensures that the valves are operating
very conservatively under normal conditions.

A further point of interest is the use of an aerial
indicator which was fed from a resonant circuit in track
with the master oscillator, this minimizes the possibility
of aligning the output circuit to unwanted harmonics.

The 619 H.F. transmitter is in some respects unique in
that it solves a matching problem which has not hitherto
been tackled seriously in low power transmitters of this
small size.

This problem arises because of the use in naval ship-
ping of the large concentric armoured trunk or feeder
lines used to connect transmitter to aerial. Depending
upon the type of vessel this trunking may have any length
between zero and 40 metres and may be associated with

Fig. 3. The external magnetic circuit of the Way showing its connexion
to the two threaded pillars which are normally sealed in the glass base
and connect with internal magnetic circuits, armature and contact assembly

shown on the right
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aerials between 6 and 30 metres in length and having a
large range of attenuation factor.

This problem is mentioned in detail by W. P. Anderson
and E. J. Grainger' who give examples by means of Smith
charts of the extremely wide range of load impedance that
is encountered at the end of the trunk line.

Two of many examples of what may happen under these
conditions can be illustrated as follows.

If thejength of trunk is of the order of 35 metres and
the aerial is about 6 metres then at approximately 2Mc/s
the transmitter will be presented with a resistive load some-
where in the region of 2S1, or in other words the im-
pedance of an open circuit X14 transmission line; while
at higher frequencies the sending end impedance may be
in excess of 10ka In terms of transmitter design this
means that the aerial networks are considerably more com-
plex and therefore consume more space than is usual when
one can choose the aerial into which to operate. In order
to solve this problem the 619 H.F. transmitter employs a
7 section coupling circuit in its output stage having its

Fig. 4. An inside rear view of the receiver

shunt and series reactances variable over the very wide
range necessary to both load and tune the transmitter.
The difficulty of tuning the transmitter which normally
arises when one is faced with such a large range of variable
control is again eased considerably by the use of an aerial
monitoring system which uses the combined effect of the
rectified voltage from two resonant circuits in track with
the carrier output frequency.

These resonant circuits are fed from voltage and current
sources and therefore a reasonable indication is always
obtained on the aerial monitor meter no matter what aerial
and trunk line length is used.

Other features of this transmitter are the provision of
eight spot frequencies (crystal controlled), the operation of
R.T., M.C.W. and c.w. by local or remote control, and the
use, as in the M.F. transmitter, of a high speed high voltage
vacuum type aerial relay.

The communication receiver which completes this
equipment is the smallest of the four units being only
10 in. by 13 in. by 12 in. and in view of this, and to keep
the circuit complexity to a minimum, the receiver was
designed as a double superhet on the higher frequency
ranges and a single superhet on low frequencies.

The two frequencies used for the I.F. are 460kc/s and
1.4Mc/s and the selectivity of the 460kc/s I.F. is variable
in four steps employing a band-pass crystal filter circuit
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to provide the two narrowest pass -band positions.
The receiver Fig. 4 employs one R.F. stage which, with

a first I.F. of 1.4Mc/ s, is favourable from the standpoint
of protection from image response and oscillator radiation,
while permitting a reasonably good noise factor.

Other features include, stabilization of oscillator H.T.
supply, series shunt peak noise limit with clipping level
adjustment, constant A.F. voltage output over a wide range
of output load, and adjustable muting level device which
enables listening through when used with the transmitters.

The receiver is directly calibrated in frequency and has
course and fine logging scales with a tuning drive
mechanism of low mechanical and electrical backlash.
There is also provision for the use of a crystal controlled
channel between 1.5 and 30Mc/s.

One of the most important requirements of the speci-
fication was that defining the minimum radiated field from
the receiver. The small physical size and the use of a
separate power unit add considerably to the difficulties of
reducing oscillator radiation from a wide range receiver
of this type to the specified level of less than 0.1,(N/m at
one nautical mile. The precautions necessary to achieve
this low level of radiation include the careful screening

and earthing of all R.F. circuits, the use of insulating
material for capacitor and coil switching shafts and com-
plete filtering of all leads leaving the receiver case. The
receiver was reduced to the minimum practicable size in
order to give more room for the two transmitter units with
their considerably higher power consumption. In the in-
terest of standardization these latter two units were made
equal in size, which made possible common components
such as tuning drives and capacitors, cases, packing, etc.

Many of the circuit details are also common to both
transmitters. All components and valves in the equipment
are to Interservice Specification.

The mechanical design conforms to "Admiralty require-
ments" for Class A equipment in Climatic and Durability
Specification K114.
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High Power Aerial Switching
By C. Gillam*

The basic difficulty in high frequency aerial switching is the requirement for avoiding impedance
disturbance. This demands double switching, i.e. at the source and at the load. Methods of selector
switching are reviewed and some recent switching designs, including one for twin coaxial line, are

described..

T is commonly necessary to switch the output of an H.F.I
transmitter to one of a number of different aerials in order

to provide for changes in transmitting frequency or in the
target area, or to permit the use of a non -radiating test load.
Where important services are involved it may also be necessary
to switch in a substitute for the transmitter normally working,
either in the event of breakdown or to provide for routine
maintenance. On a large transmitting station equipped with
many transmitters, complicated switching systems with a
high degree of diversity may be necessary. The most complete
solution of the problem provides connexion ways between
transmitters and aerials so as to permit any transmitter to
have access to any aerial, and with as many connexion ways
as there are transmitters so as to permit full utilization of the
transmitters. Particular circumstances may make restricted
solutions entirely satisfactory for the services concerned, with
a substantial reduction in cost and complexity. Again,
while it might be possible to provide all the facilities desired at
a single switching station, there may be a gain in simplicity
and a reduction in cost resulting from sub -division of the
switching into separate units. It is the object of this article to
examine various switching systems, and to describe in some
detail one or two recent developments.

An important consideration is the modern trend to full
remote control, frequently combined with an illuminated
route -indicator diagram where the switching is complicated.
This requirement limits the future use of some of the simple
but effective switching arrangements which have been in use
at many stations.

Random Impedance Switching
In very few instances, and usually only in minor low power

 Marconi's Wireless Telegraph Co., Ltd.

stations, the aerials are brought practically to the transmitter
terminals, without the interposition of a transmission line.
The switching then takes place at random impedance, and
apart from careful choice of the insulation material, no
particular difficulties are encountered, although quite high
voltages may be involved. Ship -board installations are
typical in this respect.

Constant Impedance Switching
In all major stations the aerials are fed through transmission

lines. Usually an H.F. transmitter is designed to work in
conjunction with a transmission line of a particular character-
istic impedance, and its output circuits will accept a load
impedance within a comparatively narrow range of this
nominal value. This range is usually specified in terms of the
reflexion factor or standing -wave ratio on the transmission
lines and the tolerance tends to vary inversely with the
transmitter power. Thus transmitters of less than 1kW
rating may accept reflexion factors up to 1/3rd (standing -
wave ratios less than 2 : 1) while 100kW transmitters may
not accept reflexion factors higher than 1/6th (standing -wave
ratios less than 1.4 : 1).

There is usually little difficulty in achieving a reflexion factor
considerably smaller than this on a run of transmission line
carrying a single frequency, by applying the customary
matching techniques. When transmission line switching is
necessary, however, the run of transmission line from the
switch to the transmitter, including whatever constitutes the
" arm " of the switch, may carry a range of frequencies ; its
impedance characteristic must, therefore, be flat for the whole
range, and the transmission lines on the output side of the
switch must all be closely matched.

The commonest types of transmission lines are :-
(a) Coaxial lines, unbalanced to earth. These may be
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either of rigid tubes with air dielectric, or of flexible or
semi -flexible cables, with either entirely solid dielectric,
or a dielectric partly of air and partly of solid material.
The characteristic impedances of these lines lie in the
range from 40 to 100 ohms.

(b) Open -wire lines balanced to earth. Characteristic
impedance in the range from 300 to 600 ohms.

Unbalanced open -wire lines are not often used for H.F.
transmission because of the difficulty of preventing radiation
losses.

Quite apart from the question of whether the transmitter
can be made to deliver its power into a badly mismatched
transmission line (i.e., with reflexion factors higher than those
quoted above) any mismatch on the lines involves greater
power losses and higher voltages than on a matched line.
There are, therefore, sufficient reasons for aiming at the least
possible mismatching, particularly in the case of high power
transmitters. The great difficulty in designing transmission -
line switches, therefore, is that the switching has to be carried
out at the line impedance, and without.introducing impedance
variations. As a consequence, paralleling a conductor to a
number of switch contacts cannot be permitted, since the
unused connexions would constitute shunt susceptances.
Accordingly, except in those cases where one transmitter is
to be switched to one of several aerials, or one aerial is to be

2\1
I

I 2 3 4

(0) (b)

2

(c)

3 4 S

Fig. 1(a). Radial multi -way switch. (6).(c). Cascade of two-way switches

available to one of several transmitters, it is necessary to
resort to double switching. This, incidentally, guards against
untoward parallel connexion of transmitters or aerials.

There are several reasons tending to a preference for
balanced open -wire lines wherever no contrary indications
occur, and among these may be cited :-

Cheapness.
Convenience in erection and maintenance.
Suitability for connexion to balanced horizontal aerials.
Simplicity of application of impedance matching
techniques by stubs or transformer sections.

On the other hand, the switching problem is very much more
difficult for open -wire lines than for coaxials. This is because
the higher impedance range implies higher voltages for the
same transmitted power ; the cross-sectional area of space
required per line is much larger ; and much greater difficulty
is found in avoiding impedance departures. Switching
stations for open -wire lines have often been designed for
outdoor installation, and alternatively, where an indoor
installation has been adopted, special and expensive buildings
have been necessary.

These considerations have led to the conception of carrying
out the switching in either single- or twin- coaxial lines, which
permits a much more compact design of the switching
elements. The coaxial lines are then continued to a suitable
external point where the impedance is expanded in a trans-
former to match normal open -wire lines.

Types of Selector Switching
Either multi -way switches, or a cascade of two-way

switches can be used for selector switching (Fig. 1). Of theSe,
the multi -way switch appears to have the advantage that only
one switch contact occurs in each line, so that any impedance
variation is introduced once only. It has the disadvantage
that all the output lines are brought to a single unit, so that
the operating radius may have to be very large. An alterna-
tive to the radial multi -way switch is the linear switch of
Fig. 2, which employs a telescopic arm. Switches of the
types shown in Fig. 1 can be built in two -pole form for
open -wire lines. The types as Fig. 1(b) and Fig. 2 can readily
be adapted for switching in coaxial lines. A radial coaxial
multi -way switch is difficult mechanically, but can be
constructed.

Where requirements call for switching between n trans-
mitters and m aerials, with full interchangeability, an obvious:

1 2 3 4 5

2 3 4
INPUTS

Fig. 2. Linear multi -way Fig. 3. L.F. Swiss Commutator
switch

4

D
3 1:1-

2

OUTPUTS
Fig. 4. H.F. Swiss commutator

5

VI

solution would be the provision of n. m -way switches for the
transmitters, and m. n -way switches for the aerials, with nm
interconnexions. Such a system, with all the switches in a
single plane, becomes unwieldy because of the multiple cross
connexions for other than very modest values of n and m,
and a three-dimensional construction has to be adopted.

An alternative approach is a variant of the well-known
Swiss Commutator. In its low frequency form, shown
diagrammatically in Fig. 3, this consists of two sets of busbars
crossing at right angles and insulated from each other ;
switching is effected by inserting a connector at the required
intersection, and mechanical devices may be added to prevent
unwanted parallel connexions. The Swiss Commutator can
be adapted for H.F. switching in several different ways, but
in any of these the sets of busbars have to be interrupted at
every intersection. In one form, indicated in Fig. 4, the two
sets of conductors lie in a single plane and at the common
intersections two -position connectors are used which either
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join adjacent right-angle pairs, or else bridge both gaps
without cross connexions. Switches of this type have been
built for open -wire feeders, with the connectors in the form of
segments on a drum, and with the two drums for the pair of
lines on a common axis.

Another Swiss Commutator scheme is shown in Fig. 5,
where a two-way switch is inserted in each bus -bar at each
intersection. This system can be applied either to open -wire
lines or to coaxial lines, and a particular advantage is that no
restrictions are placed on the physical positions of the switches.
Also, the capacity of the switch system can be extended as
necessary in order to accommodate additional transmitters
or aerials. For n transmitters and m aerials, the number of
switch units required is 2nm - (n m) ; thus, for n = 10
and m = 20, the number of two-way switches is 370. Such a
solution appears formidable, although the individual units
are quite simple. The switches can be arranged for solenoid
operation, and it is then easy to devise a control circuit which
will set the sequence of switches necessary for any required

5

2
INPUTS

Fig. 5. H.F. commutator wiih double two-way switching

5

through connexion when one master -switch is operated. For
balanced open -wire lines, two -pole two -position switches are
required, and for impedances around 300 ohms it is not
difficult to design these in such a way that a sequence of them
causes no serious impedance disturbance. It is considerably
more difficult to achieve equivalent results at 600 ohms
impedance. A switch of the same general type, designed for
twin coaxial lines, using two-way switches for the transmitter
busbars, and an arrangement similar to Fig. 2 for the aerial
busbars will be described later.

Group Pre -Selection
In planning transmission -line switch gear for a high

power project, it is worth considering how the requirements
can be simplified in order to reduce the complexity and cost.
For broadcasting services, the aerials are usually of rather
narrow impedance -frequency bandwidth, so that for any
particular service perhaps four aerials may be necessary in
order to provide for all transmission conditions. However,
at any one season, not more than two of these aerials may be
required. Accordingly, a preliminary seasonal selection of the
aerials can often be effected, either by auxiliary switches
apart from the main switching station, or by jumper
connexions at a special distribution frame. Again, a full
schedule of working for the best exploitation of the available
transmitters has to be decided and any one transmitter will
usually be required to carry a regular programme of services
for long periods. It may, therefore, be possible to allocate a
group of aerials to each transmitter, and except for emergency

provisions, no routine interchange of these aerials with other
transmitters may be necessary. These considerations allow
the aerials to be sorted out into groups at a distribution
frame, and then to be selected individually by simple selector
switches, one of 'which serves each transmitter. This principle
has been used by the BBC in this country. Fig. 6 shows the
original switching station at Daventryi. The distribution
frames in the background are provided to enable seasonal
selection and grouping of aerials to be carried out by jumper

Fig. 6. Daventry switching station

Fig. 7. RBC switching tower

Fig. 8. Coaxial line commutator

connexions, while the selector switches in the foreground,
allocated one to each transmitter, are used for the selection
of the required aerials from the groups. The switching is
effected manually by shifting over flexible leads provided
with hook terminations from one set of eyes to another, the
flexible leads being tensioned subsequently by a spring or a
weight.

Fig. 7 shows a later BBC development, a remote -controlled
switching tower at Skelton, near Carlisle2. Here all the
aerial lines are terminated on the circular frame surrounding
the tower, and jumper connexions are made from this to
the various - storeys of the tower according to the desired
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grouping. Each storey of the tower contains a motor -driven
7 -way selector switch, associated with one transmitter, and
controlled from a consol adjacent to the transmitter -control
desk. It will be noted that the switching is entirely exposed
to the weather, but the operating motor and mechanism are
completely protected, and the switches have proved to be quite
reliable under all weather conditions experienced in this
country.

Early Coaxial -line Commutator
A coaxial -line commutator giving full interchangeability

between six transmitters and twelve aerials was designed for
use with the early beam stations ; a similar switch, but for
eight transmitters and twenty aerials, is illustrated in Fig. 8.
These switches have the Swiss commutator arrangement of
two sets of transmission lines at right -angles, the outer
conductors of the coaxial lines having orifices at each inter-
section. The inner conductors are telescopic, and can be
extended manually until the ends appear at the proper
openings where a cross connexion is desired ; the connexion
is made by a special screwed connector, and sliding screens

Fig. 9. Swedish balanced line commutator

are provided for closing openings where live -conductors
would be exposed.

Balanced Open -wire Commutator in Sweden
An interesting variant of this form of switch has been

constructed in Sweden for use with 100kW transmitters,
and is designed to work with 300 ohm balanced feeders.
The switch is shown in Fig. 9. There are three transmitter -
input lines, which enter at the top at the Light -hand end, and
are taken along in the horizontal screening trunks. There are
seven aerial outputs which emerge from the vertical screening
trunks at the top of the left-hand end. The conductots in
the horizontal trunks extend telescopically, the ends being
carried on motor -driven carriages which move horizontally
on rails. The conductors in the vertical trunks extend
similarly, the ends being attached to carriages which move
vertically. Within each carriage, the pairs of conductor
ends are twisted through 45°, and terminate in contact
pieces which engage when a horizontal carriage and a vertical
carriage are moved into positions opposite each other. Of
the seven outputs of this switch, four are taken directly to
aerials, and the remaining three are taken to a three -storey
switching tower rather similar to the BBC -type tower shown
in Fig. 7, except that the whole of the switching is enclosed.
This tower has provision for nine outlets in each storey.
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Fig. 10. Admiralty transmission line exchange

Open -wire Transmission Line Exchange
One of the most interesting of recent aerial switches has

been constructed for the British Admiralty at Horsea Island.
This is a transmission line exchange for ten transmitters and
twenty aerials, rated at 25kW c.w., for use with 600 ohms
open -wire lines. Its principle is that of the nm-way switches
and mn-way switches mentioned earlier, but with the nm-way
switches stacked one above the other, and the mn-way
switches turned into vertical planes and stacked side -by -side.
The m -way selectors are carriages moving horizontally on
curved tracks, which describe a cylindrical surface with a
vertical axis. The n -way selectors are a further set of carriages
which move vertically on guides situated on the outer face of
the cylinder. Both sets of carriages carry pairs of mushroom -
headed contacts mounted on insulators, those on the vertical
carriages being spring -loaded. When a horizontal carriage
and a vertical carriage are brought opposite to one another the
corresponding mushroom -headed contacts are pressed
together by the springs. The horizontal Carriages are
traversed by motor -driven flexible lead -screws, which lie in
grooves in the curved tracks. The vertical carriages are
moved by hand -operated vertical lead -screws. There is a
pillar at the axis of the cylindrical surface, to which the
transmission lines from the transmitters are brought at
different levels, and from which these lines are continued to
the horizontal carriages. The line wires are maintained at
correct spacing for any location of the carriages by rotating
them into a vertical plane at the pillar ; they are returned to a
horizontal plane at the carriages. The lines from the vertical
carriages are taken as flexible wires to the leading -out

Fig. 11. Admiralty transmission line exchange
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insulators which are set in a curved wall coaxial with the
exchange ; these wires are long enough to reach the extreme
positions of travel of the carriages. This switch was not
required to be controlled remotely, but provision for this
could  be made by motorizing the vertical lead -screws, and
adding means to ensure exact registration of the carriage
contacts, which in the present design has to be done by
observation and manual adjustment. The radius of the arcs
is about 14 feet, and the total height of the exchange, including
a 4 foot brick plinth is about 20 feet. Realization of the design
called for high precision in manufacture and installation,
including taking account of the effects on the structure of
temperature variations. Fig. 10 shows a general view of the
switch, and Fig. 11 shows a pair of carriages with their con-
tacts engaged.

Twin Coaxial Commutator
A commutator has recently been designed for use with

twin -coaxial lines at an impedance of 95 + 95 ohms, for
transmitter powers up to20kW carrier, amplitude modulated,
or 30kW c.w. It is of unit construction, so that assemblies
can be made up to suit a large variety of transmitter and
aerial combinations. The largest assembly so far envisaged
provides for 14 transmitters and 40 aerials, and measures
about 11 feet long, 6 feet 6 inches high and 2 feet 6 inches

Fig. 12. Switch -unit of twin coaxial commutator

wide ; a space about 34 feet long, 15 feet high and 8 feet wide
is required to accommodate it with its input and output
feeders, and to provide the necessary access. The com-
mutator can be visualized as a variety of Swiss commutator,
with horizontal transmitter lines consisting of cascades of
two-way switch -units, and vertical telescopic aerial lines.
For each transmitter, a group of aerials is pre -selected
manually by adjusting the telescopic lines to the right height
and coupling them to the output branches of the switch units.
Thereafter, individual aerials are selected from the groups by
remote control.

The transmitter trays have positions along them correspond-
ing to each aerial feeder, and up to six switch units can be
-fitted in each tray at positions corresponding to the aerials
forming the group for that particular transmitter. The
spaces between the switch units are filled up by plain inter-
tbahgeable feeder lengths, after which switches and spacers
are clamped together by screw pressure. The aerial feeders
are brought in horizontally above the switch assembly, and
turned down vertically in sequence corresponding to the
branch positions along the trays, one line of a twin being on
one side of the trays, and the other on the opposite side.

Fig. 12 shows a switch unit which deals with both lines of
the coaxial twin. In each line there is a switch arm pivoted
on a vertical spindle, and arranged so that it can either lie
along the axis of the line, or turn outwards and engage the
inner conductor of a side branch. In the straight -through
position, the switch arm engages either the pivot end of the
switch arm of a following switch unit, or the inner conductor
of a spacer length. The two switch arms of a unit are con-

nected by links to a common crank disk on the upper end
of a vertical shaft situated between the twin lines ; this is
provided with a pair of arms forming a Maltese cross below
the unit. Rotating the Maltese cross through 180° causes
both switch arms to move together from one to the other of
their two positions. Each of these two positions corresponds
to a dead centre position of the crank disk, so that over a
considerable range of angular movement of the disk about
these positions there is very little movement of the switch arms.
As a result of this construction it is not necessary to employ a
mechanism of high precision to operate the switches. Actually
an endless roller chain is used which runs on sprockets at
each end of the switch tray ; one sprocket is motor -driven
through reduction gearing. The chain is provided with a
special link which engages the Maltese cross of each switch
unit as it passes, and rotates it 180°. Before the special link
arrives, and after it has passed, the Maltese cross is locked
by the normal links of the chain in the position in which it
has been left. When the special link is at the input end of the
switch tray, all the switch arms are turned out and engaging
the branch inners ; the transmitter power is therefore switched
to the first branches, counting from the input end of the tray.
As the special link moves away from the input end past a
switch unit, it moves the arms of that switch to the straight -
through position, so that power would be switched out at the
next set of branches. It will be seen that the duty of the
control mechanism is limited to stopping the chain after it
has operated completely one switch and before it has started
to operate an adjacent one ; no difficulty is found in achieving
this with the help of a magnetic brake on the motor shaft.

Provision is made by a simple interchange of connexions
at the input end of the switch for any transmitter.to take over
the switch -group allocated to another transmitter-thus
providing for breakdown or servicing. The corresponding
control circuits are changed over by plug -and -socket
connexions.

Contact Design
In reviewing different systems of switching, and describing

switch designs, no mention has been made of contacts and
contact materials. In fact, the problem of achieving satis-
factory contacts is not very difficult to solve in this particular
application. Contacts of large area are generally un-
satisfactory since the current will always concentrate along
the path of least impedance. It has been found better to aim
at contacts of limited area, backed up by sufficient thickness
of metal to conduct away locally generated heat. Consider-
able contact pressure is desirable to break down tarnish or
grease film, and up to 200 lb./in.° of actual contact area may be
desirable. Lenticular surfaces, ball and plane, and cylinder
and plane have all been used successfully. Moving and fixed
contacts should be of dissimilar metals to minimize abrasion,
but it is rarely necessary to use precious metals for the actual
contact surfaces. Copper to phosphor -bronze, or brass to
copper are usually satisfactory combinations.

Conclusion
It is quite obvious that finality has not yet been reached in

aerial -switch design. In spite of all that can be argued
against them, exploitation engineers will continue to ask for
full interchangeability of aerials and transmitters, with
remote control. The switch designers' task will not be
complete until this requirement is satisfied by equipments
which cater for the different number permutations of trans-
mitters and aerials, different powers and different impedances,
and which do not require feats of precision engineering to
accomplish this, or demand slightly reduced scale models of
the Albert Hall for their accommodation.
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Short News Items

The Physical Society Summer Meeting
will take the form of three lectures given
in connexion with the General Assembly
of Pure and Applied Physics, and will
be held at the Royal Institution, 21
Albemarle Street, London, W.1, on
Wednesday 7 July at 4.30 p.m., Friday
9 July at 4.30 p.m. and Monday 12 July
at 2.30 p.m. Further details may be
obtained from the Physical Society,
1 Lowther Gardens, Prince Consort
Road, London, S.W.7.

Ardente Acoustic Laboratories Ltd, of
62 Horn Lane, Acton, London, W.3,
announce that pressure on their manu-
facturing space has necessitated making
arrangements for moving production
elsewhere. Accordingly, a sole and
exclusive licence to manufacture and
sell their well-known range of inter-
communication, marine and general
public address equipment has been
granted to Easco Electrical Ltd, of 6/8
Brighton Terrace, Brixton, London,
S.W.9. These arrangements have no
bearing on Ardente hearing aids which
are handled from the head office at
21/23 Wigmore Street, London, W.1.

The Chairman of the British Radio
Equipment Manufacturers' Association,
Mr. P. H. Spagnoletti, at their annual
general meeting, said it was estimated
that the public paid £28M in Purchase
Tax on radio receivers, radio -gramo-
phones and television receivers during
the year ending 31 March. Home sales
of radio sets rose by 20 per cent and
television by 44 per cent, compared with
1952. Export sales fell by 26 per cent
and 16 per cent respectively, although
radio exports as a whole rose by about
5 per cent.

Enfield Cables Ltd have received
during the past few months a series of
orders for telephone cables from the
City of Edmonton, Alberta. These
orders, all of which are being manu-
factured to Canadian specification, call
for more than 80 000 feet of dry' -core
cable of an overall value of $72 997.

The BBC has installed a new low -
power transmitter at its station at Rams-
gate, Kent. This is a further step in the
plan to make local improvements in
the coverage of the Home Service.

Mr. V. J. Faulkner, publicity manager
of Crompton Parkinson Ltd, has been
elected chairman of the British Electrical
and Allied Manufacturers' Association
publicity committee. Mr. C. H. Alsop,
publicity manager of W. H. Allen, Sons
and Co. Ltd, has been elected vice-
chairman.

The Department of Atomic Energy
announces that Dr. Basil F. J. Schon-
land, C.B.E., who is at present head of
the Bernard Price Institute of Geo-
physical Research in the University of
the Witwatersrand, South Africa, is to
be appointed deputy director of the
Atomic Energy Research Establishment
at Harwell. The appointment will take
effect towards the end of the year.

A.R. Fans Ltd, manufacturers of
Airmax patented screw fans, announce
that Mr. W. H. L. Hewitt of the General
Electric Company Ltd has joined the
board as technical director. Pending
reorganizational changes, a technical
services division has been created for
advice to all branches of industry and,
in the first instance, this service will be
based at the company's head office at
20 Upper Park Road, London, N.W.3.

Clan Line Steamers Ltd, have placed
an order with Marconi International
Marine Communication Co. Ltd, for 24
Marconi Marine radar installations for
vessels of their fleet. Installation work
will be carried out as occasion arises
when the ships are in convenient U.K.
ports.

Mr. C. E. Hay has been appointed by
Communication Systems Ltd, as technical
director. Mr. Hay has been transferred
to Communications Systems Ltd, from
its parent organization, Automatic
Telephone and Electric Co. Ltd.

Mr. H. C. Van de Velde, deputy to
the managing director of the Marconi
International Marine Communication
Co. Ltd, has been elected president of
the Comite International Radio -Maritime
for the eighth year in succession. The
Comitd was constituted in 1928 at San
Sebastian, its object being the advance-
ment of radio in its application to the
safety of life at sea and to marine
mobile communications. At present
the membership is 28 companies, repre-
senting most of the major seafaring
countries of the world.

Mr. P. A. Thorogood, general manager
of the Electrical Engineers Exhibition,
has agreed to be exhibition manager for
the eighth exhibition of the Radio
Society of Great Britain to be held on
24th and 27th November at the Royal
Hotel, Woburn Place, London.

Truvox Ltd. announce that Mr. E.
Morris who has held the position of
field sales manager with the company
for the last six years, has been appointed
general sales manager responsible to the
general manager and director, Mr. F.
Good. Mr. A. J. Catlin has been
appointed field sales manager.

Metropolitan -Vickers announce that
Dr. C. Dannatt, O.B.E., M.I.E.E.,
has been appointed deputy managing
director.

The Scientific Instrument Manufac-
turers' Association announce that, follow-
ing the resignation of Mr. A. G. Peacock,
for seven years secretary of the Associa-
tion, Mr. E. D. Hart has been appointed
deputy director and that Miss G. E.
Moss, formerly clerk to the council, has
now taken the position as secretary.

The Radio Industry Council announce
that radio exports set up a new record
in March. Their total value, just over
£2 800 000 was £130 000 more than the
previous highest monthly total reached
in November last year. Radio exports
for the first quarter of the year were
valued at £6 900 000, representing an
annual rate of more than £27 000 000
compared with a record figure for 1953
of 125 700 000.

Dr. G. W. Sutton has been appointed
director of research and education for
the Siemens Brothers Group of Com-
panies. For the past seven years he has
been chief superintendent of the Signals
Research and Development Establish-
ment of the Ministry of Supply, to which
he was appointed from the Royal Air-
craft Establishment, Farnborough.

Standard Telephones and Cables Ltd
are carrying out an order for the manu-
facture and installation of S.H.F. radio
networks for the Canadian Pacific and
Canadian National Railways. These net-
works are intended initially for the two-
way transmission of 525 -line television
programmes using a single radio channel
for each direction of transmission. As
a temporary measure, " Standard " port-
able S.H.F. radio links have already
been installed and are fulfilling the
immediate needs for television services
during construction of the permanent
links.

Marconi's Wireless Telegraph Com-
pany Ltd announce that Mr. G. M.
Wright, C.B.E., has relinquished his
position as engineer -in -chief, but will
remain with the company as general
technical consultant. Mr. B. N.
MeLar0y, O.B.E., has taken over the
position of engineer -in -chief and Mr.
R. J. Kemp has become his deputy.
Dr. E. Eastwood has replaced Mr.
Kemp as chief at the company's re-
search establishment at Great Baddow.
Mr. C. Gillam has been appointed chief
engineer to the Marconi's communica-
tions division and will be working in
close conjunction with Mr. A. W. Cole,
the manager of the division.

Peto Scott have extended their pro-
duction facilities with additional factory
space at New Haw, Surrey. Here
specialized equipment designed and
made in their own laboratories has been
installed for testing the various types of
electronic and radar apparatus supplied
under Government contracts.
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Radio Receiver Design
By K. R. Staley. 652 pp., 100 figs. Royal 8vo.
Part 1, 2nd Edition (revised). Chapman & Hall
Ltd. 1953. Price 56s.

THIS is the first part of a two volume
book. It gives a detailed account of

the radio -frequency portion of a receiver
for amplitude modulation starting at the
aerial terminal and ending at the detec
tor.

The first chapter gives a brief survey
of the various types of modulation in use
today, ending with a discussion on noise
factor and a description of some possible
receiver schematics.

The next chapter deals with valves.
After a short section on general princi-
ples, the author describes the main types
of valve and follows this with a brief
discussion on load lines. The valve
equivalent circuit is then dealt with at
some length, the cases considered being
the earthed cathode valve; the earthed
grid valve and the cathode -follower.

CATHODE RAY
TUBE TRACES

By H. Moss, Ph.D.

Price 10/6
(Postage 6d.)

This monograph is based on

a series of articles published

in Electronic Engineering

and contains in addition,

the elementary theory of

common types of traces with

notes on their production.

Order your copy through your bookseller

or direct from

Electronic Engineering

28 ESSEX STREET, STRAND, W.C.2

This is followed by the largest single
section of the chapter consisting of some
eighteen pages devoted to a discussion on
grid input admittance.

The remaining topics discussed in this
chapter are valve noise and the effect of
the valve on noise factor.

Chapter III deals with aerials, aerial
coupling circuits and wave traps. After
describing the various types of aerial,
the author goes on to consider all the
usual types of aerial coupling. Then
follows a section on " Interference Re-
ducing Aerial Systems " which includes

BOOK REVIEWS
some ten pages on wave traps. The
chapter ends with a note on diversity
reception.

The wave traps discussed are all of a
rather specialized nature and are intended
to reduce interference from strong local
stations. This type of wave trap is not
so common as the intermediate frequency
type which is often fitted to a receiver
as part of the design. It is felt that
some discussion on the intermediate fre-
quency type of wave trap, particularly on
the disastrous effects which can result
from an injudicious choice of compon-
ent values, would have been a useful
addition to the subject matter of: this
chapter.

Chapter IV is on radio frequency
amplification. The introduction says :
" In this chapter radio frequency is con-
sidered in relation to amplifiers which
are tunable over a range of frequencies
from a minimum of 150kc/s to a maxi-
mum of 50Mc/s." The author, how-
ever, does not treat this restriction very
seriously since on page 286 he discusses
a Butterfly Circuit with a frequency of
220-1 100Mc/s.

After a discussion on the parallel
resonant circuit the chapter goes on to
deal with the characteristics of coils in-
cluding inductance, mutual inductance,
self capacitance and the effects of screen-
ing. All the commonly used radio fre-
quency circuits are then dealt with in-
cluding tunable band-pass filters. Other
topics discussed are cross -modulation,
valve and circuit noise, instability and
band -spreading.

The next eighty pages are devoted to
frequency changing including such topics
as whistle interfefence and image sup-
pression. Some of the circuits described
seem to be a little outmoded and one
assumes that the decision not to rewrite
these parts is due to a desire to use exist-
ing circuit blocks.

Chapter VI deals with oscillators. Con-
ditions for oscillation are derived for all
the usual circuits. To be strictly correct,
the assumption given on page 376 should
include that of sinusoidal oscillation.

There is a good discussion on fre-
quency stability and methods of com-
pensation, while the problems of gang-
ing the oscillator and signal frequency
circuits occupy twenty-two pages.

Since the intermediate frequency am-
plifier is the heart of the superheterodyne
type of receiver, it is not surprising to
find that the chapter dealing with these
amplifiers is the longest in the book (109
pages). The design of the intermediate
frequency transformer with mutual in-
ductance coupling is examined in detail.
the results being summarized in a set of
generalized selectivity curves on page 453.

The discussion is then extended to in-
clude the case in which primary and
secondary circuits are dissimilar but have
a common resonant frequency: Then
follows a section of thirty-two pages on
crystal filter circuits.

The topics discussed in the remainder
of the chapter include variable selectiv-
ity, automatic variable selectivity and
valve input admittance and frequency
response.

After such a wealth of information on
the intermediate frequency amplifier it
seems churlish to ask for more, neverthe-
less it is felt that some reference should
have been made to the magneto striction
type of intermediate frequency filter.

The main part of the book ends with
a chapter on detectors. This deals with
all the detectors likely to be met with in
practice, particular attention being paid
to the diode detector.

There are six appendices dealing with
" j " Notation, Equivalent' 7 and T sec-
tions, Lattice network equivalents,
Foster's reactance theorem, Tapped
Transformer and Lattice Equivalent,
Fourier Series.

The book contains a considerable
amount of analysis but the author has
included sufficient steps to enable the
book to be read without too much re-
course to pencil and paper. It is clearly
printed and well bound and contains 652
pages compared with 442 pages in the
original edition.

H. BISSMIRE.

The Fundamentals of Electronic
Motion

By Willis W. Harman. 319 pp., 60 figs. Demy
8vo. McGraw Hill Publishing Co., Ltd. 1953.
Price 46s. 6d.

WRITTEN for the user of electron
tubes, for the student whose prim-

ary aim is to gain general understanding
rather than specialized information, this
work comes up to the high standard that
one has become accustomed to expect
from Stanford University, where the
author is a Professor of Electrical Engi-
neering. The primary objective " is to
nurture the ability to deal with new prob-
lems and new situations," and with
" increased concentration on general
philosophies understandings and atti-
tudes."

In a book outstanding for its clarity
of exposition the chapter headings are :
Fields and Electrons (26 pp.), Motion in
a Static Electric Field (39 pp.), Electron
Properties and Sources (26 pp.), Motion
in a Magnetic Field (35 pp.), Negative
and Positive Space Charge (53 pp.),
Motion in Time -Varying Field (23 pp.),
Space -Charge Waves and Velocity Modu-
lation (38 pp.), Travelling -Wave Ampli-
fication (18 pp.), Travelling -Wave Mag-
netron Amplifiers and Oscillators (28
pp.), Relativistic Electrodynamics (27
pp.). The author's care in selecting some
material and excluding other items is
understandable when the book is viewed
as a text -book for undergraduate as well
as for post -graduate students. Among
omissions may be mentioned the absence
of reference to British workers (a feature
to which one is becoming accustomed in

=
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books by American scientists) and an in-
adequate presentation of the fundamental
energetics of electron motions. One
equation which might have been quoted
on page 26 is the equation of energy in
time varying fields. This is readily
arrived at from the Lorentz equation,
and in the M.K.S. units used throughout
the book' reads differently from that for
static fields:

+my' - eV =
f (e/va V/at-eaAlat)ds+const.

where the integral is taken over the path
s following the electron and A is defined
by curl A = B and the term containing
it is in most applications, small, unlike the
term aV/at which, when (-e) is replaced
by dxdydz gives rise to the well-known
input losses due to so called electron
" loading "-not dealt with by the
author.

Errors are few-on page 165, equation
5.69, 2/3 is a misprint for 3/2. Among
special items, taken from a plentiful sup-
ply at random, one may mention memory
tubes (p. 39), space -charge wave treat-
ment of the Klystron, and lateral de -
bunching in an accelerator tube (p. 259).
While the author has scarcely succeeded
in emancipating the book from " current
engineering practice and specific design
techniques ", for many this would not be
regarded as a desirable object. The
author is to be congratulated on his clear,
helpful diagrams and for his happy
knack of providing occasional light relief
in a work which is not without its
demands upon mathematical competence.

W. E. BENHAM.

Low -Frequency Amplification
By N. A. J. Voorhoeve. 495 pp., 479 figs. Philips
Technical Library, Holland. Elsevier Press, Inc.,
New York. Cleaver Hume Press, London. 1953.
Price 50s.

THE declared purpose of this book ;s
"to furnish the sound engineer with

a thorough insight into the many subjects
which he may encounter in his practical
work." The author is an engineer em-
ployed by Philips in Eindhoven, and the
book is an English translation, being one
of a series issued by this company. With
this background it is perhaps not sur-
prising that it has a marked bias towards
Continental practice and where examples
are quoted they are largely of Philips
origin. Readers of the Philips Technical
Review will be familiar with the style and
treatment of the work, and also with the
names of many of the individuals who
have contributed information for its com-
pilation. The author has been largely
successful in achieving his purpose in the
chapters on valve and allied technique
which form approximately the first half
of the book. These cover brief funda-
mental principles, amplifier valves, pre -
amplification, output amplification, feed-
back, valve and metal rectifiers and power
units. These chapters are detailed and
particularly valuable because they have
a unified treatment which is rare, since it
can come only from a writer who is con-
versant with both the manufacture and
utilization of valves.

Left at this the book would have been
wholly excellent, but the scope has been
widened to include such diverse subjects
as components, transducers, acoustics,
amplification and relay systems and mea-

surements. This attempt to cover a vast
field has necessarily led to a sketchy and
sometimes inaccurate treatment which is
not in accord with the detailed excellence
of the earlier chapters, and this section
can only be regarded as a brief survey.
Although this detracts from the value of
the work, it is to some extent offset by
the copious references which are given at
the end of each chapter. These are of
particular value to the British reader,
containing as they do much Continental
material which is not well-known in this
country.

The translation is good and errors are
not more plentiful than is usual in a work
of this type. One particularly annoying
thing is that, although the diagrams are
all drawn in uniform style, the scale of
frequency changes from cycles per second
to Hertz and back again with gay aban-
don as the pages are turned. The typo-
graphy is excellent, but the high cost of
this book should have justified a stronger
binding.

D. T. N. WILLIAMSON.

Battery Chargers and Charging
By Robert A. Harvey. 400 pp., 284 figs. Demy
Svo. Iliffe & Sons Limited. 1953. Price 35s.

THIS book describes the new methods
used for battery charging and con-

trol, together with the older methods
which are still in current use, showing
how battery control problems have been
solved in many industries.

The construction and chemistry of each
type of storage battery is first explained;
there is a description of the fundamental
principles of charging and much general
information on charging technique. The
book then describes how the principles
are used in various specialized applica-
tions.

Simultaneous Linear Equations and
the Determination of Eigenvalues

Edited by Olga Taussky-Todd and L. J. Paige.
126 pp., 10 figs. Royal 8vo. National Bureau of
Standards, Washington, D.C. 1953. Price $1.50.

THIS volume contains the majority of
the papers presented at a symposium

held at the National Bureau of Standards
Institute for Numerical Analysis at Los
Angeles from 23-25 August, 1951.

The subject was chosen because of its
importance and usefulness to workers in
many branches of pure and applied
mathematics as well as to workers in
fields such as physics, chemistry and
aerodynamics.

Applied Electronics Annual
1953/54

Edited by R. E. B'aise. 257 pp. Crown quarto.
British -Continental Trade Press Ltd. 1954. Price
20s.

THIS is the third year of publication
of this annual and, as in previous

editions, there are notes of current inter-
est to those engaged in the export of
electronic equipment, with particular
reference to the growth of the industry
in India.

Also included is a chapter on new
devices and components of general
interest, information on trends in radio
and television throughout the world,
and a " Who's Who " for the electronic
industry.

CHAPMAN & HALL

A Selection of Books
from our List

Ultra -High -Frequency
Techniques

Edited by
J. G. BRAINERD

(Professor, Moore School of Electrical
Engineering, Pennsylvania University)

534 pages Illustrated 45s. net

Theory and Design
of

Valve Oscillators
by

H. A. THOMAS
D.SC., M.I.E.E.

(Scientific Officer, Nat. Physical Lab.)

336 pages 200 figures 36s. net

High -Frequency
Thermionic Tubes

by
A. F. HARVEY

B.SC., D PHIL.

248 pages 99 figures 18.s. net

The Magnetron
by

R. A. LATHAM
M.A., PH.D.

A. KING
W A.

L. RUSHFORTH
B.SC., M.I.E.E.

160 pages 80 figures

Essentials of
Microwaves

18s. net

by
R. B. MUCHMORE

(Research & Development Labs.
Hughes Aircraft Company, U.S.A.)

236 pages 202 figures 36s. net

Short Wave Wireless
Communication

Including Ultra -Short Waves
by

A. W. LADNER
A.M.I.C. E.

C. R. STONER
B.SC., M.I.E.E.

Fifth Edition
711 pages 417 figures 50s. net

37 ESSEX STREET, LONDON, W.C.2.
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LETTERS TO THE EDITOR
(We do not hold ourselves responsible for the opinions of our correspondents)

Ten -Volt Effect with Oxide -Coated
Cathode

DEAR SIR,-I have followed with much
interest the discussion between Mr.
Fowler and Mr. Taub on the ten -volt
effect, published in your October and
December 1953 issues (pp. 443 and 535).

I hope I may be permitted to make
the following two remarks.
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Fig. 1. Results of measurements
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(1) At the time of my own investi-
gation (1946)1, I was wondering why the
well-known deviation in the diode
characteristic, which in the literature was
attributed to reflected electrons from
the anode, went upwards instead of
downwards, as would be expected if in
that region reflected -electron " emis-
sion " occurs. After a study of the
behaviour of reflected and secondary
electrons I arrived at the conclusion
that the number of reflected electrons is
rather high (10-80 per cent) below an
anode potential of 10 volts, and that it
can show irregularities as a function of
the anode potential. At 10-20 volts the
total influence of the reflected and
secondary electrons on the potential
minimum before the cathode is at its
minimum. This occurs because the
number of reflected electrons decreases
rapidly as a result of the fact that more
primary electrons are then able to trans-
fer their energy to the electrons of the
metal, and gradually secondary electrons
are liberated. Due to the lower velo-
city of the latter, their number has to

ELECTRONIC ENGINEERING

become many times greater than the
number of reflected electrons to have an
influence of the same order on the
potential minimum, and this occurs at a
potential higher than 10 volts. In con-
sidering the influence of these reflected
and secondary electrons on the space
charge, one must also take into account
their angular distribution' and the fact
that, due to the high reflexion coefficient
a number of the reflected electrons will
contribute several times to the space
charge. So my conclusion was that the
observed deviation is due to a decrease
in the number of reflected electrons and
that the theoretical 1.1V. characteristib
must lie above the measured one.

(2) Mr. Taub is justified in asking for
measurements on reflected and second-
ary electrons of the surface in question,
as these were not given in my paper'.
Some time after this publication, how-
ever, I made such measurements, together
with other measurements on reflected
and secondary electrons from a number
of surfaces of interest in vacuum tech-
nique. I hope to publish the results in
due course. In Fig. 1 the results of the
measurements asked for are reproduced;
they can be compared with those given
in Fig. 8 of my paper'. The full -drawn
curves (8r) refer to the reflected electrons,
the dashed curves (8.) to the secondary
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Fig. 2. Curve of soot covered surface
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 Cathode surface (at 770°C) and target were
parallel planes separated by 5mm.
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electrons from a clean nickel surface
(A) and from the same surface exposed
for 50 minutes to the evaporation of an
emitting oxide -coated cathode* (B).
Electrons coming from the surface and
having more than 80 per cent of the
energy of the primary electrons were
taken to be reflected electrons; those
having less than 80 per cent of the prim-
ary energy were regarded as secondary
electrons. During the experiment a
number of intermediate curves were
taken, which showed that the change is
gradual.

It can be seen from Fig. 1 that, in the
case. (B) of the contaminated surface, 8r
has a minimum at VD = 10 volts, and
further that when V,, increases from 6
to 18 volts, 8r (B) drops from 0.6 to
0.24 and at the same time 8. (B) increases
from 0 to 0-6. The deviation at an
anode potential of 10 volts in the 1.1 V.
characteristic must thus be attributed to
a minimum in the number of reflected
electrons.

A comparison of Fig. 1 with the figure
in Mr. Taub's letter shows that the
curves 8r (B) of the measured number
of reflected electrons and of the measured
values of I" (space -charge noise -suppres-
sion factor) have the same shape. The
chain lines in Fig. 1 show the same agree-
ment between the 8r and the r2 curves
measured on a clean and on a contamin-
ated nickel surfacet.

For the sake of comparison I give in
Fig. 2 the 8r and 8. curves of a surface
covered with fluffy soot. This surface
has the lowest reflexion coefficient known
to me, and this coefficient is particularly
small if the soot is pure and Vp < 10
volts. A diode with such an anode sur-
face can have an 1./V. characteristic
practically without irregularities and
quite near to the theoretical one. In
Fig. 3 measurements are given of the
1./V. and the S/ V. characteristics of
valves with an oxide cathode, one valve
having an anode contaminated with
evaporated material, the other having an
anode covered with fluffy soot. The
slope S =c11.1dV, as a function of V.
was measured dynamically with a small
A.C. voltage (- 0.5mV). It is seen that
with the soot -covered anode the irregu-
larities have almost disappeared.

Yours faithfully,

J. L. H. JONKER,

Philips Research Laboratories,
Eindhoven-Netherlands.

REFERENCES
1. JONKER, J. L. H. Philips Res. Rep. 2, 331 (1947).

2. JONKER, J. L. H. Philips Res. Rep. 6, 372 (1951).

t The 21 curves were taken from unpublished
measurements of G. Diemer and K. S. Knol.
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What plating process gives me :

Low and stable contact
resistance,

Great hardness and resistance
to wear,

Exceptional protection from
corrosion ?

Why-RHODIUM, of course!

The unique combination of physical
properties possessed by electrodeposited

rhodium assists in solving many technical
problems in electronic and instrument

engineering. Indeed, in many cases rhodium
is the only possible solution.

Data Sheet 2053, free on request,
describes the characteristics and

applications of electrodeposited rhodium.

One of the Specialised Services of

Johnson (4f,
Mathey

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

Famous for years in the field of communication measurement, Marconi

Instruments offer TF 329G for determinations in frequency range 50 kc/s

to 50 Mc/s, and TF 886A for the range 15-170 Mc/s. While

both instruments are primarily designed as direct

reading Q meters, either may, of course,

be employed for a variety of indirect

measurements - such as the

capacitance and phase defect of condensers

- carried out by the normal reasonance

methods. In addition, special jigs are

available for T F 329G for the

investigation of dielectrics.

VA

TF 329G ; 50 kc/s-50 Mc/s; 10-500 Q; 40-450 pla.

TF 886A; 15-170 Mc/s; 60-1200Q; 12-85 puf.

May we send you our 44 -page booklet
" Measurements by Q Meter " ?

MARCONI INSTRUMENTS
SIGNAL GENERATORS BRIDGES VALVE VOLTMETERS FREQUENCY STANDARDS

WAVEMETERS WAVE ANALYSERS BEAT FREQUENCY OSCILLATORS Q METERS

MARCONI INSTRUMENTS LTD ST. ALBANS HERTS PHONE: ST. ALBANS 6161/7

Midland Office: 19 The Parade, Leamington Spa. Northern Office : 30 Albion Street, Kingston -upon -Hull. Export Office Marconi House, Strand, London, W.C.2.
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Brimar's long experience in the manufacture of
special -quality TRUSTWORTHY valves is now
being reflected throughout the entire Brimar
range.

Improved production methods, new and better
assembly jigs, tighter control on the composition
of materials, and the closer supervision of vital
processes have resulted in valves with more
uniform characteristics, greater mechanical
strength and a higher standard of reliability
as shown in the I2AT7.

now is the time

to BIIIMAI?IZE 5randard Telephones and Cables Limited

The I2AT7 is a very reliable frequency
changer and is widely used in modern
TV receivers, VHF and UHF com-
munications equipment. It is also
frequently employed in industrial equip-
ment, computors, navigational aids and
test equipment.

Use the BRIMAR I2AT7
with improved performance

at NO EXTRA COST

BRIMAR

I2AT7

MULLARD

ECC8I

MARCONI
OSRAM

BI52 & B309

COSSOR
EMITRON

I2AT7

FOOTSCRAY  SIDCUP  KENT FOOtscray 3333

JUNE 1954 k65 ELECTRONIC ENGINEERING



THE " G.R." EXPERIMENTER

IS APPROACHING ITS

30th BIRTHDAY

NEW edition of this
INVALUABLE
CATALOGUE
plus a unique service

This 258 page Catalogue, is published

every two years. It is invaluable to the

Research Engineer, Works Production

Manager, Professor or other worker.

It is Entirely Free.

Your written application also auto-
matically places you on our Monthly
Mailing List. This service ensures that
you receive regularly the latest informa-
tion covering Laboratory apparatus for
use in the Electrical, Radio, Broadcast-
ing, Telephone Engineering, Cables and
Communications, Musical Reproduc-
tion, " Talkie," Electrical Recording,
Physical and Acoustical Research, and
Allied Fields. Over 2,500 Persons or
Firms in Great Britain are already on
our list.

And now a few words about service. Our
unique Monthly Service covers primarily

the despatch of " The General Radio Experimenter," a monthly
house organ published by " G.R.". In this Journal is published
all information concerning new " G.R." items, so that all readers are
kept abreast of latest developments. In addition there often appear
authoritative articles of great importance covering many aspects
of laboratory measurements, as well as " production practice."

The " General Radio Experimenter " service is entirely free and
there is no expressed or even implied obligation to make purchases.
We do, however, request certain reasonable information from appli-
cants for admission, these being: Surname, full Christian Names, full
address of employers (if not self employed), and, if possible, type of
work or chief interests. Please also state academic qualifications.
Additions to our lists are entirely at our discretion.

All applications should be addressed to:

CLAUDE LYONS LIMITED
ELECTRICAL AND RADIO LABORATORY APPARATUS

180, Tottenham Court Road, London, W.I and 76, Oldhall Street, Liverpool 3, Lancs.

...00.4kallOMMIO"ftiliftwome lam 01110.1%.
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ATTENUATORS FADERS - STUD SWITCHES AND TOGGLE SWITCHES
WIREWOUND POTENTIOMETERS HIGH STABILITY CARBON RESISTORS
WIREWOUND RESISTORS PLUGS AND SOCKETS TERMINALS

KNOBS DIALS AND POINTERS

MULTI -CONTACT PLUGS AND SOCKETS

Rating: 5 Amps./500 volts. Silver-plated Beryllium -Copper contacts
From 2 way -33 way types available, with alternative mountings and cover facilities.
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Germanium Diodes
for the specialized

equipment

designer

Approx. actual
size.

Where small size and stability
of characteristic, unaffected by repeated
cycles of humidity, are of first importance
choose STC diodes, which will give you complete
reliability. The five types described below are available
from stock, and others are in course of development.

Abridged Data
at 20°C

TYPE NUMBERS

2X/ 102G I 2X/ I 03G 2X/ I 04G 2X/I05G
(CV448)

2X/I06G
(CV425)

Peak Inverse Voltage (V) 85 30 30 100 70

Minimum Reverse
Resistance (kilo -ohms)

500
(at 70V)

100
( at 20V)

100
(at 20V)

500
( at 50V)

50
(at 50V )

Maximum Forward
Resistance (ohms)

500
(at IV)

250
(at IV)

1000
(at IV)

333
(at I V)

250
(at IV)

Comprehensive data sheets may be obtained from :

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

Radio Division
OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.II
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THE ROCOL RANGE

The
followingNew publications

are now available and will
be sent on request

 PUBLICATION No. I

Anti -Scuffing Paste
& ANTI -SCUFFING OIL

Anti -Scuffing Paste, approved under D.T.D. 900/4284,
is a handy means of applying Molybdenum Disulphide
to all general purpose applications where dry lubrication
can be employed. Anti -Scuffing Oil is a new develop-
ment which enables the advantages of Molybdenum
Disulphide to be used in circulating systems, Oil
Lubricators, etc.

 PUBLICATION No. 2

R.T.D. Compound
This entirely new cutting medium has already proved
most successful in a wide variety of difficult metal
working operations, including reaming, drilling and
tapping stainless steel, alloy steels, nickel and titanium.

 PUBLICATION No.

Molybdenised Lubricants
A complete range of lubricants enabling the advantages
of Molybdenum Disulphide to be employed for every

of application.

 PUBLICATION No. 4

Watch and Clock Oils
A complete range of oils and ancilliary products to
meet the requirements of the Horological and Instrument
Engineer. A special feature is the inclusion pf a range
of synthetic oils which will operate efficiently down
to -65° C.

 PUBLICATION No. 5

Kilopoise Lubricants
Extreme viscosity lubricants to damp free motion and
give a slow even movement to' such components as
optical focusing movements, variable condensers,
potentiometer spindles, etc. In addition, a range of
Core Locking Compounds is marketed for locking the
iron dust core screws on I.F.T.'s and other electronic
assemblies.

ROCOL LTD.
Write for brochure giving full details to.

RAGOSINE
111V

IBEX HOUSE, MINORIES, LONDON, E.C.3
MINERVA WORKS, WOODLESFORD NR. LEEDS

n.d h. 21859
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'Loved completely reliable after SOO 000 operation
Maximum power capacity of the Type 'M' Relay
is 2.5 Kilowatts or 5 amps at 250 VAC (10 each
contact set at 110 volts A.C.) Power consumption
of coils is .85 watts from 6 volts to 120 volts D.0
.supply. Operate time at nominal applied volts is
25-40 millisecs. Mounting and terminal location!
iarranged to specific requirements,
iliiiiiiiiiiPfth 15/I derails "'''ll'bi' °''04 001 liiiii illiiIIIIIIIIill' illiillili iliiiIiiiiill

F'nd out more about these other P.A.R. Products

11'
"!irlir!!ipp111"

111,I Electronic Assemblies Transformers and Chokes
1bratory Convertor Units Automatic Circuit Testers

f you have a problem connected with Electronic
development or production, the P.A.R. Electronic
Advisory Service can probably provide the answer

.. your enquiry will not commit you in any way

gi 1o 0 "',

Clay
This new

P.A.R. Power
Relay features 2

change -over
combinations each

isolated in moulded
housing to ensure long
, life and unsurpassed

erasing efficiency. Its
Concise physical dimen-

sions of 1" x x 1;,"
give even greater scope
to electronic apparatus

manufacturers where
economy o 'space

rh Desrpt & M

imited

o of Electronic Co

Talbot Street, Nottingham,Tel.:46505/
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Q What washers are used in the electrical equipment of the most
modern aircraft?

Question

A Our lathe -
cut washers.

Produced in vast
quantity, to the strict-

est tolerances, for the
most delicate instruments.

Write or phone :
EMPIRE RUBBER COMPANY. DUNSTABLE, BEDFORDSHIRE. (DUNSTABLE 533)
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so many projects

Aircraft Equipment
Booster Pumps
Capacitors Ceramics
Dust Cores
Electrical Actuators
F.H.P. Motors Fuel Pumps
Gas Turbine Accessories
Hydraulic Pumps
I.F. Transformers
Jigs, Fixtures & Gauges
Kilowatt-hour Meters
Loudspeakers
Mobile V.H.F. Equipment
Nyquist Diagram Plotters
Output Transformers
Plugs & Sockets Press Tool Sets
Quality Reproducers
Radio Equipment & Components
Switches and Contactors
Television Equipment & Components
U.H.F. Radio Equipment
Volume Controls
Wiring Systems
X -band Test -gear
Yokes for Television
Zonal Communications Systems

So diverse are the interests of

Plessey it the Aircraft, Radio,

Television, Electrical and Mechanical

Engineering industries, that it is

difficult to instance any large project

in these fields which does not at some

vital stage depend upon the Company.

The service offered to top

managements in industry or

Government service is unique.

Expressed briefly, it is the development

of an idea through to prototype

stage and on to production-cheaply,

efficiently and in time to meet a market.

If you have a new product in rough

outline that is ripe for specialist

development you cannot do better

than talk it over with Plessey.

[ Plessey

The Plessey Company Limited

Ilford Essex

electronics radio and television mechanics

hydraulics aircraft equipment

PP5b
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CHOOSE

ELEKTRON

FOR TV

CAMERAS

mi

... Because it is one third lighter than aluminium ... exceptionally
strong and ensures easy handling during operation.

For all main structural parts and minor components of PYE TV CAMERAS-

ELEKTRON PRESSINGS have more than proved their worth at all stages of

production . . . from basic design to the finished article. ELEKTRON has

high dimensional stability . . constant temper during machining and

excellent surface finish. These combined properties make Elektron
Magnesium Alloys outstanding in meeting the stringent demands of

modern industry. Our Technical Representative will be glad to call on you.

This advertisement was prepared with the co-operation of PYE of Cambridge.

MAGNESIUM ELEKTRON LIMITED
CLIFTON JUNCTION MANCHESTER

LONDON OFFICE: BATH HOUSE 82 PICCADILLY LONDON, W I Telephone: GROSVENOR 6300
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The small insulator on the right-hand side of this group is an example of Panilax moulded resin. The washers in the left-hand corner
are Micanite, and the other components are examples of precision machining of Paxolin laminate; a class of work for which we
have facilities.

M and'
THE MICANITE & INSULATORS CO. LTD.
Empire Works  Blackhorse Lane  Walthamstow  London  E.17

BRANCH OFFICES AT BIRMINGHAM, CARDIFF, GLASGOW, MANCHESTER

AND NEWCASTLE UPON TYNE AND REPRESENTATIVES IN MOST

COUNTRIES THROUGHOUT THE WORLD. IN CANADA, MICANITE CANADA LIMITED. Manufacturers of
MICANITE (Built-up Mica insulation). Fabricated and processed MICA. PAXOLIN Laminated Materials. PANILAX Laminated
Materials and Mouldings. EMPIRE Varnished Insulating Cloths and Tapes. HIGH VOLTAGE BUSHINGS AND TERMINALS.
Distributors of Micoflex-Duratube Sleevings, Micoflex-Durasleeve (Plastics -covered flexible metal conduit) and Kenutuf
Injection Mouldings (in most thermoplastics including P.V.C.).
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LAMINATIONS from ALPHASIL
0.013" thick, with maximum watts losses
guaranteed at 15 kilogauss, 50 cycles

Alphasil 37 maximum 0.51 watts per lb.
Alphasil 40 0.56 watts per lb.
Alphasil 44 0.62 watts per lb.

Also available in 0.0045" thick, for High
Frequency applications.

Richard Thomas & Baldwins
LIMITED

COOKLEY WORKS, BRIERLEY HILL, STAFFS.
HEAD OFFICE : 47 PARK ST., LONDON, W.I

A-74



OR ELECTRONIC ENGINEERS B

MAGNETIC RELAY
Size 2.I" Max. x I" x 3)"

.9811B8W
HEAVY DUTY RELAY

Size 2r x i" x 3r

POLARISED
EXTENSION BELL
Size 71" x 6" x 31"

alliellMISELECTOR
SWITCH

3 to 8 LEVELS

REM011itONTRO L
piCABINET

ize 12" x 7" x 5" deep

The Components
illustrated here
are part of a

range of high
quality products
of interest to
Telecommunica-
tion and Elec-
tronic Engineers.

rite for jails

AUTOPHONE LTD

MAGNETIC RELAY TYPE T. .

(P.O. 3000 TYPE) Size 21" Max. x I" x 3r

HIGH SENSITIVE BUZZER
T.F.2 Size II" x Irx II"

AUTOPHONE LTD./ UNIVERSAL MAINS
SWITCHING RELAY
Size 7f" x 6" x.31"

39/547, WANDSWORTH ROAD, LONDON, S.W.8. MACAULAY
A.I.D. Approved Contractors to H.M. Government.

INTERCOMMUNICATING TELEPHONES LOUDSPEAKING TELEPHONES

1114 -Alb
PRIVATE AUTOMATIC EXCHANGES STAFF LOCATION
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Fourth in this series of advertisements illus-
trating a selection of our products are these
hardened self -tapping screws. Again a
valuable time-saver on assembly, they form
their own thread when screwed into
plain holes in sheet metal, die -

castings,
fi

plastic mouldings and
similar materials. The screws
may be used for making attach-
ments

I(

or for joining together two
or more sheets. They can be
supplied with Phillips recessed heads
or with slotted heads in two types,
namely the fully pointed type A, and the
blunt -pointed type Z. Of course,
behind these self -tapping screws, as
with all our products, there stands
the Linread tradition of quality
and service.



Mullard Ferroxcube
being extruded into
rods for H.F. cores.

JUNE 1954
L

MAGNETIC MATERIALS Extensive
research and manufacturing facilities have established

Mullard as the leading producers of magnetic materials.
They were the first, for example, to introduce Ferroxcube, the

world's most efficient magnetic ferrite; Ticonal ' anisotropic
permanent magnets, renowned for their high stability and high
energy output; and Magnadur, an entirely new type of
permanent magnet with the insulating properties of a ceramic.

The wealth of experience gained from these developments is
available to all users of magnetic materials through the Mullard
advisory service. An enquiry to the address below will put a
team of specialised engineers at your disposal.

' TICONAL ' PERMANENT MAGNETS MAGNADUR (Formerly Ferroxdure)

PERMANENT MAGNETS FERROXCUBE MAGNETIC CORE MATERIAL

MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2.
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unication
Marconi's fitted the first ship

with wireless and by 1907 200
ships and more than 100 shore

stations had been equipped.
Today practically every vessel

that ventures on the high seas
carries wireless. All radio approach

and marker beacons around the
British Isles have been designed

and manufactured by Marconi. The
mariner is warned of hazards

and guided into safe channels by
Marconi equipment in nearly every

principal shipping lane of the world.

%Lb 4*

MARINE BEACONS

AND

NAVIGATIONAL AIDS

MARCON I
MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED CHELMSFORD ESSEX

ELECTRONIC ENGINEERING 78
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The scientific approach to
vibration measurement

THE D-489 MUIRHEAD-PAMETRADA
WAVE ANALYSER

WITH the Muirhead-Pametrada Wave Analyser the localization of obscure
vibrations can be carried out systematically. Designed specifically for such

measurements, this instrument covers a range of 19 - 21,000 c/s with an accuracy of
± 0.5%. Its high selectivity enables component frequencies close to one another to
be measured ; the flat top of the tuning characteristic can be varied to simplify
measurements of fluctuating frequencies.
In almost every branch of engineering there is a use for this novel instrument.

FEATURES
 Wide frequency band - 19c/s to 21 kc/s in 9  Flat-topped response curve - narrow or wide band -

overlapping ranges

 Frequency accuracy ± 0.5% over entire range

 Response flat within + 2db over entire range

width selected at will

 Off-peak response proportional to percentage mistuning

 Output frequency is that of the selected component only,
and is available for oscilloscope viewing

 Octave discrimination better than 70db

 Mains operated from a separate stabilised supply unit

POST THIS COUPON FOR
DESCRIPTIVE BROCHURE

WHICH WILL BE SENT FREE ON REQUEST

127

MUIRHEAD & CO. LTD BECKENHAM KENT ENGLAND
MAKERS OF HIGH GRADE PRECISION ELECTRICAL INSTRUMENTS
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RELAYS
A compact design
for close stacking

SERIES S9S
D.C. OPERATED

For further details of our
range please write.

This extremely compact relay has its connections to
both contacts and coil brought conveniently to one
end, and is designed without projections to facilitate
close stacking where banks of Relays are in use. The
contact current handling capacity is exceptionally high
in relation to the overall dimensions of the Relay.
Good armature design has reduced the effects of
shock, vibration and acceleration, and the spring type
hinge eliminates backlash friction and risks of
displacement.

TELEPHONE : NEWMARKET 3181-2-3 TELEGRAMS : MAGNETIC NEWMARKET
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GRAPHIC RECORDER
for accuracy
ik speed of response

ik exceptional sensitivity
compactness without

sacrificing chart
visibility

Electrical
Movement

Generously proportioned, giving high
torque for low consumption.

Chart Mechanism
Compact, removable without disturbing the.
electrical movement and can be re -loaded with
ease and safety.

Available over the full range of power
requirements and tachometers. Also available
in special forms telecommunication and electronic
service. Standardised designs available for
quick delivery.

BROADHEATH, ALTRINCHAM, CHESHIRE
Telephones : Altrincham 3221 (4 lines) Telegrams and Cables: Cirscale, Altrincham

LONDON OFFICE: 28 VICTORIA STREET, LONDON, S.W.1.
Telephones : ABBey 5148 and 2783 Telegrams: Cirscale, Sowest, London Cables : Cirscale, London,

JUNE 1954 A. 8I
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IMF  III IMOD/Mai'
11U11,1,1 OSCILLOGRAPH

RECORDING
EQUIPMENT

M 725

735

M 800

M 731

820

We manufacture the most
comprehensive range of Oscillograph

Recording Cameras in the world
Write for our Catalogue

M 728

926

SOUTHERN INSTRUMENTS LTD
CAMBERLEY SURREY

Telephone : Camberley 1883-4

ELECTRONIC ENGINEERING

Telegraphic Address : " Minrak," Camberley, England.
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for all Good Instruments

A range of rectifiers

designed to suit all types of

instrument movements.

The performance data and

details of the types available

are given in our publication

No. C.O.R. 5305/2.

Please apply to the

following address :-

SALFORD
ELECTRICAL

INSTRUMENTS
LIMITED

PEEL
WORKS SILK

STREET SALFORD
3LANCASHIRt

A Subsidiary
of THE GE NE RAL ELECTRIC

CO. LTD. OF
ENGLAND.

"ID
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Lively lads at Lorival

would like to meet lively

electronic engineers

with a view to

Injection Mouldings

L49a

LORNA!. PLASTICS
Lorival Plastics have a large range of Injection Machines and

a full range of thermo-plastic materials.

UNITED EBONITE & LORIVAL LTD . LITTLE LEVER . NEAR BOLTON . LANCS
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Vital
to contin-

uous production
in almost every phase

of engineering, these five
Unbrako standard screw

products are always available
from Unbrako Distributors through-

out the world in a wide range of sizes
and threads.

Made to the exacting quality specification of
the world's largest specialist screw manufacturers.

UNBRAKO SOCKET SCREW CO. LTD.
COVENTRY ENGLAND
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Broad -band Matching
The photograph shows Marconi engineers erecting for
test the three -stack super -turnstile TV aerial for the
new B.B.C. transmitter at Pontop Pike. Wayne Kerr
Bridges are used for matching feeders and transmission
lines to the radiators.

FOR UNBALANCED
MEASUREMENT FROM

50 - 250 mcis

B.90I
Susceptance: Equivalent to ± 75 pF to ± 2%. ±
Conductance: 0-100 mmho to ± 2%. ± 0.1 mmho

FOR BALANCED
AND UNBALANCED

MEASUREMENT FROM
1 -100 mcis

B.80I and B.701
Susceptance: Equivalent to ± 230 pF to ± 2%. ± 0.5 pF
Conductance: 0-100 mmho to ± 2%, ± 0.1 mmho
Susceptance: Equivalent to ± 80 pF to ± 2%. ± 0.5 pF
Conductance: 0-100 mmho to ± 2%, ± 0.02 mmho

0.5 pF

FOR BALANCED
AND UNBALANCED

MEASUREMENT FROM
15 Roll -5 mcis

B.601

Wayne
feKerr

Capacitance: 0.01 pF - 20,000 pF
Resistance: 10 ohms -10 megohms
Inductance: 0.5 NH - 50 mH
Accuracy: 1% over major part of range

These Wayne Kerr Bridges are used with
external source and detector for the
measurement of aerials, cables, feeders,
and a variety of components and materials.

Photograph by courtesy of Marconi's Wireless Telegraph Co. Ltd.

THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY
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OUR
Design and
Development

department is available to help

solve your Cabinet problem. The service can
extend from the production of design sketches to the manufacture

of complete Cabinets, which can vary in size from simple instrument
cases to the most complicated consoles. Available in four gauges : Heavy,
Standard, Small and Miniature.

Write for further information to
TECHNICAL SALES OFFICE, 299 NEW KING'S RD., LONDON,

Telephone: RENOWN 1601 S.W.6

MANUFACTURERS

HALLAM SLEIGH & CHESTON LTD. WIDNEY WORKS BIRMINGHAM, 4.
WD1.

't ..10

TRANSFORMERS LTD.
27-37 MASONS AVENUE,
WEALDSTONE, MIDDX.
Telephone :
HARROW 9022/3/4/5.

FULLY A.I.D. APPROVED

POWER and
AUDIO FREQUENCY
TRANSFORMERS

Open or Enclosed Types-Suitable for all climatic conditions
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS
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316)fOR THE ELECTRONICS
INDUSTRY

2

'

THE BRITISH ELECTRIC RESISTANCE COMPANY LIMITED

QUEENS WAY, PONDERS END. MIDDLESEX. TEL: HOWARD 1492. 'GRAMS: "VITROHM, ENFIELD"

Bercostats. A new range of power
rheostats for industrial electronics. 5
sizes from 25 to 150 watts. All ceramic

construction. Windings embedded in vitreous
enamel giving great mechanical strength.
Finishes comply with RCS.1000. Available in
open, protected and ganged models.

2 A range of 3 moulded knobs with collet
fitting (Patent applied for) ensuring
positive grip of circular shafts. Quickly

and easily fixed and removed. Interchange-
able collets for r, {k" and r shafts.

3
Berco Rotary Regavolt Variable Trans-
formers. Two additions to the range of
well known " Regavolt" regulating

transformers, but of rotary type, for 200/250
volt supplies, ratings 01 and 2 amps respec-
tively. Compact, smaller than any other
transformer of comparable rating. Suitable
for panel mounting.

* See these and our wide range of high
quality electronic components in-
cluding:-
Hermetically sealed potentiometer,
fully Type Approved to Class H.I. of
RCS. -121. Vitreous enamelled resis-
tors, also Type Approved to Class
11.I. of RCS.111.

BR 1001-BXH

FOR WIDE RANGE FREQUENCY AND VOLTAGE

AUDIO FREQUENCY SIGNAL GENERATOR
Model L063

Accuracy to ± 12/0 or 0.5 cycle

FREQUENCY RANGE: 50 cycles to 55,000
cycles.
BASIC RANGE: 50-550 cycles direct reading
on a 6" diameter scale over an arc of 300.
MULTIPLIER: I, x 10, x 100.
TOTAL SCALE LENGTH: 48".
Alternatively 30-33,000 cycles

or 10 1 I ,000 cycles.

 Completely Self-contained
 Operates from A.C. Mains-Stabilised Voltages

Here is a standard calibrated audio frequency voltage
generator designed to cover a wide range. The use of
high value capacity components in the bridge circuit
allied to the two valve phase -shift oscillator which is
equipped with fully automatic electronic feed -back
control, results in a circuit of exceptionally high
stability.
Please write for full specification.

BRITI S H PHYSICAL LABORATORIES
Tel.: RADLETT 5674-5-6 Radlett HERTS

ELECTRONIC ENGINEERING c 90
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MINIATURISATION
The fan illustrated is one of our
range of
ELECTRONIC, AIRCRAFT,
INDUSTRIAL and MARINE
FANS. Its performance :-
50 cfm. Free Air.
40 cfm .4" swg. or 25 cfm. 1" swg.
115 V 400 c,s 3 phase

85°CWorking Temp. Range ±40°C

13 oz. weight 2i" diameter.

Special low inertia, low consump-
tion rotor moves a mass of air
corresponding to 4 times the
total weight of the fan per minute.

Let us handle your
cooling problems

TO APPROVED MINISTRY SPECIFICATIONS

Highest efficiency axial flow fans
developed for :
ANY MOTOR, ANY CONDI-
TIONS, ANY MATERIAL, ANY
QUANTITIES.

Engineered in accordance with
K 114, RCS 1000 or other relevant
Ministry specification.

Consult us on the following
problems

CORROSION -PROOF FANS,
HEAT EXCHANGERS, FILTERS,
TRUNKING, GENERAL
VENTILATION.

A. K. FANS LIMITED
20 UPPER PARK ROAD LONDON

Telephone: PRIMROSE 5969
CONTRACTORS TO ADMIRALTY, M.O.S., etc.

N.W . 3

MANUFACTURERS OF 'AIRMAX ' PATENTED SCREW FANS.

ALWAYS " FIT "

CASTORS
THE WORLD'S BEST

This may be news to you but it is not
to thousands of satisfied customers !

MECHANICAL HANDLING EXHIBITION
STAND No. F -I0

JUNE 9th - 19th

Loads up to 30 TONS per castor. Wheel
diameters from 2" to 44". All types of
wheels and head fittings can be selected
from our range of over

7,000 TYPES & SIZES

ASK FOR BROCHURE

Engineers, Patentees and Sole Manufacturers,

AUTOSET (PRODUCTION) LTD., Dept. 0, Stour St., B'ham 18
EST. OVER 30 YEARS. EDG 1143 4

Please mention "Electronic Engineering"
AT2
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an unseen danger !

The Statigun measures potential gradient in air over
the range 0-300kv/ft. Attachments enable insulation
resistance up to 10" ohms and surface charge
density up to 3 x10" coulombs/cm= to be measured.

BALD*64scie4e instruments

The instrument is much used for the investigation
of static charges in the textile, plastics, paper,
rubber and explosives industries as well as in
hospital operating theatres. Further details are
given in leaflet No. E123 available on request.

BALDWIN INSTRUMENT COMPANY LTD DARTFORD KENT TEL. 2948 (3 LINES)

"EVE RLOCKn

washers

pen steel

springs

and

coils by

13t1/411(- F 114

BAKER Fe FINNEMORE LTD 197-207 NEWHALL STREET  BIRMINGHAM 3
TELEPHONE: CENTRAL 2838
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FREQUENCY RANGE 19 Mc/s. to 165 Mc s. CONTINUOUS COVERAGE

 A. C. operation. 110-250 volts. 40-60 cycles.
 Dimensions 16k" x IS x 81".
 Weight 60 lbs.

 Highly efficient signal frequency circuits.
 Substantial diecast rotary coil turret.
 Excellent frequency stability and

selectivity.
 Accurate re -setting and ease of handling.
 High sensitivity and excellent signal-to-

noise ratio.
 High quality push-pull output.
 For AM, FM, NFM and CW Signals.
 Robust construction and outstanding

reliability.
 "S" Meter. Noise Limiter. Muting circuit.
 Preferred type valves.
 Finest workmanship throughout.

PLEASE WRITE FOR FULL SPECIFICATION TO THE MANUFACTURERS:

STRATTON & CO. LTD., ALVECHURCH ROAD, BIRMINGHAM, 31

To Gladden the Heart of your
Development Engineer . . .

THE QUICK AND ACCURATE PRODUCTION

OF PROTOTYPE LAMINATIONS

We supply prototypes for all new designs in the shortest possible
time that size, type, and circumstances permit, in cases of emer-
gency generally within a period of 7-28 days-Nickel
Iron Alloy Laminations approximately 40 days. All
metals and specifications in most cases immediately
available, including High, Medium and low Silicon Iron,-and
also in Nickel Iron Alloys. All Nickel Iron Alloy Lamination
heat treatment is guaranteed. Send us a sample or sketch of your
requirements, together with the specification, which will receive
immediate attention.

CELECTRONI
Telephone : Slough 25171

0

o

O

of

LIMITED

X'0 ,

LAMINATIONS
Telegrams : Lamination, Slough

OXFORD AVENUE, SLOUGH, BUCKINGHAMSHIRE

JUNE 1954
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'NIFORGE'

These X-ray photographs show
a flow indicator body cast by
the Parlanti mould process in
material DTD304. This cast-
ing was developed to withstand
a very high pressure while
keeping the sections as thin as
possible. The bottom of the
main body is 0.2" thick and
successfully withstood an inter-
nal pressure of 10,000 lb.
per sq. in.

(rkltR011

CARRON PARLANTI
LTD

Stress -free Castings
In Niforge stress -free castings, the revolutionary technical
advance presented by the Parlanti mould process is allied to
nearly two hundred years of Carron foundry experience.

This permanent gravity die-casting technique gives improved
mechanical properties - fine grain, great tensile strength,
excellent finish - and saves both time and skilled labour.

AFTER PROTOTYPING AND DEVELOPMENT

100 or more working dies can be made from a master mould in
two days, and each die can produce up to 400 castings per day.
Please write for full details.

CARRON PARLANTI LIMITED  CARRON Falkirk STIRLINGSHIRE Telephone : Falkirk 35
London Office : 15 Upper Thames Street, E.C.4. Telephone : CEN 7581

G18

DO YOU PROCESS GLASS ?

One of these B o r n k es s e l Burners will make a better job of it.

We designed them from our own experience of what's needed-

and they are used in any number of factories producing chemical

and industrial glassware.

For full details write to :

CHANCE BROTHERS LIMITED, * Lighthouse Works, Smethwick 40, Birmingham.

* The same people who make the " Flamemaster".
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METERS
Instruments for the

determination of ' Q' and
relative R.F. measurements

by resonance methods
TYPE 622: 50 kc/s to 75 Mcis
TYPE 623 : 25 Mcis to 200 Mc/s

A special model (Type 620) for
routine workshop use, range 100 kc/s

to 25 Mc/s, is also available

Technical data from: DAWE INSTRUMENTS LTD., Instrument Division
99 UXBRIDGE ROAD, EALING, LONDON, W.5 EALING 6215

or from your Regional Agent

Midlands , North of England Cheshire Scotland West of England Northern Ireland
Hawnt & Co., Ltd., A. C. Farnell, Ltd., F. C. Robinson & Ptnrs., Land, Speight & Co., Radford Electronics, Ltd., James Lowden & Co..
59, Moor Street, ; 15, Park Place, 287, Deansgate, 73, Robertson Street, 4, Acraman's Road, 11 Middlepath Street.

Birmingham, 4 Leeds, I Manchester, 3 Glasgow, C.2 Bristol, 3 Belfast.
Central 6871 Leeds 32958 Deansgate 6601 Central 1082 Bristol 64300 Belfast 57518

D.52
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Our long association with the use and prod-

uction of permanent magnets enables us to

offer not only an advisory service of the

most complete character, but the benefits of

production technique and facilities based on

wide knowledge and intensive research.

Illustration shows the latest ignition half cycle

magnetising equipment being used.

THE

WINS
GROUP

SHEFFIELD ENGLAND

DARWINS LTD.
TOOL STEELS HACKSAW BLADES
PERMANENT MAGNETS HEAT & ACID
RESISTING CASTINGS

ANDREWS TOLEDO LTD.
CARBON & ALLOY CONSTRUCTIONAL
STEELS

ANDREWS TOLEDO (WIRE ROD) LTD.
SPECIAL CARBON & ALLOY RE ROD

SHEFFIELD FORGE AND ROLLING
MILLS CO. LTD.

CARBON & ALLOY STEEL BARS & SHEETS

WARDSEND STEEL CO. LTD.
AGRICULTURAL & TOOL STEEL SHEETS
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-the first
name for

CARTRIDGE

THERMOSTATS

Universally approved
by the

ENGINEERING
INDUSTRY

for all purposes demanding
ACCURATE

temperature control

Thousands of engineers and laboratory technicians
rely exclusively on E -M Cartridge Thermostats
... particularly when the success of a process or
mechanism is dependent on specific temperatures
being maintained for brief or prolonged periods.
E -M Cartridge Thermostats are simple to install
and afford easy adjustment of temperature -setting
... they are unaffected by vibration and are capable
of switching 250 volts AC at S amps without an
associate power contactor . .. for sensitivity,
reliability, compactness, robustness, and instan-
taneous action they are unequalled.
IN TWO RANGES: -100° to +400' F (Brass Shell)

+100° to +600° F (Stainless Steel Shell)
Special Argon -arc welded stainless steel shells

supplied for use with corrosive -agents

Sensitivity : ± 0.1° F for small loads

ELECTRO METHODS LTD.
also manufacture

RELAYS , ADJUSTABLE -
CONTACT THERMOMETERS.

MAGNETIC AMPLIFIERS
LOW -INERTIA

INTEGRATING MOTORS

Full data from: ELECTRO METHODS LTD. Division TH20
CAXTON WAY, STEVENAGE, MEETS g Stevenage 780

ELECTRONIC ENGINEERING

The

smallest

precision

soldering

instrument

you've

ever

seen! (ACTUAL
SIZE)

 No fatigue . . . as light and
easy to use as a pencil Or oz.).

 Speeds production . . . heats
up in 30 seconds.

 Safety first . . . for 6, 12 or 24
volts.

 Prevents damage ... pin -point heat
concentration for small assemblies.

 Robust construction . . . no ceramic
or mica formers to break or flake.

 Fully reliable ... in constant demand by
the world's most famous manufacturers.

 5 MODELS, designed for production line
assemblies from hairspring to radio chassis

capacity.
 Model Wattage Bit -size Voltage

12 12
9 8.3
6A 6
6 6

11* 10

if" 6, 12, 24 or 50
36,1" 6, 12 or 24
IV 6 volts only

>,
Special high temperature model-solder tempera-

ture 300°C.

ORYX
MINIATURE
SOLDERING
INSTRUMENTS

Sole Distributors:
ANTEX 3 Tower Hill London E.C.3

Telephone ROYal 4439
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Seating
Through the
Ages

When it comes to
" sitting up and taking
notice " the seats of our
feudal forebears were
massively effective
although by no means
comfortable. Most
people prefer a seat
designed for sitting upon

-a seat which is
comfortable be-
cause it has been
anatomically de-
signed -in fact,
an Evertaut Seat.

EvERTAu

The Evertaut range is

wide enough to provide
the correct seating for
practically all workers
irrespective of their job -
in fact Evertaut "gets to
the seat of the trouble ".

Please write for Catalogue Sit.

THE

T SCIENTIFIC APPROACH

--""IlialkillITED.IP--- TO MODERN SEATING

(Proprietors) J. B. Brooks 6 Co., Ltd.

WALSALL ROAD, PERRY BARR, BIRMINGHAM, 22B.
Phone : BIRchfields 4587 (4 lines) Grams : Evertaut, Birmingham.

London Office Kern House, Kingsway, W.C.2 Phone : HOL. 0238

Unique

range of
valve retainers
for all types
of electronic
equipment

THE wide range of valve retainers available from

ELECTROTHERMAL Engineering is an example o

how we keep " out front " in the electronic component

field. ELECTROTHERMAL valve retainers can be

supplied to fit any type, make or size of valve you use.

Some of these retainers are unique. There are ELECTRO-

THERMAL retainers for miniature valves, top -cap valves,

transmitter valves, C.R.T.'s, etc. ELECTROTHERMAL

also produces connecting clips to be used with top -cap

valves. We can supply clips to be used without retainers,

or clips of unique design to be used in conjunction with

retainers. For full information and literature phone or

write now to ELECTROTHERMAL ENGINEERING

LIMITED, 270 NEVILLE ROAD, LONDON, E.7.
(GRAngewood 0055).

JUNE 1954 14- 9-

Electrothermal for high precision electronic instruments
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Electrothermal products are covered by British & Foreign patents.
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B.E.P.C.
Exhibition
Stand 14

FOR RADIO AND TELEVISION

A.G. multi -circuit rotary Switches. Range : single
pole;12 circuit selective to ten pole 2 circuit selective,

10 amps, maximum per contact.

A new range of 3 amp. toggle switches and an
established range of multi -circuit Switches. High quality
materials, precision made parts, accurate assembly and
attention to detail enable the designer and the user to
have complete confidence in all " Diamond H "
Switches. Send your switching problems to :-

"DIAMOND H" SWITCHES LTD
GUNNERSBURY AVENUE, CHISWICK, LONDON, W.4 Telephone: CHISWICK 6444/6/7/8

3 amp. 250v. AC/DC single pole ON/OFF (biased
action also available) toggle Switches designed to

conform to RCL. 151 specification.

Fitted to
the World's finest radiograms

record playing units

Seven inch, ten inch, and twelve inch records
played at all speeds and played superbly
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The great advantage of this instrument is the illu-
minated 8 in. mirror scale which gives easy reading
in the laboratory. The ten voltage ranges are
in 10 db steps. An additional decibel scale is pro-
vided which gives an overall range of -70 to +42
db with a reference level of 1 mW into 600 ohms.

8 INCH SCALE

MILLIVOLTMETER
OUTSTANDING FEATURES :

8 in. Illuminated Mirror Scale.

Wide Range : 100 uV to 100 V in ten ranges.
First range 0-3mV. Ranges in 10 db steps.

No Zero Drift.

Frequency Range : 20 cycles to 300 kilocycles.
Accuracy ±3%. Up to 800 kilocycles at lower

accuracy.

High Input Impedance : 12 megohms.

Exceptionally low internal noise.

Mains Operated.

The circuit comprises an input cathode follower,
followed by a three valve amplifier with
negative feed -back. The H.T. supply is
electronically stabilized and the instrument is
substantially independent of changes in the supply
voltage.

HATFIELD INSTRUMENTS LTD

JUNE 1954

175, UXBRIDGE ROAD,
II HARWELL- LONDON, W.7

Telephone : EALing 0779, 9857

101

SCINTILLATION
COUNTER HEAD
TYPE 653
A universal unit for fundamental research into nucleonics-

medical, clinical and diagnostic : routine investigation.

Special end caps and lead collimator are provided with this

equipment for Alpha, Beta and Gamma rays, X -Ray

Spectrometry and neutrons using crystalline and plastic

phosphors.

Ancillary Isotope Apparatus available for complete
scintillation techniques includes:

EXTREME STABILITY E.H.T. UNIT, WIDE BAND AMPLIFIER, PULSE

ANALYSER, SCALER.

Detailed
specifications
from

120  MOORGATE  LONDON E.C.2
Telephone : METropolitan 9641 (5 lines)

Midland Agent HAWNT & co. LTD., 59 Moor St., Birmingham, 4.
(Telephone: Central 6871)

Northern Agent : A. M. LOCK & CO. LTD., Crompton St., Chadderton,
Oldham, Lancs. (Telephone Main 6744)

Scottish Agent : A. R. BOLTON & CO., 72 Haymarket Terrace,
Edinburgh, 12. (Telephone: Edinburgh 62446)

ELECTRONIC ENGINEERING



HERE IS
YOUR FUTURE
SOLDERING
INSTRUMENT
INDISPENSABLE FOR MINIATURE ELECTRONIC EQUIPMENT

THE NEW

REGD. TRADE MARE

THE SMALLEST, LIGHTEST,
FASTEST, MOST EFFICIENT,
RELIABLE, AND VERSATILE
SOLDERING INSTRUMENT IN
THE WORLD WITH A FULLY
INSULATED MAINS ELEMENT
WHICH IS t FLASH TESTED
DURING MANUFACTURE TO
1,000 V. A.C.

Afr in. Bit Model has been continuously
connected day and night to a 240 v.
mains over a period exceeding TWO
MONTHS. It was still working satis-
factorily when this advertisement went
to press. It will therefore be apparent
that the mains element of this instru-
ment is very robust.

SPECIFICATION
Weight (less flex) : 1 ounce. Length :
6 in. Bit dia.: * in. Heating time
approx. : I minute. Loading : 12 watts.

Other models on the same principle are
available as follows :-
* dia. fixed or replaceable bit 23 watts Idg
* in.,,,,,,27

40

Supplied in standard voltage ranges
from 6/7 v. to 230/50 v. complete with
flex. Models for special voltages or low
melting point solders supplied to order.

PRICES
* in. Fixed bit model 19 6

in. Replaceable bit model...El I 6

Safety shield for bench mntg 5 0

' Fixed bit II.1.0 replaceable 11.4.0
shield 5/6. r Fixed bit EI.2.6 re-
placeable 11.5.6 shield 5/6. r Fixed
bit L1.5.6 replaceable E I.8.6 shield 6/6.

I ATESTWILLCONVINCEYOU 1
I THIS IS THE INSTRUMENT I

YOU WILL USE IN FUTURE I

Full details from sole manufacturers.

LIGHT SOLDERING
DEVELOPMENTS LTD.

106 George Street,
CROYDON Surrey

Telephone : CROydon 8589

ELECTRONIC ENGINEERING

ACTUAL
SIZE

THE NEW
_rnr.7,-:77:71:7,1

VER READY
N. B

REGD. TRADE MARK

10 BATTERY 6136

for
cheaper
radio listening

This new Ever Ready Battery, com-
bining a 90 volt high tension unit and
a 1.5v low tension section, has been
designed for use with the latest Ever
Ready low consumption valves, type
DK96, DF96, DAF96 and DL96,
which use only half the filament
current (25mA) of the older series
valves (50mA).
A balanced service life of 300 hours is
obtained when the high tension cur-
rent is 10.5 mA at 90 volts and the
low tension current 125 mA at 1.4
volts; the respective cut-off voltages
being 40v and 1.0v on load.
The maximum battery dimensions
are 7-lf" x 3i" x 4" and the weight is
5 lbs. 10 oz. Price 16/-.

BATTERY PLUG
The new Ever Ready plastic 4 pin
battery plug has] been "specially
designed to ensure (correct and
easy battery connections. Plugs
are fitted with four staggered
metal pins, also four coloured
wires le in length. List Price
21- complete. Suitable for use
with BSS. 1766-1951.

EVER READY DRY BATTERIES FOR RADIOS
TORCHES  HEARING AIDS  CYCLE LAMPS
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with VACROM Regd.

NICKEL -CHROME

n d EUREKA Regd.

CUPRO-NICKEL

CI TE
..1111)

COW
'P'4NY Oh\

We specialize in the production of Superfine Wires and can
supply ' Vacrom ' down to .0005" and ' Eureka' down to .0007'.

VACTITE WIRE COMPANY LTD.
75 ST. SIMON STREET SALFORD 3 . LANCS.

Associated with The London Electric Wire Co., and Smiths Ltd.
Frederick Smith & Co., and The Liverpool Electric Cable Co. Ltd.

74 9

NIP 2 -Channel OSCILLOSCOPE
FOR

visual monitoring and wave -form observation
in measuring and recording rapidly changing pressures

and other dynamic phenomena in
industry and medicine

In this A.C. mains -operated oscilloscope, a high-speed electronic switch provides
observation of two wave -forms together. The panel accommodates either a
detachable viewing hood or a standard oscilloscope camera, and an output
socket enables simultaneous operation of a second oscilloscope.

The long -persistence cathode ray tube of latest post -deflection acceleration type
gives a sharp, bright blue trace with long yellow afterglow, and there is a four -
speed linear internal time -base. A separate vertical -deflection amplifier is used
for each wave -form input, with gain and beam -shift controls. Operation from
an external time -base is facilitated by a horizontal amplifier.

The stove -enamelled rust -proofed welded steel case and internal screening give
complete protection from interference during use in conjunction with other
apparatus.

The N.E.P. Oscilloscope is one of the N.E.P. range of measuring and recording
apparatus designed for use together or separately. Your inquiry stating YOUR
individual needs or for literature and further details will receive prompt attention.

NEW ELECTRONIC PRODUCTS LTD. \.
9 NEW CAVENDISH STREET, LONDON, W.I. (WELbeck 1421-2)

Contractors to the Ministry of Supply, Ministry of Health, U.S.A.F., etc.
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Where Industry
and Medicine
march side by

side
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I I ighly efficient rotating
magnet system comprising
I , I ipse magnet between
Interleaving mild steel
pole pieces.

JAMES NEILL
SHEFFIELD 11

Alcomax Iv
incomparable for
Rotating Magnets

Informative technical litera-
ture will be supplied on

request.

PERMANENT
MAGNETS
CO. SHEFFIELD) LTD.

ENGLAND

Made by the makers of
"Eclipse"

Permanent Magnet Chucks

M2

TWIN STABILISED POWER UNIT

voltages for
TWIN STABILISED UNIT SINGLE STABILISED UNIT

£123 (Ex -Works) £69

Check these

Features
on EACH side :

 180-350v. D.C. STABILISED,
180mA. RIPPLE : 8mV AT
MAX. LOAD

 400-450v. D.C. UNSTABILISED
 I70v. D.C. STABILISED NEG-

ATIVE 2mA
 4/6.3v. 3A A.C. EARTHY
 4/6.3v. 3A A.C. ISOLATED

This is the only twin Power
Unit on the market housed on

one 19 in. panel. The two units can be used inde-
pendently, in series, in parallel, or can be supplied with a self -balancing

centre tapped source, one adjustment automatically sets equal positive and negative
use with D.C. Amplifiers, etc.

(ELECTRONICS)OMICRON LIMITED

FOR EARLY
DELIVERY ORDER NOW

HERMITAGE BUILDINGS,
LONGFELLOW ROAD, WALSGRAVE,

COVENTRY.
IMMIM1111.11 WALSGRAVE - ON - SOWE 2950

ELECTRONIC ENGINEERING 14-1134 JUNE 1954



Over a century of ex-
perience in this highly
specialised field.
We invite your enquiries.

STEATITE
. . . for all high

requency applications

Machined to special designs and fine limits,

WILLIAM SUGG & COMPANY LIMITED
RANELAGH WORKS, CHAPTER STREET, WESTMINSTER, S.W.I. VICtorla 3211

TELCONNECTORS:

co -axial cable
terminations

The terminations illustrated are available for use with
Telcon lead or aluminium sheathed co -axial cables. Where
supplied for use with air -spaced cables, the attachment
shown enables the cable to be flushed with dry air or
pressurised gas.

All types are readily available in various sizes
and combinations. Write for publication T/1.

JUNE 1954

Type TZ.57.A1 for use
with AS.57.A1 cable.

TELCON ,,s\*\\\
cables :

Type T.35.L for use with PT.35.L cable.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.

Works : TELCON WORKS, GREENWICH. S.E.IO
Tel : GREenwich 3291

Branch Office 43 FOUNTAIN ST., MANCHESTER 2
Tel : CENtral 0758
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elmag
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'C' TYPE & TOROIDAL

WOUND CORES

The use of grain oriented steels in transformer and choke design
permits a considerable reduction in weight and size as well as giving
higher efficiency. Telmag specialise in the production of a wide variety
of grain oriented steel cores designed with these objectives in view.
Toroidal, or 'C' Type cores can be supplied to any desired proportions,
as listed in R.C.S.C. Specification RCL. 193, or to special order.
Further Telmag developments feature a range of `E' type cores for
3 -phase working, and your enquiries for these types are welcomed.
Please write for technical literature, available upon request.

TELMAG ADVISORY SERVICE

We maintain a specialised advisory service and are always

pleased to co-operate on any specific problem.

TELCON-MAGNETIC CORES LIMITED
CHAPELHALL INDUSTRIAL ESTATE, CHAPELHALL, LANARKSHIRE. Tel.: AIRDRIE 2283

Continuously variable from 150 v. to 0 kv.

E.H.T. INSULATION TEST SET
TYPE XU 110

Leakage loss under E.H.T. conditions in

.cables, conductors, etc., may be measured

on the meter, which also indicates

voltage, by the turn of a switch.
The instrument is of laboratory standard,

yet is portable enough for use in the field.

Full details and specification from the Manufacturers :

TELEMECHANICS LTD.
INSTRUMENT DIVISION 3, NEWMAN YARD, NEWMAN STREET, LONDON, W.I.

TELEPHONE: LANgham 7965

ELECTRONIC ENGINEERING 4.108
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RELAYS
CARPENTER POLAR

have these outstanding features
The Carpenter Polarized Relay will
respond to weak, ill-defined or short -
duration impulses of differing polarity,
or it will follow weak alternating

current inputs of high frequencies and so provide
a continuously operating symmetrical change-
over switch between two different sources.
Five basic types are available with a wide range
of single and multiple windings.
Particulars of the type best suited to your purpose
will be gladly supplied if you will send us your
circuit details.

High operational speed

High sensitivity

Freedom from contact
rebound

No positional error

High contact pressures

Accuracy of signal
repetition

Exceptional thermal
stability

Ease of adjustment

Manufactured by the sole licensees.

TELEPHONE MANUFACTURING CO. LTD
Contractors to Governments of the British Commonwealth and other Nations

HOLLINGSWORTH WORKS DULWICH LONDON S E 21 Tel: GIPsy Hill 2211

DIRECTIONAL
scintillation

COUNTER
A HIGHLY SENSITIVE
DIRECTIONAL COUNTER FOR
GAMMA EMITTING ISOTOPES

Efficient shielding from radiation a few degrees off the axis
of the counter and the use of a large crystal, 1i" dia. have
resulted in an instrument ideal for directional work with
low activity tracers, and, with the lead collimator removed,
for total activity or sample counting.

For further particulars, contact:

NUCLEONICS

BURNDEPT
EDITH

dia. Thallium activated
Sodium Iodide crystal.

Counting efficiency for 1.131, 80%
Half count angle for 1.131, 4°

DIVISION

LIMITED
KENT

J

Also manufacturers of Head Amplifiers: Ratemeters : Power Supply Units: Radiation Monitors: Neutron Monitors

JUNE 1954
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Quantity production of small automatically made pieces in
Steatite, Porcelain, and Rutile materials for electric cooking
and heating equipment, and telecommunication apparatus.

GEO. BRAY & CO. LTD., Leicester Place, Leeds 2.
Tel. : 20981/9. Grants.: "Bray, Leeds"

o RADmATE
LTD.

HIGH QUALITY TAPE RECORDING EQUIPMENT
THE MODEL SD TAPE DESK (to take 10)in. NAB Reels)
Programme Time : 62 minutes at 7) i.p.s.

124 minutes at 31 i.p.s.
Panel size : 20in. x l4)in.
Two speeds, 31 and 7) i.p.s. Double track heads. Push button
control. Fast wind and rewind. Three heavy duty motors. Three
separately shielded heads. Complete with NAB reel adaptors

PRICE : (fitted with 6RP heads) MN -

ALSO AVAILABLE
MODEL 5C TAPE DESK (to take 9lin. reels).
Programme Time : 55 mins. at 7) i.p.s.

110 mins. at 31 i.p.s.
PRICE : (fitted with 6RP heads)

Large Panel (20in. x 14)in.), 447/101,
Small Panel (131in. x 15)in.), E4S/I0/..

MODEL 5B TAPE DESK (to take 7in. reels).
Programme Time : 31 mins. at 7) i.p.s.

62 mins. at 31 i.p.s.
PRICE : (fitted with 6RP heads)

Panel size (131in. x 15) in.), £42/-/-.

PORTABLE RECORDERS
In rexine covered case, fitted with model 5B tape desk, type D.2.
C.J.R. amplifier with monitoring. Provision for external loud-
speaker.

PRICE : i117/-/- (without microphone).

High fidelity sound heads. Type 5RP (Record/play), OM-. Type
6RP (super fidelity), L3/15/-. Type SE (Erase), OM-. Mumetal
Screening cans, 8/6. Amplifiers, microphones. All types and
sizes of magnetic tape.

CHANGE OF TELEPHONE NO.
Our 'Phone No. is now EAST 2881-2

Trade supplied. Send for Lists

BRADMATIC LIMITED
STATION ROAD ASTON BIRMINGHAM 6
Phone : EASt 2881 & 2. Grams : Bradmatic, Birmingham

A.I.D. Approved
inspection dept.
Fully equipped

tool room.
Modern Heat

Treatment plant
& Barrelling
techniques.

Pressings and
sub -assemblies in

all types of ferrous
& non-ferrous metals

including Beryllium copper
and aluminium alloys.and

C, 133RANDAUER CAM
-of Pen Fame. Est. 1862 -

NEW JOHN ST. WEST, BIRMINGHAM ASTON
CROSS '1220

London Office 124 Newgate St., London, E.C.I. Telephone : MONarch 5321

ELECTRONIC ENGINEERING 41, 110

No substitute for
QUAI/TY

THE requirements of the
electrical industry call for compo-

nents of the highest quality. That is
why CRESSALL Rheostats,

Potentiometers, Resistor Units.
etc., are designed and construc-
ted to meet the most exacting

conditions. Their quality is
based on over forty years' ex-
perience of manufacture - a

guarantee for long service
and satisfaction. Whatever

your requirement, there is a
CRESSALL component to meet

every need in the whole
power range.

Registered trade name of

THE CRESSALL MANUFACTURING CO. LTD.
TOWER STREET BIRMINGHAM 19

Telephone AS Ton Cross /hog (3 lines) Telegrams "OHMIC, Birmingham'.
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LEEVERS -RICH

Twentieth
Century -Fox

This beautiful and
stirring film

THE CINEMASCOPE RECORD of the ROYAL TOUR

was a production problem to test both
technicians and equipment. No delays,
errors or retakes were permissible on any
of the vital sequences of the rigid schedule.

Like the technicians using it, the
LEEVERS-RICH SYNCROPULSE MAGNETIC
RECORDER was " on top of the job "
throughout this 30,000 miles location.

Technical details and prices from :-

LEEVERS-RICH EQUIPMENT LTD.
37 Wardour Street, London, W.I. GERrard 4502

Electronic Engineers
who are qualified and experienced are

invited to apply to :

MARCONI'S WIRELESS TELEGRAPH

CO. LTD.

for positions connected with expanding activities
in the following fields :

MicroWave
wide band telecommunication systems

Airborne
communication and navigational aid equipment

Centimetric Radar
transmitters, receivers and associated equipment

Permanent and pensionable positions, some of
senior status. Write quoting Ref. S.A. 49 to Dept.
C.P.S., Marconi House, 336/7, Strand, W.C.2.

JUNE 1954
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An Important Service
to Industry . . .

The Design and Manufacture of

PNEUMATIC
HYDRAULIC

and ELECTRONIC
EQUIPMENT

for Measurement and Control in Industry
and Research . . . with a complete Service
after Sales

Ample capacity available owing to expansion

Your Enquiries and Tenders invited

The Symbol of Service . . .

L.M.B. INSTRUMENTS LTD.

OLD BEDFORD ROAD, LUTON,
BEDS. Phone : Luton 4336

STOCKISTS OF

BX
POLYSTYRENE
A first-class rigid insulating material,
supplied in sheets and rods in a range
of thicknesses and diameters ex stock.

Information and guidance on manipulation,
machining and cementing available on request.

MILTOID LTD.
34/36 Royal College Street, London, N.W.1.
'Phone : EUSton 6467. 'Grams : Celudol, Norwest, London

ELECTRONIC ENGINEERING



ELECTRO-
MAGNETIC

COUNTER

2i 5 rt

MAJOR TYPE 6 x I x 11 ins.
FOUR FIGURES

TWO TYPES
3 ohms operates on 3/6 Vo. D.C.

500 ohms operates on 18/24 Vo. D.C.
17/6 Post & Pkg. 9d.

MAGNETIC RELAYS
U N !SELECTORS

KEY SWITCHES

§, JACK DAVIS (RELAYS) LTD. 5
36 PERCY STREET LONDON W.I 5

5 MUSEUM 7960

te:sz)te57)1e7/ t')

LANGHAM 4821

DONOV AN ACCESSORIES

FOR THE ELECTRONIC

APPARATUS MANUFACTURER!

TYPE i.96 TERMINAL BLOCKS

Made in 15, 30 and 60 amp. sizes.

Type C.30 PUSH SUTTON
UNIT

arranged for
mounting on

customers' own
cover plate.

Type am R.C. P OW ER

RELAY -4 -pole
with N.O.

or N.C. contacts.

THE DONOVAN ELECTRICAL CO. LTD.
Safuse Works Stechford Birmingham 33

stoo
oct.
\11 \VLS

0\1\iVkkS
St NOttV
The 'Tophet' range of resistance materials is eminently suit-
able for use under the most exacting conditions as the physical
and mechanical properties always remain constant, ensuring
long and efficient service.
Our RESISTANCE HANDBOOK gives complete electrical
and physical data regarding 'Tophet' resistance wires, stainless
steels and ultra fine wire, as well as particulars of our 'Truflex'
thermostatic bimetal.

Manufactured by GILBY-BRUNTON LIMITED
HEAD OFFICE & WORKS: SEAMILL, MUSSELBURGH, SCOTLAND

Telephone: Musselburgh 2369
LONDON OFFICE: 47 WHITEHALL, S.W.I. Tel : WHltehall 6058

EQUIPMENT FOR

RESEARCH
AND

DEVELOPMENT
* Vibration

Equipment

* High Speed
Electric Counters

* Strain Gauge
Equipment

* High Accuracy
Tachometers

* Temperature
Measuring
Equipment

ELECTRONIC ENGINEERING tk-112

DAVIS, W
Sc,

CHELTENHAM
ONE S3406

NEOSTRON COUNTING UNIT
Valve -triggered counting unit, in-
corporating D.W.A. High -Speed
Pulse Register, for accurate timing
applications where the instrument
counts tuning fork oscillations, or
any other rotary or oscillating
motions using photo -electric or
other pick-ups.

EWS LTD
NT

ENGLAND
TELEGRAMS INVENTION"

KiDWA. . I
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GIVE YOUR WINDINGS
A GOOD LIFE

impregnate with a

BLICKVAC HIGH -VACUUM IMPREGNATOR

Full range of models available to meet the needs of

* the large-scale Producer
* the Research Laboratory
* the small Rewind Shop

BLICKVAC UNITS MEET THE MOST

STRINGENT SPECIFICATIONS.

Outstanding Features :
 Ease in control
 Simple attachment of

auxiliary autoclaves
 Fully demountable to

facilitate cleaning
 Best quality fittings

throughout
 Unequalled flexibility and

performance
 Units available suitable for:

VARNISH, WAX, BITUMEN, POTTING RESINS

If your problem is Coil Impregnation
CONSULT BLICKVAC

Write today to Hamilton Road Works, Hamilton Road, S.E.27
GIPsy Hill 4394

Associated with Buick Time Recorders Ltd., Blkk Engineering Ltd.

STATION ROAD
BROOKMANS PARK, HERTS.

Tel:- HATFIELD 3130

JUNE 1954

On the 'Mauretania' and the two 'Queens', on railway systems
throughout the world, certainly in your own car, Cooper's
felt is proving an invaluable material for a surprising number
of purposes. Have you considered felt? One of Cooper's
experts will be happy to answer any questions.

COOPERS

Please send all enquiries to Head Office and Works:

COOPER & CO. (B'ham) Ltd.
BRYNMAWR, BRECONSHIRE

Tel.: Brynmawr 312 Telegrams: Felting Brynmawr
Registered Office & Works: Little King Street, Birmingham, 19

A BETTER PRODUCT ...
is the natural result of using "B -W''
Industrial Heating Equipment. Shown
here are only a few examples of smaller
devices included in the wide range of
"B -W " Aids to Production. Write
for full details to -day.

" B -W " STANDARD PRODUCTS INCLUDE:

 FURNACES
 OVENS
 HUMIDITY CABINETS
 HOT PLATES
 DRYING PLANTS
 WAX POTS
 TINNING BATHS

Special Equipment also
r% made to requirements

INDUSTRY NEEDS HEAT - YOU NEED " B -W"

Bete0164.0144-kAwy
All enquiries to :

SALES OFFICE : 2 DORSET SQ., LONDON, N.W.I. AMBassador 5485
WORKS: NEASDEN & BLETCHLEY.
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Xxcei/e/iffe dd,oy
Specialists in Sub miniature Telecommunication

Components

STAND-OFF
INSULATOR

For 1500 volts working
Overall height 1.1"
Over chassis .86"
Dipped tinned spill .35"
Thread & hexagon 6BA

These are reproduced
(approx) actual size

MINITRIMMER

Standard maximum cap-
acities up to 13pF
Voltage 500 DC.
Base I" square with
fixing centres for 10 BA
f" apart
Details from :-

ULVERSTON NORTH LANCS Tel Ulversion3306

\%1 1 I ///.,
1.1

:--_,CR1NKLEitvashers

Heat treated and plated, giving corrosion
resistance with high degree of recovery
in relation to load, and resistance to
" set ". Spring locking action suitable
for electronic and instrument components.
Size range 4" to 8 B.A.

Prices and samples sent on request.

TONTRACTORS TO THE ADMIRALTY  MINISTRY Of SUPPLY  OTHER GOVERNMENT DEPTS.

TRADE mAo
DAVID POWIS E. SONS LTD.

10RWARD WORKS SPARKBRODIS BIRMINGHAM 11' PHONE RIC 1284-8

ELECTRONIC ENGINEERING

PITMAN ./TESPAINGORNIVANIINNINTIINEPT

An Introduction to Ultra -High -Frequency Radio
Engineering

By Stephen A. Knight. Illustrated. 21/- net.
" . . The experimentally -minded radio amateur
will find this book of the very greatest value and
interest."-R.S.G.B. Bulletin.

Radio and Radar Technique
By A. T. Starr. Illustrated. 75/- net. " . . . will
without doubt find a place upon the shelves of all
the better technical and scientific libraries . . . will
doubtless become a standard work."-Machinery
Lloyd.

Electronics
By A. T. Starr. A comprehensive treatise on
theoretical and applied electronics, by an authority.
Illustrated. 32/6 net. " This is an outstanding
textbook from the viewpoint of both teacher and
student and one which is likely to be widely
adopted."-The Electrical Journal.

The Principles of Television Reception
By A. W. Keen. Illustrated. 30/- net. " . .. This
beautifully produced book must be the last word
in books on Television. It provides technicians
with a most valuable introduction to the theory
underlying the design of television receivers."-
The Bolton Standard.

Sir Isaac Pitman & Sons Ltd.
Parker St Kingsway London, W.C.2.

FROM STOCK :
METERS

2/i", 31- Round Flush.
4" and 5" Square Flush.
In ranges 100 ILA. 250 µA. and I mA.
(Special calibrations 14 days).

HOURS METERS
3k" Round Flush.

TOTAL TIME RECORDERS
10,000 hours.

AUTOMATIC INDUSTRIAL TIMERS
FREQUENCY METERS

4" Square
50 c/s., 60 c/s., 400 c/s.

ELECTRONIC COUNTERS
INDUSTRIAL.

LOW RESISTANCE TEST SETS
Portable. 0.01-10,000 ohms.

STABILIZED POWER SUPPLIES
Various Outputs.

GALVANOMETERS
I00-0--100. microamps.

All new equipments to F.G. specifications.

Henry A. Patterson & Partners Ltd.
ELECTRONIC LABORATORY FURNISHERS

156 High Holborn, LONDON, W.C.I.
Phone: CHAncery 7717

and at High Wycombe Phone: PENN 2334
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.`TRANSFORMER CO. LTD ".

This Woden Transformer is typical of many supplied for Industrial
Electronics and is for incorporation in a large R.F. Heater made by
a well-known manufacturer. Transformers in this field are
individually and specially constructed to suit design of heater.

Price is an important factor and all Woden Transformers are built at
the lowest cost, consistent with first-class workmanship and materials,
to guarantee the utmost reliability in service.

srn W.2097a MOXLEY RD., BILSTON, STAFFS. Phone: Bilston 41959

R.59

SCREENED
CONNECTORS

for cables of 0.2" to 1.03"0.D.
Single and multi -way types.

Special types fitted with coupling rings.
Cable joining connectors.

U.S. Type Connectors as illustrated.

CABLE
O.D. TYPE CODE

0.41"
W.071 0.25"

0.2"

fits on
GD.071
CD.071
vD.071

fits on
GD.071
LD.071

fits on
GD.071 Chassis receptacle cn.071
LD.071

Straight plug
Reducing adaptor
Reducing adaptor

GD.071
np.07/05
RD.07/03

Elbow plug adaptor LD.071

Bulkhead (Junction) vD.071
adaptor

Other Transradio specialised products:
CO -AX air -spaced articulated

Very Low Loss Cables.
Microdual Two -speed Precision Drives.

TRANSRADIO L1D

I38A CROMWELL ROAD, LONDON, SW7, ENGLAND

RD.07105 Telephone: FREmantle 4421 (P.B.X.)

JUNE 1954

To Designers and others interested in . . .

* Alloys for Glass to
Metal Seals with Expansion
Co-efficients to absolute Values

* pure Metals and Alloys
for Vacuum, Thermionic and X -Ray Tube
manufacture

* Bi-Metals and Thermo-
Expansion Alloys

* Electrical and High
Temperature Resistance
Wires, Strip and Tapes

IMPORT DIVISION OF . . .

The TETRA Engineering Co., Ltd.
Representing

HERAEUS VACUUMSCHMELZE A.G. and
ISABELLEN HUETTE

(Makers of the Original Manganin Alloy)
1-3 REDHILL STREET, LONDON, N.W.1.

Telephone: EUSton 3707 PBX Telegrams: Tetcrati, Norwest, Londonr
ft -115 ELECTRONIC ENGINEERING



SPECIALISED
PAPERS

for the
Electrical
Industry

Whatever the purpose-trans-
formers, telephone and power
cables or anything electrical

lalls\ that needs a good paper, Watson

iti
Ilk,-;-.---

of Linwood can supply to your

is available from our skilled staff
particular specification. Advice

4VNL 1,-,--__,!.-
with details of the range which
includes Plastic base papers,
Presspahns and various Elec--

------7.= trical boards.

R. & W. WATSON LTD.,
LINWOOD, RENFREWSHIRE,

SCOTLAND.
London Office : Northgate House, 20-24,
Moorgate, London, E.C.2.
Birmingham Office : 439, Belchers Lane,
Birmingham 9.
Manchester Agents : Norbury Bros., 69,
Piccadilly, Manchester.

WILKINSONS
NIPPERS

SPECIALISED
EXPNSERI ENOOLCE

MASKES

WILKINSO
T

A STANDARD
TNE WORLD

OVER

Current
Catalogue

with

pleasure

WILKINSONS

WILKINSONS TOOLS LTD
KERFOOT STREET

WARRINGTON ENGLAND

C.W.2415/150

ELECTRONIC ENGINEERING

' The Thinker'
by Rodin

DYNAMIC
REPOSE

This fine work by Rodin is surely the

personification of latent power. In

industry and commerce Tan -Sad

chairs are, through correct posture,

conserving this energy and producing

mental alertness and efficiency. With

Tan -Sad seating, man is indeed

a giant refreshed.

May we send you details of

Tan -Sad
POSTURAL SEATING

FOR INDUSTRY
AND COMMERCE

THE TAN -SAD CHAIR CO. (1931) LTD.
AVERY HOUSE CLERKENWELL GREEN LONDON E.C.1
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THOS. ALLNUTT & CO.
Metal Thread and Wood Screws
Turned or Pressed Nuts, Plain,
Shakeproof and Spring Washers

for all purposes. Wing Nuts.

SOLDERING TAGS
AND EYELETS

LEE CHAPEL LANE
LANGDON HILLS, Essex

Telephone: LAINDON 122

Home & Export

BELCLERE
MINIATURE

Standard Input

TRANSFORMER
Small, efficient, low priced, size I" x 1" x 1" overall as illustrated.
Uses : For coupling inputs of 3-150 ohms to normal type, pentode
valves. Specification : Ratio 1-50, Primary 3.5 ohms. Secondary
inductance 160 H at 1,000 c.p.s. Range 61 octaves ± 2 db. Finish
varnish dip, encapsulated block or mu -metal screening can.
Quick delivery-low price-maximum efficiency.

JOHN BELL & CROYDEN, 117 HIGH STREET, OXFORD
Telephone : 47072 Cables : Belclere, Oxford

46 Q -MAX "
GRID DIP OSCILLATOR
G.D.O/IA
Covers 1.5 to 300 Mcis
in 8 ranges with built-in
A.G. Power Pack.

Usable as-
Indicator of resonant

freq uencies,
Absorption wavemeter,
Phone monitor,
Oscillation detector,
Unattenuated signal

generator.

PRICE 12 GNS.

 Catalogue of quality
products on request.

"Q -MAX"
CHASSIS
CUTTERS

Patent No. 619178
SPEEDY, ACCURATE
3" or r ... 11/6

81", or II" ... 14/9
1r or IF ... 16/6
11" 18/6

... 30/ -

1" square ..
.

23/-
Keys-small 10d.,

medium 1/3, large 1/9.

BERRYS
25 HIGH HOLBORN
LONDON . W.C.I

i SHORT WAVE I LTD Phone: HOLborn 6231

JUNE 1954

MANUFACTURERS
of

MAGNETIC RELAYS
POST OFFICE TYPE

3,000 and 600

Contractors to :
H.M. GOVERNMENT AND
LEADING MANUFACTURERS

COILS up to 80,000n

CONTACTS up to 8 amps.

INSULATION up to 5 kV.

Specialists in Tropicalisation and
Inter Services jungle Finish.

Conforming to A.I.D. and
C.I.E.M.E. standards.

PROTOTYPE Relays made to
specification.

POST OFFICE TYPE KEYS
supplied to specification.

Speedy deliveries
Enquiries invited

A.D.S. RELAYS LTD. Dept. E.E.
12, STORE STREET, LONDON, W.C.I.

Tel. :MUSeum 2453

POLYTHENE

H. F. EQUIPMENT
(AMBYTHENE BRAND)

ENQUIRIES INVITED

FOR SPECIAL MOULDINGS OF

COMPONENTS

AMPLEX APPLIANCES (KENT) LTD.
19 DARTMOUTH ROAD, HAYES, BROMLEY, KENT.

(RAVensbourne 5531)

All export enquiries to
ANTEX LTD., 3, TOWER HILL, LONDON, E.C.3

BOXES Of
TRICKW

WE CANNOT GUESS how pressed
you may be to secure first-class sub
assemblies. In making our own re-
quirements of electrical control panels,
electronic apparatus, instrument cabinets

and so on, we have a steady ebb and flow of spare skilled
sub assembly capacity. It would perhaps be worth your

while to enquire about it.
INSTRUMENTATION DIVISION- of -

COSTAIN-JOHN BROWN LIMITED
22 UPPER WOBURN PLACE, LONDON, W.C.1.

A-117 ELECTRONIC ENGINEERING



MOULDED

RUBBERS
TECHNICAL SERVICE

THE HARBORO' RUBBER CO. LIMIT
MARKET HARBOROUGH. TEL: 2274/

INDUSTRIAL PROBLEMS
Why wait for delivery of Essential Electronic

Instruments?
We can supply your needs AT ONCE from our VERY LARGE Stocks
of the following manufacturers instruments :

Advance
Avo

Cossor
Dawe

Electronic Instruments
Waveforms

Taylor
Telequipment

For immediate delivery, consult :-

A. C. FARNELL LTD., IS Park Place, Leeds, I.
Telephone: Leeds 32958/9.

(Official Agents for Advance, Avo, Cossor, Dawe, Waveforms,
Taylor and Telequipment).

Kerwin Engineers Ltd., 101 Nibthwaite Road, Harrow, Middlesex

ELECTRONIC ENGINEERING 4 118

Engineering courses include training for :

City and Guilds Grouped Certificates in Telecommunications; A.M.Brit.I.R.E.

Examination; Radio Amateur's Licence, Radio d. Television Servicing Certificates,

General Radio and Television Courses, Radar, Sound Recording, etc. Also Courses

In all other branches of Engineering.

Courses from
£1 per month

E.M.I. Institutes
The only Postal College Name
which is part of a world -

ride Industrial Organisation.

A VALUABLE-
BOOK

which details the wide
range of Engineering and
Commercial courses of
modern training offered
by E.M.I. Institutes.

POST THIS COUPON TODAY
Please send, without obligation, the FREE
book.
E.M.I. Institutes, Dept. I I, 43 Grove Park
Rd., Chiswick, London, W.4.

Address
I JUNE ICI8E

TUBE LAMINATION
and ENGINEERING LTD.

of Round Squ re
ngular S.p P.
TUBING

Machinist* and Assemblers

High Wycombe, Bucks. Phone 19212

OVER

2S YEARS
EXPERIENCE

Thermo -Setting

Plastic Mouldings

Those " bits and pieces " that go into
the complete assembly make all
the difference to the efficient
working of the final product.
As manufacturers of small com-
ponents in the field of electronics,
we have had long experience in

producing THERMO SETTING
PLASTIC MOULDINGS with
accuracy and precision.

Your enquiries will receive our prompt
attention.

HARRISON BROc
nl II

39-43. BRANSTON ST BIRMINGHAM18

Telephone: Telegrams:
COLmore 4270 "AR/SUN, Phone, B'ham "
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RELAYSLONDEX
for EVERY purpose
...for RELIABILITY

Type BB
A ball bearing contactor designed
to withstand continuous high
speed operation and release.
Coil operation up to 600 v.
A.C. or 250 v. D.C. Up to
4 sets of contacts.

Type KR
A D.C. Telephone Type Relay
with heavy duty contacts. Coil
operation up to 250 v. D.C. or
currents up to 10 amps. Up to
6 sets of contacts.

Type LF/STR
Heavy current contactor, primarily
intended as Engine Starting Relay.
One set of copper contacts for
100 amps at 24 v. Coil operation
up to 600 v. A.C. or 250 v. D.C.

Please write for lists giving more informa-
tion on these and other LONDEX Relays. Quote reference 245/ER.

LONDEX LTD
ANERLEY WORKS, LONDON, S.E.20. Tel: *SYDenham 6258

SIONIAIIMOW
Our products include-
Presspahn and Leatheroid ; Pressboard ; Vulcanized Fibre ;
Cable and Red Rope Paper ; Bakelite and Ebonite ; Varnished
Paper and Tapes ; Varnished Silks and Tapes ; Varnished
Glass and Tapes ; Varnished Cambric, Silk, Glass and P.V.C.
Sleevings ; Cotton Tapes, Webbings and Sleeving ; Chatterton
Compound ; Adhesive and Rubber Tapes.

PRESSPAHN, LTD.
Bradford, Yorks, England

Established 1900

Telephone- WE LLsTEAT

ecraicP.,-

Bradford 25135 (Pvt. Br. Ex.) itout.Aricv
Telegrams & Cables:

" pahn, Bradford "

p.a.° ISTEA EO

Principles of Electronics
L. T. AGGER, B.E.

A book for the Electrical Engineering student, useful
in preparing for examinations such as the A.M.I.E.E.,
the London University external B.Sc., etc. Illustrated
with figures in the text. 18s.

An Introduction to Electronics
for Physiological Workers

I. C. WHITFIELD, B.Sc., Ph.D.

An account of basic electronic theory, with the
emphasis placed according to the relevance of each
matter to the biologist's viewpoint. 18s.

Acoustics
T. M. YARWOOD

Many students of engineering and allied callings
require for their professional studies a knowledge of
sound. This book deals with both elementary theory
and its application. Illustrated. 15s.

Macmillan & Co. Ltd,
St. Martin's Street, London, W.C.2

AU FEU !
01) EST VOTRE

NU -SWIFT?
Serving mankind in more than 50
countries, Nu -Swift are the World's
fastest and most reliable Fire

Extinguishers.
NU -SWIFT LTD ELLAND YORKS

In Every Ship of the Royal Navy

TYPE APPROVED VITREOUS WIRE WOUND RESISTORS

Zabgeax -

QUICK DELIVEIT
LOW PRICE

WILLOW PLACE, CAMBRIDGE, ENGLAND
Telephone : CAMBRIDGE 2494 (2 lines) Telegraphic Address : " LABGEAR, CAMBRIDGE "
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A.I.D. APPROVED

VALVE

RETAINERS

FOR ALL VALVES

AR
BRITISH

I/
H. COLLARD HART LTD.

COIL

WINDERS

TO M.O.S.

Specialists in the manufacture of coils, H.F. & I.F.
chokes, etc., and small electronic and electrical

components to customers specification.

WEST CRAVEN STREET, SALFORD S.

lere's a Bush..
That WONT come out

With Snap Action Assembly
Simple finger action instantly assembles

this bush, yet its design is such that
it provides complete security. Non-metallic,

high dielectric, fully tropical. Approved all
services. Samples and literature on request.

INSULOID MANUFACTURING CO. LTD.
SHARSTON WORKS, LEESTONE AVE. WYTHENSHAWE MANCHESTER

Tel: WYTHENSHAWE 2842

Electronic Engineers are
changing to the New tee

'MINIMOUNT'
COMPONENT MOUNTING SYSTEM

(Brit. Pat. Appl. for)

because

* it is so simple
* it is so versatile
* it reduces stock problems
* it gives better joints more quickly
* it simplifies identification
* it is best for development
* it is best for mass production
* it is so inexpensive

ASK FOR LEAFLET. 52/9A FROM

JOYCE, LOEBL L Co. 1.".
Vine Lane, NEWCASTLE -upon -TYNE, I.

ELECTRONIC ENGINEERING F1120

PROMPTLY " o 0
ACCURATELY
& EFFICIENTLY from

PRESCOTT MANFG. CO.,

PRESSRE

DU
TOOL

CE YOU U
COSTSR

/llHlgiestepaissa

THE HUNTON UNIVERSAL BOLSTER OUTFIT

FOR SHEET METAL PIERCING AND

BLANKING ON FLY PRESSES

2 ad,uscable gauges
and insertable steel

3/ in. bore
diameter.

holders for Dies

Bolster Frame with

7// /////////,,Yarta

Equip your Press with the
Hunton Outfit and use inexpensive
standardised Punches and Dies A in. to 3i in. diameter
obtainable from stock-in in. sizes-when you need them.
Standardised Tools also available at short notice for Square, Oblong
and other shapes, Louvre Forming (up to 8 in. long), Corner
Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc.
Get the outfit now-Buy Punches, Dies and tools as you need

them.
Descriptive brochure and prices on request.

HUNTON LIMITED
Phoenix Works, 114-116, Euston Road, London, N.W.I.
Telephone: Euston 1477 Telegrams: Untonexh, London

V
Two Punch Holders
with detachable
positive -action
Strippers take the
complete range of
Punches if in. to
31 in. diameter.

PitEiSINGoSi o400
tr,°

9`Ip

LTD.
SPENCER STREET, BIRMINGHAM, 18

Telephone : CENTRAL 2933

THE SERVICE ENGINEER'S
FIRST CHOICE

JUNE 1954



RELIANCE

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

Annivv\Anniv\An
RELIANCE MNFG., CO. (SOUTHWARK), LTD.,
SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.17.

Telephone: Larkswood3545

We Specialise in . . .

MAGSLIPS SELSYNS
and other

ROTATING COMPONENTS
for

AUTOMATIC CONTROL SYSTEMS
Brochure available from :-

derv() and 6lec1ronic cia/es
I, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16

STReatham 6165

AIR
COOLING

for

ELECTRONIC
EQUIPMENT

VALVES
*

MERCURY ARC

RECTIFIERS,etc.

Electric
fifeitEGI2 BLOWERS

" Secomak " Blowers are designed specifically
for continuous use and complete reliability.
Units with capacities up to 140 c.f.m. are avail -

Send us particulars of able. They are suitable for a wide variety of
your requirements. cooling applications in electrical equipment.

SERVICE ELECTRIC CO. LTD.,
SECOMAK WORKS, HONEYPOT LANE, STANMORE, MIDDX.

Telephone : EDGware 5566-7-8-9.

JUNE 1954 4121

leave

it to us . .

Whether it is straightforward sheet steel cases
for Electrical Equipment or the most compli-
cated fabrication in any metal-the experience
of half a century is at your service.

RITHERDON & CO. LTD.
Lorne Street, Darwen, Lancashire

Telephone : Darwen 5o28 Established 5895

"SPEARETTE"
MINIATURE VALVE PIN ALIGNING TOOLS

TYPES AVAILABLE FOR
B7G - B8A - B9A - B9G

VALVE BASES
BENCH AND CHASSIS MOUNTING

SPEAR ENGINEERING CO. LTD.
WARLINGHAM SURREY
Telephone : Upper Warlingham 2774

SPECIALISTS IN PACKING
ELECTRONIC EQUIPMENT

SYNTHETIC SUPPLIES LTD.
ALBERT MILLS SILK STREET

ECCLES MANCHESTER
Telephones : ECCIes 1720 & 3225/6

Casemakers and general joinery : Packing and
Preservation : Shipping and Forwarding Agents:

Warehousing

Contractors to the Admiralty, Air Ministry, Ministry of Supply
& G.P.O. Approval No. 823789140

ELECTRONIC ENGINEERING



PURE. SWEDISH CHARCOAL SOFT

MAGNETIC IRON FOR ALL
ELECTRO-MAGNETIC APPLICATIONS

Deep -drawing and Standard Qualities in
Bars, Rods, Strips, Wire, Forgings, etc.

PROMPT DELIVERY

Full details and data from :

ERNST B. WESTMAN LIMITED,
39 Lombard Street, London, E.C.3

'Phone : Mansion House .5831-S. Cables : jernagent, London

METAL PRESSINGS
(Power and Hand)

and

ROLLED METAL SECTIONS

R. W. SPURRELL LTD.
Empire Works, Guest St.,
BIRMINGHAM, 19.

Telephones : Northern 0934 & 3520
Telegrams : " Ricspur, Birmingham ".

and Walsall Wood Works, Staffordshire.
Telephones : Brownhills 3302/3.

L. WILKINSON WHOLESALE
AND EXPORT

19, LANSDOWNE ROAD, CROYDON
Phone : CRO 0839 Telegrams : " WILCO " CROYDON

RELAYS, P.O. TYPE 3000 AND 600
BUILT TO YOUR SPECIFICATION AT KEEN PRICES-QUICK

DELIVERY-QUOTATION BY RETURN

WE ALSO HOLD CONSIDERABLE STOCKS OF
High Speed Relays. Key Switches.
Thermal Delay Relays. Uniselector Switches.
Polarized Relays. Jack Sockets & Plugs
Aerial Change Over. Meters
Rectifiers Selenium. Resistors High Stability.

ELECTRO-MAGNETIC COUNTERS
WE CAN NOW SUPPLY FROM STOCK SEVERAL TYPES AS USED

BY THE G.P.O. COUNTING UP TO 9999
YOUR ENQUIRIES ARE INVITED

A.C. SOLENOID TYPE SB.
Continuous 2.3 /8 lb. at 1"
Instantaneous to 16 lb.

i00% PRODUCTION
INSPECTION

Smaller Sizes Available.
Also Transformers to

6 KVA 3 Phase

R. A. WEBBER LTD.
18 FOREST ROAD, KINGSWOOD,93RISTOL. PHONE 74065

ELECTRONIC ENGINEERING 122

RELAYS
BUILT TO SPECIFICATION. Types 3,000

and 600.

COIL WINDING AND TROPICALISING.
KEY SWITCHES AND TELEPHONE EQUIPMENT.

Send for Price List or quotation.

UNIVERSAL ENGINEERING CO. (E.E.)
Havelock Works, Havelock Place,

HARROW, Middlesex.
HAR. 1432.

TRANSFORMERS
CHOKES

SOLENOIDS
COILS

 MADE TO YOUR SPECIFICATION IN ANY
QUANTITY AT COMPETITIVE PRICES

 HIGHEST GRADE MATERIALS AND INSULA-
TIONS USED

 DIE CAST FRAMES OR MOUNTING
BRACKETS MADE FOR ALL FITTINGS

Send your enquiries to -

W.L.R.S. LTD.
DELTA HOUSE, 30 FAUCONBERG RD., CHISWICK, W.4

CHIS. 0384

Audio
Frequency Oscillators

Valve Voltmeters

Oscillosetves

Stabil

SirsInaessfri

fornd
eat:::1*HT:eimediately

Look for the Registered Trade Mark

td DERRY ST., BRIERLEY HILL,
STAFFS. Telephone: Brierley Hill 7604

Supplies

Electronic
Controls n
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STYLES K -M
CERAMIC

INSULATED

STYLES AD -F D

PHENOLIC
INSULATED

STYLES A -F
NON -

INSULATED

Illustrations actual size

As a result of the expansion
of our refractory at
Great Yarmouth, accomplished
slowly and painstakingly
over a number of years,
we are now able to release
Erie Tubular Ceramicons*
in all nine temperature
coefficients, in three
different finishes, and,
above all, in the bulk
(quantities,. and, at the
low prices demanded by
modern electronics.

22 PF
N 750K

Tubular

NOW
AVAILABLE

IN NINE
TEMPERATURE
COEFFICIENTS

DIMENSIONS CAPACITANCE RANGE PF

L MAX. D MAX. P100 NPO N030 N080 N150 N220 N330 N470 N750

CERAMIC INSULATED STYLES

F 0.540" 0.255" up to 111 up to 22 up to 23 up to 27 up to 30 up to 33 up to 36 up to 44 10 - 75

L 0.800" 0.255" 11- 19 23- 44 24- 45 28- 53 31- 60 34- 65 37- 73 45- 85 76- 122

L300" 0.375" 20- 65 45-130 46-133 54 - 155 61-175 66-190 74 -215 86- 260 123- 480

PHENOLIC INSULATED STYLES
AD 0.460" 0.240" up to 10 up to 22 up to 23 up to 27 up to 30 up to 33 up to 36 up to 44 N - 75

BD 0.710" 0.2413" 11- 19 23- 44 24- 45 28- 53 31- 60 34- 65 37- 73 45- 85 76- 122

CD 1250" 0.315" 33- 65 45-139 46-133 54-155 61-175 66-190 74-215 86- 260 123- 480

DD 1.250" 0.415" 66-100 131-200 134-210 156-240 176-275 191-300 216-330 261- 400 481- 610

ED 2.659" 0.415" 101-128 201-330 211-310 241-365 276-439 301-4713 331-510 401- 633 611- 933

FD 2.075" 0.415" 129-231 301-520 311-530 366-620 421-711 471-780 511-860 621- 1040 921- 1180

NON -INSULATED STYLES

A 0.385. 0.200.' up to 10 up to 22 up to 23 up to 27 up to 30 up to 33 up to 36 up to 44 10- 75

B 0.650" 0.200" 11- 19 23- 44 24- 45 28- 53 31- 60 34- 65 37- 73 45- 85 76- 122

C 1120" 0.250" 33- 65 45-131 46-133 54-155 61-175 66-190 74-215 86- 260 123- 480

D 100" 0.350" 66-100 131-200 134-210 156-240 176-275 191-300 216-330 261- 400 481- 610

E 1550. 0.350" 101-128 201-300 211-310 241-365 276-420 321-470 331-510 401- 620 611- 920

F 1950" 0.350" 129-220 301-520 311-530 366-620 421-710 471-780 511-860 621-1040 921-1480

Ell *Registered Trade Marks

ERIE RESISTOR LIMITED, Carlisle Road, The Hyde, London, N. W.9., England. Telephone: Colindale 8011.
Factories in London and Great Yarmouth, England; Toronto, Canada; Eric, Pa., U.S. A.
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Always in the forefront of the Electronic Industry,
Solartron present a range of

instruments of great accuracy and unexcelled
design, coupled with first grade

manufacture and finish.
The example shown is the Feedback Voltmeter,

accurate to 1 per cent F.S.D.

SOLARTRON LABORATORY
INSTRUMENTS LIMITED

Thames Ditton, Surrey.
Telephone : Emberbrook 5611 PBX
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