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® Specialised remote control. ] 7 POLYPOLE
® Centimetre radio links. |

movdded -
® Ground radar. o

CABLE COUPLERS |

® Television.

If you are interested in the uses of BICC Polypole Cable

and similar applications. Couplers, we will be pleased to send you further information.

BRITISH INSULATED CALLENDER'S CABLES LIMITED é&'ﬂ" 2|,. BLOOMSBURY ST., LONDON, W.C.l1.  MUSeum 1600.
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POLYTAGS...lead-through
and stand-off insulators

Polytetrafluoroethylene (P.T.F.E.). is an outstanding insulator. It is tough, durable and wili
not crack or arc. Its dielectric properties are substantially constant over a frequency range of
60 c.p.s. to at least 300 Mc.p.s. and are unaffected by temperature changes between minus 100°C.
and plus 288°C. It has zero moisture absorption and is water repellent. It is, therefore, a most
suitable material for stand-off and feed-through insulator terminals and has been chosen
by Ediswan for this purpose. Ediswan Polytags are available in five types as illustrated below.
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Fixinz: Polytays are primarily designed for fixing with a 5 B.A. nut—PT | —4 or an 8 B.A. nut PT 5.They are self-tapping .

We are equipped to produce components fabricated or moulded in
P T.F.E. to individual specifications and enquiries will be welcomed.

EDISWAN

EllX

THE EDISON SWAN ELECTRIC CO., LTD.,

Sales Department P.T.F.E.4, 21 Bruton Street, London, W.1. Telephone: Mayfair 5543 ras
HMead Office: 155 Charing Cross Road, London, W.C.2. Member of the A.E.L. Group of Companies
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CLASSIFIED ANNOUNCEMENTS

The cnarge for these advertisements at the LINE RATE (if under 1” or 12 lines) is: Three lines or under 7/6, each additional line 2/é
The llne averages seven words.) Box number 2/- extra, except in the case of advertisements in **Situations Wanted,’’ when it is added

ree of charge.

At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s

Financial Reports £14. 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed

to ! ** Electronic Engineering,’”’ 18, Essex Street, Strand, London, W.C.2.

month for insertion in the following issue.

Advertisements must be received before the l4th of the

OFFICIAL APPOINTMENTS

ADMIRALTY-—ROYAL NAVAL SCIENTIFIC
“SERVICE. Engineers and Physicists (particularly
with electronics) required for appointments in
Experimental Officer and Assistant Experimental
Officer grades in Experimental Establishments
in London, Portsmouth, Weymouth, and
Gloucestershire areas and Scotland. Candidates,
British subjects, must possess one of the follow-
ing qualifications: University Degree in Science,
Engineering or Maths., Graduate Membership
of appropriate professional institute, Higher
National Certificate, Final Certificate of five-
year grouped course in relevant subjects at
City and Guilds of London Institute or com-
parable institution, Higher School Certificate,
General Certificate of Education, Scottish
Leaving Certificate, Scottish Universities Pre-
liminary Examination, Northern Ireland Senior
Certificate (all in appropriate subjects and at
appropriate levels). London salary inclusive of
pay addition (men) E.O.s £681-£838, A.EOs
(according to age) £274-£607. All appointments
unestablished, 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/A. W 2993

AIR MINISTRY requires Expcrimental 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 laboratory
type, covering wide range of application of
electronic_engineering to meet operational needs
of R.A.F. with which very close contact is
maintained. Membership of Officers’ Mess open
to accepted candidates offering all forms of
recreation in congenial surroundings. Qualifica-
tions: at least Higher School Cert. (Science) or
equivalent although higher qualifications in
Physics or Electrical Engineering may be an
advantage. Salaries within ranges: Experimental
- Officer (min. age 26) £649-£799, or Assistant
Experimental Officer £264 (at age 18) to £576.
Appointments unestablished. Application forms
from M.L.N.S., Technical and ientific Regis-
ter (K), 26. King Street, London. S.W.I,
quoting D8/54. ' W 3037

BRISTOL EDUCATION COMMITTEE. Col-
lege of Technology. Principal: F. W. Partington,
M.Sc., A.M.I.Mech.E. Required, Lecturer in
the Engineering Department, to teach mainly
Electrical Measurements, Electronics and allied
subjects in Higher National Certificate Courses.
Burnham Salary Scale. £940 by annual incre-
ments of £25 to £1,040 per annum. Application
forms, returnable within two weeks, from the
Registrar, College of Technology, Unity Street,
Bristol i. (S.A.E.) Chief Education Officer.
G. H. Syivester. W 2987

CITY OF WAKEFIELD EDUCATION COM-
MITTEE. Wakefield Technical College. Princi-
al: G. N. Blair, M.C.,, B.Com.. A.C.IS.,
II.A. A Senior Laboratory Steward is
required for the Department of Engineering
and Mining. Duties will be primarily concerned
with the Electrical, Mechanics and Physics
Laboratories. Salary scale £340 x £15 x £5
to £390 per annum. Applications are invited
from men who have served an apprenticeship,
preferably in some branch of engineering.
Previous experience as a laboratory steward,
although not essential, is desirable. Experience
of storekeeping or of simple maintenance work
would be an advantage. Further information
regarding nature of work, hours of duty,
superannuation, holidays, etc., may be obta‘ned
from the undersigned on receipt of a stamped
addressed envelope. Applications should be
returned within 15 days of the issue of this
advertisement. C. L. Berry, Director of
Education. W 3000

COUNCIL OF SCIENTIFIC AND INDUS-
TRIAL 'RESEARCH, India. Applications are
invited for the post of Assistant Director,
Electronics, National Physical Laboratory, New
Delhi. Candidates should be of good academic
standing and preferably over 30 years of age.
They should possess outstanding research experi-
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ence and thorough knowledge of all branches
of clectronics including physical electronics,
thermionics, microwaves, .propagation of radio
waves, etc. Pay within scale Rs.600-1500 p.m.
gpproximately £540-£1350 p.a.). Contract for
ve years, including one year probation. Free
sea passage to and from India. Contributory
Provident Fund. Further particulars and forms
of applications may be obtained on request,
quoting 4/76C, from the High Commission of

India, General Department, India House,
Aldwych, London, W.C.2. Last date for
receipt of applications is Ist March 1954.

W 3019

DRAUGHTSMEN are required with experience
in the layout of telecommunication and elec-
tronic equipment, involving detailed mechanical
design, preparation of all mechanical drawings,
sub-assemblies and final assembly, circuits,
specifications, and stock-lists; suitable for pro-
totype and batch production manufacture.
Practical workshop experience, and knowledge
of modern methods, an asset but not essential.
Salary: for a week of 44 hours, £374 0s. 0d.
per annum at age 21, rising by annual incre-
ments of £20 to £597 0s. 0d. per annum. An
extra duty allowance of 3 per cent will also be
paid for working 45§ hours each week. Apgly
in writing: Personnel Officer, G.CH.Q.. 53,
Clarence Street, Cheltenham, Glos. W 2982

HAMMERSMITH HOSPITAL and Post-
graduate Medical School, Du Cane Road,
London, W.12. Senior Technician required for
maintenance and development of electronic
equipment: knowledge of E.H.T. and pulse
circuits for Geiger and Scintillation Counting
essential. Salary scale £540-£625 p.a.
London Weighting. Age, qualifications, experi-
ence. names two referees to Secretary, Board

of Governors, by 13th February. W 2988
MINISTRY OF SUPPLY, London .Head-
quarters, requires Engineer for technical

administrative duties, and to advise contractors
in design and introduction to service of new
sighting devices of electronic and_instrumental
nature. Minimum qualification: Higher School

Cert. (science) or equivalent, but Degree,
HNC. or Membership of an approp-iate
Institution may be an advantage. Experience

of specifications, drawings and circuit diagrams
required. Practical experience of servicing small
mechanisms and electronic systems, and some
knowledge of auto-controls desirable. Salary
within range, Experimental Officer (min. age
26), £681-£838. Women somewhat less. Appoint-
ment unestablished. Application forms from
M.L.N.S., Technical and Scientific Register
(K), 26. King Street, London, S.W.l, quoting
D491 /53A. Closing date, 12 Februarywlggég.

TECHNICAL INSTRUCTOR (Broadcasting)
required by the Nigerian Government on con-
tract for two tours of 12-15 months. Possibi-
lities of permanency. Salary, etc., according to
experience in scale £1170 rising to £1269 a
year. Outfit allowance £60. Free passages for
officer and wife and assistance towards cost
of children’s passages or grant up to £150
annually for their maintenance in this country.
Liberal leave on full salary. Candidates must
have been employed at the BBC Technical
Training School at Evesham and have- reached
Grade C minus or above. Write to the Crown
Agents, 4, Millbank, London, S.W.l1. State
age, name in block® letters, full qualifications
and experience and quote M2C]30305/%\]/(.2965

THE UNIVERSITY OF MANCHESTER.
Applications are invited from graduates for
the post of Assistant Lecturer in the Fluid
Motion Laboratory. Candidates should have
special qualifications in Electronics: the person
g}ypointed will be required to work on problems

instrumentation for the measurement and
observation of fluid flow. Salary on a scale
£450-£550 per annum with membership of
F.S.S.U. and Children’s Allowance Scheme.
Applications should be sent not later than 16th
February, 1954, to the Registrar, The Univer-
sity. Manchester 13, from whom further par-
ticulars and. forms. of app'ications may be
obtained. 3 W 3033

R1

plus,

UNIVERSITY OF CAMBRIDGE. Department
of Physical Chemistry. Vacancy for a Technical
Assistant (Electronics) in the Research Labora-
tory on the Physics and Chemistry of Surfaces.
Duties comprise (a) the design, construction
and maint , with minimum supervision of
electronic equipment required for the research
programme of the laboratory, and (b) the
supervision of an assistant similarly employed.
Applicants should be experienced in the design
and testing of electronic apparatus and com-
petent in the use of hand tools. The post is at
present unestablished and the salary will lie in
the range £448% to £565% per annum. Applica-
tions, mentioning age and containing a brief
résumé of qualifications and experience, should
be addressed to the Sedretary, P.C.S. Labora-
tory, Department of Physical Chemistry, Free
School Lane, Cambridge. W 2996

WIRELESS STATION SUPERINTENDENT
required by the Gold Coast Government Posts
and Telecommunications Department for twe
tours of 18 to 24 months in the first instance.
Salary, etc., according to qualifications and
exgerience in consolidated scale £990 rising to
£1230 a year, with gratuity of up to £150 a
year. Outfit allowance £60. Liberal leave on
full salary. Frce passages. Candidates should
possess a Higher National Certificate or equiva-
lent, and have had practical experience in two
or more of the following fields: V.H.F. link

systems; H.F. communication network; fre-
quency shift keying and teleprinter mainten-
ance; V.HF. and H.F. direction finding

systems; aeronautical navigation aids (ground):
manufacture of light engineering equipment.
Candidates from the British Post Office should:
apply through departmental channels. Write to
the Crown Agents, 4, Milibank, London,
S.W.1. State age, name_in block letters. full
qualifications and experiénce and quote M2C/
29100/EK. W 3014

SITUATIONS VACANT

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

tion of Vacancies Order, 1952.

AN EXPANDING ENGINEERING PRO:
GRAMME has caused vacancies for Devclop-
ment Engineers experienced in one or more
of the following fields: (@) Tuning Mechanisms
and associated V.H.F. Circuits. (b) Switches
for Radio and low-power Electrical Apparatus.
(c) Variable Capacitors. A detailed knowledge
of the material problems encountered in this
type of development will be advantageous. The

salary and future prospects are good, and the
laboratory is situated in the London area.
Please reply, giving full details of qualifications
and expericgce, quoting R,c‘j, AD/EE, to Box
No. W 3009.

APPLICATIONS are invited from Young Elec-
tronic Engineers for a position involving the
development of V.H.F. Equipment and asso-
ciated units. Prospective applicants should be
capable of working from Circuit diagrams and
specifications with a minimum of supervision
and also be capable of original design of the
more simple equipment, such as monitors, etc.
Previous experience of this type of work or in
allied fields, would be an advantage; good
prospects are open to the right man. Write
stating age and salary required to Airtech
Limited, Aylesbury & Thame Airport, Hadden-
ham, Bucks. w1919

ELECTRONIC ENGINEERING



SITUATIONS VACANT (Cont’d.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
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.

APPLICATIONS arc invited for a number of
senior positions in the Guided Weapons field.
Posts are permanent and will be offered to
suitable applicants who have had either at
least 5 years’ experience in industry or are
Graduates with two or more years’ experience.
Salaries will be commensurate with experience
and advancement will depend upon original
contribution and enthusiasm for the work. The
following positions are available: (A) Physicist
wi'th experience in electronics. (B) Circuit
Engineer capable of original circuit develop-
ment and familiar with low frequency circuit
design ‘and miniaturization, and (C) Servo
Engineer experienced in design and develop-
ment of light electrically controlled. servo
mechanism. Apply Box AC 85668, Samson
Clarks, 57-61, ‘Mortimer Strect, London, W.I.

W 2940

APPLICATIONS ARE INVITED for the posi-
tion as Supervisor of the Test Department of
a large established organisation engaged in ex-

%anding into a new factory on the South
oast. Essential qualifications are: Age 35-45
years. Good technical background in Elec-

tronics. Considerable factory experience of
testing and contro! of staff, preferably in rela-
tion to Microwave Radar and Pulse Equip-
ment. The- appointment is subject to a proba-
tionary period in the existing organization,
w}ych_wnll provide every opportunity to prove
suitability. Write full details of education,
experience and expected commencing salary to
Box No. W 2999,

A FIRST-CLASS OPPORTUNITY exists in the
London area for a development engincer
familiar with the design and production of
miniature or telephone type relays or similar
electro magnetic devices, Excellent laboratory
facilities are. available and the successful can-
didate will be required to initiate new develop-
ment projects and cafry them through to p-o-
duction. The initial salary will be in accordance
with qualifications, and “generous advancement
is possible for a man of initiative. Write
guoling Ref. CB/EE and send details of quali-
cations and experience to Box No. W 3008.

A LARGE COMPANY engaged in system
engineering and installation of Radar Equip-
ment require a fully experienced Production
‘Manager. This position is one of high respon-
sibility, permanent, fully pensionable, and
carries a substantial salary. Applications are
invited from men who have an intimate know-
ledge of Radar engineering and, more particu-
larly, with recent experience of equipment of
American oOrigin in the 3 and 10cm. bands.
This is a position for a man seeking wider
scope for proven capabilities in a rapidly
expanding organisation. Full particulars of past’
record, age and salary required should be for-
warded to The Personnel Manager, Box No.
W 2975.

ELECTRONIC ENGINEERING

AMERICAN COMPANY seecks Chief Engineer
fully experiepced
testing of Carrier Telephone Equipment and
filters. Vacancy is in Company’s Italian works.
lv’\l/e:la;els give fullest particulars to Box No.

A PRODUCTION MANAGER who has con-
siderable experience in the production of all

types of Paper Dielectric Capacitors is required.

by a large and well-known firm. This position
carrics high remuneration, and only men of
proved ability should apply, Applicants reply,
in confidence to Box No. W 1887.

A.B. METAL PRODUCTS require additional
Technical Representatives. Connexions with
leading Radio and Electronlc Equipment Manu-
facturers essential. Apply in confidence, Sales
Manager, A.B. Metal Products Ltd., 16, Berke-
ley Street, W.1. W 3018

A SENIOR TRANSFORMER DESIGNER
with specialist knowledge of all types of small
transformers used in electronics is required with
a view to taking charge of a design section.
Practical as well as academic knowledge essen-
tial. Pension Scheme available. West London.
Box No. W 1922,

A TECHNICAL SALES ENGINEER possess-
ing the ability to interpret electronic circuits
is -required by a large Radio and Electronic
Component manufacturing firm. This post
offers excellent opportunitics to a man of the
right calibre. Applicants, who should be over
30 years of age, please reply to Box No. W 1888.

A TECHNICAL SALES REPRESENTATIVE
with specialized knowledge of the applications
of electronic components is required by large

Radio Component Manufacturers. The position’ -

offers excellent scope and prospects t0 a man
of outstanding personality with the_ necessary
experience and knowledge -of the trade. Replies
to Box No. W 1920.

A TELECOMMUNICATIONS FIRM in the
North dealing with multi-channel carrier equip-

ment for use on lines has a number. of vacan-.

cies -in the following fields: (1) Specialized
Filter designers with experience in conventional
gpe and quartz crystal filters. (2) Laboratory

evelopment Engineers of Senior4)Gr_zi‘de' 3)

in design manufacture and-

DESIGNER DRAUGHTSMEN with experience
of light electro-mechanical apparatus. Work-
shop training preferred. H.N.C. standard. Good
prospects. Superannuation. Apply stating age,

experience and salary required to Personnel
Manager, Muirhead &. Co. Ltd,, Beckenham.
Kent. W 2995
DRAUGHTSMEN REQUIRED, Electronic

instrument, or, radio experience. Salary accord-
ing to qualifications. Saturday interview if
required. Opportunity to broaden experience
with reputable firm. Near City centre and all
amenities., Within easy access to London.
Marconi Instruments Ltd., Longacres, Hatfield
Road, St. Albans, Herts. W 1896

ELECTRICAL ENGINEER required for Re-
search work on Magnetic Circuits—B.Sc. essen-
tial. Exceptional opportunity to work on a new
project for a man with initiative and energy.
Applicant will also act as technical adviser to
Sales Manager. Salary - commensurate  with
experience and ability. Full details to Telcon-
Magnetic Cores Limited, Industrial Estate,
Chapelhall, Airdrie. w1

ELECTRONIC ENGINEER to work within our-
trials division at Edinburgh. The nature of -the
work involves conducting trials and evaluating;
the performance of firc control; navigational
and landing systems under development. Appli<
cants should possess a Physics Degree or con-
siderable recent practical experience in this:
field. Good opportunity in expanding depart-
ment. Staff Pension Scheme. Apply quoting
Ref. EE/TID and giving full details of qualifi-
cations and experience to the Personnel Officer,
Ferranti Limited, Ferry Road, Edi"b“%hioasé

ELECTRONIC ENGINEER with good. technical
qualifications, some designs and’ supervisory
experience required as Section Leader in
Engineering Division of expanding Company
manufacturing variety of high grade equipment
in audio, supersonic, and telemetering fields,
and with f{uture radio interests in .H.F.
Successful applicant will be given opportunity
to become familiar with Company’s products
and current projects and will be required to
direct and co-ordinate the work several
develop t engineers, also maintain laison

Equipment Design Engineers. hni

Writer for preparation of Handbooks. Ser-
vices experience an advantage. Age of second-
ary importance. The positions are on the
established staff of the Company, with contri-
butory pensions scheme, the usual staff condi-
tions. Applicants are invited to write, giving
full particulars of experience, -qualifications and
age to Box 532 Dorland Advertising Ltd., 18/20
Regent Street, London, S.W.1. W 3015

A VACANCY occurs for a Development En-
gineer in a design group concerned with a
wide range of small transformers and inductors
of types used in radio equipment and electrical
appljances. Preference will be given to appli-
cants having experience of this class of work,
but young engineers with a sound basic training
and limited experience will be considered and.
if successful, will have the opportunity of gain-
ing practical knowledge of design problems met
in fulfilling .commercial and military specifica-
tions. An attractive salary is offered, together
with good future prospects, The company’s
extensive laboratory and production facilities
are situated in the London area. Please reply,
quoting Ref. WG/EE, giving details of qualifi-
cations and experience to Box No. W 3012.

CHIEF ENGINEER, MICROWAVE LINK
DEVELOPMENT. Deccca Radar Ltd. is creating
an appointment, at the rank of Chief Engineer,
to lead a growing division engaged in the
development and exploitation of microwave link
systems. The successful applicant must have had,
in either this or closely allied fields, considerable
industrial experience at a senior level. This
experience must provide evidence of a faculty
for leadership, organizing ability, and a capacity
for drive. British nationality essential. A starting
salary commensurate with the level of the
appointment will be paid. Replies, which will
be treated as strictly confidential, should be
addressed to the Research Director, 2 Tolworth
Rise, Surbiton, Surrey. W 191

DESIGN DRAUGHTSMEN/DRAUGHTSMEN
required with experience of electronic or electro-
mechanical equipment. Applicants must be con-
versant with all phases of production and
should have had workshop experience; they
must be capable of originating new designs.
Write stating age, experience and salary required
to Chief Engineer, J. Langham Thompson Ltd..
88, High Road, Bushey Heath, Herts. W 2990

2

with Chief Draughtsman and production staff.
Post offers considerable prospects for engineer
of right type and experience. Please state age;
full details, Box No. W 3032,

ELECTRONIC ENGINEERS with scveral
years’ research or development cxperience are
invited to apply for posts with a well established
Company engaged primarily on the develop-
ment of precision electronic laboratory- instru-
ments. Applicants should preferably possess an
Honours Degree or-equivalent qualifications- in
physics or light electrical engineering, although
this is not essential as considerable practice is
equally acceptable. The appointments are of a
permanent nature for Engineers able to under-
take the responsibility for the development of.
new projects to the prototype stage, and they
offer scope for the exercise of individual
initiative, Furthermore, the work covers a wide
range of electronic instruments and similar
devices. Salaries are commensurate with qualifi-
cations and experience. Applications should be.
made in writing, stating full details to Chief
Engineer, Furzehill Laboratories Ltd., Boreham
Wood, Herts. W 2992

ELECTRONIC ENGINEERS are invited to
apply for vacancies in the Design and Develop-
ment_teams engaged on the following: (a)
V.H.F. circuits. ) Domestic and car radio
receiver design. (¢) Television receiver designs.
(d) - Recording equipment. (¢) Design and
development of components associated with the
above. Applicants should be of Degree or
H.N.C. standard and ' capable of undertaking
development work with the minimum of super-
vision in onc of the above fields. The posts
carry good salary with opportunity to progress.

Please send full details to Personnel Dept.
(ED/154) EM.I. Eng. Dev. Ltd.,, Haves,
Middx. W 3045

ELECTRONIC ENGINEERS required by The
General Electric Co. Ltd., Brown’s Lane,
Allesley, Coventry, in their Development
Laboratories for work on: (a) Trials team in
connexion with Guided Weapons;, one Senior
Engineer also three Engineers, Servo-
mechanisms; one Engineer. (c) Puise Circuitry:
three Engineers. (d) Microwave Circuits: one
Engineer. (¢) Test Equi ; two Bngl S.

CLASSIFIED ANNOUNCEMENTS
continued on page 4 -
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*“ 1 have purchased one of your H.F.1012
speakers, the results from which have astounded
me. At the time of purchase I was sorely
tempted to pay a much higher price for another
make of speaker, but fortunately, I was able to
try both under varying conditions good and
bad, and then there was no hesitation about the
A decision. If the H.F.1012 has a good life, and

‘\ there seems no reason why it should not, then
it is a most outstanding achievement in per-

Read what users say ...

“ May I tender my thanks to you for pro-
viding such an excellent job at a price which
poor mortals like me can afford. It certainly
1s a big step towards realism in sound repro-
duction which until now I considered out of
my reach. More power to your elbow .

“After reading P.Wilson’s report of your new
10" speaker, H.F.1012, in the ¢ Gramophone ’°,
I immediately purchased one. Used in con-

junction with a Leak Amplifier and a Leak
Pick-up, the results were indeed remarkable,
One would be tempted to say that at three
times the price it would be exceptional ”’.

&
| 3 formance and price ”.

3

' J lenloria

VVAL TN TR NE

Prov. Paz,
10037/53

HIGH FIDELITY UNITS

PATENTED CAMBRIC CONE
ceoand remember what the experis said:

These new speakers have scored a sensational success: even we are amazed at the
enthusiasm they have aroused. Hear what the experts say: ‘“ A great advance in speaker

MODEL H.F. 610 (6" unit)
£2.10.6 (inc. P.T.)

'MODEL H.F. 810 (8" unit)

st gl Elag technique ” (F. J. Camm); “ A new thrill in high fidelity reproduction ” (John Gilbert);
MODEL H.F. 912 (9 unit) ““ An extension of the bass response which is truly remarkable” (H. J. Barton-Chapple) ;
£3.7.0 ‘(Inc. P.T.) ““ The smoothness of response is one of the really remarkable characteristics ” (P. Wilson).

This consensus of opinion proves that the introduction of the cambric cone represents
an amazing advance in loudspeaker design and performance. This achievement by
W .B. engineers crowns thirty years’ experience and progress in sound reproduction.

MODEL H.F. 1012 (10" unit)
£3.13.6 (inc. P.TY

3 or IS ohms impedance

Tt el 1] reaie] @ Write for leaflet giving full technical details, or ask your dealer to demonstrate. Alternatively, these

speakers may be heard at our London Office, 109 Kingsway, W.C.2, any Saturday between 9 and |2 noon.

NOTTS

WHITELEY ELECTRICAL RADIO CO LTD MANSFIELD

The world is submerged in a vast

sea of water vapour and its effect on
delicite processes and materials is often

disastrous. To remove harmful moisture from
vital production and storage departments
and from gas or air services is the job of

LECTRODRYERS*— and booklet No. 80

tells how they do it.

* LECTRODRYERS dry mostgasesand some

organic liquids by adsorption, without ex-
pendable or corrosive chemicals, wearing
parts or fuss.

1 /b958,53

BIRLEC WORKS - TYBURN ROAD -

BIRMINGHAM 14
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SITUATIONS YACANT (Cont'd.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
is excepted from the provisions of the Notifica-
° tion of Vacancies Order, 1952.

(f) General Radar Circuit Development; two
Engineers. (g) Power units, including electronic
stabilizers and rectifier’ systems: one Engineer.

) Magnetic Amplifiers; one Engineer. Appli-
cants, preferably with a Degree or an equiva-
lent qualification, should have had at least two
years' cxperience in the development and
engineering of Service equipment as well as
wexperience in one of the above. Reply stating
age, qualifications and cxperience to the Per-
sonne! Manager, Ref. R.G. W 3006

ELECTRONIC ENGINEERS to become Sec-
tion Leaders of small teams responsible for the
preparation, testing in the field, and further
laboratory development of Guided Weapons.
Applicants should have at least H.N.C. and
five years’ experience in the micro-wave, pulse
or communication field. Equivalent training and
experience in H.M. Forces will also qualigy for
these positions. Assistant Engineers to form
such teams, either (a) with a similar background
to the above or (b) having considerable experi-
ence of developing and testing small prototype
electro-mechanical _instruments. The vacancies,
which offer exgeptional scope for advancement,
are at Heston Aerodrome, Midd'esex. Periods
of work at outstations in the U.K. are covered
by adequate allowances and week-end leave
?nvlleges. There are likely to be opportunities
or continuing some of this work in Australia
at a later date. Good salary with bonus. Pen-
sion Scheme. Details of experience and qualifi-
cations should be sent to the Assistant Manager,
Dept. E.E., The Fairey Aviation Company
Limited, Research and Armament Development

Division, Heston Aerodrome. Hounslow,
Middlesex. W 3029
ELECTRONIC ENGINEERS are required by
The English Electric Co., Ltd., Luton, for

work on a high priority defence project. Appli-
cants will be required to undertake the
engineering of circuitry already developed
which involves close liaison with, and the pro-
gressing of work through, the drawing office
and production department. Applicants with ex-
perience of the engineering of radar and/or
aircraft electronics for production will be
especially welcome. The posts are permanent
and progressive and a staff pension scheme is
in operation, Applications to. Dept. C.P.S..
336/7 Strand, W.C'2, quoting Ref. 1211>
W 2875

ELECTRONIC ENGINEERS reauired for re-
search and development work on the application
of electronic digital computing techniques to
business accounting  machines. There are
wvacancies for the following: (i} University
raduates with Honours Degree in Physics or
lectrical Engineering. One or two years’ ex-
perience in electronic research and development
gcld an advantage but not essential. (i)} Engin-
eers holding Higher  National Certificate,
Ordinary National Certificate or similar qualifi-
cations and with practical experience of elec-
tronic equipment. Applicants without academic
qualifications would be considered if they have
had experience of electronic equipment, pre-
ferahly of pulse technique as used in digital
computing, radar, etc. Salaries will be based
on qualifications, experience and age. Applica-
tions stating age. qualifications, experience, etc..

to Personnel Officer,. British Tabulating M/c.
Co.. Ltd., Letchworth, Herts. W 1841
ELECTRONIC INSTRUMENTS LTD.. of

Richmond, Surrey, has vacancy for Chief
Inspector. Applicants must have sound practi-
cal experience in testing mechanical and elec-
tronic apparatus, together with administrative
ability. A key post in expanding firm. Appli-
cation in first instance by letter giving full
details of experience and salary. Junior posts
are also available for electronic engineers aged
23 upwards, having H.N.C. or equivalent
qualification. W 1912

ELECTRONICS DIVISION of Murphy Radio
have vacancies in their design unit at Ruislip
for—1. Physics or Electrical Enginecring
Graduates preferably with experience of elec-
tronic_design. 2. Draughtsmen with experience
in this field. Applications should give full
details of experience and qualifications and may
be addressed in confidence to Personnel Depart-
ment, Murphy Radio Limited, Welwyn Garden

ELECTRONIC ENGINEERING

City, when arrangements wil! be .made for. suit-
able applicants (o be interviewed at the Ruislip
Works. W 2978

ELECTRONICS ENGINEER required to handle
design and development of industrial and
special purpose electronic equipment. Super-
visory experience an advantage. Qualifications
and experience must be up to I.E.E.
standard. Permanent, progressive position. Non-
contributory pension, insurance and _sickness
benefit plan. Apply by letter to the Personnel
Department, Kodak Ltd., Wealdstone, Middle-
sex. W 3016

ELLIOTT BROS. (LONDON) LTD. have
several vacancies for Engineers to work on the
development of magnetic amplifiers and their
various applications. This is very interesting
work and offers a considerable future. Candi-
dates should preferably have a Degree or
equivalent qualifications and have some experi-
ence of servo-mechanisms and control systems.
Applications with full details of education, past
experience and salary expected to Personnel
Manager, Century Works, Conington Road,
S.E.13. W 2994

ENGINEER required for Electrical Develop-
ment Department of a progressive Communi-
cations Company. National Certificate Standard
required. Salary according to ability. Write Box
444, Sells Ltd., Brettenham House, Lancaster
Place, W.C.2. 3050

ENGINEER, aged 26 to 34, required to take
charge of Engineering Department of factory
manufacturing  Quartz rystals.  University
Degree and experience of industrial or serviced
electronic equipment essential. Rudimentary
knowledge of chemistry an advantage. House
could be made available to successful applicant.
Write Box W.B. 8476, A K. Advg., 212a,
Shaftesbury Avenue, London, W.C.2. 3044

ENGINEERS with Radio and Radar Installa-
tion and maintenance experience are required
for interesting work which will involve working
in various parts of Great Britain. Applications
will be welcomed particularly from ex-Service
men who have had extensive experience in this
field. These positions offer good prospects in
a large flourishing company which operates a
generous pension scheme. Applications, which

will be treated in confidence, should be
addressed to Box EE 873, L.P.E., 110 St
Martin’s Lane, W.C.2. W 3024

ENGINEERS required for -responsible . trials
work in Warwickshire, on Guided Weapons.
Good general scientific education up to Degree
standard desirable. Enthusiasm for this interest-
ing but often arduous work essential. A fair
amount of travel may be involved. Preference
given to candidates who have. previously held
responsibility for test.and. repair ' of -electro-
mechanical and electronics devices. Apply with
full details including salary, quoting No. 1440,
to Personnel Manager, Sperry Gyroscope Co.
Ltd., Great West Road, Brentford, Mid\s}lezsse;j

ENGINEERS: required for-(a) maintenance and
design of Electronic test equipment and (b)
for Quality control and investigational work
on radio valves and other Electronic devices.

Inter B.Sc., or Higher National Certificate
standard. Write giving experience and salary
required to Personnel Superintendant, The

Edison Swan Electric Co., Ltd., Cosmos Works.
Brimsdown, Enfield, Middlesex. W 2883

ERICSSON TELEPHONES LTD., have a num-
ber of vacancies in their Research Laboratories in
connexion with Electronic Switching and
Computing. The posts will carry starting
salaries between £600 and £1.000 according to
age and experience. - . (a) Electronic Circuit
designers of all grades. Applicants should
have Degree or equivalent, and several years'
experience in the design -of electronic circuits.
(Reference L.E./I). (b) Electronic  equip-
ment engineers with experience in the
layout and mechanical design of electronic
instruments and equipment in the radio,
radar or communication fields. They
will be required to co-operate with the circuit
designers in the early stages and. may ulti-
mately be responsible for development to the
production stage. (Reference LE/2). Appli-
cants who should. be British born and between
25 and 35 years of age, should write quoting
the reference above and giving details of age,

experience, academic or other training. and
required starting salary to the Personnel
Officer, Ericsson Telephones Ltd.. Beeston,
Nottingham. W 2751

EXECUTIVE ENGINEER required by Com-
pany in West London area engaged on the
development of a wide range of electronic and
light mechanical equipments, to take full tech-
nical control of a large section of the work.

A 4

Applicants should have a good Honours Degree
and have had first-class- experience in a respon-
sible position covering design, development and
prototype production. Salary will be commen-
surate with responsibilities. Please apply with
full details to Box No. W 3046.

EXPERIENCED ENGINEERS are sought by
an established and well-known organisation, to
assist in the development of wide band micro-
wave telecommunication systems. Consider-
able effort will be put into this project and the
appointments offer exceptional opportunities
for advancement. As the successful candidates
will be expected to make an immediate con-
tribution it is essential that applicants should
have had several years’ research or develop-
ment engineering experience in one or more
aspects of the above field. Please apply.
quoting ref. HBB to Box No. W 3025.

EXPERIENCED , Fault-Finders wanted by
Midland Manufacturers of Radio Equipment.
Permanent posts located in the Midlands are
offer«d to men with_experience of Radar, Radio
Control, Equipment. Write, stating
fully, experience and salary required to Per-
sonnel Manager Box No. W 2840.

EXPERIENCED Radio Testers and Inspectors
required for production of communication and
radio apparatus. A lso Instrument makers,
wirers and assemblers for Factory Test appara-
tus. Apply Personnel Manager, E. K. Cole
Ltd., Ekco Works, Malmesbury, Wilts. 3, )

EXPERIMENTAL AND RESEARCH STAFF
required by D. Napier & Son, Ltd., Acton.
Vacancies exist in this well.kknown company in
W. London for technical staff to undertake
research and experimental work in mechanical
engineering. Applications are invited for .the
following posts from suitably l3ualiﬁed candi-
dates. Mathematicians with an Honours Degree
in Maths. to undertake advanced calculations
on vibration problems and stress analysis on
engine components. (Ref. 320A.) Research
Assistants to organize and carry out experi-
mental tests. including the analysis of results
and preparation of reports. (Ref. 455D.) Elec.
tronic Engineer to design apparatus for the
measurement of pressure. temperature and
flow. (Ref. 861C.) Applications should be sent
to Dept. C.P.S., 336/7, Strand, W.C.2, quoting
appropriate Ref. No. W 3001

FERGUSON RADIO CORPORATION LTD., .
offers exceptional opportunities to Draughts-
men” wishing. to make their career in the world
of electronics, television and radio. Candidates
preferably experienced in the Radio and Tele-
vision industries, must have knowledge of mass
production methods and workshop practice,
Familiarity with Ministry requirements an
advantage. Good Salaries: Pension Scheme.
Well equipped Drawing Offices and good work-
ing conditions. Apply: Employment Manager,
Ferguson Radio Corporation Ltd.; . Great
Cambridge Road, Enfield, Middlesex. W 2946

FERRANTI LIMITED, EDINBURGH, have a
vacancy in their Applications Laboratory for
an Engineer-Physicist for interesting develop-
ment work with a control project opening up
a new field and involving digital computors,
data recording and servo-mechanisms. A Degree
or equivalent in Electrical FEngineering or
Physics is essential, and -experience in some, or
all, of these fields is desirable. The appoint-
ment is permanent and offers excellent prospects

CLASSIFIED ANNOUNCEMENTS
continued on page é
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Solartron Oscilloscope X1316 Model D300
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Outstanding features : Designed at the Radar Research Establishment this
® D.C. to 6 Mc/s.

® 1 usec maximum sweep speed.
® Built-in calibrator. circuit technique and construction. It is eminently
® Video and T.B. delays.
® Y shift meter.

® Fully tropicalised.

® Weighs under so lbs. in radar and communications equipment. £145%

new oscilloscope incorporates the latest advances in

suited to the display and accurate measurement of the

velocity and amplitude of pulse waveforms encountered

-
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P Full Technical details sent gladly on request.

S—

/ =
ST Y ‘ ORDER NOW FOR EARLY DELIVERY

( SOLARTRON )

. B T SOLARTRON LABORATORY INSTRUMENTS LIMITED

SOLARTRON WORKS, QUEENS ROAD, THAMES DITTON. Tel: Emberbrook 5611 PBX
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SITUATIONS VACANT (Cont'd.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Schedided
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.

inspection, particularly on 3 and 10cm. Radar
and H.F. and V.H.F. radio equipment. Appli-
cations for both these positions, which would
carry liberal salaries and would be in the Hunts.
area, should be addressed to The Personnel
Manager, Box No. W 2974.

PROJECT ENGINEERS—-electronic—age 25-35,
having Grad. I.LE.E. or equivalent qualification
in radio communications required for pre-
production component studies of U.S.A.
designed equipment to be re-engineered for pro-
duction in this country. Long term project,
offering good prospects to engineers with
development and practical experience, know-
ledge of component sources, and ability to
spec1fy and follow-up technical requirements
with prospective suppliers. Some experience
in V.HF. radio and miniaturized equipment
an asset. Please state age, full details educa-
tion, training and_experience. Box No. W 3030,

QUALIFIED MECHANICAL ENGINEER re-
quired, age not over 35, with some knowledge
of radio and electrical engineering and with an
aptitude for experimental work to act as second
in charge of newly formed Development Depart-
ment at a factory in the West Midlands. The
maximum salary for this post is £1,100 per
annum and the starting salary will be-calculated
according to the qualifications and experience of
the successful applicant. Box No. W 1914,

RADAR ENGINEERING: Two important
vacancies exist on the permanent staff of an
influential company concerned with high priority
production and installation in Huntingdonshire
of radar systems, much of which involves
American equipment. Both positions are pro-
gressive, pensionable and well salaried. The
first is for a Production Controller (Ref. P.C.),
who should already have had first-class experi-
ence of a similar nature and be thoroughly con-
versant with radar and/or radio engineering
production of a high order. He will be a com-

petent  executive who knows assembly line
roduction, can handle production layouts, in
act, all _aspects of this highly important

function.. The second, vacancy concerns a Pros
duction Engineer (Ref. P.E.) who has alread
established his abilities in an efficient, well
organized production unit, and who has an
intimate knowledge of detailed engineering 'pro-
duction in the radio/radar-field.. Apply, quoting
above references, in strict confidence to Box
No. W 2976.

RADIO AND RADAR ENGINEERS required
for work in Test Department. Preference will
be given to Radio Engineers with experience
of testing Communication Receivers, or Radar
Engineers with experience on H?S Aircraft
Equipment.  Successful applicants will be
employed as Testers, and must be capable of
working with a minimum of supervision.
Attractive conditions and rates to successful
applicants. Apply in writing, or phone to
Airtech Limited, Aylesbu and Thame Air-
port, Haddenham, Bucks. |E%‘elephone Aylesbury
1163.) W 1916

RADIO AND RADAR TESTERS. First-class
men required for work on V.H.F. Communi-
cation Gear and Government Contracts for
Radio and Radar Equipment by Midland
Manufacturers. Men with wide experience of
Fault Finding in any of the fields mentioned
a\]og,lsd”wme giving full details to Box No.

RADIO AND TELEVISION. Junior Develop-
ment Engineers required. Must have had pre-
vious experience in this field. Apply by writing
giving full details of experience to Alba Radio.
52/58 Tabernacle Street, E.C.2. 3002

RADIO MAINTENANCE ENGINEER re-
quired for staff post in Edinburgh to take
charge of small radio workshop on airfield. In
addition to maintaining standard air and ground
radio and radar equipments (civil and military),
a?plicant will be required to assist in field trials
of new systems. Applicants must be in posses-
sion of M.C.A. radio licence: minirhum ‘A,
grefcrence “A” and “B’’. Good prospects,
taff Pension Scheme. Apply giving full details
of training, qualifications and experience to
the Personnel Officer, Ferranti Limited, Ferry
Road, Edinburgh, 5, and quoting Ref. RME/
TID W 3035

ELECTRONIC ENGINEERING

RESIDENT SUPERVISING MAINTENANCE
ENGINEERS. Appointments are available in
various parts of the British Isles for engineers
having sound knowledge of centrimetric radar
systems, to take charge of maintenance person-

.nel and to be fully responsible for the service-

ability of modern equipment. Successful appli-
cants will be given a period of familiarization
with the equipment. The posts are pension-
able and, in addition to a good basic salary,
generous subsistence allowance will be payable.
&eg(s)e%reply quoting ref. ABCB. to Box No.

SENIOR DESIGN DRAUGHTSMEN required
by a large engineering company due to expan-
sion of company’s services and commercial
business. Applicant should have a comprehen-
sive knowledge of mass production of radio,
television and services equipment. Salary up to
£700 per annum; monthly status. The vacan-
cies are of a permanent and progressive nature.
Company superannuation and life assurance
scheme in operation. Please reply giving
details of experience to Box No. W 3027.

SENIOR ENGINEER and a Junior are required
by a progressive firm of electronic instrument
manufacturers for interesting development work

on important projects. Experience in the
design of small signal frequency stransformers
an advantage. Scope for initiative and self

expression. Applicants should possess a Degree
in physics or the equivalent and should have
industrial experience and a practical mind.
Pension scheme. Salary and prospects will be
good for the right men. Apply Box No.
W. 2960.

SENIOR ESTIMATORS required by a large
and progressive engineering company. These
vacancies occur owing to-normal expansion of
company business. Applicants -should have a
comprehensive experience of the light electro-

mechanical engineering fields, with special
emphasis on ‘ministry contracts. These are
attractive vacancies and ‘call for men with

sufficient ability and initiative to justify a salary
of up to £850 per anmum. All staff privileges,

including superannuation and insurance
schemes, are available to the selected candi-
dates. Applications, which should give full

details of qualifications and experience, should
be “addressed “to ~Box~ No. "W'3011.

SENIOR MICROWAVE ENGINEERS are re-
quired by The English Electric Co., Ltd., at
Luton, for work on a high priority defence
project.  Applicants should have a good
theoretical background to Degree standard and
experience of design or engincering of micro-
wave equipment for development work on
aerial and receiving systems. This work in-
cludes investigations of new methods of con-
struction with a view to miiniaturization and
weight reduction, the design of new compo-
nents and engineering to the production stage.
Successful appilcants will be required to take
charge of a group and to be responsible for
one or more aspects of the system. The posts
are permanent and progressive and a staff pen-
sion scheme is*in operation. Applications to

Dept. C.P.S. 336/7, Strand, W.C.2, quoting
Ref. 1160B. W 2876

(A) SENIOR POSITION IN SERVYO
ANALYSIS GROUP working on Guided

Weapon control systems. Applicants should
hold Honours Mathematics Degree, have some
experience in servo mechanism systems or elec-
trical engineering. Age 28 to 32 approxi-
mately. (B) Electronic Engineer with desire to
produce instructional literature on new p-oduct.
Engineering background, diplomatic approach
and command of words more important than
knowledge of printing. Will ultimately func-
tion as Technical Editor in charge of section
of Publications Department. Please write in
detail quoting reference of post sought to Per-
sonnel Manager, de Havilland Propellers Ltd..
Hatfield, Herts. W 2943

SENIOR Radic Receiver Deslgner required.
Several years’ experience of similar work essen-
tial. Applications, which should include full
details of qualifications and experience, may be
addressed in confidence to Personnel Depart-
ment (S.R.D.), Murphy Radio Limited, Welwvn
Garden City, Herts, : W 2997

A 8

SENIOR TECHNICAL REPRESENTATIVE
required by Company in West London area to
develop markets for electronic equipment. The
successful candidate must have a sound know-
ledge of electronics and a proved record as a
successful sales representative, together with
drive and initiative. Please apply with full
details to Box No. W 3047.

SENIOR TELEVISION DEVELOPMENT EN-
GINEER required by well-known radio and
television manufacturer in London area. Appli-
cants must have a wide experience in develop-
ment for mass production of modern commer-
cial radio and television receivers. A good
salary will be paid to a person possessing drive
and organizing ability and capable of carrying
through projects from development to produc-
tion stages, under the supervision of the chief
engineer. Kindly state full particulars of. tech-
nical education and experience to Box No.
W 3003.

SPECIFICATION ENGINEERS are required
by E.M.I. Engineering Development Ltd. for
work in the preparation of production test
specifications for radar and associated electronic
equipment. Applicants should have reached
H.N.C. standard and have a knowledge of pro-
duction test methods and procedure and be
familiar with the requirements of interservice
specification documents, The work involves
technical liaison and discussion with project
development engineers and the co'lation of
data from which can be formulated production
test specifications acceptable to the Ministry
of Supply. The appointments arec permanent
and "progressive with good starting salary.
Please write with full details to Personnel Dept.
(ED/157), E.M.I. Eng. Dev. Ltd., Hayes,
Middlesex. W 3048

SUBMARINE CABLE EQUIPMENT. Appli-
cation of submerged repeaters to long distance
submarine cables is a new and expanding field
of opportunity in telecommunications. Standard
Telephones & Cables Ltd., North Woolwich,
London, E.16, have a number of vacancies for
circuit development and mechanical design en-
gineers for work on this type of equipment.
Applicants should have either engineering or
physics Degree for circuit development, or at
least Higher National Certificate for Mechani-

cal development.  Apply  Persorinel Manager.
W 3017

‘TECHNICAL WRITER 'required, to prepare
technical instructions and information for
Electrical Instruments, and equipment used in
“Aircraft TIndustry, - Write in first place full

details; age etc., - Employment Manager,
Sangamo Weston  Ltd. , Cambridge Road,
Enfield, Middlesex. W 2913

TECHNICIANS ‘required for laboratory and
inspection duties in connexion with design of
quartz and synthetic cr{stals and associated cir-
cuits. Applicants should be between 24 and

35 years of age, and preferably have had some
industrial or services experience in Radio
techniques. Salary £500 to £700 per annum

dependent upon qualifications and experience.
The position is tenable in South West Lan-
cashire and is on the established staff status
with contributory Pension Fund and usual staff
conditions. Applicants are invited to write to
Box No. 530, Dorland Advertising Ltd.. 18/20,
Regent Street, London. S.W.1, giving full par-
ticulars of their qualifications, expe-ience and
age. W 3004
TELEVISION PRODUCTION ENGINEER is
required by a large company on Merseyside.
Knowledge of Radio and experience in manu-
facturing techniques with particular reference
to the production of Television Receivess is
essential. Reply stating age, experience and
oualifications and quoting ref. ABAD to Box
No. W 2984.

TEST GEAR DESIGN ENGINEERS and Main-
tenance Engineers required with practical
experience of this class of work, based on
sound knowledge of electronic principles.

CLASSIFIED ANNOUNCEMENTS
continued on page 10
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@ Polarised Relay

- "% % High magnetic sensitivity
Large winding space - High copper efficiency
Symmetrically balanced movement

High Thermal and Shock stability

* % % *

Low susceptibility to magnetic interference

(2] Type 1A Relay

Exceptionally high sensitivity
Balanced movement

High Thermal and Shock stability

* % % %

Hermetically sealed

Catalogue available on application 10 : —

Head Office: 22 LINCOLN’S INN FIELDS LONDON WC2 Tel: HOL. 6936
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SITUATIONS YACANT (Cont'd.)

The engagement of persons answering these
advertisements must be made through a Local
Office of the Ministry of Labour or a Scheduled
Employment Agency if the applicant is a man
aged 18-64 inclusive or a woman aged 18-59
inclusive unless he or she, or the employment,
is excepted from the provisions of the Notifica-
tion of Vacancies Order, 1952.

These vacancies are permanent and progressive.
A company pension scheme In operation. Lon-
don area. Please write, in congdence, giving
full details of qualifications to Box No. W 3028.

TEST GEAR ENGINEER. Company -
taking extensive long term contracts ”%-
UHF multi channel transmitter receiver equip-
ment requires the services of a first class
qualified radio engineer with laboratory and
practical development experience to lead new
section in Engineering Division concerned with
design and development of production test
equipment, also procurement of frequency and
other standards for calibration and quality
control. ~ Duties of section will also include
preparation of test specifications and instruc-
tions. Please state age, education, experience,
and salary required. Box No. W 3031.

THE G.E.C. STANMORE LABORATORIES
invite applications for the following vacancies
for work on guided missile research. Excellent
working conditions in modern, well equipped
laboratories; sick fund and pénsion schemes.
Experienced Electrical /Mechanical Engineers or
Physicists with good Honours Degree or equiva-
lent qualifications required for: 1. Responsible
position in transistor circuitry work. (Ref.
EE/TWS.1). 2. Junior position in transistor
circuitry work—experience unnecessary—Degree
essential. (Ref, BE/TWS.2). 3. Work on micro-
wave components and circuits and/or micro-
wave Treceivers. (Ref. EE/AGH.1). 4. Section
Leader’s post for work demanding _experience
of telecommunications with electronics bias.
This is a senior post offering excellent prospects.
(Ref. EE/SM.1). 5. Work on electronic analogue
comr_utor, experience in electronics and D.C.
amplifiers essential. (Ref. EE/RHK.1). 6. Work
on design and development of circuits and/or
small servo mechanisms (age 30-35). (Ref.
EE/GAG.1). 7. Work on new waveguide tech-
niques, microwave design "and measuremént
experience and a sound mathematical knowledge
essential. (Ref. EE/RCM.1): 8. Work on per-
formance of mechanisms for radar equipment.
Advanced knowledge of dynamics and the
theory of machines together with a marked
ractical ability essential. Responsible position
or well qualified man. (Ref. EE/RHC.D).
Applications should be made, in writing, to
the Staff Manager, G.E.C. Stanmore Labora-
tories, The Grove, Stanmore Common, Stan-
more, Middlesex, stating age, qualifications and
experience and quoting the appropriate refer-
ence. W 3020

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

ineers, Designer Draughtsmen and
Draughtsmen, preferably with experience of
Radar type equipments, also reauired 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 MULLARD RADIO VALVE CO. LTD.,
invite applications for  vacancies on their
Mitcham Plant on the staff of the Cathode Ray
Tube Department. All applicants should be
clectrical  engineers, physicists, or physical
chemists and possess a good Honours Degree
or equivalent specialized diploma obtained at a
recognized technical college. The work covers
all aspects of cathode ray tube manufacture and
offers an ideal opportunity for men with
initiative and a flair for production. Salary
offered would depend on age. qualifications and
experience. Applications which will be treated
in the strictest confidence should be made to

the Plant Personnel Officer, M.R.V. Co. Ltd.,
Mitcham  Junction, Surrey, quoting Ref.
JCR/1. W 3023
THE STEEL 'COMPANY OF WALES

LIMITED (Tinplate Division) Trostre Works.
Electronic Technician required for mainten-
ance of various types of Industrial Electronic
control. Consideration will be given to appli-
cants without experience in the above, but with
at least five years’ experience in the radio in-
dustry on maintenance. [Excellent wages and
working conditions in modern Cold Reduction

ELECTRONIC ENGINEERING

Plant.  Applications, giving details of age,
qualifications and experience, should be sub-
mitted to: The Supt. Labour and Wages, The
Steel Company of Wales Limited (Tinplate
Division), Carmarthen Road, Swansea. W 2948

THREE ENGINEERS required for senior posts
in the Apparatus Department of Telephone
Manufacturing Co. Ltd., Martell Road, West
Dulwich, London, S.E.2¢. Considerable former
experience required in the development of light
electrical apparatus to production standard.-The
positions offered require ability to give advice
and service to the customer using the Company’s
apparatus; therefore circuit knowledge of an
electronic nature is also desirable. Staff Bonus
and Pension Scheme after qualifying period.
Write, call or telephone Personnel Manager at
above address. Gipsy Hill 2211. W 2998

ULTRA-ELECTRIC LIMITED, Western
Avenue, Acton, London, W.3, announce a
vacancy for a Senior Electronic Development
Engineer to take charge of a Section (of
Engineers) engaged on the development of sub-
miniature V.H.F. Pulse, and other equipment.
Applicants should "have good academic quali-
fications, preferably a Universi!f' Degree in
Physics or Engineering, and should be capable
of following through the project from early
stages to production. Please write fully in con-
fidence to the Personnel Manager (address as
above) stating qualifications, experience, age
and salary desired. W 2980

VICKERS-ARMSTRONGS LIMITED, WEY-
BRIDGE. Guided Weapons Development.
Applications are invited against the following
vacancies: Senior Staff Appointments for
experienced engineers with suitable B.Sc.
Degrees, or equivalents, as: Project Officers,
Trials Engineers, Electronic Engineers, other
Technical Staff as: Senior Intermediate and
Junior Draughtsmen (with H.N.C. or equiva-
lent), Technical assistants (mechanical and elec-
tronic—with H.N.C. or equivalent), Mathema-
ticiang (with Degrees). Laboratory and skilled
workshop personnel as: Laboratory Assistants
(electronic, mechanical, and electrical, with
practical  experience), Toolmakers, Fitters,
Centre Lathe Turners, Universal Millers,
Universal Grinders, Slotters, etc. Applicants
should be in a position to travel daily to Wey-
bridge or make their own housing arrange-
ments. Assistance can be given to secure
individual lodging accommodation. Apply to
Employment Manager, Vickers-Armstrongs
Limited, Weybridge Works, Weybridge, Surrey.

W 2955

VICKERS-ARMSTRONGS LIMITED, Wey-
bridge, Guided Weapons Development. A
vacancy exists for an Experienced Engineer to
take charge of a group engaged on the
development of missile control systems and
associated simulators. Applications, with the
names of two referees, should be made quoting

reference  EO/G.W.1, to the Employment
Manager, Vickers-Armstrongs Limited, Wey-
bridge Works, Weybridge Surrey. W 2914

VICKERS-ARMSTRONGS LIMITED, Wey-
bridge, Guided Weapons Development. A
vacancy exists for a Senior Project Engineer
to control a group on missile development.
Experience in_electronics and graduate or
equivalent qualifications required. Applications,
with the names of two referees, should be made,
quoting reference EO/G.W.2, to the Employ-
“ment Manager, Vickers-Armstrongs Limited.
Weybridge Works, Weybridge, Surrey. W 2915

VICKERS-ARMSTRONGS LIMITED, Wey-
bridge, Guided Weapons Development. A
Senior Trials Engineer is required for work on
Weapon Development. Experience of running

A 10

Field Trials and graduate or H.N.C. qualifi-
cations required. Applications, with the names
of two referees, should be made, quoting
reference EO/G.W.3, to the Employment
Manager, Vickers-Armstrongs Limited, Wey-
bridge Works, Weybridge, Surrey. 2916
WAYMOUTH GAUGES & INSTRUMENTS
LTD., a subsidiary company of Smiths Air-
craft Instruments Ltd., have vacancies in their
Aircraft Fuel Gauge Laboratory for Assistant
Engineers, required for development of elec-
tronic fuel gauging equipment. They should
have an Engincering Degree or Higher National
Certificate.  Technical assistants are also re-
quired for experimental work in electrical
measurements; preference will be given to
applicants holding a technical qualification.
Apply in writing to the. Chief Development
Engineer, Waymouth Gauges & Instruments
Ltd., Station Road, Godalming, Surrey. W 2991

Further  Situations Vacant® adoertise-
ments appear in display style op pages
26, 63, 66, 71, 82, 87, and go.

FOR SALE

MAGSLIPS at 1/10th to 1/20th of List Prices.
Huge stocks. Please state requirements.
Logan, Grove Road, Hitchin 1744, Hen;., =

METALWORK. All types cabinets, chassis,
racks, etc., to your own specifications.
Philpott’s Metal Works Ltd. (G4Bl), Ch\:}amnn
Street, Loughborough. 2197
SINE-COSINE RESOLVERS (37 Magslip
Transmitters No. 5, AP 10861). Brand new,
each in maker’s tin. Offered in quantity at lcss
than one tenth of cost. Export inquiries in-
vited. P. B. Crawshay, 166 Pixmore Wa;,
Letchworth, Herts. w153
WEBR'S 1948 Radio Map of the World, new
multi-colour printing with up-to-date call signs
and fresh information; on hea art pa«
4s. 6d., post 6d. On linen on rollers “‘W %

post 9d.

MISCELLANEOUS

A HIGH VACUUM IMPREGNATION Unit
or single or Batch Coil Impregnation service
to RIC Specification 214 or individual require-
ments. Blickvac, 505 Lordship Lane, S.E.22.
Tel. Forest Hill, 7089. W 182

COMPANY with tax loss wanted to purchase.
Box No. W 1900.

EDUCATIONAL

CITY & -GUILDS (Electrical, etc.) on *“ No
Pass—No Fee'* terms. Over 95 per cent
successes. For full details of modern courses
in all branches of Electrical Technology send
for our 144-page handbook—Freec and post
free. B.I.E.T. (Dept. 337C). 29 Wright’s
Lane, London, W.8. W 14

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. Cert, etc., on '* No Pass—
No Fee * terms. Over 95 per cent successes.
Details of Exams., & Home Training Courses
in all branches of Radio and T/V. Write for

144 page Handbook—Free. B.I.LE.T. (Dept.
337G), 29 Wright’s Lane, London, W.8.
W 187

WANTED

BACK NUMBERS of Electronic Engineering.
The Publishers will buy copies of certain back
issues of ** Television,” “ Television & S.W.
World **  and " Electronic  Engineering."’
Details, including date of issue should be sent

to Circulation Manager, 28 Fssex Street,

Strand, London, W.C.2. W 3022
SERVICE

SPECIALIST translator of German, Russian,

Itallan electronics and electrical literature seeks
further commissions. Reasonable rates. Box
No. W 1918
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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
commercial 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 complete stability,
independent of friction
@ Unaffected by changes of amplitude, frequency,
waveform, or power factor
@® High output, |0 amps. at 200-240 volts
@ Efficiency 959,
® Brush changing in a few seconds
@® Normally supplied for rackmounting, external
case (as illustrated) optional extra

The Servomex range .also. in-
cludes low voltage, high
current. D.C. and AC
Stabilisers, Magnetic Ampli-
fiers, Motor Controllers, etc.

Please write for new data sheet. SERVOMEX anTRnls I.Tnl

Servomex Controls Ltd., Crowborough Hill, Jarvis Brook, Sussex.

FEBRUARY 1954 A3
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We offer technical service

in fans for electronic purposes.
‘The assistance of our engineers is
readily available.

Eleven sizes of Aerofoil fans

are available : 4% in. to 48 in. diam.,
in geometric progression. The fans
) and motors are made
completely in our works,

backed by 44 years’

experience.

Dare you risk failure in valve cooling?

Then remember that A4erofoil fans offer electronic

engineers the same reliability that has made them the choice
for mines, ships and numerous industrial applications.

After all, it takes long experience and large resources to
make fans and their motors that are completely dependable.
Hence Aérofoil fans are used everywhere. by engineers

who play safe. Services specifications can be fulfilled.

Ask to see samples.

Aerofoil rans

FAN PROBLEMS ANSWERED. You will find a mass of
helpful information on all aspects of fan design and performance,
system resistance, cooling, etc., in Woods Practical Guide to Fan
Engineering. 227 pages, 143 diagrams and illustrations,

61 tables, 33 charts, 9”7 x 6”. Strongly recommended by

the technical press. Price post free 10/6.

WOODS OF COLCHESTER LTD., Braiswick Works, Colchester.

FPan manufacturers since 1909. AN ASSOCIATE COMPANY of THE GENERAL ELECTRIC CO. LTD. of ENGLAND

ELECTRONIC ENGINEERING
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Germanium Diodes

for the specialized

_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 Dat TYPE NUMBERS
ridged Data ;

o ' : 2X/ 105G 2X/[106G

at 20 (; . 2X/[102G 2X/103G 2X/104G (CV448) (CV425)

Peak Inverse Voltage (V) 85 30 30 100 70
Minimum Reverse 500 100 100 500 50
Resistance (kilo-ohms) (at'70V) (at 20V) “(at 20V) (at 50V) (at’ 50V)
Maximum Forward 500 250 , 1000 333 250
Resistance (ohms) (at 1V) (at 1V) (at 1V) (at 1V) (at iV)

Comprehensive data sheets may be obtained from :

Srondard Telephores and Cobles Limired

(Registered Office : Connaught House, Aldwych, London, W.C.2.)
Radio Division
OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.It
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Level Stabilised
Video Oscillator

An outstanding feature of the Wayne Kerr
Video Oscillator Type O.222A is a thermistor
bridge circuit stabilising the amplitude.
Once set the output level will remain con-
stant within 0.5 db while the oscillator
frequency is varied over its full range of
10 kc/s to 10 Mc/s. Another advantage is its
special facility for indicating the modulus
of the load impedance to which the instru-
ment is connected.

General view of the duplicate transmitters, distri-
bution amplifiers, and testing equipment in the
temporary television station at Truleigh Hill,
near Brighton. The Wayne Kerr oscillator is
used for checking the response characteristics of
the vision transmitters over their full bandwidth.

Photograph by co.urtesy of the B.B.C.

In transportable case £155, or for
standard 19” Rack mounting £148.

SPECIFICATION
Frequency Range : 10 ke/5—10 Mc/s in 6 ranges
Frequency Stability : better than 1 in 102 in 1 hour
Frequency Accuracy : 1%
Output Range: 410 db to -50 db on 1V p-p.
Output Level : Constant to + 0.5 db at any frequency
Output Impedence : 75 ohms [setting

Total Harmonic Content : less than 1%

THE WAYNE KERR LABORATORIES LTD + NEW MALDEN < SURREY

ELECTRONIC ENGINEERING h16 FEBRUARY 1954
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Arrangements have recently been concluded whereby the products of

SORENSEN Inc.

Connecticut, U.S.A.

will be manufactured in the United Kingdom under licence by
J. LANGHAM THOMPSON LTD. These products-comprise a range
of A.C. and D.C. voltage and current regulators of extremely high
accuracy, (up to 0.01%), and cover a wattage range of 150 watts to
15 KVA per phase. Immediately available will be the 1000-2S Sorensen
Voltage Regulator, brief specification of which is given below.
Although in the initial stages it will not be possible to manu-
facture the complete range, this is intended at an early date.
Engineers'will be interested to learn that this range of exceptional
instruments is now to be made available without dollar expenditure;

descriptive literaﬁure will gladly be sent on request.

Sorensen 1000.25 Voltage Regulator

Specification
RATING . 1 KVA REGULATION ACCURACY Ho.1 %_max.
INPUT VOLTAGE 190-260 RECOVERY TIME o.I SEcs.
INPUT FREQUENCY 5o cfst+10% HARMONIC DISTORTION 3% max.
OUTPUT VOLTAGE 220-240 (adjustable) . P.F. RANGE Down to 0.7

LOAD RANGE No load to full load

J. LANGHAM THOMPSON

LIMITED
BUSHEY HEATH . HERTFORDSHIRE

Telephone: Bushey Heath 2411

FEBRUARY 1954 A'17 ELECTRONIC ENGINEERING
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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 CoO. LTD.
COVENTRY ENGLAND

ELECTRONIC ENGINEERING 18 FEBRUARY 1954



Sealed

with

Outstanding adhesion to metals and excellent elec-
trical and mechanical properties combine to make
‘Araldite’ “the resin of choice” for sealing elec-
trical components. Exceptionally low shrinkage

on setting plus resistance to high temperatures,

FEBRUARY 1954
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Araldite’

humidity and corrosive agents contribute further
to the success of this-new epoxy resin for potting
or casting applications. ‘Araldite’ complies with
the requirements stipulated for the sealing of
Service ‘equipment. Our illustration of a trans-
former potted in ‘Araldite’ is published by
courtesy ' of the makers, Messrs. Evershed &
Vignoles Ltd., who also use the same resin for
sealing resistances and valve assemblies.
‘Araldite’ epoxies are simplifying production in

many industries. Nowhere, however, is their con-

‘tribution more important than in the potting and

sealing of components for radio, electronics and

electrical engineering generally.

THESE ARE THE NEW EPOXIES'!
‘Araldite’ (regd.) epoxy resins are obtainabie 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
Sor the protection of metal surfaces.

Full details will be sent gladly on request
Araldite’

casting resins

Aero Research Limited
A Ciba Company

DUXFORD, CAMBRIDGE. Telephone : Sawston 187
® 264-64A

ELECTRONIC ENGINEERING
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s
Write for full
particulars from y
s TAYLOR TUNNIGLIFF crerracroreesy LTD,
: P ALBION WORKS - LONGTON - STOKE-ON-TRENT
o Telophone: Longton 33122
EAGY(G .
= o London Office : 125 HIGH HOLBORN, W.C.1
YeLa
: g | Telephone : Holborn 1951/2
, 1 b
» 3 3
: 32 o

ELECTRONIC ENGINEERING fA 20 FEBRUARY: if954



First light Alloy transformer tank
§ 9
in this country in M@ @ by Ferranti

This 10 MVA 33/11 kV 3-phase transformer erected at
Irving sub-station, Kilmarnock, by Ferranti Ltd. is the first
to have tank and cover fabricated in light alloy. It is con-
structed in * MG s’ plate and extruded sections welded
throughout, the thickness ranging from §” to 1}” with
extruded stiffener séctions where necessary. The tank,
inside measurements 1o’ x 8 x 4 6, is still only half the
weight of its steel counterpart even with this added
strengthening, and successfully retains hot transformer oil
under conditions of alternating pressure and partial vacuum.
New uses are continually being found for the versatile
aluminium alloys comprised in the comprehensive range
of specifications produced by James Booth, and our
Development Department will be glad to discuss the
use of these modern materials with any
manufacturers entirely without obligation

The two photographs on the right, taken in the
Ferranti Factory, and reproduced by courtesy of

British Oxygen Co. Ltd., show the method of ]
internal stiffening and various flanges in position
prior to welding. i

The illustration of the transformer shown' below is
reproduced by courtesy of Ferranti Limited and the
South-West Scotland Electricity Board.

JAMES BOOTH & COMPANY LIMITED [{Z7ZY ARGYLE STREET WORKS -  BIRMINGHAM 7

TAI
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The answer, of course, is when it’s a UNISTOR

. from that useful range of asymmetric
resistors made by Standard. SenTerCel Unistors have
a wide field of application in electronic circuits, par-
ticularly those associated with digital computors and
other equipments of a similar nature.

Four current ratings are at present available .. 025mA,
1'5mA, 7mA and 10mA at various D.C. voltages
between 20 and 100V.

Here are some specimen data.

b l mA | mA | Volts f Volts I pE ;
Qi/1 ‘ 025 | 025 | 20 ' 56 ' 20
Q|1 s | 20 | 56 65 |
Qn |1 - 3 | 20 ' 56 I 500
Q8 | 10 v | 20 56 ! 1,000 '

GerJerCel u % ISTO

(asymmetric resistors)

Srandard Telephones and Cobles Limited

Registered Office : Connaught House, Aldwych, W.C.2

RECTIFIER DIVISION: Warwick Road, Boreham Wood, Hertfordshire

Telephone : Elstree 2401 Telegrams : Sentercel, Borehamwood

ELECTRONIC ENGINEERING AZZ FEBRUARY 1954



P,

©

for Long Term S ahil

Frequency range 6,000 Kc/s to 16,000 Kc/s
Tolerancé + 0.01% or + 0.005%

Type BA,
frequencychange notexceeding0.01%from 0°Cto +70°C

Type DA,
frequency change not exceeding0.01% from - 30°Cto +45°C

Type EA,
frequency change not exceeding0.002%from +65°Cto +80°C

i
g 873 mym.
350 g
19 m/m.

w1 .
«050°DIA
' . L—M _-lfa-a' 4°7S nvm.

(T
. SEC.

g CRYSTAL

Gross weight 3.5 ozs (99 gms)
Nett weight 0.15 oz (4.25 gms)

This style holder corresponds to Inter Services style D
and the U.S. style H.C./6 U.

For further deta:ls please apply to:-

SALFORD E[EGTR]CA{-?' 3';-
INSTRUMENTS LTD.

A SUBSIDIARY OF THE GENERAL ELECTRIC €0. ETH. OF E’“’IANIL"' '1

PEEL WORKS SILK ST. SALFORD 3 LANI‘S“-* o
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CONTINUOUS

STORAGE UNIT

e
Ly

TR

5

fu

|

P

THE LABpak Continuous Storage Unit has the
maximum points in its favour when it comes to storing
resistors. The permutations of the number of pre-
ferred values, ratings and tolerances amount to 870,
yet the element of chance in selecting the desired RESISTOR SPECIFICATION
resistor is eliminated by the L ABpak. i

BRITISH PATENT No. 680632

Ref. ' Type | Loading | \T:I:s Range 'Dimensions
The correct choice is a matter of seconds and T  j-wate| f.watt | 253 | 10ohms 3" x £
certainty, for the resistors are carded in ohmic values RIS Hrzwaleel [I-Waceljis 00 Lol 34 37
megohms

etc., and selected with card index simplicity. Empty
cards are merely replaced from stock.

Tolerance available +20%, +10%, +5%

This ingenious, foolproof, time-saving continuous
storage unit is FREE with the initial purchase of 180
type “R” or 240 type “ T ” resistors of your chosen
values. = It will pay you dividends.

THE RADIO RESISTOR COMPANY LTD.

50 ABBEY GARCENS, LONDON, N.WS8 . Telephone: Maida Vale 5522

The Lab Continuous Starage Units are available
from your normal source of supply, but” more
detailed - information can be obtained on request.
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MINIATURE
PUSH BUTTON

FEATURES SWITCH

RATING: 0.1 Amp., 250 v. A.C./D.C.
CONTACT RESISTANCE : 0.0l ohm.

The new Painton Push Button Switch is
an efficient and reliable miniature compon-
ent combining safe electrical operation .:_:‘____.4
with robust mechanical action. The highest OPERATING
electrical grade material is used for the Anonect
knob, shaft and inner body, which are

produced as one solid moulding. The design
of the contacts ensures minimum fatigue,
and the retention of low contact resistance
over a long period and under wide variation
of atmospheric conditions.

The non-locking versioh is particularly
suitable for metering, monitoring and also
inter-communication system applications.

-500"DIA, 26 YP4.
(WHIT-FORM)

Cat. Number 501404 501405 501406 501407
Mechanical Non- H Non- .
Action Locking Locking Locking Locking
Electrical Action
5014041 Switch in normal position: Contacts | and 2 made, Contacts

501405} 3 and 4 open. Switch operated: Contacts | and 2 open,
Contacts 3 and 4 made. (By cross connection of the contacts,
single pole changeover operation may be obtained).

Switch in normal position: Contacts 1, 2, 3 and 4 open.

Switch operated: Contacts |, 2, 3 and 4 commoned.

/BAINT N

ol anefolon Iy lund

510406
510407

ATTENUATORS AND FADERS < STUD SWITCHES < FIXED AND ADJUSTABLE WIREWOUND RESISTORS
WIREWOUND POTENTIOMETERS + MIDGET R.F. CHOKES * HIGH STABILITY CARBON RESISTORS « TERMINALS
PLUGS AND SOCKETS « KNOBS, DIALS AND POINTERS * TOGGLE SWITCHES - PUSH BUTTON SWITCHES

FEBRUARY 1954 ELECTRONIC ENGINEERING
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future

’CCA ...

Excellent Opportunities for the right men

We are a young firm just four years old. In these four years we have achieved an
outstanding reputation for a vigorous policy of research, development, production and
commercial enterprise. Working as a team we have secured the position of the world’s
leading marine radar company.

Our present programmes embrace a wide field of radar research, covering some of the
most advanced techniques in the world, and the breadth and scope of these programmes
ensures our future success. Our achievements have been won by team work, and we have
now a unique group of men, able, experienced and, above all, enthusiastic and energetic.
Our expanding activities however demand that we seek more men of this type.

Excellent opportunities exist at various levels in all branches of our organisation, and
particularly in our Research and Development Laboratories for radar and electronic
engineers, mechanical designers and draughtsmen. If you are experienced in these fields
or feel you have qualifications which would enable you to make a real contribution to our
activities please write to us at once. There is plenty of scope for men of ability to move
forward in this progressive company. Your letter which will be treated in the strictest
confidence should be addressed to :

The Managing Director DEGGA RADAR LIMITED, 1-3, BRIXTON ROAD, LONDON, S.W.9.

D.R.335

ELECTRONIC ENGINEERING A 26 FEBRUARY 1954



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.

Mullard

Mullard = Ferroxcube ¢ TICONAL®' PERMANENT MAGNETS » MAGNADUR (Formerly Ferroxdure)

g o PR A gt PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL
rods for H.F. cores.

MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2.
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the rivnut

NANNRNNAN ANARRANRNNNANNNNRNY

The sixth and last in this series of advertise-
ments devoted to our products, the very
essence of the Rivnut is its versatility. You can
fasten with it and to it—or do hoth at once.
You can use it as a blind rivet or nut plate,
or both. Strong, light and really simple to use,
the Rivnut can be upset with a simple tool
entirely from one side of the work, and

is threaded internally to provide an %

additional firm anchorage to which e i :
further attachments may be made.

This series of advertisements may serve to give some brief
indication of the scope of our organisation, and our range of
products: And everything we make reflects the experience of
over a quarter of @ century devoted to achieving the highest
standards of quality and service. ! &




The NEW Muirhead -Wigan
decade oscillator

TYPE D-650-A

HIS precision laboratory oscillator, which covers a range of 1 to 1II,100c/s with an overall
frequency accuracy of 4-0.29, or -+o0.5¢c/s, employs the decade tuning system, by means of
which the frequency can be set quickly and accurately on four decade dials and a range switch.
This system of tuning ensures the highest possible frequency accuracy and stability. It also enables
a given frequency septing to be repeated exactly, and permits the addition or subtraction of a fixed
number of cycles per second, thus giving an incremental accuracy of an extremely high order.

No other type of oscillator possesses all these advantages.

Harmonic content: 19 at IW output.

FEATURES e ~—

Frequency range: I-11,110c/s and 10-111,100c/s. MAIL THIS COUPON \“‘l
Frequency accuracy: +0.29% or +0.5¢/s. FOR DESCRIPTIVE =TT I[
Hourly frequency stability: +0.02%, over most of ﬁ_, o

iy | BROCHURE E
Maximum output: %'.:‘.:3:‘::

2W into 8000 ohms above 20c¢/s. HAE. - ) '

S0mW into 8000 ohms below 20c/s. ! posmon \FLLi
Hum level: —80db relative to maximum output COMPANY_____ . - I

at [000eis: | ADDRESS to which BROCHURE shoul

t i b

Power supply: 200-250V, 50c/s; 9OW. or 95-125V, - w L

60c/s; 90W.

Dimensions: |75 in. wide x 10§ in. high x 13 in. deep.
(43-8cm x 26°7 cm x 33 cm).

Weight: 83 Ib. (38 kg). L ,

114

MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND
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HEAT STABLE, WATER REPELLENT

JIB(SOWAYE Diclectric materials

Now available in the following forms | ¥ hi::‘
LIQUID DIELECTRICS | T S TG =i

o 1000 Cantistoss M3 200 An

MS 200 fluids are clear, inert liquids having almost any desired viscosity; they are
notable for their heat-stability and resistance to moisture. With a permittivity about

2.75 and a power factor of less than 0.0001 from 1 kc/s to over 10 Mc/s and from /
—35° C. to +150° C, MS 200 fluids are unique among liquid dielectrics.

USES: Capacitors and small transformners. -M'_/ 1

[

DIELECTRIC COMPOUND

MS 4 compound is a non-melting, water-repellent paste which retains its grease-like
consistency from —50° C to 200° C. It is highly resistant to oxidation and deteriora-
tion caused by corona discharge. Power factor is less than 0.001 up to 10 Mc/s ; volume
resistivity is more than 102 ohm cms up to 200° C. Electric strength is more than
500 volts/mil at a 10 mil gap.

USES: Potting and sealing compound for electronic components, disconnectable plugs
and sockets. Lubricant and prolective agent for plastic and rubber cables, grommets
and seals. Damping medium in gramophone pick-ups.

*SILASTOMER SILICONE RUBBER

Silastomer combines the remarkable heat stability and moisture resistance of resinous
silicones with the physical properties of rubber, including resilience, shock-and
abrasion-resistance, and resistance to both mechanical and electrical fatigue. Its
dielectric properties show little change over a wide range of frequencies, even after
ageing at high temperatures. The surface resistivity of Silastomer is high, and its
thermal conductivity is about twice as great as that of either organic rubber or resinous
insulating materials. New Silastomer stocks and pastes with greatly improved physical
properties are now available.

USES: Flexible cloth, tapes and sleeving, grommets, gaskets and terminal bushings.
Flexible heater pads. Primary insulation on cables and coil end flexibles. Impregnant
Sor coils.

SILICONE GLASS LAMINATES

Thermosetting silicone resins are used to bond inorganic fabrics and finely divided
particles such as powdered metals or mica. Typical §” silicone-glass laminates have a
tensile strength of up to 30,000 1b./sq. in. Power factor 0.002 at 1 Mc/s. Wet insulation
resistance greater than 10'© ohms. Electric strength of 250-300 volts/mil. Effective
temperature resistance of recently developed laminates, 300° C.

USES: These laminates can be machined and are used as panels, coil- formers and
structural insulation.

ELECTRICAL INSULATING VARNISHES

MS 997 is a new, low-loss impregnating varnish. It has a thermal life of more than 1,000
hours at 250° C, and shows little tendency to bubble when cured at 150° C to 200° C.

USES: Impregnating coils, resistors and components subjected to high temperature
and Iuumidity.

*SILASTOMER is a registered trademark of Midland Silicones Ltd.

Write for full information to :

MIDLAND SILICONES LTD !y

= A Associate Company of Albright & Wilson Ltd.
> FOR BRITISH MADE SILICONES 19 Upper Brook Street, London, W.1. Tel: Grosvenor 45¢1 Taw/us28
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Portable %

Frequency Meter
TF-1026 (Series) v =18 —

Direct-reading from 250 Mc/s to 4,000 Mc/s

The Marconi Instruments TF 1026 (Series) directly-calibrated absorption wave-

(l meters provide an easy means of checking the frequency of sources of power and
together cover the range 250-4,000 Mc/s. Features include : excellent screening due
to the type of fully enclosed construction employed ; effective scale length of g inches; |
light weight (3 lbs. approx. each instrument) ; no power supply required.

The degree of coupling between input and resonant circuits is such that the l
accuracy of the calibration is substantially independent of changes in the type of I
input circuit, whether by stub. aerial or direct by.feeder.

Tuning is accomplished by means of a variable lumped capacitance across the
line input. The effective Q is extremely high, due
to the very low series resistance.

The meter covering the highest range, //

2,000-4,000 Mc/s (instrument illustrated), has
‘an additional wavelength calibration
indicating in red each half-centimetre.

The meters are supplied, complete with
appropriate feeder cables, etc., in polished
hardwood carrying cases measuring
7 in. X 7% ins. x 8} ins.

Temp. Coeﬁ.-[biurimination TR e 5 d !
Type Range Mc's per deg. C. | and Accuracy §& T . ||

l TF 1026/1 250/500 —1/30,000 | +0.5 Mc/s

| TF 1026/2 | 500/1,000 | -1/25,000 | & 1.0 Mc/s |
| TF 1026/3 | 1,000/2,000 | —1/50,000 | 42.0 Mc/s

| TF 1026/4 | 2,000/4,000 | —1 50,000 | +-4.0 Mc/s |

| [

| — -4

l
|
| MARCONI :nsTRuMENTS i
|

SIGNAL GENERATORS . BRIDGES - VALVE VOLTMETERS - FREQUENCY STANDARDS
| WAVEMETER§ . WAVE ANALYSERS . BEAT FREQUENCY. OSCILLATORS - Q METERS

MARCONI INSTRUMENTS LTD - ST. ALBANS ‘< HERTS - TELEPHONE: ST. ALBANS 6i61,7

i Midland Office : 19 The Parade, Leamington Spa, Northern Office : 30 Albion Street, Kingston-upon-Hull, l
Export Office : Marconi House, Strand, London, W.,C.2, ’
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Waveguide Impedance Measurement

Unique features of design
give extreme accuracy

[ ]

Met r ov I C k This instrument consists of a waveguide
section built up from solid material, and a
moving carriage, -on which is mounted a

tunable crystal detector.
2 The carriage is of the non-contacting
t a n I n type, and is located directly from the inside
surface of the waveguide, thus eliminating
any variation in probe penetration along the

travel of the carriage.

This unique feature makes possible
ave extreme accuracy in the measurement of
waveguide impedances.

It has been designed for operation over
the band of wavelengths from 10 cms. to

11 cms. in size 10 standard waveguide and it
e e C o r is fitted with Inter-Service Standard wave-
guide connectors.

TYPE 512

METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 13
’ Member of the A.E.I. group of companies

AN OLE® Test gear for the microwave laboratory

R[E 204
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For a good rare |
atmosphere

Meral evaporator
for coating con-
denser paper

A rare good Vacuum Pump

Kinney

Many.of to-day’s products take shape through being processed in atmospheres
.rarefied by Kinney Vacuum Pumps. Penicillin, titanium, cathode ray tubes,

coated mirrors and lenses, blood plasma, dehydrated foodstuffs and oils, metal
coated foils and condenser papers, orange juice, electrical impregnated components
*improved ” wood, are a few examples. Wherever vacuum processing is
applicable, Kinney pumps give the lowest cost results.

o
ENERAL ENGINEERING >
CO.{raDCLIFFE ) LTR

GENERAL ENGINEERING CO. (RADCL_IFFE)' LTD., Station Works, Bury Road, Radcliffe
Telephone RADcliffe 2291/3 (3 lines) London Office: 3rd Floor, 9 Victoria Street, London, S.W.1. Tel.: ABBey 5278
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Pointers for Designers

ND CONSTRUCTORS
NUMBER ELEVEN

VALVES FOR TAPE RECORDERS

Service in tape recorder amplifiers makes stringent
demands on the valves used, particularly in the early stages.

Operation in high gain circuits with a‘considerable
degree of bass boost, and in a confined space in close prox-
imity to a loudspeaker, places a premium on freedom from
microphony and hum. A

The typical Osram valve line-up shown has proved
entirely satisfactory in practice for tape recorder applica-
tions. The use of the Z729 low noise pentode, allied with a
suitable circuit layout, ensures the virtual elimination of
induced hum.

INPUT STAGE Tancicyggesien Output and bias oscillator Rectifier
2729 and intermediate P U709
gtages N727/6AQS or N78
low noise pentode B309 full-wave rectifier

double triode

Vh 6.3V Vh 6.3V | Vh 6.3V Vh 6.3V Vh 6.3V

|h 0.2A |h 0.6A |h 0.45A |h 0.64A |h 0.95A

V2 250V V2 250V Va 250V Va 250V Vh-k 450V (max.)

V‘2 140V g 5.5 mA/V V‘2 250V ng 250V Vin 350 rms (max.)

B 1.85m/AV A 10 kQ Ik S0mA Ik 40 mA |°u‘ 150 mA

thm 1.5uV V‘I -12.5v VK| -5V Base BSA

R, =470ka P, +5W P . W i :eg;eggaﬁ';gg
Base B9A Base B9A Base B7G Base B7G ?;r;: I;Jtscomc::,)s;ag'igc

heater winding

For further information and full technical data write to :
) ‘ The Osram Valve and Electronics Dept. )
THE GENERAL ELECTRIC CO. LTD.,, MAGNET HOUSE, KINGSWAY, LONDON,_W.C.U
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A dependable low-frequency standard

The Ediswan Low Frequency Oscillator type R.666 provides a dependable low
frequency standard for testing, calibration and set up of biological amplifiers and recorders,
strain and vibration recorders, and low frequency wave analysers.

Production of this Oscillator has been stepped-up to meet the great demand for it and
delivery can now be made with little or no delay. Complete the attached coupon or write for
further details.

Brief Specification of Ediswan Low Frequency Oscillator type R.666

TYPE. Resistance capacity, with automatic amplitude control effective over the whole frequency range.
FREQUENCY RANGE. 1.15c.p.s. to 5,500 c.p.s. INPUT. 200— 250 volts, 40 — 60 c.p.s.
OUTPUT. Sine wave 50 volts peak to peak, push-pull, with.built-in attenuator.
CONSTRUCTION. Standard 19” rack mounting, but also

suitable for bench use. Bench stands

available.

; . N |
NOTES. ?o: ::(c):lel:?:::;l (s)»fvglcl*t' :ft fitted. Provision is made THE EDISON SWAN ELECTRIC CO. LTD. |
put. 155 Charing Cross Road, London, W.C.2.

PRICE £75 nett STANDS £1. 1s. nett Please send me full details of the Ediswan
Low Frequency Oscillator Type R.666.

EDISWAN o

RADIO DIVISION

THE EDISON SWAN ELECTRIC CO. LTD., | oo

155 CHARING CROSS ROAD, LONDON, W.C.2
Meber of the A.E.I. Group of Companies

SP. 139
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AUTOMATIC
FREQUENCY
MONITOR (1 Mc/s)
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Designed for the measurement of any _'frequency'in the range 10 ¢fs
to 1 Mc/s with a basi¢ accuracy of £ 0.005% =+ 0.1, 1.0, or 10 ¢/s.
‘Higher accuracies available if required. The unknown frequency is

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

s

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 Oto 9

<> and is in decimal not'atlion. Full information available on request.

CINEMA-TELEVISION LIMITED
i< ) & Company willin the |. Arthur Rank Org‘a';iiqaéon

)

WORSLEY BRIDGE ROAD '+ LONDON -+ SE26

Telephone HiTher Green 4600

SALES AND F. C. Robinson & Partners Ltd., Hawnt & Co. Ltd., o .A!kins. Robertson & Whiteford Litd.,
SERVICING AGENTS 287 Deansgate, Manchester, 3 89 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2

ELECTRONIC .ENGINEERING A 36 FEBRUARY_ 1954



Compass of 1447 «
12§ « 87, this generator

Provides j
normaily available only
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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.
VVrite for a copy stating the particular range
of instruments in which you are interested.

o

-

m& / fRtes N SERIES 20, 27 DIAL
| ? il MINIATURE RANGE.
& Round projecting type

also available in round

SERIES 35, 3L" DIAL V.U. METER
or square flush pattern.

for power level indication.

SERIES 25, 24" DIAL MINIATURE RANGE.
Square flush type also available

in round projecting or

round flush pattern.

RECTANGULAR' FLUSH
PATTERN - INSTRUMENT.
With circul

ich, cRguiac_piSsEg vty ROUND PROJECTING TYPE SWITCHBOARD,
base and moulded front cover, - b

y -2 INSTRUMENT (47 AND 6" DIAL SIZES).
Heavy d_ty cast iron fronc I d | c ibi flush
ol T S n pressed steel case, Convertible to flus
mounting by separate attachment.

instrumentation by

1 ]
L5y At

industriai Measuring Portable
Switchboard Instruments Testing Instruments
Yoltmeters Dynamometer Muiti-Range
Wattmeters Testing Sets Test Sets

Frequency Meters

MEASURING  INSTRUMENTS  (PULLIN) LTD., ELECTRIN ~ WORKS, WINCHESTER STREEF, ACTON, LONDON, W.3.
PHONE: ACORN 4651-3 AND 4995.
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Electrical STAMPINGS
and magnetic SCGREENS
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. I]ollowing 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. CFlk.

M EA S0 Sewvvice o oSetence and Industhy
Whioughont e jfielel of Clectiondes

MAGNETIC & ELECTRICAL ALLOYS LIMITED

Head Office : 101-103, BAKER STREET, LONDON, W.I. Tel : Welbeck 3381/2
Works : BURNBANK, HAMILTON, LANARKSHIRE. Tel : Hamilton 932/3/4

MANCHESTER : 33, BYROM STREET, DEANSGATE. Tel: Blackfriars 5223
BIRMINGHAM : 12, WESTWOOD ROAD, SUTTON COLDFIELD, WARWICKSHIRE. Tel : Streetly 78586
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cVARIAC’

voltage
regulating transformers

‘VARIAC ' —the original continu-
ously-adjustable auto-transformer—
is the'ideal device for controlling any
a.c. operated equipment. VARIACS
not only supply perfectly smooth
control of voltage from zero, but on
some patterns, there is even an
‘‘over-voltage’’ feature. Illustration
left shows the type 200 C.U.H.
‘ VARIAC .

Type 50-B ‘ VARIAC,

Type 100-R * VARIAC®

SERIES 200 ‘ VARIAC’ TRANSFORMERS

1 SERIES **200" Variacs
Rooh D INPUT: CURRENT OutpuT No-Loap NEer PRICE
NG VOLTAGE RATED MAXIMUM VOLTAGE Loss £ s d.¥
200-CM oA ; I 717 6
Moy 3| sow | s Sa 75 a. 0-135 v. 15 watts Iias
200-CMH 580 & 230 v, 2 a 25 a 0-270 v 20 watts 915 0
200-CUH 15 v, o 0.5 a. 25 a 0-270 v. 20 watts 8 5 9

= A.Il *VARIAC prices plus 209, as from 23rd February, 1952,

Full detéils_of this and other models in the * VARIAC '’ range are contain’e& in Catalogue V549,
which will gladly be sent on request.

Request also our 20-page Supplementary Catalogue giving complete information on our new
and complete range of a.c. automatic voltage stabilisers. These range from 200 VA to 25kVA.
Performance is excellent, from no-load to full load and stability is quite unaffected by
frequency variations.

’ PRICES ARE EXCEPTIONALLY LOW

CLAUDE LYONS LIMITED

ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC.
180, Tottenham Court Road, London, W.l; and 76 Oldhall Street, Liverpool, 3, Lancs.
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Keeping Electricity in its proper place |
MICA WASHERS are the economic and efficient answer to many problems in all i
forms of electrical apparatus. Produced in an almost endless variety of shapes and
sizes, these washers can be manufactured in practically unlimited quantities by M & 1
with their unique facilities at Empire Works. Up to about 0.040” the block mica can
be used in its natural thicknesses, but above this thickness it is customary to build up
the block with a suitable cement.
The manufacture of washers from blockmicais normally confined todiameters notexceed-
ing about 2.5". Above this size it is more economical to machine washers from micanite
sheet, the grade normally employed being Hard Micanite Board.

® THE MICANITE & INSULATORS CO. LTD.
m and I Empire Works, Blackhorse Lane, Walthamstow, London, E.17

BRAMCH OFFICES AT BIRMINGHAM, CARDIFF, GLASGOW, MANCHESTER AND NEWCASTLE-
UPON-TYNE AND REPRESENTATIVES IN MOST COUNTRIES THROUGHOUT THE WORLD.

“Manufacturers of MICANITE (Built-up Mica Insulation). Fabricated and Processed MICA. PAXOLIN Laminated Materials.
PANILAX Laminated Ma\;erinls and M_culdings. 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.). -

e i ol .S
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SUNVIC
TIME DELAY

SWITGHES

@ Adjustable delays from 15 sec. to 6 min.
® Ambient temperature compensation
@ Accuracy of repeat operation

@® Ratng § Amp.

TAS[sC 284
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>l< the pen‘ect
all purpose
grease

Molybdenised Listate Grease
consists of a special lithium
base grease which is fully
water repellent, plastic at —40°F, with a melting point of
350°F, reinforced with Molybdenum Disulphide. The
grease itself will give adequate lubrication in normal
conditions whiist the Molybdenum Disulphide will build |
up a surface of extremely low coefficient of friction on all |
working surfaces to ensure efficient lubrication should the
grease break down due to such causes as extreme conditions
or lack of servicing. The use of Molybdenised Listate
Grease will ensure efficient working of all grease lubricated '
components for a considerably longer period than any

other grease,

RAGOSINE

MOLYBDENISED

LUBRICANTS

Ragosine
Ol

Write or brochure glving full details to :
ROCOL LTD.
(A subsidiary of Ragosine Oil Co. Ltd.)

IBEX HOUSE, MINORIES, LONDON, E.C.3
MINERVA WORKS, WOODLESFORD, NR. LEEDS. |

nd.h. 01574/8.

ELECTRONIC ENGINEERING
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SEALED
aqwhdfwmdﬁ%m/

We supply manufacturers electronic
equipment the but,
whatever atmospheric conditions our spools
of fine gauge nickel-chrome resistance wire are
subjected to before use, their air-tight plastic

of

throughout world,

containers provide the complete protection
against deterioration.

This special packing is but one of the
precautions we take to “ balance” perfectly
the properties of consistency, durability and
precision in Cromaloy V.

(romaloy |/

80207,
NICKEL-CHROME RESISTANCE WIRE

dm AS 2)
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CAVITY
WAVEMETERS

Models *32/700  Absorption type 8880-10,000 Mc/s
32/750  Absorption type 8400-10,100 Mc/s

32/2000 _Transmission 8880-10,000 Mc/s
*32/2050 Transmission 8400-10,100 Mc/s

* Available ex-stock.

“

Q '’ Factor Absorption type 15,000
“Q " Factor Transmission 10,000

OTHER INSTRUMENTS IN OUR X BAND RANGE ARE—

® STANDING WAVE INDICATORS
® VARIABLE ATTENUATORS

® COAXIAL WAVEMETERS

® BI-DIRECTIONAL COUPLERS

® KLYSTRON MOUNTS, etc., etc.

Let us quote for your special requirements. We will manu-
facture any microwave equipment to your drawings or design
to your specifications.

MICROWAVE INSTRUMENTS LTD,

WEST CHIRTON INDUSTRIAL ESTATE,
NORTH SHIELDS, NORTHUMBERLAND.
Telephone : N. Shields 2817,

Telegrams : Microwaves N. Shields.
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for circuit experiments

a choice of

In the OC50 and OC51 point-contact transistors
Mullard have varied point spacing to produce two o

transistors of markedly different characteristics. pOI nt . contaCt types
This choice of point-contact transistors now
offered by Mullard will greatly assist electronic
engineers to adapt to their own needs the
circuits described in existing literature, and also
to create new circuits of their own design.
Although, at the present state of development,
some transistor parameters tend to be tempera-
ture-dependent and to vary between transistors
of the same type, these effects can be largely
overcome by suitable circuit design. Circuit
engineers will find that they are able to achieve

T oy '
good results when they take the unfamiliar char- PEineantact tFASIS BTy R, | ocso e
acteristics of the transistors fully into account. _— — p— . __d
The Mullard circuit research and development Max. negative collector-to-base I
p
o o b 9 5 . J voltage o 30 50
organisation is actively exploring transistor cir- |
. hni d oS o di h Max, collector current (mA) | -12 18
cuit teehmques, an ' es.lgners mte.reste 1n the Max. dissipation (W) . T
0C50 and OC51 are invited to avail themselves A o P ’ 16 ol
of the assistance of the Industrial Technical Max ambient fmparatire ) o | o
Service Department at the address below. Max. frequency (for @ 3db down) (Mc/s) i 1.0 1.8
® The OC50 and OC51 are readily available for “Full-on’* voltage across transistor *
experimental purpeses at a price comparable (Srelieeiiess Ml eesral el
with that of subminiature valves. * Superior type for this characteristic

Mullardj

i ’
N MULLARD LTD., COMMUNICATIONS AND INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
MVT149
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Commentary

THE award of the Faraday Medal by the Council of
The Institution of Electrical Engineers to Isaac Shoen-
berg will give deep satisfaction to those who are acquainted
with his work, but it will also provide the occasion for
bringing his name before a much wider public and for
according the recognition and credit which is so justly his
due. Few men can have been responsible for technical
developments which have so widely influenced the social
habits of a community and yet remained unknown beyond
a small circle of engineers. Fewer still have the modesty—
and the generosity—deliberately to shun publicity and to
enable their assistants to receive credit for their particular
contributions.

We have been justly proud that our television service was
the first high-definition system to be inaugurated anywhere
in the world, but although it is now more than seventeen
years since that service first commenced, there are still very
few who realize that the guiding hand behind its technical
development was that of Isaac Shoenberg. It is fitting,
therefore, that at the close of Coronation Year, when the
whole nation was enabled to participate in the pageantry
and the intimacy of the Coronation ceremonies, due honour
and recognition should be paid at last to the man who,
more than any other single individual, was responsible for
the development of our British system.

As Director of Research of Electric and Musical
Industries from its formation in 1931, by the amalgamation
of The Gramophone Company and the Columbia Gramo-
phone Company, it fell to Shoenberg to form and lead
the brilliant tearmn of scientists and engineers which, during
the next six years was to develop the E.M.I. system. Shoen-
berg brought to this task gifts which are rare indeed, for
not only did he exhibit a judgment and foresight on many
technical occasions® which, looking back, has seemed little
short of genius, but he had also the gift of instilling his
confidence and enthusiasm into his fellow directors and
thus of obtaining the financial support without which the
very costly development work could not have proceeded.
Finally, it was Shoenberg who presented the “evidence”
on behalf of his Company early in 1935 to the Television
Committee under the chairmanship of Lord Selsdon. The
system he then described and the specification he offered
was subsequently adopted almost unaltered as the basis for
the Alexandra Palace television transmitter.

. Isaac Shoenberg was born in Russia in 1880. He received
his early technical education in Russia and subsequently
took post-graduate courses at the City and Guilds
College and the Royal College of Science. After serving as
Chief Engineer of the Russian Wireless Telegraph and
Telephone Company in Petrograd from 1905-1914, he came
fo this country and joined the staff of Marconi’s Wireless

Telegraph Company, subsequently becoming head of the
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Patent Department and finally Joint General Manager. In
1928, he was appointed Joint General Manager of the
Columbla Gramophone Company, and in 1931 he became
Director of Research upon the formation of Electric and
Musical Industries. The development of a system of high
definition television became his immediate objective.
During the years which followed, Shoenberg was called
upon to make many decisions of a fundamental nature,
often in cases where technical opinion was almost equally
balanced between two possible alternatives. In retrospect,
some of these decisions now seem obvious, but in the
light of the knowledge which existed at the time they were
hard indeed, often calling for a faith and courage which is
given to few. To name just some examples: there was the
decision to develop a hard-vacuum cathode-ray tube to
replace the uncertain gas-focused tubes of the day; there
was the decision to put every effort into the development
of a really high-definition system and to face all the un-
known difficulties which then existed in the development of
amplifiers using very wide frequency bands and operating
on ultra-short wavelengths instead of adopting some
medium standard of definition which would have been so
much easier to achieve, but which could have yielded only
mediocre results. There were the highly complex problems
centred around the transmission of the p.c. component of
the picture signals, and there were all the practical diffi-
culties to face in the development of the Emitron camera.
Perhaps the most difficult decisions were those involved with
the synchronizing signals and the choice of the 405-line
standard. In 1935, there were many who thought that the
choice of such a standard with interlaced scanning was a
wholly unnecessary risk, and though such a choice may
now seem a low one, it required great courage at the timie.
In case there still be some who suspect that British tele-

"vision owes any debt to the United States, it is permissible

to remark that there were several fundamental differences—
the form of the synchronizing signals, the polarity of the
vision modulation and the transmission of the D.c. com-
ponent. In all these respects British practice differed. from
the American. . )

It has long been a matter for regret that Shoenberg
has not hitherto received wider credit for his ¢ourageous
direction in the development of British television. His
modesty, his retiring disposition and his readiness to give
the credit to his staff—to A. D. Blumlein, C. O. Browne,
G. E. Condliffe, J. D. McGee and P. W. Willans to’ name
only a few at random—is undoubtedly responsible, but we
are happy to believe that the award of the Faraday Medal
just announced will serve to remind us that on all the

‘fundamental issues, it was Isaac Shoenberg who gave the

guiding hand throughout the formative years of British
television.

ELECTRONIC ENGINEERING



Electrical Measurements
at Centimetre Wavelengths

By J. W. Sutherland*, M.A., AAM.LEE.

This article discusses the methods of measurement of impedance, attenuation and power in wave-
guide systems at centimetre wavelengths and describes the instruments used for these determinations.
Particular attention is paid to the construction and use of waveguide standing wave detectors, the
development and design of dissipative attenuator elements and the use of the thermistor bridge.

RADIO frequency energy at centimetre wavelengths is
employed in a variety of fields including radar, radio
communication, acceleration of electrons, dielectric heating,
radio astronomy, etc. At these wavelengths, a new tech-
nique of electrical measurement must be evolved to measure
impedance, attenuation, power, etc., and new ranges of
instruments have been developed for this purpose.

The measurements are usually made in some form of
transmission line, since normal circuit techniques are not
applicable at ultra high frequencies. It is proposed to
consider those measurements concerned with the waveguide
type of transmission line.

Measurement of Impedance

Impedance in 2 waveguide is measured relative to the
impedance of the waveguide itself. It can be shown that
if a transmission line of impedance Z, and length [ is
terminated by an unknown impedance Z;, then the imped-
ance measured at the input to the transmission line:

Zi/Z, + tanh vl )
| + Z./Z, tanh v

where y is a complex number called the propagation
constant (y = a + jB, where o is the attenuation
constant and 3 the phase constant).

Zs=Zo(

Impedances considered relative to the impedance of the
transmission line are called normalized impedances.

Then:
Zy + tanh vl

“ 1 + Z, tanh 4!

Therefore, if the impedance at any point in a waveguide
is known, the impedance at any known distance from this
point can be directly calculated.

Impedance is determined by the measurement of the
position and amplitude of the voltage standing wave in
the waveguide. The normalized impedance at a minimum
of the standing wave is purely resistive, and equal to 1/S,
where § is the standing wave ratio. Therefore, the imped-
ance at any other point can be calculated immediately
from equation (2).

A convenient graphical method of evaluating this equa-
tion has been devised by Smith*. He has evolved a diagram,
shown in Fig. 1, consisting of three sets of orthogonal
circles. To use the circle diagram the impedance of a point
is plotted in polar co-ordinates—the value of voltage
standing wave ratio is plotted radially and the angle from
vertical corresponds to the distance of the point from the
minimum (expressed in fractions of a wavelength). The
point defined in this way lies at the intersection of two
orthogonal circles, whose radii determine the real and
imaginary parts of the impedance of the point.

If the point is now rotated about the centre of the
diagram (clockwise for movement towards the generator

Zs

* Metropolitan-Vickers Electrical Co., Ltd.
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and anti-clockwise for movement towards the load) through
an angle corresponding to the distance along the transmis-
sion line (where one complete revolution is equivalent to
half a wavelength) a new point is found again on the
intersection of two circles whose radii correspond to the
real and imaginary parts of the impedance of the new point.
The centre of the diagram corresponds to an impedance

Fig. 1. Simplificd Smith impedance chart

of 1 + 0j which is the normalized impedance of the trans-
mission line itself,

The amplitude and position of the voltage standing wave
is determined with a standing wave detector. In the wave-
guide standing wave detector, a probe is inserted into the
waveguide through a narrow slot cut longitudinally in its
broad face, in such a way that the probe can be moved
to and fro along the waveguide.

The current flow in the walls of a waveguide propagating
the fundamental or H,, mode, is such that an infinitesi-
mally narrow longitudinal slot in the centre of the broad
side does not interrupt any current paths, and therefore no
instantaneous E.M.F. is induced across the slot, and there
will be no radiation from it. In practice the radiation is
found to be negligible if the width of the slot is kept
below one-tenth of the total width of the waveguide.

An EMF. will be induced on the probe proportional to
the electric field in which it is located. The probe is con-
nected to a detector, whose output bears a known relation-
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ship to the E.M.F. on the probe. The EM.F. induced on the
probe for a constant amplitude of electric field will vary
with the insertion into the waveguide. It is therefore most
important that the insertion shall not vary as the probe is
moved along the waveguide, otherwise there would be no
true comparison of electric field strength. The initial
probe penetration must be small, to prevent distortion
of the electric field configuration, and a small variation
would have a marked effect on the accuracy of measure-
ment of standing wave ratjo. Consequently, very great
care and mechanical ingenuity is required in the design
of a standing wave detector to ensure constancy of probe
insertion.

A typical instrument is shown in Fig. 2. In this standing
wave detector, an extremely rigid waveguide section is built
up from a rectangular channel, and a flat plate. The

Fig. 2. Standing wave detector
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Fig. 3. Mechanical arrangement of standing wave detector

channel is machined and hand finished to fine dimensional
limits, its inside surface is lapped to an average roughness
of 4 to 6uin, and the top edges of the channel are * bedded ”
flat on a surface plate. The flat plate is of such a size that
on assembly it projects slightly on either side of the
channel. A narrow slot is milled right through the plate
centrally for part of its length, and it is also * bedded ”
to a surface plate. The two halves of the standing wave
detector are then clamped together.

The probe and detector are mounted on a carriage, which
has a tongue located in the slot of the waveguide, and
through which the probe passes. The cross section of Fig. 3
shows the relative position of the probe and carriage. A
choke system cut in the carriage eliminates leakage of
radio frequency energy from the waveguide. In Fig. 3 the
distance AB and BC are each chosen to be approximately
a quarter wavelength, so that the short-circuit at c is trans-
formed to an open-circuit at B and a short-circuit at A.

To ensure constant probe insertion, the flat plate forming
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the slotted inside broad face of the waveguide section ‘is
extended beyond the outside of the channel as shown in
Fig. 3, and the carriage holding the probe rides on this
surface on three ball races specially selectéd for concen-

tricity. Therefore the only possible causes of variation in

probe penetration are departure from true flatness of the
plate forming the waveguide, and eccentricity in ball races.
The former can be controlled within +0-:0001 to 0-0002in
and the latter to considerably smaller limits.

The detector consists of a coaxially mounted silicon
crystal diode. The mount can be tuned by varying the
length of a short-circuited coaxial stub. The output of the
detector is very carefully screened, and also fitted with
bonded iron dust filters, to prevent direct pick-up of radio
frequency energy at the detector, which would give a
spurious reading. The accuracy of impedance measurement
is also affected by the accuracy with which the law of the
detector can be determined, i.e. the relationship between the
crystal current in the detector and the electric field in the
waveguide. Crystals can be selected so that the crystal
current is approximately proportional to the square
of the amplitude of the electric field for values of current
less than about 25xA.

A convenient method of checking the law of the crystal
and galvanometer is to interpose a precision attenuator
between the standing wave detector and the signal source.
The voltage standing wave ratio is first determined as the
square root of the ratio of crystal currents, and secondly as
the difference between maximum and minimum decibel
readings when the attenuator is adjusted to maintain con-
stant crystal current as the carriage moves along the wave-

signal % I g AMPLIFIER
Inpot . j = .
1 i =
|

Standing - Wave
Detector

Fig. 4. Arr t for ing standing wave det. s

guide. The difference between these two ratios indicates
the departure from square law of the detector, and can be
employed as a correction factor in the more accurate work.

The arrangement of Fig. 4 suggested by E. M. Wareham,
formerly of T.R.E., is a convenient means of checking the
reading accuracy of a standing wave detector. The apparatus
consists of an oscillator feeding a waveguide, followed by a
padding attenuator, a directional coupler to feed some of
the power in the waveguide into a side arm, the instrument
under test, and a load which is as nearly reflexionless as
possible. The side arm contains a precision calibrated
attenuator and a detector. The output of this detector, and
of the standing wave detector are fed into the two halves
of the primary of a balanced transformer. The oscillator is
modulated with a square wave, and the secondary of the
balanced transformer is connected to a selective amplifier
tuned to the modulation frequency. The output of the
detector will be at minimum when the amplitude of signal
from each detector is equal. Small changes in output of the
standing wave detector as the probe is moved along the
waveguide can be measured directly in decibels by rebalanc-
ing the system with the precision attenuator and noting
the change in its reading. An analysis of a series of such
readings will give an indication of variations due to
reflexions from the load, from the junction between the
load and the standing wave detector, and from the end of
the slot, and also of variations due to imperfections in the
instrument itself.

Measurement of Attenuation

“ Attenuation” is a concept ‘for which it is difficult to
find an exact definition. In a waveguide, -solutions of
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Maxwell’s equations are :

E, = sink,x.sin k,y.e- 7z
H. = cos k;x . cos k.y . e~ ¥2

...................... 3)

where z is the distance along the axis of the waveguide,
and vy is the propagation constant (k,k, constants).

v = a + j where o is the attenuation constant
B is‘the phase constant.

The value of o therefore determines the extent to which
the amplitudes of E and H diminish with increase in
%
For the present purpose, a four-terminal network will
be considered, which is matched at both input and output.
If the total power passing into the network is P, and the
total power passing out of the network is P, then the
attenuation of the network in decibels is:

10log,o(P,/P,) .............. @)

Most practical methods of measurement of attenuation
involve the comparison of the attenuation due to the item
under test with a calibrated attenuator.

Attenuators at centimetre wavelengths fall into two main
groups, the cut-off attenuator, and the dissipative attenuator.

In a waveguide of particular dimensions, waves of wave-
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Fig. 5. Exploded view of piston attenuator

length greater than a critical value, known as the cut-off,
will be heavily attenuated. This fact is utilized in the cut-
off attenuator. A resistive film supported in a rectangular
waveguide parallel to the electric vector will dissipate soine
of the power passing through the waveguide. This forms
the basis of the dissipative attenuator.

If X is the wavelength,

A is the cut-off wavelength for the particular dimen-
sion of waveguide propagating a single mode,
then the field will be proportional to e-az

where z is the distance along the waveguide and
a=2aV(A[/AE — 1/A%)

In such an attenuator, the insertion loss of the instrument
is high. Resistive attenuation is deliberately introduced to
decouple the attenuator from the circuit in which it is being
used, and a Faraday screen is often used to ensure that only
the required mode is propagated in the cut-off waveguide.
Fig. 5 shows a typical system. It is therefore obvious that
the cut-off attenuator is mormally employed as an incre-
mental attenuator, and as such is extremely useful in a
signal generator where a large amount of decoupling
between the oscillator and load is desirable. The dimensions
of the cut-off attenuator should be known very accurately,
and the bore must be circular and *true ”. The piston of
the attenuator is accurately located, and its position can
be accurately measured. The necessary accuracy of dimen-
sion and measurement is considerably lower at lower
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freque'ncies, which makes design and manufacture consider-
ably simpler, and a number of elegant systems for measur-
Ing attenuation exist, in which the power at centimetre
wavelength is converted to an intermediate frequency, the
cut-off attenuator being designed to give an accurate
determination of attenuation at this lower frequency.

On the other hand, the dissipative attenuator has an
extremely low insertion loss represented by the attenuation
when the resistive film lies right along the side wall of the
waveguide, which can be neglected for most purposes. It is
not a fundamental instrument since its attenuation cannot
be calculated with any degree of accuracy. Its resetting
accuracy is extremely good, however, and it is a most useful
practical laboratory and field instrument, as a transfer
standard from the absolute standard of the -cut-off
attenuator.

Fig. 6. Electron micrograph of evaporated film
(a) (top) normal film x 10 000, (b) (bottom) *‘ crazed * film x 6 000

A practical form of dissipative attenuator element is a
resistive film of nickel-chromium alloy deposited on a thin
glass slide by evaporation in vacuo. The alloy is chosen
because of its extremely low temperature coefficient of
resistance, and its resistance to corrosion and abrasion.
The method of preparation of the surface of the slide, and
the technique of evaporation have been developed to give
a hard uniform resistive film, and extreme care is needed
to produce the required electrical characteristics in the
finished vane. The accompanying electron micrographs
show the metallic film. Fig. 6(a) is a normal film, but Fig.
6(b) shows the crazing of the deposit which takes place if
all the precautions in manufacture have not been observed.
This latter type of deposit has been found to give incon-
sistent electrical performance, and is probably responsible
for most cases of variations in attenuation with time and
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atmospheric conditions. The glass from which the slide is
made is selected for its surface properties, and the ends of
the vane are tapered to present a minimum mismatch when
supported in the waveguide. It is found that the phase
shift produced by the presence of the vane is small, and for
most purposes may be neglected. Development work is
continuing to find an alternative material to glass, which
possesses similar electrical properties, a similar physical
surface and the same suitability for use in a high vacuum,
but which is more robust than glass.

The surface resistivity of the film is extremely critical,
considerable experimental work is involved in determining
the optimum value for each application, and careful process
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Fig. 8. Attenuation “‘resonance’’

control must be exercised to give a consisterit product once
the value is known.

The distribution of amplitude of the electric field across
a rectangular waveguide is sinusoidal (equation (3)), being
zero at each wall, and maximum in the centre. If a resistive
vane is supported in the waveguide parallel to the narrow
side (i.e. parallel to the electric vector) and moved from the
side into the centre, the attenuation caused by the vane will
rise from zero to a maximum. Under the optimum condi-
tions, the graph of insertion against attenuation takes the
form of Fig. 7. The curve is smooth, and the variation of
attenuation with frequency is beyond the limits of normal
measuring accuracy except at the upper end of the range.

If, however, the surface resistivity of the fiim does not
have the cptimum value, the graph of insertion against
attenuation is no longer smooth, and-a typical set of results
1s illustrated in Fig. 8. At the upper end of the range, the
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curve is peaky, and the value of attenuation varies rapidly
with frequency. This effect is usually described as a
resonance in the vane. It is found from experimental
evidence that the position and frequency of the resonance is
dependent on both the dimensions of the vane and its
surface resistivity. It is also found from experiments, that
resonance is accompanied by a sudden increase in the
reflexion coefficient of the attenuator in the waveguide.
When the glass vane attenuator is used as a precision
instrument an accurate mechanism is required to support
the vane, move it across the waveguide, and measure its
position. Fig. 9 and 10 show typical precision attenuators
for the three centimetre -and ten centimetre wavelength
bands. The element is supported on pins, perpendicular

to the axis of the waveguide, parallel to the broad side and

Fig. 10. Precision S-band attenuator

passing through the centre line of the narrow side. The
pins are mounted on a rigid carriage which is constrained
so that it may move only in the direction of the pins, and
the pins are spaced longitudinally so that they produce a
negligible reflexion of R.F. power in the waveguide. The
vane is mounted exactly parallel to the axis of the wave-
guide, and is maintained in the same plane throughout its
travel. Since this form of attenuator is a transfer instru-
ment, or sub-standard, rather than a fundamental standard,
it must be calibrated. Its most important feature is
therefore its repeatability or resetting accuracy. In the
instruments illustrated, the position of the vane is measured
in one case by means of a clock gauge, and in the other
with a micrometer head. The resetting accuracy is of the
order of 0-04 to 0-05db in the X-band attenuator and 0-025
to 0-03db in the S-band instrument.

The substitution method of measurement of attenuation
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is satisfactory for most purposes. The arrangement consists
of a source of signal, a calibrated attenuator, the element
under test, and a detector. It is important that padding
attenuators of at least 10db be included immediately after
the source and immediately before the detector, in order to
minimize any error due to standing waves in the system.
The source may be c.w., in which case the detector will be
either a crystal and galvanometer or a superheterodyne
receiver, or square wave modulated, in which case the
detector will be a crystal, and selective amplifier tuned to
the modulation frequency.

Measurement of Power

The most fundamental determination of power which has
been made is due to Cullen®. He has succeeded in measure-
ing the force exerted on a vane supported in a waveguide
by the wave passing through it. The power was directly
measured in mass, length and time units. The measurement,
while academically of great interest, has little practical
value, and the methods of power measurement normally
used in the laboratory and in the field depend upon the
dissipation of a part, or all, of the radio frequency power
as heat, and the measurement of that amount of heat. A
water load is one of the most convenient forms of totally
absorbing power measuring device, for the measurement
of high powers, of the order of a few kilowatts to a few
megawatts peak (or a few tens of watts to a few kilowatts
mean). A hollow polythene wedge is mounted in_the end
of the waveguide. A septum divides the wedge internally
into two compartments, and water is able to flow down one
side of the: wedge and up the other. The shape of the
wedge is designed so that it presents a match to the wave-
guide over a wide band of wavelengths, and is therefore
totally absorbing. The water temperature is measured as it
enters and leaves the wedge by mercury thermometers or
thermocouples. The water normally comes from a constant
head supply, and is passed through a water flowmeter.
If the flow is adjusted so that the temperature rise does
not exceed about ten degrees, the cooling correction can
be neglected (particularly as the incoming water is often
a few deg-es below ambient, and the outgoing water a few
degrees above ambient). The method is capable of an
accuracy of about 5 per cent on mean power. The accuracy
of measurement of peak power depends on the accuracy
with which the mark-space ratio and pulse shape is known.

As a monitor of peak power, the neon tube wattmeter is
a convenient and reasonably accurate relative reading
device. A thin straight glass tube containing neon intrudes
slightly into the waveguide through a hole in the broad
side. At the tip of the tube is a small straight or helical
wire which ensures rapid striking. The portion of the tube
outside the waveguide is encased in a metal tube. which is
slotted so that the length of the discharge can be observed.
The length of glow is proportional to the square root
of the energy in the pulse, and therefore the power is
proportional to the square of the length of discharge. If
there is a standing wave in the guide, th's can be misleading,
and it is therefore usual to mount several tubes spanning
half a wavelength. , Fig. 11 shows a typical arrangement.
The power will therefore be proportional to the product
of minimum and maximum glow, since

Lmax is proportional to
E transmitted + Er{gflect:ed-
L, is proportional to
E tra;tsmlt.tcd
Lyax X Lnin =
E 2!.r:u.lsmlued - Ezreﬂect,ed-
which is proportional to the.power reaching the load. The
instrument also gives an indication of voltage standing
wave ratio in the waveguide.

An alternative, and more accurate, means of power
measurement is to tap off a known amount of transmitted
power by means of a directional .coupler, and to measure

- E reflected.
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Fig. 11. Neon tube power itor and standi vave indicator

this power with a thermistor bridge. A directional coupler
consists of a main waveguide and an auxiliary waveguide;
power passing in the forward direction in the main wave-
guide is coupled in one direction only in the auxiliary
waveguide and power in the backward direction couples
only in.the other direction. The ratio of the power in the
main and auxiliary waveguides is known as the coupling
or through attenuation. The ratio of the power in the
forward and backward directions in the auxiliary wave-
guide (coupled by power in a single direction in the main
waveguide) is known as the directivity.,

A typical directional coupler is described by Surdin.
The two waveguides lie with their broad faces in contact
with one another, and with their axes perpendicular, as
shown in Fig. 12.. A uniform cross-shaped slot is cut in
the interface, one-quarter of the way across the diagonal.
The length and thickness of the slot determines the coup-
ling, and the directivity of this type of coupler is high.
Its properties are broad-band, with suitable precautions
it will stand high powers, and it is easy to manufacture.

Having reduced the power to a suitable level, by a known
coupling factor, its magnitude is to be measured by a
thermistor bridge (Fig. 13). A state of thermal equilibrium
is reached by passing a fixed p.c. or low frequency A.c.

Fig. 12. Directional coupler

FEBRUARY

1954



Fig. 13. Thermistor bridge

through the thermistor so that it has a fixed resistance.
Radio frequency power is then dissipated in the thermistor,
and this power is measured in two ways: in the balanced
bridge, the direct current is reduced till balance is restored,
and the reduction in power dissipated in the thermistor by
the bridge supply is assumed to be equal to the R.F. power
dissipated. In the unbalanced bridge, the change in resist-
ance brought about by the application of the r.F. power is
measured as the out-of-balance current in the bridge, and
by a previous calibration, is related to the magnitude of
the R.F. power. The former method is suitable for most
purposes, since the law of the thermistor does not affect
the reading, but only the sensitivity. The second method
is sometimes more convenient to use in a direct reading
bridge, but requires calibration and is dependent on
thermistor characteristics which may possibly vary from
day to day. It has been found possible to design a simple,
direct reading, balanced bridge which has an accuracy
of +24% per cent over normal temperature ranges, and this

will be described in detail in a paper to be published
shortly by D. C. Cooper. Balance is restored after the
application of R.F. power by shunting the bridge circuit
with a network containing a meter. The network is so
devised that the current through the meter is directly
proportioned to the R.F. power.

The method of mounting the thermistor is important
since it must absorb all the power which is incident upon
it. Care must be taken that no power is reflected by, nor
radiated from the thermistor mount. The system must
also be arranged so that the power dissipated other than in
the thermistor itself is negligible. The thermistor element
consists of a very tiny bead of material supported on very
thin connecting wires. This is supported in a small glass
bulb into which stouter leads are sealed. The element may
be connected straight across the waveguide. It is usually
easier from a design viewpoint, however, to build a trans-
former of the cone or bar and post type from the wave-
guide into a coaxial line, and to include the thermistor in
the coaxial line. The coaxial line is terminated in a choke
arrangement which permits the D.c. connexions to be made
to the bridge, but which prevents leakage of R.F. energy.
It is possible to match such an arrangement to a V.S.W.R.
of 0-95 over a 5 per cent to 6 per cent band of wavelengths
fairly simply. On replacing thermistors, it is usually neces-
sary to adjust the position of the bead in the coaxial con-
ductor to rematch the system.

Variations in ambient temperature will, of course, upset
measurements by thermistors. Compensating thermistors
mounted in another arm of the bridge may be used to
minimize the thermal drift, but if the thermistor and mount
are protected from draughts, and direct thermal radiation,
satisfactory operation is obtained, provided that periodical
checks of zero are made.
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Step to Frequency Response Transforms for Linear
Servo Systems
(Part 2)

By L. C. Ludbrook*, B.Eng., AMIEE.

Checks of -the Method on Known Functions
POSSIBLE RESTRICTIONS ON THE FORM OF (6o/6))(;)

These are most conveniently examined by applying the
underlying theory (equation (1)) to limiting cases.

Perfect Single Integrator

WGy = Ko Gl aiae: & skl T s e — 1 (5
Then
@/B)my = K .............. .. (6)
and
o0
o)) = [ Kemiordt = —jKjw ...... )

o

This is the standard result with output always in quadrature

* British Thomson-Houston Co., Ltd,
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lagging and of amplitude

inversely proportional to
frequency.

Perfect Multiple Integrator

If (6o/6)s =K 1°/n? ... . . (8)

Then
K !
0o/ ) cmy = (n—-i-)! ................ (9)
and
o0
3 rmot LY p= "k
0o/ 1) = G[K.(n_—me o dt = (10)

This standard result confirms that analytically both
(A./6)¢,» and (f./6vm can increase indefinitely with time.
The graphical approximation is obviously not applicable
to such cases.
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Perfect Differentiator

If (6o/6:)(;) = (K)@® (a hammer blow of area K at t=0)
............ (11)

Then (6o/8)ary is 2 doublet pulse at ¢+ = 0 and is difficult
to interpret directly.

_This case may be treated by considering a CR coupling
circuit followed by an amplifier of gain & and passing to
the limit CR = 0 while increasing the gain to maintain the
product k£ . CR equal to K.

If 6/6) ) = ket R (12)
Then
6o/ 8)m = () — (k/CR)e"C® . (13)
and

o4+ 0 .
8o/ 6i)iew) = [(K)em> e~iwtdr —  [(k/CR) e~/ e-iwrgt
] o+

1
=k —(k/CR)(l/CR . jm)
*CR + jw .
=l =tk i LL L e
/CR(l 3 m”(CR)z)eKlm as CR—>0 .. (14)

This standard result confirms that analytically (6,/8i);) can
contain a hammer blow component, although the graphical
method again breaks down.

Undamped Oscillation

If Go/6DGy =1 —cosBt ........................ (15)
Then
o/ 6)m = B.sinBr ........... ... (16)
and
o0
6o/ 80w = [ B .sinBr) e-iwt dt
1
=TT a7

This is the standard result for a series L shunt C filter
section having V(LC) = 1/ and confirms that analytically
(6,/6))) can contain an undamped oscillation. The
graphical method again breaks down in practice, although
by triangular approximation to the given (1 — cosf?) step
response, equation (3) leads to an infinite series giving the
correct answer (0o/0:);w) = —joo at w = $. This quadra-
ture lagging transmission at resonance is not explicitly
shown in the classical result, but is implied by the instan-
taneous change from in-phase below resonance, to 180° lag
above resonance. Physically, the zero reactance circuit
draws in-phase current from the source at resonance, and
this current flowing through the capacitor develops the
quadrature lagging output signal.

Perfect Delay Line

0for0<r<To
If (65/61)y = {K for Tp <1< oo
Then

6o/ 6)m» = O except at t = Tp where it is (K)am
a hammer blow of area K

and
Tp+
(o600 = [ (K> e-iwtds = Keiwto
T

D
= K(coswTp — jsinwTp)

This standard result with amplitude transmission constant
and phase lag proportional to frequency confirms that
(6./61),» can contain amplitude discontinuities. The one
occurring at ¢ = 0 in high pass networks has already been
included as the constant term A, in the general equation (3);
others occurring later in the step response of linear net-
works using delay lines are correctly taken into account by
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the appropriate vertical straight line segment in the
graphical method since at the discontinuity AT is zero and
equation (4) for the corresponding term correctly reduces
to (AA) (coswTp — j sinwTp).

Low Pass RC Section in Tandem with a Perfect Delay Line

Ofor0< 1< To
If (6o/ 611> ={ —(—=To) for Tp< 1 < o00. (21)

1 — exp RC
Then
|’0 for0 <t < Tp
b5/ 61y = —(t-Dy)
RC exp(T) for Tp <t <
............ (22)
and

e e}

B/ 0w} = j‘TlC_[ exp ( ﬁ(’T_CTD—))] [exp (—jmt)] dt
) e~iwTp

- (tan~! wRC + wTbp)

D
SR ( I — joRC
T 1+jwRC I + (wRCY

SO il -

This standard result, with phase lag increased by wIp
radians, but amplitude transmission unaffected by the
introduction of the delay line, could have been reached
by more physical argument; for example, ignoring noise,
ghosts, and other non-linear effects, the quality of
a television picture is not affected by increase of distance
and corresponding time delay from the transmitter to the
receiver. A finite dead time at the start of the step response
has already been allowed in setting up the general equation
(3); a linear network giving staircase response to step func-
tion input signal could be made by combining the outputs
from a set of properly terminated delay lines of different
lengths or from intermediate tappings along one long line.
The graphical approximation method with alternate hori-
zontal and vertical segments would give the true frequency
response since the horizontal segments have A4 = 0 and
therefore contribute no vectors to the total, but their effect
correctly appears as an increase in the phase lag of
subsequent vectors. In principle such a network could be
adjusted to yield a wide range of transmission
characteristics, but in practice it would be more complicated
than those already devised by Levy'' which take advantage
of reflexions from deliberate mismatches at various points
along the delay line.*

DISCUSSION OF THE FOREGOING THEORETICAL EXAMPLES

The underlying theory permits the given step response to
contain hammer-blows, horizontal and vertical segments,
undamped oscillations, and terms increasing indefinitely
with time. The graphical approximation method is, how-
ever, restricted to step responses which can be fitted by a
reasonable number of straight line segments; this in practice
means that the given step response must not contain
hammer blows and must settle to a constant amplitude, but
can contain a few horizontal and vertical portions provided
these originate from linear elements such as delay lines.

The last example indicates that the amplitude response as
a function of frequency.is unaffected by dead time at the
start of the step response. Practical servo responses to input
position step often have appreciable “toe” due to the
presence of several small time delays in the cascaded con-

® Gimpel and Calvert have however selected this tapped delay line with summa-
tion circults as a versatile compensating network. (GMPEL, D, J., CALVERT, J. F.
Signal Component Control. A.LE.E. Paper 52-211.)
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trol amplifiers, and to the limited acceleration available'at
the output shaft; this toe is very significant from the point
of view of dynamic error, but it can be ignored during
those stages of the design problem concerned with deliberate
attenuation of undesired high frequency input signals with-
out excessive resonant amplification at lower frequencies.
Since the toe shows continuous though slight curvature, its
effective duration depends on the design accuracy being
attempted; for most engineering purposes it seems reason-
able to assume that the amplitude transmission as a function
of frequency depends only on the shape of the step response
graph after the time at which 2 to 5 per cent of crest value
is first attained.

Further horizontal segments may profitably be used when
fitting the given step response graph in the regions of peak
overshoot and trough undershoot, because they do not
increase the number of terms to be computed; their effect
is only to increase the mean times of occurrence of the
later sloping segments, and the corresponding rates of
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Fig. 6. High pass CR coupling (single segment approximation)-

rotation of the dependent vectors. Vertical segments should
only be used when the response really has an “all pass”
component because they do add terms to be computed.
In general the given step response should be fitted by
horizontal and sloping straight line segments.

Checks of the Graphical Method on Analytic Functions

Elementary high pass and band pass networks are
included here for completeness, but more attention is paid
to low pass networks in an attempt to find simple approxi-
mate rules giving the cut-off frequency and the frequency
and amplitude of maximum transmission in terms of the
geometry of the step response.

High Pass CR Coupling (Single Segment Approximation)

The light solid lines of Figs. 6(a) and (b) show respec-
tively the exact step and frequency responses of a high
pass CR coupling having one second time-constant; the
dotted lines show the single segment approximation and
the corresponding frequency response which would finish
at.1 + jO after a contracting spiral. The heavy solid lines
of Fig. 6(b) link points of equal frequency on the exact and
approximate loci, and therefore show the vector error in
the approximate method.

This crude single segment approximation gives gross
errors above 005 to 0-lc/s, i.e. one-quarter to one-half
cycle of test frequency in the duration of the given step
response.
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Fig. 7. High pass CR coupling (iwo segment approximation)

High Pass CR Coupling (Two-Segment Approximation)

Figs. 7(a) and (b) shows the results of a two-segment
approximation to the previous example; in this case the
errors are within engineering limits up to about 0-4c/s,
i.e. almost two cycles of test frequency in the duration
of the given step response.

High Pass CR Coupling (Three-Segment Approximation)

Figs. 8(a) and (b) show the results of a three-segment
approximation to the previous example; in this case the
errors are within engineering limits up to about Ic/s,
i.e. four cycles of test frequency in the duration of the
given step response.

Band Pass CR-RC Coupling

The light solid lines of Figs. 9(a) and (b) show respectively
the exact step and frequency responses of an elementary
band pass network comprising cascade buffered CR and
RC circuits, each of one second time-constant. The dotted
lines of Fig. 9(a) show the four straight line segments used
to approximate the step response, and the points computed

Fig. 8. High pass CR coupling (three segment approximation)
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Fig. 9. Band pass CR-RC coupling

from equation (3) appear in Fig. 9(b) as crosses linked by
the heavy “ vector error” lines to the exact values on the
circular frequency response locus. In this case the errors
are within engineering limits up to about lc/s, i.e. eight
cycles of test frequency in the duration of the given step
response.

Low Pass LRC Section Critically Damped

Fig. 10 shows the circuit diagram and the exact step
and frequency responses for this example in which critical
damping is obtained by series resistance equal to twice the
surge impedance. The three-segment approximation gives
reasonable agreement with the exact values up to about
0-5¢c/s, i.e. four cycles of test frequency in the duration of
the given step response.

Low Pass LRC Section with 0-71 Critical Damping

Fig. 11 shows the responses of the same circuit with
series damping resistance reduced to V2 times the surge

Fig. 10. Low pass LRC section critically damped
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Fig. 11. Low pass LRC section with 071 critical damping

impedance, the limiting value before Quma: exceeds unity.
The step response now peaks at 1-05, and the three-segment
approximation gives reasonable agreement with the exact
values up to about 0-dc/s, i.e., three cycles of test frequency
in the duration of the given step response.

Low Pass LRC Section with 0-5 Critical Damping

Fig. 12 shows the responses of the same circuit with-
series damping resistor further reduced to equal the surge
impedance; Quax is now 1-16 and the step response peaks at

Fig. 12. Low pass LRC section with 0-5 critical damping

}

AT
s L ="
/ n U VVV I
(o) it c:
< O'S .A=0 7,-0:35 .A-L_

Am] 03 7\ =2-36 L

‘17

T

al-

Agm| 18 T2=3:-6
A3=0+98 Ty=6:25,
Ag=| O 7'4-.9-'7
e e R
00 i 2 3 4 s 6
SECONDS

REAL AXIS
+0:5

2
"

N

-0-5 +5

o318

Cycles/Second

//

0112 (Qpox=I-16here)

[S

O-l43

o Theoretical
X By Grophical Met|
j5 " AT

1954



e |-

‘»4

T.=0-35; |
7T1=2-45] |
722343 |

[T 11

r3=6 4
T =102
Ts=12:5

[ 1

8 10
SECONDS

|
s

REAL AXIS

+0-5 +-5

o8

®)

e

et 61z
0132 (leeﬁ 1-38here)

o Theoretical | | |- | |
5% By Grophical Approximotion
)

Fig. 13. Low pass LRC section with 0:4 critical damping

Fig. 14. Low pass LRC section with 0-25 critical damping
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1-16. The four-segment approximation gives reasonable
agreement with the exact values up to at least 0-3c/s, ie.
three cycles of test frequency in the duration of the given
step response.

Low Pass LRC Section with 0-4 Critical Damping

Fig. 13 shows the responses of the same circuit with
se