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METROVICK
AUDIO AMPLIFIER

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

ctronic
Engineerin

reproduction . . .

The Metrovick audio-amplifier is
designed to give fine quality repro-
duction with the added advantages
of being a self-contained unit, port-
able and attractive in appearance.
It will prove ideal for Public Address
work, educational authorities and
similar organisations.

It is housed in an attractive steel
case, stove enamelled in cream or
blue as desired. A leather carrying
handle is fitted.

Send for leaflet No.652/4-1
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VALVES B 14{4/\"
PURPOSES

Half-wave high vacuum reclifiers

The Ediswan ESU 74 and ESU 77 are directly
heated thoriated tungsten filament half-wave
high vacuum rectifiers suitable for use in E.H.T.
power supplies or as charging

diodes in pulse circuits.

and damping

RATINGS ESU 74
Filament Voltage (volts) 40V
Filament Current (amps) 1.5 A
Maximum Peak Inverse Vol- 40 kV
tage (volts)
Maximum Peak Anode Current. 1.1 A
(amps.) -
Maximum Mean Anode Current =
(mA)
Maximum Anode Dissipation 50 W
(watts)
Maximum filament emission ... 1.1 A
(amps.)
DIMENSIONS
Maximum overall length (mm.) 250
Maximum Diameter (mm.) 60
Approximate net weight (0zs.) 7.0
Approximate packet weight 2.0
(Ibs.)
Approximate packed export 2.0
weight (Ibs.)
BASE G.ES.
TOP CAP Anode

ESU 77

4.0V
12 A
40 kV for pulse
circuits
50 kV for normal
rectifier applications

LA

130 Watt

1.1 A

270
61

G.ES.

Anode

EDISWAN

THE EDISON SWAN ELECTRIC COMPANY, LTD.
Member of the A.E.I. Group of Companies
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CLASSIFIED ANNOUNCEMENTS

The charge for these advertisements at the LINE RATE (if under 17 or 12 lines) is :

Three lines or under 7/6, each additional line 2/6.

(The line averages seven words,) Box number 2/- extra, except in the case of advertisements in ** Situations Wanted,"* when it is added
free of charge. At the INCH RATE (if over |1” or 12 lines) the charge is 30/- per inch, single column, Prospectuses and Company’s
Financial Reports £14. 0s.0d. per column. A remittance must accompany the advertisement.

to : ‘' Electronic Engineering,’ 28, Essex Street, Strand, London, W.C.2.
month for insertion in the following issue.

Replies to box numbers should be addressed
Advertisements must be received before the I4th of the

OFFICIAL APPOINTMENTS

ADMIRALTY: R.N. SCIENTIFIC SERVICE.
The Civil Service Commissioners invite applica-
tions from electronic engineers or physicists
for six permanent posts as Principal Scientific
Officet or Senior Scientific Officer, according to
age and experience. The posts are in the
London area and Gloucestershire. For appoint-
ment as Principal Scientific Officer candidates
must have been born on or before 31st Decem-
ber, 1920. They must possess a First or
Second Class Honours Degree or be corporate
members of the Institution of Civil or Mechani-
cal or Electrical Engineers, or produce
evidence of outstanding ability to carry out
the duties required. Candidates must have
research experience. For two posts a know-
* ledge in one or morc of the following fields
would be advantageous; communication theory,
mathematical statistics, audio-frequency equip-
ment and telephone transmission (line or
radio). Part of the work involves advanced
study of the properties of conversational
speech. For four. posts knowledge is desired
of high speed electronic switching and data
storage and handling. Both digital and
analogue techniques are relevant. Success[ul
candidates will be required to take charge of
teams which are responsible for the design of
large scale equipment and its development to
the prototype stage: one team will be engaged
on research techniques relevant to the others.
Inclusive London salary scale—Principal Scien-
tific Officer (men) £1,075-£1,459, (women)
£949-£1,280;  Senior Scientific Officer (men)
£812-£1,022,” (women) £681-£917. Somewhat
lower rates in the provinces. Exceptionally
a starting salary above the minimum may be
granted according to qualifications and ex-
perience. Superannuation  provision under
Federated Superannuation System for Univer-
sities. Further articulars and application
forms from Civil Service Commission, Scientific
Branch, Trinidad House, Old Burlington Street,
London, W.I, quoting No. S4141/52. Com-
pleted application forms must be returned by
12th June, 1952. Candidates bormn between
Ist January, 1921 and 3Ist December, 1926
(inclusive), may be considered for appointment
as Senior Scientific Officer but must apply
through .the Open Competition already
announced (No. 853/52). W 2738

APPLICATIONS are invited by the Ministry of
Supply for Physicists and Electrical Engincers
for the following posts in the grade of Senio-
Scientific Officer or Scientific Officer at a
Research FEstablishment, Near Sevenoaks, Kent.
(1) Physicists with. cxperience in Electronic
circuitry problems for measurement of high
speed transients. Ref. A 135/52A. (2) Physi-
cist or Electrical Engineer with experience in
radio communications. Experience in the
application of electronic techniques to physical
problems would be an advantage. Ref. A
136/52A. ¢ (3) Physicist interested in research
into spark phenomena and transients. Ref. A
137/52A. 4) Physicist or Electrital Engineer
with knowledge or interest in electronic
circuitry for work on air-borne electronics.
Ref. A 138/52A. Candidates should possess
a first or second class Honours Degree in
physics or electrical engineering, or equivalent
qualification. For the senior grade the
minimum age is 26 ycars and at least 3 years
;Syost-graduatc research experience is required.
alary will be determined on age, qualifica-
tions and experience within the inclusive ranges:
S.S.0. £781-£980. S.0. £417-£675. Rates for
women somewhat lower. Posts are unestab-
lished, but carry benefits under F.S.S.U.
App'ication forms obtainable from the Ministry
of Labour and National Service, Technical and
Scientific Register (K) Almack House, 26 King
Street. London, S W.I. quoting appropriate
Ref. No. Closing date 14th June, 1952
W 2741

APPLYCATIONS are invited by the Ministry
of Supply for posts in the Experimental Officer
class at R.A F. Signals Expcrimental Estab-
lishments to assist in one of the following:
1. (a) General experimental work in connexion
with design of high power long distance
radio telegraph systems or radio communica-

JUNE 1952
A

tions and radar systems D 171/52A. [. (b)
Aerial and feeder systems D [72/52A. 2.
Site selection and installation design of large
radio receiving and transmitting stations, radio
telegraph terminal offices, or radio airfield
approach and landing aids D [73/52A. 3.
Experimental and development work associated
with small electro-mechanical machines for
machine telegraph systems D 174/52A. 4.
Development and test of prototype mobile
and portable radio and radar installations
D 175/52A. 5. Engineering trials and investi-
gations of modern automatic telegraph and
line equipment D 175/52A. Post 1| (a) is
located at Ruislip. Posts [ (b), 2, 4 and 5
at Medmenham and Post 3 at Kidbrooke.
Candidates should have a minimum Higher
School Certificate with a Science subject as
principal subject but those over twenty will
generally be expected to have a Higher National
Certificate or equivalent qualifications in app'ied
physics, radio or electrical engineering. Ex-
perience in the duties outlined above is
desirable and knowledge of R.A.F. Signals
equipment would be an advantage. Salary
will be assessed according to age, qualifications,
experience and location within the following
inclusive ranges: Experimental Officer (Minimum
age 26) (Posts 1(a), 2, 3 and 4) £597-£786,
Assistant Experimental Officer (Posts 1(a), I(b),
2, 4 and 5) £264 (age 18)—£571. Rates for
women somewhat lower. Posts are unestab-
lished. Application forms obtainable from
Ministry of Labour and National Service,
Technical and Scientific Register (K), Almack
House, 26, King Street, S.W.l, quo‘ing
Reference No. Closing date I14th June. 19'?223'
2

ASSISTANT (SCIENTIFIC) CLASS: The Civil
Service Commissioners give notice that an
Open Competition for pensionable appointment
to the basic grade will be held during 1952.
Interviews will be held throughout the year,
but a closing date for the receipt of applica-
tions earlier than December, 1952, may even-
tually be announced either for the competition
as a whole or in one or more subiects. Candi-
dates must be at least 174 and under 26 years
of age on Ist January, 1952, with extension for
regular service in H.M. Forces, but candidates
over 26 with specialised experience may be
admitted. All candidates must produce evidence
of having reached a prescribed standard of
education, particularly in a science subject and
of thorough experience in the duties of the
class gained by service in a Government
Department or other civilian scientific estab-
lishment or in_technical branches of the Forces,
covering a minimum of two years in one of
the following groups of scientific subjects: (i)
Engineering and physical sciences. (i) Chem-
istry, biochemistry and metallurgy. (iii} Bio-
logical Sciences. (iv) General (including
geology, meteorology, general work ranging
over two or more groups (i) to (iiid and highly
skilled work in laboratory crafts such as glass-
blowing). Salary according to age up to 25:
£236 at 18 to £363 (men) or £330 (women) at
25 to £500 (men) or £418 (women); somewhat
iess in the provinces. Opportunities for
promotion. Further particulars and applica-
tion forms from Civil Service Commission,
Scientific Branch, Trinidad House, Old Bur-
lington Street. London, W.l, quoting No. S
59/52. Completed application forms should
be returned as soon as possible. W 2744

COLLEGE OF TECHNOLOGY, Birmingham,
Department of Physics and Mathematics.
Research Assistants are required for a range
of work on electronics, with particular
reference to the performance and characteris-
tics of thermionic valves and associated equip-
ment. One appoin:ment in mathematics may
%e made outside this field. Candidates must
have a good honours degree in physics and/or
mathematics, and preferably should be
graduates of a University which awards higher
Degrees for external study. There will be
a small amount of teaching duty attached to
the posts. The appointments will be for a
maximum of three years. Salaries will be in
accordance with the Burnham (Further Bduca-
tion) Scale, Assistant Grade A, i.e., (for men)
commencing at £375 per annum with addi-

tional graduate and training allowances where
applicable. In fixing the commencing salary,
allowance will be made for teaching, and
approved industrial, expernience. Further par-
ticulars and form of application may be
obtained from the Registrar, College of
Technology, Suffolk Street, Birmingham, 1, on
receipt of stamped addressed foolscap envelope.
Completed forins should be returned to him
not later than two weeks after the insertion of
the advertisement. w 2710

GOVERNMENT DEPARTMENT requires Elec-
tronic Eugineers for laboratory research and
development work in telecommunications, auto-
te'egraphy, carrier systems, V.H.F. pulse and
filter techniques and circuitry. andidates
should preferably have some experience in one
or more of these or related subjects and should
be graduates in physics, telecommunications or
electrical engineering, or hold Higher National
Certificate or City and Guilds final, in radio
subjects. Salary in accordance with qualifica-
tions and experience within the scales £623/728
and £445/623. Location: Cheltenham except
that a period at Sevenoaks will be required for
senior appointment. Application forms from
Ministry of Labour and National Service,
Technical and Scientific Register (K), Almack
House. 26 King Street, London, S.W.1, quoting
D 184/52A. . w2

MINISTRY OF SUPPLY require Physicists and
Electrical Engineers with knowledge and ex-
perience of one of the following for posts in
the Experimental Officer Class at a_research
establishment near Sevenoaks: (I) Electronic
circuit design with particular reference to
V.H.F. region or pulse technique. (2) Ex-
perimental and development trials of equipment.
including field trials, (3) Development of
electromechanical devices. (4) Measurement of
transient phenomena in  connexion _ with
electrical and explosive equipments. (5) Radio
for telemetry work. (6) Design of aircraft
radar, some experimental flying will be
required. (7) Development work on electrical
components, preferably with experience of
component design or inspection. Candidates
should have, a minimum of Higher School
Certificate, with a science subject as a
Principal subject, but those over 20 will
generally be expected to have a Pass Degree
or a technical qualification of similar standard,
e.g., Higher National Certificate in Physics or
E'ectrical Engineering. Salary will be assessed
according to age, qualifications and experience
within the inclusive ranges: Senior Experi-
mental Officer (minimum age 35) £803-£1,033
p.a.: Experimental Officer (Minimum Age 26)
£597-£754 p.a.; Assistant Experimental Officer
(minimum age [8) £264-£555 p.a. Rates for
women somewhat lower. The posts are
unestablished.  Application forms obtainable
from Ministry of Labour and National Service,
Technical and Scientific Register (K), Almack
House, 26 King Street, London, S.W.I, quot-
ing D170/52A. Closing date l4th June. 1952.

W 2722

TECHNICAL AUTHOR reouired by Ministry
of Supply at Chessington, Surrey. Qualifica-
tions: British, of British parentage; regular
engineering apprenticeship or its equivalent,
and sound practical experience of radio and
radar equipment. Some experience as an
instructor or technical writer, knowledge of
rinting and publishing, and possession of
g.N.C or equivalent qualification would be
advantageous. Duties: Preparation of _official
instructional publications embracing airborne
and ground centrimetric radar or radio com-
munications equipment. Salary: Within range
£607 (linked to age 30)-£718 p.a. Not estab-
lished, opportunities for established pensionable
posts may arise. Written applications, giving
date of birth and education, full details of
qualifications and experience of posts held
(including dates) shou'd be addressed to
Appointments Officer, Ministry of Labour and
National Service, 1-6 Tavistock Square, London,
W.C.1, quoting reference J.U. 70 within 14
days of appearance of this advertisement. In
no circumstances should original testimonials be
forwarded. Only candidates selected for inter-
view will be advised. W 2745
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SITUATIONS VACANT

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

tion of Vacancles Order, 1952.

AERONAUT{CAL SERVICE ENGINEER re-
quired. Duties will include installation, flight

testing and servicing, for which a thorough

practical and theoretical knowledge of A.C.
and D.C. amplifier systems is required. A
knowledge of Electro-mechanical servo systems
and synchronous transmission systems would
be an advantage. Preferential consideration
will bﬁ Lgnvt;n to applicants with pre-
vious electronic experience in possession of
H.N. Certificate (or equivalent), or who have
served a recognised engineering apprenticeship
with subsequent experience in a technical
capacity. Must be prepared to travel. Posi-
tion will be permanent and pensionable after
qualifying period. -Commencing salary £450
p.a. Apply with full details of age, qualifica-
tions and experience to Sperry Gyroscope Co.,
Ltd., Great West Road,, Brentford, Middlesex.

W 2743

A FEW VACANCIES exist in the Research
Laboratories of Marconi’s Telegraph Co., Ltd.,
Chelmsford, for engineers for work on the
circuit application of transistors.  Although
academic qualifications are valued and appli-
cants should at least possess H.N.C., the type
of work demands an_experimental approach
and & practical outlook is therefore essential.
Applications stating_ age, qualifications and
experience, quoting Reference 972/5 should be
addressed  to  Central Personnel  Services,
English Electric Company, Limited, 24/30
Gillingham Street, London, S.W.l.

AN ENGINEER OR PHYSICIST is required
for development work in methods of non-

W 2729

destructive testing and for the design, con-

struction and maintenance of instruments for

use in research. Preference will be given to

candidates with good experience in electronics.
The post carries superannuation. Application,

stating salary required, should be sent to The

Director of Research, Aluminium Laboratories,
Limited, Banbury, Oxon. W 1472

A LARGE BRITISH firm in the light electrical

engineering industry requires the following
specialists for its electronic laboratory located
in the North part of London:- An experienced
Physicist having extensive knowledge of semi
conducting materials and of the modern theory
of material structure. Applicants %hould have
a practical approach to problems and be ‘able
to investigate and check on the practicability
of developments and ideas. Two electronic engi-
neers thoroughly 'familiar with pulse circuit ex-
perimental techniques. The posts are permanent
with contributory pension scheme and usual
staff standards. Salaries will be considered in-
dividually and applicants should write to Box

No. 528, Dorland Advertising, Ltd., 18/20

Regent Street, S.W.1, giving full details of

qualifications, experience, age, and approxi-
mately salary range required. 2585
A PROJECT ENGINEER is required by a
firm of Instrument Makers to supervise the
activities of a development laboratory engaged
on projects covering specialised instrument and
electronic equipment for aircraft. Applicants
should possess a University Degree or Higher
National _Certificate in Electrical Engineering,
.or similar qualifications, and have had
previous laboratory experience in this type of
work, together with a knowledge of current
design practice. Write, giving details of
qualifications and experience to Box No.
W 1477.

A WELL-KNOWN Midland Company requires

an H.F. Heater Applications Bngineer for test

work on samples and the design of applicators.
Men with metallurgical knowledge and at least
H.N.C. should apply giving full details of
qualifications and experience, quoting reference

HFH to Box No. W 2748,

BELLING & LEE LTD., Cambridge Arterial
Road, Enfield, Middlesex, require research
assistants in connexion with work on electronic
components, fuses, interference suppressors and
television aerials. Applicants must be graduates
of the I.LE.E. or possess equivalent qualifica-
tions together with similar laboratory ex-
perience. Salary will be commensurate with
previous experience: five day week, contributory
pension scheme. Applications must be detailed
and concise, and will be treated as conﬁd&ltia;l.
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BRITISH TELECOMMUNICATIONS RE-
SEARCH, LTD., a Company associated with
Automatic Telephone & Electric Co. Ltd., and
British Insulated Callender’s Cables, Ltd,,
require an Engineer to undertake the prepara-
tion of technical literature on line and radio
communications equipment and a certain
amount of public relations work. The position
will be permanent and is covered by the
superannuation  scheme. Five-day  week.
Application should be made to the Director
of  Research, British  Telecommunications
Research, Ltd., Taplow Court, Taplow,
Bucks, giving full details of qualifications,
experience and salary required. 272

BRITISH TELECOMMUNICATIONS RE-
SEARCH, LTD., a Company associated with
Automatic Telephone & Electric Co., Ltd,, and
British Insulated Callender’s Cables, Ltd., re-
quire an Engineer with knowledge of ?atent pro-
cedure in their Patent Department for general
duties on line and radio telecommunications
equipment and systems. The position is perma-
nent and covered by the superannuation scheme.
5-day week. Application should be made to
the Director of Research, British Telecommuni-
cations Research, Ltd., Taplow Court, Taplow,
Bucks, giving full details of qualifications.
experience and salary required. W 2725

CHIEF OF LOUDSPEAKER TEST re-
quired by large and progressive engineering
company situated in the London area.
sound practical and theoretical knowledge is
essential, Permanent position., Staff Pension
Fund in operation. Please write stating
qualifications and experience. quoting reference
No. 3816, to Box No. W 2707.

COTTAGE LABORATORIES LIMITED, re-
quire the following staff: (a) Project leader to
control a division of electronjc and electro-
mechanical engineers. The applicant should be
capable " of leading a team of research and
development engineers in a highly technical
field. Starting salary will be according to
ability, experience and age. (b) Senior electronic
and electro-mechanical physicists or engineers.
A physical and experimental outlook 18 desirable.
The applicants must be capable of designing
modern electronic circuits and of leading a
group of assistant engineers. Starting salary
according to age and experience. (c) A:sistant
Engineers interested in electronics and small
mechanisms. There are prospects of rapid
promotion in an expanding laboratocy. Five-
day week, excellent canteen and active sports
club. Apply stating age, nationaliiy, previous
experience and salary required to the Manager.
Cottage Laboratories, Ltd., Portsmouth Road.
Cobham, Surrey. W 2703

DECCA RADAR, LTD. invites applications
from designer draughtsmen for posts as section
leaders on work of outstanding interest. The
conditions are exceptional in scope for men
with a flair for leadership and good design
ability. Applicants should have Higher National
Certificate or equivalent and wide experience
of radar equipment design. Applications
should be addressed to S.R.T., Decca Radar,
Ltd., Research Laboratory, 2 Tolworth Rise,
Surbiton, Surrey. W 2751

DEVELOPMENT ENGINEER with knowledge
of metallurgy and electronics required for
experimental work on ultrasonics in Research
Department of scientific instrument makers in
N.E. London area. Age 25/35. Write
stating experience and salary required to Box
No. W 2712.

DRAUGHTSMEN with experience of eclectronic
work required by large light engineering com-
any situated in the East London Area.
revious experience on electronic work essential.
Positions are permanent and the usual staff
privileges are available, Kindly state fullest
particulars, quoting reference H7! to Box No.
W 2728.

DRAUGHTSMEN, Senior and Junior required.
Experience in Electronics and Light Electrical
Engineering an advantage. Apply by letter,
stating age, nationality and experience to
BE.M.I. Engineering Development Ltd.. Pen-
leigh Works, Wells, Somerset. W 1414

DRAUGHTSMEN are invited to make an
appointment with E.M.I. Research Labora-
tories to discuss the several vacancies which are
available in their Drawing Office at Hayes.
Vacancies exist for both Mechanical and
Electro Mechanical Designs Draughtsmen on a
variety of equipment offering maximum interest
and good prospects. Confidential interview

details of experiénce, qualifications, etc,, in the
first instance to Personnel Department (ILT/R),
E.M.I. Limited, Biyth Road, Hayes, Middle-
sex. W 2601

E. K. COLE LIMITED (Maimesbury Division),
invite applications from Electronic Engineers
for permanent posts in Development Labors-
torics engaged on long-term projects involving
the following techniques: 1. Pulse Generations
and Transmission, 2. Servo Mechanisms. 3.
Centimetric and V.H.F. Systems. 4. Video and
Feedback Amplifiers. 5. V.H.F. Transmission
snd Reception. 6. Electronics as applied to
Atomic Physics. There- are vacancies in the
Senior Engineer, Engineer and Junior Grades.
Candidates should have at least 3 years’ indus-
trial experience in the above types of work,
together with educational qualifications equiva-
lent to A.M.L.E.E, examination standard. Com-
mencing salary and status will be commensurate
with qualifications and experience. Excellent
opportunities for advancement are offered with
entry into Pension Scheme after a period of

service. Forms of lé«[]:»plicmion may be
obtained from Personnel Manager, Ekco Works,
Malimesbury, Wilts. W 2321

ELCONTROL LTD. (manufacturers of in-
dustrial electronic controls, have vacancies for
the following, all of whom must have some
experience of electronic manufacture and
assembly: (a) Assistant to Chief Engineer to
handle day-to-day problems. (b) Production
charge hand. (c) Assembler used to proto-
types, able to work from drawings. We are
small but growing, and these are ground floor
jobs for enthusiasts. Chief Engineer, Elcontrol
i.td.. Wilbury Way, Hitchen, Herts. Phone:
Hitchen 1598. W 21752

ELECTRIC LAMP DEVELOPMENT ENGIN-
EE Crompton Parkinson, Ltd., have
several vacancies in their Lamp Development
and Research Laboratories at Guiscley for
experienced lamp or radio valve technicians
capable of carrying out specific investigations
and development schemes on filament lamps,
discharge and fluorescent lamps, etc. The
positions vacant offer good salaries and
prospects of promotion to candidates of degree
standard with some years of practical ex-
perience, who should write in confidence with
full details to Ref. GLG, Crompton Parkinson,
Ltd., Guiseley, Nr. Leeds. W 2733

ELECTRICAL test room assistants required
urgently by well.known Scientific Instrument
Company situated in North London. Technical
education to O.N.C. standard an advantage.
Box No. W 2560.

ELECTRICAL DRAUGHTSMEN required for
design work by large light engineering company
situated in the Bast London area and engaged
in the production of light electrical equipment.
Applicants should have experience in the design
of light electrical and electro-mechanical com-
ponents and the assembly and wiring of
electrical equipment. Experience in aircraft
electrical work an advantage but not essential.
Positions are permanent and the usual staff
privileges are available. Kindly state fullest
particulars, quoting reference H65 to Box No.

ELECTRICAL ENGINEER with first or
second Honours Degree in electrical engineer-
ing required immediately by South London
Company with internatiohal connexions. Some
experience in high tension or power frequency
is preferred. Age 21-30. Salary in accordance
with age and experience. Full details to Box
EE 612, L.P.E., 110 St. Martin's Lane,‘xv.zc_].gé

ELECTRICAL ENGINEERING LABORA-
TORY, Senior Technician. Queen Mary
College (University of London), Mile End
Road, E.l. Starting salary according to
ability on scale £312 p.a. by £13 to £416 p.a.
plus ~ (a) London eighting, (b) possible
special qualification pay up to £39 p.a.
Preference to an applicant with  Ordinary
National Certificate or experience of electronic
apparatus and measuring instruments. Pension
scheme. Letters only to the Registrar, stating
age, experience, present work. W 148

ELECTRONIC ENGINEER with good working
knowledge of modern telephone practice and
preferably sound recording, required for in-
teresting new project with very big future.
This is a top level job carrying a good salary
and only engineers with the above qualifications
and the ability to handle development and

arranged without obligation, and arrang S
for Saturday morning interview if necessary.
Consideration given to holiday arrangements.
Long term employment prospects and excel-
lent pension scheme. Apply giving fullest
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Precision Resistance Wire
... PRECISION PACKED

IMC precision-drawn resistance wires are despatched in a pack
that has been developed to set 2 new standard of protection. A
transparent, robust plastic capsule guards against mechanical
damage, dust, moisture and atmospheric fumes, and the wire is

wound upon an accurately dimensioned light alloy reel of low inertia.

In transit, in store, or in use — ]MC fine resistance wires carry

a double assurance of dependability.

Specialised Products of

A series of technical data sheets descriptive

of our materials and products for electronic J“h“s [I n
engineering and instrument manufacture is

available on request. Mﬂtt

JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I .
Telephone : HOLborn 9277 Birmingham : Vittoria Street, Birmingham, I.

GD204
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SITUATIONS VACANT (Cont’d.)

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

-
manufacturing problems need apply. Send
copies of references, details of career and a
recent photograph in the first instance to Box
No. W 1482.

ELECTRONIC ENGINEERS required for
development work in the Gloucestershire area.
Good academic qualifications and apprentice-
ship. Experience_in one or more of the follow-
ing desirable:- Control systems, D.C. Ampli-
fiers, Computing Devices, Video Circuits,
Microwave Techniques. Apply with full details
of qualifications, age and salary required to
Box No. A.C. 71443, Samson Clarks, 57/61
Mortimer Street, London, W.1. W 2604

ELECTRONIC ENGINEERS with Physics or
Communication Degrees or with equivalent
practical experience, required in the Camberley
area for development of Cathode Ray Osci'lo-
graph equipment. Ability to handle complete
projects including technical correspondence
essential. Applicants should state age, qualifi-
cations, past experience and salary required.
Box No. W 1471,

ELECTRONIC ENGINEERS with several year's
research or development experience are invited
to apply for posts with a well established com-
any engaged on the development of precision
aboratory  instruments. App'icants  should
preferably possess an Honours Degree or
equivalent qualifications in physics or light
electrical engineering, although this is not
essential as considerable practical experience
is equally acceptable. The appointments are
of a permanent nature for engineers of
ability who are capable of developing new
projects. to the prototype stage, and offer
scope for the exercise of individual initiative.
The work is of absorbing interest and covers
a wide range of electronic instruments.
Salaries are commensurate with qualifications
and experience. Applications should be made
in writing to the Personnel Manager, Furzehill
Laboratories, Ltd., Boreham Wood, Herts.

W 1480

ELECTRONICS ENGINEER wanted, to take
charge of produgtion and assembly of electronic
keyboard units. Good sound general know-
ledge essential, exceptional prospects for right
man. Jennings Musical Instruments, Lud.,
119 Dartford Road, Dartford, Kent. W 1483.

ENGLISH ELECTRIC CO., LTD., Luton,
have vacancies for Senjor and Junior Electro-
mechanical Engineers for work on a guided
weapon - project. - A degree or Higher National
Certificate in electrical engineering or physics
essential. Experience in one or more of the
following fields desirable: (i) Servomechanisms.
(ii) Ynstrumentations. (iii) Electromechanical
PDesign (iv) Vibrations (v) Electronics  (vi)
Blectromechanical or electronic computing.
Starting salary £450-£1,000. There are a few
more senior posts open. Please write giving
full details of experience and qualifications
g:oting reference 254 E to Central Personne!

rvices, English Electric Co., Ltd., 24-30
Gillingham Street, London, S.W.1. W 2735

ENGINEERS reauired for interesting develop-
ment work on the design of all types of radio
transformers. The work includes investigation
of the use of new materials to transformer
design.  Applicants should .write, giving full
detatls to: Personnel Department (ED/76°,
E.M.I. Engineering Development, Ltd., Hayes.
Middlesex. W 2759

ENGINEER REQUIRED to take charge of a
section engaged on Research in connexion
with Airborne receivers by Marconi’s Wireless
Telegraph Company, Limited, Chelmsford.
An attractive salary will be offered to a suitable
applicant who must have had good experience
in this field. The position is one of responsi-
bility and is permanent. Pension Scheme, etc.
Please write in confidence giving full details
and quoting reference 875A to Central Per-
sonnel Services, English Electric Co., Ltd.,
24.30 Gillingham Street, London, S.W.}.

W 2709

ENGINEERS AND PHYSICISTS with ex-
perience in the following fields are required
by the G.E.C. at the Stanmore Laboratories :
(a) seryomechanisms (b) microwave aerials,
transmitters or receivers (¢) small mechanisms
(d) electronic circuitry. () D.C. amplifiers (f)
test gear for field trials, Preference will be
given to men with good academic qualifications.
Applications should be sent to the Staff
Manager (Ref. GBLC/S/877) G.E.C. Research
Laboratories, Wembley, Middlesex. W 2714

B S

ENGINEERS required for development, servic- ©

ing and instruction of electronic equipment.
National Certificate Standard.  Previous ex-
perience on electronics or radar desirable.
Remuneration according to experience and
qualifications. Applv—Labour Exchange,
Rugby. (Ref.—Construcétion Department.) The
‘British Thomson-Houston Co., Ltd., Rugby.

W 2737

ESTIMATING ENGINEERS required by large
progressive Engineering Company situated n
the West Country. Applicants should have ex-
tensive knowledge of automatic work, multi
and single spindles, Capstan work and small
machined assemblies. The vacancy is of a
permanent and progressive nature, pension
scheme in operation. Applicants please write
in confidence stating qualifications and" salary
required to Box No. W 2700

EXPERIMENTAL DEPARTMENT of engine

manufacturers in  home counties requires
engineer with Higher National Certificate or
Degree, having basic knowledge of electronic
circuits and practical familiarity with electrical
instruments for measuring pressure, strain.
vibration, etc. Experience desirable in use and
construction of electronic equipment for engine
development. App'y to Bmployment Exchange
stating age, experience, salary required, W 2705

EXPERIENCED ENGINEER recuired by com-
pany in North West England for design and
development of Television Aerials and associated
components W-i‘e giving age. evperience and
salary required to Box Number W 1494,

FAULT FINDERS and Testers required for
work on V.H.F. Communication Apparatus.
Knowledge of Ministry Work desirable, but
not essential. Apply to the Personnel Manager,
E. K. Cole, Ltd., Southend-on-Sea, or to the
local office of the Ministry of Labour and
National Service. W 2730

FERGUSON RADIO Corporation Ltd., Great
Cambridge Road. Enfield, Middx, have
vacancies for Senior and Junior Development
Engineers in the radio and television fields.
Previous experience of circuit development
work essential. Write gividg full details of
qualification and experience to Chief Engineer,
c/o Employment Manager. W 2608

FERRANTI LIMITED have immediate
vacancies for men with Electrical Engineering
qualifications to undertake the advanced test-
ing of naval anti-aircraft fire control equipment
involving PElectronics and servo mechanisms
either in firms workshops or on board H.M.
ships in heme ports. Salary in accordance with
age and experience between £356 and £650 pzr,
annum. Normal expenses plus a generous
allowance are paid when working out. Pre-
vious experience of this type of work though
desirable, is not essential. Forms of applica-
tion from Mr. R 3. Hebbert, Staff Manager,
Ferranti Ltd., Hollinwood, Lancs. Pleass

quote reference H.G.N. W 2537 ©

FERRANTI LIMITED, Manches:icr, have staff
vacancies in connexion with long-term develop:
ment work on an important radio tele-control
project at their new laboratories at Wythen-
shawe. South Manchesier. (1) Senior Engineers
or Scientists to take charge of research and
development sections. Qualifications include a
good degree in Physics or Electrical Engineer-
ing and extensive East experience in charge of
development  work. Salary according to
qualifications and experience in the range of
£1.000-£1,600 per annum. Please quote
reference WS (II) Engineers and Scientis's
for research and development work in the
following .fields: Radar, radio and electronic
circuits, micro waves, high power centimetric
valves, vacuum and/or high voltage techniques,
servo control and electro-mechanical devices.
Qualifications include a good degree in
Physics or Electrical Engineering or Mechanical
Science, or equivalent qualifications. Previous
experience is an advantage but is not essential.
Salary according to qualifications and experience
in the range £500-£1,000 per annum. Please
quote reference WE. (IIT) Technical Assistants

ELECTRONIC ENGINEERING . 4

for experimental work in the fields listed in
@D _above. Qualifications required: a Degree
or Higher National Certificate in Electrical or
Mechanical Engineering or equivalent qualifi-
cations. Salary in the range of £400-£600,
according to age and experience. Please quote
reference WT. {(IV) Designers and Draughts-
men. Section leaders, leading draughtsmen,
draughtsmen and junior draughtsmen, prefer-
ably with experience in any of the fields men-
tioned above. Salaries based on A.E.S.D.
rates: in the range £330-£850 per annum with
good allowances for special qualifications and
experience. Please quote reference WD. The
Company has a Staff Pension .Scheme. Appli-
cation forms from Mr. R. Hebbert, Staff
Manager, Ferranti, ILtd., Hollinwood, Lancs.
Please quote appropriate reference. W, 2721

GRADUATE in electrical engineering required
for design development work in connexion
with close-range gunnery. Experience with light
current control circuits and/or servomechanisms
an advantage. Applications giving details of
age, qualifications, experience and. salary

required should be addressed . to British

Manufacture and Research Co., Ltd.. Gran-
tham, Lincs, quoting the referencc AWK/MF/
JH.- . W 1484

INSTRUMENT assemblers and improvers re-
quired with some electrical knowlédge for
Scientific Instrument Company situated in
North London. Box No. W 2561. .

JUNIOR ENGINEERS required for interesting
work on a V.H.F. Radio-Link System in the
Field. Experience "desirable but not essential.
Headquarters near .London. Salary according
to qualifications and experience. Write giving
full details and quoting reference ICD to Box
No. W 2734, :

KEEN YOUNG Electronics Engineer (19-23)
required to assist on T/V aerial and associated
component design and development.  Write
giving age, experience and salary required.
N.W. area. Box No. W 1476.

LONDON ORGANISATION commanding a
wide Home and Overseas trade in specialist
electrical industrial driving applications up to
500 H.P., requires a qualified Electronics
Engineer to study the firm’s present mechanical
felectrical control. systems and collaborate
in the experimental or permanent introduction
of electronic devices where improvement on
current methods appears to be possible from
their employment. App’y with full particulars,
training, experience, etc., to Box No. W 1473.

LOUDSPEAKER ASSISTANT ENGINEER re-
quired for design and development of loud-
spe~kers for all radio and television applications.
H.N.C. or equivalent qualifications. Some
experience of acoustic properties an advantage.
Please write in confidence giving full details of
experience, quoting reference No. 3811, to Box
No. W 2708. ., .

MULLARD EQUIPMENT, LIMITED, Wands-
worth, have vacancies in their Engineering
Dept., for the following: (a) Electrical Engineers
(b) Blectro-Mechanical Designers (¢) Mechani-
cal Designers. Applicants should preferably
have had experience in the design of electronic
cquipment (transmitters, receivers, instruments,
etc.). Permanent pensionable posts. Salary
according to experience and qualifications.
App'ly Personnel Department, Mullard Equip-
ment, Ltd, Brathway Road, S W.18. W 2716

MULLARD LIMITED invite applications from
Degree Engineers {or a Technical Sales appoint-
ment in their Equipment Division based upon
the Head Office in London. Applicants must
have exp:rience in the operational or systems-
planning aspects of radio communica-
tion and/or . broadcast transmitters and
systems. The appointment is interesting and
responsib'e, involving the technical and com-
mercial handling and methodical organisation
of a variety of products. Good prospects for
advancement. App'ications, which will be
treated in confidence, should give full details
of age, previous experience and salary required
and should be addressed to the Personnel
Officer, Mullard Limited, Century House,
Shaftesbury Avenue, London, W.C.2. W 2756

MURPHY RADIO, LTD., have vacancies in
an expanding programme covering the field of
domestic equipment and many branches of
Electronic developmen: for Engineering and

CLASSIFIED ANNOUNCEMENTS
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BETWEEN 1 AND 5 MICROCURIES OF RADIOIODINE SUFFIGE FOR THYROID
ACTIVITY MEASUREMENTS.......WITH THE NEW EKCO TYPE N509
SCINTILLATION CGOUNTER

(GG

Capable of operating directly all normal Scalers and
Counting Ratemeters, it uses the E.M.I. type 5659
Photomultiplier Tube and a built-in wideband
amplifier. It'is already being used in the leading
hospitals for Thyroid Activity Measurements, Brain
Tumour Location and Blood Circulation studies.
The standard collimator (shown in picture) is for
use up to 1 MeV. Extras available include a larger
collimator for up to 2.5 MeV and a non-directional
protective cover.

SUPPLIES REQUIRED: 6.3v—1A. 300v—
_I5MA. I000/1500V — IOuA.

CHARACTERISTICS WITH RADIOIODINE UNDER
TYPICAL WORKING CONDITIONS
COUNTING EFFICIENCY up to 60% using No. | Thallium
Activated Sodium lodide Crystal §* dia, by #” thick.
BACKGROUND: 100/i50 counts per minute. COLLI-
MATOR.—Geometry: 2.5 x 10-% at apex. RESOLUTION:
8° rotation on crystal axis reduces count by 50%. 12°
rotation on crystal axis reduces count by 80%. PRO-
TECTIVE CAP.—Geometry: 0.45 with source touching cap,

SCALING UNITS - SCINTILLATION COUNTERS - COUNTING RATEMETERS E K
RADIATION MONITORS « VIBRATING REED ELECTROMETERS « G.M. TUBES

LEAD SHIELDING CASTLES « LINEAR AMPLIFIERS - COMPLETE COUNTING

INSTALLATIONS - ACCESSORIES E L E a T R 0 ” I a s.

Write for full details of Ekco instruments for radiosotope medsurements to: E. K. COLE LTD., ELECTRONICS SALES, 5, VIGO STREET, LONDON, W.I

REDIFON...

% WORLD WIDE RADIO COMMUNICATIONS
% MARINE AND AIRPORT RADIO

% H.F. INDUSTRIAL HEATING

% LARGE SCALE AUDIO SYSTEMS

BROOMHILL RD., LONDON,'S.W.I8

CABLES: REDIFON, LONDON PHONE: VANDYKE 7281

‘A COMPANY WITH A FUTURE’

ELECTRONIC ENGINEERING
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SITUATIONS VACANT (Cont'd.)

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

Physics, or similar qualifications. These posts
are permanent and pensionable and offer good
opportunities for advancement.  Applications
giving full details of qualifications and ex-
perience should be forwarded to the-Personnel
Manager, Murphy Radio, Ltd., Welwyn Garden
City. W 2757

MURPHY RADIO LIMITED have vacancies
for Designer Draughtsmen in their Electronic
Division. A varied programme ensures oppor-
tunity of widening experience with excellent
prospects.  Apply giving particulars of training
and experience to : Personnel Manager, Murphy
Radio Ltd., Welwyn Garden City. W 2607

MURPHY RADIO, LTD., wish to appoint a
chief radio and television receiver designer to
take charge of their electrical design laboratory.
The successful applicant must possess good
academic qualifications, preferably with some
research experience and followed by several
years in an industrial organisation engaged in
television or allied fields. The post is pen-
sionable and the salary paid will be commen-
surate with the high standard of qualifications
required. Applications, which will be treated
in strict confidence, should be addressed to
the Director of Engineering, Murphy Radio,
Ltd., Welwyn Garden City, Herts. W 2704

NEW ZEALAND. Applications are invited
from suitably qualified persons for the under-
mentioned vacancies in the Civil Aviation
Branch, Air Department, New Zealand. Radio
Engineers—Professional  Engineers competent
in one or more of the following: design and/or
installation of radio communications, naviga-
tional aids, radar and electronic equipment.
Applicants must hold either an Engineering
Degree specialising in telecommunications, elec-
tronics and/or Graduate membership of the
Institute of Electrical Engineers or its equiva-
lent. Salary will be up to £950 N.Z. per annum
for Corporate Membership of Institution of
Blectrical Engineers or equivalent and up to’
£770 N.Z. per annum for non corporate
members. Radio Technicians for base radio
workshops, installation and general maintenance
duties on radio/radar communications and
mavigational equipment. Applicants must hold
a certificate of Radio Technology or equivalem:,
and experience in either pulse or continuous
wave techniques is desired. Salary up to £770

per annum as merited. Further details
‘together with the necessary application forms
«can be obtained from—The High Commissioner
for New Zealand, 415 Strand, London, W.C.2.
mentioning this paper and quoting Reference
No. 3/47/28. Completed applications should
be lodged not later than 30 June 1952. W 2550

ONE OR TWO experienced Radar or Elec-
tronic Engineers, also Engineers experienced in

. Servo-mechanisms are wanted for a Guided

Weapons project by English Electric Labora-
tory, Luton. Progressive posts with a starting
salary of £600 to £1,000 per annum_according
to experience. Write giving full details quoting
Ref. 456H, to Central Personnel Services.
English Electric Company Limited, 24/30 Gil-
lingham S'ireet, London, S.W.1. W 2574

PHYSICIST OR ELECTRICAL ENGINEER

required with advanced knowledge of elec-
tronics, particularly L.F. Amplification and the
y

ELECTRONIC ENGINEERING

theory of servo mechanisms. Degree essential;
age about 25; starting salary ‘about £550.
Write stating age, qualifications and experience
to Sir Howard Grubb, Parsons and Co., Walker-
gate, Newcastle-on-Tyne, 6. W 1481

POST GRADUATE and Final Year University
students_in physics, electrical and mechanical
engineering and metallurgy are invited to send
details of their records to the Staff Manager
(Ref. GBLC/S/878) Research Laboratories of
the General Electric Co., Ltd.,, Wembley,
Middlesex. A number of openings in interest-
ing experimental research will be available
during the coming months for men with out-
standing ability and qualifications. W 2715

RADAR ENGINEERS, Senior and Junior re-
quired with B.Sc.(Eng.) or Chartered Electrical
Engineer Diploma, or equivalent. Applicants
should have had at least three years experience
in works and laboratory with experience on
Pu'se work preferably centimetric transmitters.
Duties will involve acting as lizison between
Development, Research Departments and the
works, They will also be required to prepare
Works Test specifications and advise on Test
equipment. Write stating fullest particulars and
salary required to Box No. W 2572.

SCIENTIFIC COMPUTER required to assist
with design, development and research work in
connexjon with electrical networks. Minimum
qualifications—inter Degree or Higher School
Certificate including Mathematics. _ Experience
in Computing, Mathematics, Physics or
Engineering desirable, Initiative and interest in
Mathematics and numerical work essential.
Good salary and conditions of service. Apply
Personnel Department, Telephone Manufac-
tuting Co., Ltd., Sevenoaks Way, St. Mary
Cray, Kent. W 2719

SEMICONDUCTORS—The Research Labora-
tories of The General Electric Co., Ltd.,
Wembley, Middlesex, have vacancies in the-
expanding field of semiconductors and semi-
conductor devices for physicists and engineers
and also physicists with a chemical bias or
physical metallurgists. Preference with be given
to Honours Graduates with some previous
experience. The openings offer good oppor-
tunities for advancement. Applications should
be sent to the, Staff Manager (Ref. GBLC/0/
892) stating age, experience and qualiﬁ{:;tio;llsi
' 2

SENIOR AND JUNIOR Electronic Develop-
ment Engineers required, H.N.C. and Degree
standard. Experience in U.H.F. and centimetric
work an advantage. Apply by letter, stating
experience, nationality and salary required, to
E.M.1. Engineering Development Ltd., Penleigh
Works, Wells, Somerset. - W 1415

SENIOR AND JUNIOR Electronic Engineers
required for development of Guided Missiles
and other work of national importance. Good
academic qualifications, a thorough knowledge
of low frequency electronic circuits including
D.C. Amplifiers, and practical design ex-
perience of lightweight electronic equipment are
desirable, The posts are pensionable and offer
good scope for a man to learn and develop
new techniques .and advance his position.
Apply to the Personnel Manager, Sperry
Gyroscope Co., Ltd., Great West Road, Brent-
ford, Middx., giving full details of age, quali-
fications and experience and salary required.
W 2605

SENIOR AND JUNIOR development engineers
required for responsible work in radio and
television development laboratories. Applicants
for senior position should be able to undertake
development work with minimum supervision.
Excellent conditions and salary available for
applicants who are accepted. Apply in_first
case to Chief PEngineer, Radio Division,
McMichael Radio, Ltd., Wexham Road, Slough,
Bucks. W 2731

SENIOR DRAUGHTSMEN required for work
on light current electrical and electronic equip-
ment, Must be familiar with R.C.S. 1,000
specifications and production requirements.
Technical standard to at least O.N.C. or
equivalent. Write quoting Ref. ADD to Box
No. W 2602.

SENIOR ELECTRO-MECHANICAL ENGIN-
EER required by new division' of prominent
engineering establishment in Northern Ireland
to lead section engaged in development work
on guided weapons. Degree or equivalent in
electrical or mechanical engineering, with
good practical experience in design of small
precision  electro-mechanical £ devices, servo
systems or instruments. Good salary and
prospects’ for man with originality, assistance
-~

given with housing. Send full particulars of
a‘lﬁe,l 4x;xsmliﬁca'.ions and experience to Box No.

SPECIALIST required with expert knowledge
of development and production of carbon
tracks for otentiometers. Apply  Chief
Engineer, Box No. W 1474.

S. SMITH & SONS (ENGLAND) LTD.,
Bishops Cleeve, Cheltenham, require the fol-
lowing staff: Senior Engineer—to lead a section
in the design and development of small servo
systems including the application of gyroscopic
and magnetic amplifier technique. This is a
permanent post and carries Superannuation
benefits and housing assistance will be given
to successful applicant, Commencing salary,
£900 to £1,200 dependent on age, qualifica-
tions and experience. Ref. 4/EN/G. Senior
Mechanical Engineer—to control design and
development of a wide range of Aircraft In-
struments and allied equipment. Applicants
should have a sound technical education with
previous design experience in pressure sensitive
elements and intricate mechanisms. Salary
£900 to £1,200 depending upon age and ex-
perience Ref. 5/EN/M. Development Engi-
neers—for development of high grade test
equipment in connexion with manufacture of
automatic pilots and aircraft instruments.
Work involves application of electronic tech-
niques over a frequency range from zero to
approximately 100 k.c. c.p.s. together with
light electrical and mechanical engineering.
Preference will be given to applicants with
experience of applied measurements in one or
more of the above engineering fields but the
foremost qualification is a sound appreciation
of fundamental engineering principles. Salary
according to qualifications and experience.
Ref. 1/EN. Development Engineers—senior
and junior engineers experienced in the design
of electronic test equipment including valve
volt-meters, C.R.O., oscillators, etc. Appli-
cants will be responsible for the development
of research models to the production stage and
must have a good fundamental knowledge of
electrical theory and practical experience of *
design. Salary dependent on qualifications and
experience. Ref. 2/EN. Development Engi-
neers—for work on auto control and servo
systems. Applicants with experience in low
frequency electronic techniques, including the
use of magnetic amplifiers, Preference given
to those with previous experience in designing
equipment . for aviation requirements. Salary
according to qualifications and experience.
Ref. 3/EN. Write quoting Reference Numbers
and giving qualifications and experience to the
Personnel Manager. W 2568

T.C.C. invite applications for positions as
follows: (1) Technical Sales Representatives for
radio and electrical industries, in Southern
(London) and Northern areas, (2) Sales Office
supervisors and assistants with knowledge of
industry and ability to handle semi-technical
correspondence. Write (in confidence) stating
age, experience, salary required and which
position applied for, to Sales Director, Tele-
graph Condenser Co., Ltd., North Acton,
w.i. w2713

TECHNICAL ASSISTANTS required for in-
teresting research and development work con-
cerned with guided missiles. There are a
number of vacancies for young men educated
to about Inter B.Sc. or National Certificate
standard and interested in light electrical
and mechanical work. Previous experience in
the electronics industry or in a technical arm of
the Services would ~be wuseful but is not
essential. Aﬁgly in writing giving full details
of age, qualifications and experience to the
Staf Manager (Ref, LPG/632) Stanmore
Laboratories of The General Electric Co., Ltd.,

“Stanmore Common, Stanmore, Middlesex.

W 2740

TELEVISION ENGINEER required, experience
in fault diagnosis, capable of using modern
test equipment—circuit alignment by visual
methods, etc.  Situation 35-40 miles from
London. Apply Box 87, Granthams Advertis-
ing, Reading. o W 2702
TELEVISION ENGINEER required for Research
Laboratory of Radio and Television Manufac-
turers. Must have recent experience in the

‘design and development of television time

bases and display_ circuitry. Write stating age,
experience, qualifications, salary, etc., to the
Personnel Manager, Bush Radio, Ltd., Power
Road, Chiswick, W.4. W 2739

CLASSIFIED ANNOUNCEMENTS
continued on page 8
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Tufnol Ltd.,
Perry B a-rr, Birmingham 228,

announce that the word

TUFNOL

15 thetr Registered Trade Mark
and the use by others of the word

TUFNOL 2 connection with
products not made from matertal B
supplied Zy Tufnol Ltd., is an
infringement of the

Trade Mark Registration.
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SITUATIONS VACANT (Cont d.)

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

TECHNICIAN required in the Department of
Electro-physiolegy at Belmont Hospital, Sutton.
Previous experience in electro-encephalographic
practice desirable, but not essential Appli-
cants should have a sound theoretical know-
ledge  of amplifiers, experience or workshop
practice and of servicing electrical instruments.
Duties include maintenance of 2 Ediswan 6-
channel electro-encephalographs and a wave
analyser, designing and construction of experi-
mental apparatus for research, and maintenance
of a well equipped workshop. Some time is
also spent in recording the E.E.G.s of patients.
Salary £410 by £15 (3) by £20 (1)-£475 p.a.
plus London weighting. Applications, giving
age, full details of qualifications and experience,
together with the names and addresses of two
referces should reach the Group Secretary, St.
Ebba’s_and Belmont Group Hospital Manage-
ment Committee, Group Office, Belmont Hos-
pital, Brighton Road, Sutton, within 10 days
of the appearance of this advertisement. W 2754

THE BRISTOL Aeroplane Company Limited.
invite applications for the following vacancies:-
(a) Electronics Engineer, A.M. Brit. Radio
Engineers, City and Guilds final tele-communi-
cations or equivalent, with a wide experience
covering transmitters, receivers, aerials, test
equipment, etc. (b) Electronics Instrument
Maintenance Engineer, City and Guilds tele-
communications or equivalent, with a_wide ex-
perience of the maintenance of Electronic
instruments. An ex-R.A.F. long service N.C.O.
in the radio branch will also be considered.
(c) Electronics Instrument Draughtsmen, City
and Guilds tele-communications Grade 2,
Ordinary National Certificate Electronics Engi-
neering or equivalent, with experience in the
design of Electronic Instruments and Appa-
ratus. Application giving age, experience and
qualifications  should be addressed to the
Ministry of Labour, 20 Nelson Street, Bristol,
1, and marked for the attention of the Per-
sonnel Manager, The Bristol Aeroplane Com-
pany Limited, Aircraft Division, Filton House,
Bristol. 2

THE GENERAL ELECTRIC CO., LTD.,
Browns Lane, Coventry, have vacancies for
Development Engineers, Senior Development
Engineers, Mechanical and Blectronic. for their
Development Laboratories on work of National
Importance. Fields include Microwave and
Pulse Applications. Salary range £400-£1,250
per annum. Vacancies also exist for Specialist
Engineers in component design, valve applica-
tiens, electro-mechanical devices and small
mechanisms. The Company’s Laboratories pro-
vide excellent working conditions with Social
and Welfare facilities. Superannuation Scheme.
Assistance with housing in special cases. Apply
by letter stating age and experience to ﬁ‘
Personnel Manager (Ref. CHCQC). W 2717

THE TELECOMMUNICATIONS DIVISION
of the Plessey Company has immediate
vacancies in its Engineering Department for
the following personnel for work on long term
defence and private venture projects. [6}]
Senior Engineers with experience in Electronic.
Electro-Mechanical, or, Line Telecommunica-
tions Development work. (2) Experienced
Draughtsmen. (3) Experienced Drawing Office
Checkers.  (4) Experienced Tracers. Appli-
cants should be of British birth. There are
excellent prospects and very adequate salaries
available for the right people. Apply, in
confidence, to the Personnel Manager, The
Plessey Company Limited, Ilford, FEssex.
quoting reference T.E.D. W 2742

T/V JUNIOR ENGINEERS required for the
testing of Cameras and Associated Equipment.
State details of television experience and
education, Degree standard not necessary. This
work offers good training and prospects in
this field. Minimum starting salary £425 p.a.
Apply to Box No. W 2750.

TWO GRADUATES, one senior, one junior,
required for work in EFElectronics Section of
laboratory engaged in Physics Research. The
function of the Electronics Section is primarily
to design and build control and measuring gear
for the laboratory, including Sections working
on Electron Microscopy. Nuclear Physics,
Semi-Conductors and  Physical Metallurgy.

ELECTRONIC ENGINEERING

Two other posts are vacant for work on new
project requiring men with Ph.D. or Honours
Degree and at least two years post graduate
experience and having interest in work on radio
frequency power circuits. Applications  in
writing stating age, qualifications and experience
to Personnel Officer, Associated Electrical
Industries, Limited, Research Laboratory,
Aldermaston Court, Aldermaston, Berkshire_i18

UNIVERSITY GRADUATES in physics or
electrical engineering are invited to make

application regarding vacancies in an engineer- -

ing departm~nt now being-established about 30
miles from London for development work on
airborne electronic equipment and instruments.
The posts are permanent. Some previous
experience in the theoretical and practical
aspects of such development work is required.
A knowiedge of radio frequency measurements
would be an advantage. Write giving details
of qualifications and experience to Box No.
W 1479,

WANTED A GRADUATE in physics, chemistry
or electrical engineering or equivalent to be
traired in the capacitor laboratory on the
development of new materials. and the ex-
ploitation of new manufacturing techniques.
No previous experience is necessary, and there
are excellent prospects of advancement. Apply
to Personnel Department, Standard Telephones
& Cables, Ltd., North Woolwich. London, E.16,
stating age, qualifications and salary re\:}/uired.

Further ‘¢ Situations Vacant’ advertise-
ments appear on page 51 in displayed
style.

SITUATIONS WANTED

DEVELOPMENT ENGINEER for application
of high power ultrasonics to industrial or
laboratory processes. 20 years' experience with
specialisation in electronics.  Initial Salary:
£750 p.a. Box No. W 1493,

ELECTRONIC ENGINEER (28), A.M.LE.E,,
A M.Brit..LR.E.. © seeks technical [executive
appointment. Wide experience in telecom-
munications and electrical engineering. Appren-
tice trained. Present serving Captain REME,
available after Ist October. Box No. W 1490.

ELECTRONICS TECHNICIAN Medical ex-
perience, complete apparatus built without
supervision. Requires post where ability, en-
thusiasm and loyalty are valued above respect
for bureaucracy. £550. Box No. W 1492,

ENGINEER, 32 HN.C. and C. and G. Wide
laboratory and factory experience of electrical
and electronic instruments and measurements,
telecommunications, radar, etc. Seeks post
which offers suitable rewards for hard work
and ability. London area preferred but all
offers considered. Salary about £750 p.a.
Box W 1486,

LABORATORY TECHNICIAN layout and

complete construction electronic equipment

from theoretical diagram without supervision

%I‘(/illed8 Engineer and Draughtsman. ox No.
144

.
TECHNICAL PUBLICATIONS. Capable
engineer-writer conversant all aspects to pro-
duction of finished publication including art
work, typography and layout, desires change.
Prepared to assume charge or organise publica-
tions department. Write BM/CKAM, London.
Ww.C.1. W 1478

SKILLED scientific glassblower, 16 years’
bench experience, wants research dept. or lab.
position: London (Central; North; West). Box
No. W 1487

SERVICE

INJECTION MOULDING capacity available
for electronic components in polythene or
P.V.C. up to 4 oz, Enquiries invited. R.
Lowther, Ltd., St. Vincent Street, Manchester,
4. W 1485
YOUR COPIES BOUND, handsome volumes
imit. Blue Leather, Gold Lettering. 10s. 6d.

each, post free. Jerome Alcock,
Cheadle, Stoke-on-Trent. W 1384

FOR SALE

AMERICAN GEC variable reluctance pickup
with fully tone-compensated preamBliﬁer. Sap-
phire stylus, brand new. £10. ouglas, 118
Raleigh Street, Nottingham. W 1496

8

AMERICA’S famous magazine Audio Engineer-
ing, 1 year subscription 28s3. 6d.; specimen
copies 3s. each. Send for our free booklet
quoting all others; Radio Electronics, Radio
and Tele. News, etc. Willen Limited (Dept. 9),
101 Fleet Street, London, E.C.4. W 108

40,000 ANTI-VIBRATION Chassis Mountings
4 and 8 Ib. capacity. Spring type, must clear.
£8 per 1,000. Jack Davis (Relays), Ltd., 36
Percy Street, London, 1. W 1488

DOES YOUR BUYER KNOW we could pro-
duce your instrument making and light
engineering requirements ? We make complete
instruments, assemblies and prototypes to your
specification.  Also sheet-metal, - capstan and
presswork. Highest standards at competitive
prices. A.L.D. approval pending.  Sherwood
Products, 5 Rosemont Road, N.W.3. Ham.
6655.

W 1497
EMITAPE. Secure your Recording Tape from
‘““His Master's Voice'  Showrooms, 363

Oxford Street, W.1. Mayfair 1240. W 2583

FOR DISPOSAL redundant laboratory equip-
ment in good condition. For details contact
Purchasing Dept.: Belling and Lee, Ltd.,
Cambridge Arterial Road, Enfield, ch{’s'ezs_?;z

MAGSLIPS at 1/10th to 1/20 of list prices.
Huge stocks. Please state requirements. K.
Logan, Westalley, Hitchin, Herts. w116

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

PURE BERYLLIUM FOIL, 0-005” thick and
Beryllijum Metal Discs for X-Ray Tube Win-
dows: RBlgar Trading Ltd., 240 High Street,
London, N.W.10. W 141

TOROIDAL COILS wound, and latest potted
inductors to close limits. Bel Sound Products
Co., Marlborough Yard, Archway, N.l9.w 139

WEBB’S 1948 Radio Map of the World, mcw
multi-colour printing with up-to-date call signs
and fresh information; on heavy art paper,
4s. 6d., post 6d. On linen on rollers, llleIdo.z.

post 9d.

EDUCATIONAL

BATTERSEA POLYTECHNIC, London,
S.W.11. Full-time Courses are available in
preparation for the Degrees of the University
of London in the faculties of Science and
Engineering. B.Sc. Special in _Chemistry,
Physics and Mathematics. B.Sc. (Engineering)
in “Civil, Electrical, Mechanical and Chemical
Engineering. B.Sc. (Engineering) Metallurgy,
and for the Associateship Diploma of the
Battersea College of Technology. Faculties for
full-time research and Post Graduate Study in
all faculties are available, New Session will
commence on Monday, 22nd September, 1952.
Enrolments should be made as soon as possible.
Forms of application can be obtained from the
Principal. W 2720

FREE ! Brochure giving details of courses in
Electrical Engineering and Electronics, covering
AMBrit.I.LR.E,, City and Guilds, etc. Train
with the Postal Training College operated by an
Industrial Organisation. Moderate fees, E.M.I.
Institutes, Postal Division, Dept. E.B.29, 43
Grove Park Road, London, W.4, Chiswick
4417 (Associate of H.M.V.). W 2338

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

PATENTS

NOTICE is hereby given that Electrical &
Musical Industries Limited seek leave to
amend the Complete Specification of the
Application for Letters Patent No. 669419 for
an invention entitled Improvements relating to
the scanning circuit arrangements for television
and like apparatus. Particulars of the proposed
amendments were set forth in the Official
Journal (Patents) No. 3,300 dated 14th May,
1952.  Any person may give Notice of Oppo-
sition to the amendment by leaving Patents
Form No. 36 at the Patent Office, 25 South-
ampton Buildings, London, W.C.2. on or before
14th June, 1952. J. L. Blake, Comptroller-
General. W 1491.
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ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/(8

Modern in conception, design and performance,
the E.2., with its exceptionally wide range,
not only fulfils to-day’s needs of radio

* and television, but anticipates the requirements

of tomorrow. More than ordinary care
has been used in screening and filtering. As a W
result, stray field is less than 3, V. at 100 Mc/s.
@ Frequency accuracy of + 1%, extends s i na l
over the whole range. @ Output voltage 1, V. to g
100mv. and approx. 1v. at full R.F. Socket. g enera t or
@ Internal modulation; external modulation to 80%,
@ A.F. Output variable 0-50v. at 400c|s.
@ Size 13" X 10}" X 8. @ Weight 17} lbs.

100 Kc/s =100 Mc/s ON
ADVANCE TYPEE2

FUNDAMENTALS

vaviage V1PV’

5 6

LR B I
\ /

pave e SNGHARD ®

Full Technical Details available in
Folder S/14/L

ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/8
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Sl o %ejnrwl?m%q,

"FLEXILANT” MQUNT]NG

For the protection from shock of
the most delicate of instruments

and of panels which are sub]ect to wvibration, this range of
“Flexilant™ light mountmgs is at your service. Have you any
problems where we could help ? _

R.B. 8i

ELECTRONIC ENGINEERING 10 o JUNE " 1952



gé'.e. instrument

cathode ray tubes

The above illustration shows a typical supply network suitable for the E4205'B'7; the

deflection sensifivity increases as Va3 is reduced unfil it is 0.28 mm/V of the minimum of
600V. G.E.C. electrostatic insirument tubes are available in four standard sizes. All have 4V

heaters and short-persistence green screens. Brief details are given in the fable—for further

[ Bulb | Sensitivity information apply to the Osram
Type No. ‘ aia. Va3 i (mm/V) ) | Base | Va've and Elecironics Depariment.
((mm) | X Y |
‘E4IO3'E,4 39 £00-1000 | 90.’ '|po' ) _| B9V Special screens are available fo
- - | Va3 Va34 order.
: i 170 170
E4205-87 o9 600-1500 Va3 I Va_§ | BDB' A range. of specialised tubes is
E44]2-B-9 90 600-4000 | 350 759 lBlZD available for applications  where
1. | Va3 | Va3 |__ normal fypes are unsuitable. Detfailed
E4504-B-16 | 160 600-5000 l f\)/O_(B) I_\I/O;) |B|2D information is available upon receipt
a a
! of requirements.

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE,-LONDON, w.C.2
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The ““Belling-Lee” page

for Engineers

STRAIGHTENER FOR 75" | ) STRAIGHTENER FOR
B9A VALVE PINS. ¢ B7G VALVE PINS,
/ \
/

/I n
EXTRACTOR FOR . 25
B7G, BBA,B9OA VALVES. 63-5M/m L 758

VALVE EXTRACTOR

Suitable for B7G, B8A, and BgA valves, this novel
valve extractor will be found extremely useful for removing
valves from equipment made up of closely packed

LIST NUMBER components.

L 758 The extractor is moulded in rubber, and a pin
straightener for B7G and B9A valves is incorporated in the
handle. This is accurately moulded in a hard phenolic
material; and will obviate the damage to-valves and/or holders
caused through trying to force insertion with bent pins,

19, MAX
/64/1-\

: :
‘ |" '3/32”" [*"5 BATHREAD
130 r -~ i
Q) 365 A a5 D'A !"lml | 155DIA
€ -

3 MM PLUG TO
,| SUIT -125 DIA,

A —
D' l SOCKET.

/a

“BOWSPRING” WANDER PLUG

The “ bowspring > design of the turned brass pins
gives a remarkably strong contact. Moulded in black or
ored phenolic material, and fitted with hexagonal cap ; side

LIST NUMBER loading for flexible leads.

L 341 Can be supplied with standard letterings, subject to
special quotations dependent on quantities.

The above items and many more are fully described
in our 1952 General Catalogue. Please write quoting
P365/EE

CAMBRIDGE ARTERIAL RD., ENFIELD, MiDDX., ENGLAND

ELECTRONIC ENGINEERING 12 JUNE
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1.S.CS TYPE APPROVED COMPONENT (CLASS H.2)

OPERATION 10 AMPS. DELIVERY TO SUIT
250 V. AC/DC INDIVIDUAL REQUIREMENTS

(\‘ ‘

iy
<z

ATTENUATORS - FADERS - SWITCHES - WIREWOUND POTENTIOMETERS - PLUGS
AND SOCKETS - WIREWOUND RESISTORS - HIGH STABILITY CARBON RESISTORS
KNOBS DIALS AND POINTERS - TERMINALS

-PAINTON -
s lhampdon Corglund

JUNE 1952 13 . ELECTRONIC ENGINEERING



N

Telephone

ATE/TMC

OPEN WIRE AND CABLE
2

LINE TRANSMISSION

EQUIPMENT

Gabinet
Mounted
Garrier

Equipment

This 3-Channel Carrier Telephone
system on two short racks is assembled
in a steel cabinet with lockable doors.
it is proving extremely useful for
installation in buildings with low
ceiling heights and the doors provide
some security against wilful tampering.

The equipment is complete with power
supplies, testing equipment and alarm
facilities.

RADIO AND TRANSMISSION DIVISION : STROWGER HOUSE, ARUNDEL STREET, ' LONDON, W.C.2
Sanat Telephone : TEMple Bar 9262 ) Cablegrams : Strowgerex, London

m AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED
air)

Manufacturers : .
AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. =« - - - - - - - - - - - Liverpool and London

TELEPHONE MANUFACTURING CO. LTD. - - - - - - - - - - - - - St. Mary Cray, Kent
T. 8451-B105

ELECTRONIC ENGINEERING 14 JUNE 1952



’Gommunication and Industrial Valves !

by Srandord \,

The comprehensive range of high-quality valves
manufactured by Standard includes types for almost every
application, representative of which are :

R A i g

s

i

Broadcast, Communication and Television transmission .
Airborne and Mobile V.H.F. Equipment £

Microwave links i

Tclephoha and Telegraph Coaxial and line transmission
D.C. Power Supply Rectification

R.F. Heating

Counting and Computing

L o < mn .

Motor Speed Control . 3
Waelding Control
Medical Diathermy

1 Voltage Stabilisation v
i X-Ray . 4
Vacuum Measurement

Thermocouples

STANDARD engineers are available for con-
sultation and their co-operation is assured to
designers and technicians throughout industry /
wishing to take advantage of S.andard’s long ;
experience in the field of valve engineering. .

Please write to:

Srandard Telephores arid Cobles Limited

\‘r Registered Office : Connaught House, 63 Aldwych, London. W,C.2

N

A

P

" RAD!O DIVISION — OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.1f
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The

BELGLERE

MINIATURE

0SCILLOSCOPE

Amplifier Frequency range

10 ¢/s to 3 mc/s. Time Base

10 ¢/s to 50 kc/s in six steps

WEIGHT LESS THAN 8 lbs.

. SIZE ONLY %HXS%HXIOH .

Maximum portability without limitation of Its wide-range amplifier renders the Belclere

usefulness, or sacrifice of efficiency, is the out- Miniature Oscilloscope suitable for all radio and

; . ] o S ) for
standing feature of this completely new Oscillo- television servicing requirements as well as

: t deli fr current
scope. The. 1§ in. Cathode Ray Tube is fully as laboratory use. Prompt delivery from

production is possible for the time being. Write
for leaflet giving circuit details and general
ing lens can be added if desired. specification.

JOHN BELL & CROYDEN

Manufacturers of Miniaturized Electronic Instruments
117 HIGH STREET, OXFORD . Telephone : Oxford 48362 & 47072

effective as the larger sized tubes, but a magnify-

A wide range of for input, output and *

| miniature intervalve coupling
TRANSFORMERS are now made in s wide. rane of models and

ratios. They are available in tubular shrouded
form for chassis mounting, encapsulated in
synthetic resin or unenclosed without terminal

now aq}ailable panel or clamp. Inquiries for small or large

quantities invited.

ELECTRONIC ENGINEERING 16 JUNE 1952




CRATER LAN?

The Electronics Department of Ferranti
Ltd. manufactures an extensive range of
indirectly heated single and double tetrode
electrometer valves with control grid
currents ranging from 3o0x 107 amps
to better than 3 x 10~ amps.

Illustrated here (centre and right)

Ferranti Ltd.

ELECTRONICS DEPARTMENT MOSTON MANCHESTER 10

JUNE 1952

ELE

are two examples of Electrometer valves
and (left) a Crater lamp, which gives a
light output proportionate to the anode

‘current. Ferranti specialize in the manu-
facture of industrial valves to suit a wide

diversity of needs.
Let us send you more details.

ELECTRONIC ENGINEERING




The choice of a suitable contact material is
an important factor in the design of electrical
equipment ; although relatively small in size
( “contacts’ are vital to the efficiency of a
wide variety of electrical apparatus designed
to serve mankind.

Our Technical Department is at your
disposal to assist in the selection of a
contact material which will offer greatest
economy consistent with efficiency.

While production is carried out on
a large scale, every ‘BAKER’
contact is perfectly accurate in
dimensions and bears a superfine
finish.

This illustration represents a
selection from the many types
of Contacts we manufacture.

Composite and Laminated
type Contacts can be sup-
plied in any form to suit
assembly réequirements.

Write Jor booklet showing Jull range Q/' Contacts

BAKER PLATINUM LTD., 52 HIGH HOLBORN, LONDON, W.Ca
Chancery 8711
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This Instrument may solve YOUR

problem

The Cossor double beam oscillograph, Model 1049,
is used by Messrs. C. A. Parsons & Co. Ltd.,
of Newcastle-on-Tyne, in their Industrial Elec-
tronics Laboratory, for checking over operating
conditions in the prototype of a newly developed
electronic supervising instrument.

Photo by courtesy of Messrs. C. A. Parsons & Co. Ltd.

In displaying the mutual effect of two related and variable
quantities simultaneously the Cossor Double Beam Oscillograph
is solving many of the fundamental problems with which the
Research and Development scientist is constantly beset. In
the Production field, too, there are innumerable problems
capable of complete solution by this versatile instrument and
every branch of industry is realising the enormous potential of
this apparatus in the detection and analysis of faults and the
accurate monitoring of manufacturing processes.

The technical advisory staff of the Instrument Division is
always at your service to help with your particular problem.

Specify
COSSOR

VALVES
AND TUBES

Please address enquiries :

In Models 1035 and 1049 the two traces
are presented on a flat screen of 90 mm.
diameter and the amplifiers and time base
are so calibrated that measurement of the
voltage input as well as the time interval
between various significant portions of
the oscillogram is made possible. Per-
manent records of these traces for sub-
sequent analysis may conveniently be
made by attachment of the Cossor
Model 1428 Camera.

COSNSOR

ELECTRONIC INSTRUMENTS

A, C. COSSOR LTD., INSTRUMENT DIVISION (DEPT. 2), HIGHBURY, LONDON, N.5
Telephone : CANonbury 1234 (30 lines)

JUNE 1952 19
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LLLAREL BRI

Yes, the “Unfinished” or “Piano Roll Blues”, — Toscanini or Fats Waller, — they're
all within reach of our hand, thanks to the modern radio set. Just another present-day
luxury which we have come to take for granted, and which would have made our
grandfathers gasp with amazement. Yet from our -point of view a radio set is more
than that. It is one of numerous examples of everyday articles which play a very important
part in our lives, and which are absolutely dependent upon the products we manufacture.
In this case, not only the symphony would be “unfinished”,. but also that very
nice Murphy A.186 receiver we have illustrated, were it not for the screws which hold
together the various components. Incidentally, the Murphy people are just one example

of leaders in their particular field who recognise and make extensive -

e supply
all industries requiring
small fasteners of the
highest quality to hold

use of our specialised services.

together the products
they manufacture.
Our specialists are

always at your service

to advise and assist you
with your own particular
problems.

LINREAD LTD. STERLING WORKS cOoX ST. BIRMINGHAM 3

ARRABAGEA QIR

Beardmare
JUNE 1952
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! THIS 1s A corr, an ordinary coil such as -
we all know, It’s simple enough, but to make good
coils one must measure them. Measure their induct-
ance, their Q, their self-capacitance and perhaps

their resistance. All this can be done with Marconi

instruments and done simply and accurately.

1000 c/s Universal Bridge TF 848.
1000 kefs inductance Bridge TF 301E.
0.1-20 Mc/s R.F. Impedance Bridge TME 20B/I.

0.05-170 Mcys  Circuit Magnification Meters TF 329G
and TF 886A.

MARCONI instruments

SIGNAL GENERATORS - OUTPUT METERS - BEAT FREQUENCY OSCILLATORS - WAVE ANALYSéERS

MARCONI INSTRUMENTS LIMITED . ST. ALBANS . HERTS . Telephone: St. Albans 6I£l/7'

Midland Office: 19 The Parade, Leamington Spa. Northern Office: 30 Albion Street, Hull. 1
Export Office: Marconi House. Strand, London, W.C.2.

JUNE 1952 21 ELECTRONIC ENGINEERING
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MUIRHEAD & CO., LIMITED "!(

Precision Electrical Instrument Makers ",

MEASURING EQUIPMENT FOR EDUCATION AND INDUSTRY !"

Fixed and decade resistors, capacitors and inductors
A.C. Bridges : I
D.C. Potentiometers, test sets, galvanometers and standard cells

A.F. Oscillators and tuning forks i
Phonic motors and timing devices i;

Vibration measuring equipment ﬁ‘!

HIGH QUALITY ELECTRICAL COMPONENTS
Key and stud switches . _ ‘l

Dials and drives ' _ !‘

|

Il

Tranfformers and Chokes \

REMOTE CONTROL 'EQUIPMENT
Magslips of various t)/p.es
. N Ipots
’ Linvars
. Resolvers

Servo motors and relays

PICTURE TELEGRAPH EQUIPMENT

~ Phototelegraphic transmitting and receiving equipment []I

Mtg“ax direct recording picture receivers and chart recorders ) '”l

MUIRHEAD . ‘il

BECKENHAM - KENT - ENGLAND |

Phone : BECKENHAM o041 Telegrams & Cables : Murneaps Evmers-Enp |
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FOR BARE WIRE
The flexibility of fish-spine beads extends in / o
dimensional as well as curvilinear aptitude ; ° /70 7” /7 o

with a diameter of hole ranging from .036 in.
1He Shatyest bend

INSULATION

to .500 in. there is practically no bare wire
insulation problem beyond thelr capacity.

Each bead is complete in itself, providing for
easy and rapid assembly, is accurately made
to fine limits, capable of withstanding extremely
high temperatures, and will resist severe thermal
shock. . . _ ) : [N\,
They are fine ceramics, finely made to the high ;
standard for which all Taylor Tunnicliff Porcelains
are world famous.

Our technical representatives are at your service
to give you detailed information.

Immediate delivery can be offered.

Taylor Tunnicliff & Co. Ltd.

Head Office : EASTWOOD - HANLEY - STAFFS.
Telephone : Stoke-on-Trent 5272-4

London Office : 125 HIGH HOLBORN, W.C.I|
Telephone : HOLborn 1951-2 °
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A. B. Metal Products are p'roud to announce that their famous H Type range
of Switches is now available with “ CERAMIC” insulation.

Stators and Rotors are manufactured in best quality electrical Porcelain, giving

the highest degree of insulation, together with first-class Radio frequency
Characteristics.

Early deliveries can be quoted, and we invite your enquiries.

Write for illustrated brochure :—

A.B.Metal Products Ltd

16, BERKELEY STREET, LONDON, W.I.
'Phone : Grosvenor 5206/7
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Pass the rough outline of something new and how it must perform

to Plessey, who will develop, test, and produce a prototype—
vour idea brought to life with shrewd refinements. A4nd it will be easy
to manufacture, in quantity, cheaply. That is Plessey design and
development in simple terms. It can also be expressed in figures—
more than 10,000 workers, over twenty acres of design offices,
laboratories and production equipment. Or, if you
remind us that capacity needs to be mental as
well as physical, take this example : -
the Electronic Revolution Counter at the Royal
o Aircraft Establishment, which measures the ,wyﬁ

speed of jet engines with an accuracy

A /
of one in a thousand, was developed %O‘f( b ‘ p) M

in collaboration with RALE and

V2
produced throughout by Plessey. \
Now you have some idea a&
of the unique combination ¢~ /
of technical brain and /
mechanised brawn at your command. o

Executives in industry or Government , a
service may like us to explain how . ..

Ple SSEY ljljls IDEAS INTO PRODUCTION

THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX
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Reg. Trade Mark

CAPACITANCE

1000 to 2000 mmfd

MAX. DIMENSIONS (0-002 MFD)
0-460" x 0240

i '

BD/GP3 2001 to 5000 mmfd

)
MAX. DIMENSIONS (0-005 MFD)
0-710" x 0-240"

[ l

ERIE Resistor Limited

CARLISLE ROAD, THE HYDE, LONDON, N.W.9,, ENGLAND
Telephone: COLindale 8011. Cables: Resistor London
Factories : London and Gt. Yarmouth ; Toronto, Canada ; Erie, Pa., U.S.A.




THE MAN

. THE MACHINE . . . AND PARMEKO

The Short View

For many years ships depended
for short range navigation
upon the keen eyes of the Watch
and the leather-lunged 'advice!'
of the Captain on the Bridge.
The development of

the quiet efficiency of Radar
now enables shipé to find
their way in a manner more
befitting the Silent Service,
From the beginning

Parmeko have helped this
searching cause with their
careful, compact transformers
and these have earned the
respected trust of a service
not extravagant in

undeserved praise.

PARMEKO , LEICESTER

Makers of Transformers for the Electronic and Electrical Industries @

JUNE
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A Range of
Thyratrons for
Static and

Mobile

Applications

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

For static power and motor control ;
applications a group of mercury-vapour valves is
available, with anode current ratings ranging
from o.5 to 6.4 amperes.

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

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

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

TYPE

DESCRIPTION

BASE

va (pk)
max. (KV)

PIV
max. (KV)

ia (k)
max. (R)

la (av)
max. (A)

MERCURY-VAPOUR
MT17
MTS7
R MT105

Triode
Triode
Tetrode

4-pin UX
4-pin UX
B4D

25
1.0
2.5

5.0
1.0
2.5

2.0
15
40

0.5

6.4

XENON-FILLED
2D2t
MT5544*
MT5545*

Tetrode
Triode
Triode

B7G
B4D
B4D

0.65
1.5
1.5

1.3
1.5
1.5

0.5
40
80

0.1

6.4

HYDROGEN-FILLED
ME1503

Triode

B4D

8.0

8.0

60

0.015

* Supplies temporarily
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Commentary

< HE mixture as before ” might well be applied to the

memorandum on the Report of the Broadcasting
Committee, 1949, which has just been issued as a White
Paper (H.M.S.0. Cmd. 8550, Price 6d.).

As we are all aware, the charter granted to the British
Broadcasting Corporation on January 1, 1947, expired
at the end of last year and the present Government decided
that in order to allow more time for consideration of
a new charter of a more pefmanent nature, an interim
charter should be granted for six months. During this
time the Government would have time to ponder on the
recommendations of the Beveridge Committee and to take
into account the proposals put forward by their
predecessors.

Since, happily, it was decided not to make it a.party
political issue, it is not surprising that the present White
Paper breaks no new ground and that the major issues
have been settled very much as anticipated.

The prescription is in effect pretty much as before, for
while the monopoly of the B.B.C. has been maintained,
there is at least a hope that sponsored television pro-
grammes may appear when, but only when, the present
limitations on capital expenditure allow.

Unlike conditions in sound broadcasting, the production
costs of television are far in excess of income as repre-
sented by the licence fee and it is admitted that unless
the present fee is increased some other form of revenue
must be found. How far sponsoring would assist in this
direction has not been made clear by the Government who
have decided that sponsored television cannot take place
on the existing B.B.C. channels and it must wait until con-
ditions improve and a channel on the higher frequencies
made available. While we are not necessarily in favour of
sponsored television, we should have liked to have seen the
reasons stated why the existing dead period before the main
evening programme could not be utilized—at least for an
experimental period.

In drawing up the new Ten Year Charter to come into
operation on July 1 this year, the Government have decided,
wisely we think, to allow the B.B.C. to continue in its
present form and that if an adequate national coverage
is to be provided for both sound and television, the B.B.C.
must have first claim on labour and materials when these
become available.

Rearmament and the consequent limitations of capital
expenditure account for the almost summary dismissal of
the subject of wv.H.F. broadcasting, although it is
announced that an advisory committee will be asked “to
consider the best methods of introducing higher frequency
sound broadcasting into the system in this country, includ-
ing the form of modulation to be adopted, on which con-
sultation with the radio industry will be essential.”
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Two recent events of historical interest should not be
allowed to pass without comment, since each in its way
is a milestone in the growth and development of the radio
and its allied industries. They were the Silver Jubilee of
the Television Society on April 25th and the coming of age
of the Radio Industries Club on May 20.

The Television Society was founded in 1927 following
J. L. Baird’s demonstration of his television system to the
British Association for the Advancement of Science at their
annual meeting at Leeds and we should like to offer our
congratulations to this enthusiastic body of pioneers.

To many of us, particularly those who have only made
acquaintance with television in the post-war years, twenty-
five years of television seems a remarkably long time and
only last month was it possible to go back twenty-five years
and see what it was which first roused our enthusiasm.
One of the most outstanding episodes of the Institution of
Electrical Engineers Convention on the British contribution
to television was the working demonstration of a complete
Baird 30-line system in the 1927 style.

The Radio Industries Club originated in a luncheon held
on May 20, 1931, to explore the possibilities of forming
a Social Club which might make for closer co-operation
between all sections of the industry, and here again we
must offer our congratulations to the Club on reaching its
majority and for the successful way it has, over the period
of years, achieved its major object in promoting * mutual
understanding and good will among those engaged in the
radio and allied industries.”

In those twenty-one years the growth of the radio
industry cannot be better demonstrated than by the follow-
ing table:

1931 1952
B.B.C. licences 4,300,000 12,500,000
Licence income £1,180,000 £12,100,000
Broadcast programmes 8 Total of 56 in-
(Domestic  cluding European
services only) and overseas
programmes
B.B.C. transmitters .. 2t 54
(Total power  (Total power
160 kW) 1953 kW)
B.B.C. employees 1,230 12,500
Employees in the radio
industry 18,000 95,000
Annual value of radio
products :—
Home (ex works) . . £8,800,000 £68,000,000
Exports (f.o.b.) £1,003,000 £22,700,000
Television sets .. Nil 700,000 in 1951
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An Automatic Circuit Checker
for Radio Receivers

By V. J. Cox *

This instrument is designed to check automatically, at high speed, the circuit wiring and com-
ponents of radio receivers and. similar apparatus on the production line. Receivers with incorrect
wiring and faulty components are rejected with the faults so localized and specified that they may
be easily diagnosed and corrected. by comparatively unskilled personnel. By checking all receivers from
the assembly line on the instrument before they are passed through the normal alignment and
calibration test stages, the percentage of rejects at these subsequent test points can be kept very

low and. the average testing time per unit reduced proportionately.

THE method of checking the wiring and components
of receivers is briefly as follows: —

A standard receiver, known to be correctly wired
and having components
selected so that the resis-
tance, capacitance and in-
ductance values are in the
middle of the required
tolerance range, is plugged
into the standard side of the
auto-checker  through a
group of cables that make
contact with all accessible
points on the receiver such =«
as valve holders, connecting
plugs and sockets. As re-
ceivers of the same type
come off the assembly line
they are connected to the
test side of the auto-checker
through a similar group of
cables terminating in valve
adaptors and connecting
plugs and sockets. When the
“ start ” button on the tester
is pressed, a series of uhi-
selector switches operate to
connect, successively and »
momentarily, comparable
circuits in each receiver to #
the test and standard arms
of a Wheatstone bridge.
The p.c. resistance and a.c.
impedance to chassis and/
or H.T. line from each valve
or plug pin in the receiver
under test is compared in
the bridge network with the
same circuit in the standard
receiver. The detector of
the bridge is followed by a
trigger circuit which oper-

given by indicator lamps on the front panel. The operator |
then presses in turn the “Hand AC” and “Hand DC™
buttons on the front panel and by means of two calibrated
controls and a meter as null
indicator, determines the
exact percentage out-of-
balance of the A.c. imped-

ance and p.c. resistance of

the fautly circuit. Having

noted the circuit reference

and the percentage error,

the auto-checker is restarted

by again pressing the
“start” button, All faults

are noted in a similar
manner, and on completion

. of the checks, the accumu-

: lated data enables' all the
- faults to be easily diagnosed
and rectified. The test auto-
matically comes to rest at

the “start” position ready

for the next receiver when

the sequence of tests is com-
pleted. Should it be desired

to return to the start at any

time during the course of

the checks, this may be
readily accomplished by
pressing the “home” button.

When the “start” button

is pressed at the beginning

of the test, the auto-checker

runs through a series of

limit check points before
starting on the impedance

test proper, the selectors

being connected in turn to
specially selected resistors
which have values just in-

side and outside the high

and low percentage limits

ates to switch the selectors Fig. 1. The complete instrument to which the test has been

on to the next circuit only

if the ** out-of-balance ” voltage at the detector comes below
a predetermined level which is related to the tolerance
‘limits to which the auto-checker has been adjusted:

If the circuit under test is outside the tolerance limits,
the auto-checker stops and the valve and pin number is

* F. K. Cole Ltd., Electronics Division. *

adjusted. At the same time
corresponding indicator lamps on the front panel of the
selector unit are illuminated. ‘

The test should pass the “High in> and “Low in”
checks on both A.c. and p.c. and should stop at “ High
out” and “ Low out” on both A.Cc. and D.C.

With the standard type of selector unit, up to 150
impedances or circuits may be checked.
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Fig. 2. A rear view of the complete instrument

Should the number of points to be tested be less than
the maximum number, the unused pins on the selector
panel connecting plugs are left blank on both the test
and standard sides. The selectors will then pass through
these points without stopping.

Each circuit is checked automatically twice, first with
50V bp.c. input to the bridge and then with 3V at 120c/s,
and 3V at 1,000c/s simultaneously. The two tests, one
for p.c. resistance and the other for A.c. impedance are
made in order to make the check as comprehensive as
possible. Obviously if the circuit under test contains just
capacitance, or any series combinations of L, C and R, a
D.c. test can only detect shorted capacitors, and shunt
combinations of L, C and R cannot be compared correctly
with p.c. only applied to the bridge as far as reactive com-
ponents are concerned. Similarly if the tests are carried
out at A.c. only, even moderately high value resistors
shunted by capacitances or inductances will not be checked
accurately. By first subjecting every circuit to a true D.C.
test this possibility of error can be avoided and an accurate
resistance test can be made.

The complete auto-checker consists of four 19-in. rack
panels and occupies a total rack space of 33%in. Starting
from the lowest panel they are: standard receiver, auto
bridge unit, selector unit and power supply unit. Fig. 1
shows a front view of the instrument as set up for testing
a television R.F. unit. Inspection covers have been removed
to show preset controls and the 150 way tag boards.

A rear view is shown in Fig. 2, the units proceeding
from top to bottom, being: power unit, selector unit and
bridge unit.

The power supply unit provndes the following regulated
outputs: —

300 volts 80mA positive
50 volts 80mA positive
85 volts 2mA. negative
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also 24 volts 2 amps D.c.
20 volts 1 amp A.C.
63 volts 2 amps A.c.

The three regulated supplies are used respectively for
auto bridge supply, power supply for bp.c. bridge, and
trigger circuit bias. The 20 and 24 volt supplies are used
in the selector unit for pilot lamps and uniselector coils,
while the 6-3 volt supply provides heater current for the
auto bridge.

The 300 volt supply is obtained from a standard series-
valve voltage regulator and is compensated for both mains
voltage and load current variations. The actual regulation
with 200-270 volts mains input variation and 0-160mA
load current is beiter than plus or minus 0-5 volts.

The 50 volt bridge supply is obtained from a similar

-circuit fed from the 300 volt regulated output.

As the drain on the 85V regulated bias supply is small,
a simple neon stabilizer is used fed from a metal rectifier.
This supply is also used for control valve bias on the
50 volt bridge line.

The bridge unit contains all the components actually
associated with impedance checking except the standard
impedance which for set testing must be varied from one
check point to the next. Although.all components are on
one chassis, and in some cases the same component is put
to different uses in the various modes of operation on the
bridge, it will be convenient for the purposes of explana‘ion
to split the unit up into four sections, namely : —

1. Oscillator.

2. a.c. discriminator. : .-

3. p.c. discriminator.

4, Trigger circuit.

Oscillator (Fig. 3)

This consists of a medium-impedance double-triode
valve type 6SN7GT, with each section acting as a resist-
ance-stabilized Hartley oscillator at frequencies of 120c/s
and 1,000c/s respectively. These two frequencies
are fed to the grid of a 6V6 which, via an output trans-
former, supplies A.c. power to the bridge. Due to the
design of the bridge network a screened and balanced
transformer is not required in this application.

A.C. Discriminator (Fig. 4)

The oscillator output is fed to the bridge network via
the A.c./D.c. change-over relay. The network is a true
bridge circuit but is not balanced to ground. It will be
seen from the circuit that should P, be set so that there
is an equal resistance from each side of the oscillator to
the cathode of the 6AC7 there will be a state of balance
between grid and cathode when both *standard” and
“test” are equal. Should the test impedance differ from
the standard, an out-of-balance voltage will be produced,
Actually, for test errors of plus and minus 30 per cent out-
of-balance voltages of plus 6-5 per cent and minus 8-8
per cent of the oscillator voltage will be produced. If the
bridge were left in its present state it is obvious that the

Fig. 3. Oscillator circuit
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high and low limits of the following amplifier and trigger
circuits would differ, so a limit balance control (P,) is
incorporated. By off-setting this control, equal out-of-
balance voltages for plus and minus limits may be obtained.
It is important to note that the setting of this control only
holds good for one particular percentage limit, but as set
testing is normally done on fixed limits, this does not affect
the accuracy of the check.

Some special cases, however, will arise with wide
tolerance components such as by-pass capacitors. If for

~p=+HT.

8H6 To_balance
indicator. and
tn_gqer circult
vid relays

Live
®
Oscillator
vio
Relay Stando
O—
P,
Test Hond Balonce
—

Fig. 4. A.C. bridge and discriminator

example a 1uF capacitor has a tolerance of =60
per cent the bridge limits may be widened to cover this
by shunting both “test” and ‘“standard ” arms with two
standard 1uF capacitors, then the +60 per cent tolerance
on the test capacitor will appear to the bridge as +30 per
cent of 2uF. Provision for the connexion of these limit-
correcting impedances is made on the uniselector panel in
the form of two 150-way tag blocks mounted behind the
front panel.  Although all standard and test points are
brought out to these tag blocks it is rarely necessary to
shunt more than five or six contacts.

By switching the 6AC7 cathode from the balance con-
trol (P,) to the hand balance control (P,) the bridge may
be balanced manually for any condition of test and stan-
dard. Since the limit-balance and hand-balance controls
are of low impedance (10 and 50 ohms respectively) the
cathode output impedance has a negligible effect on balance.
A transformer input to the 6AC7 grid.could not have been
used in this case as the primary impedance (unless of
improbably high inductance) would have seriously reduced
the out-of-balance voltage at high test and standard
impedance. As it is, the effective test shunting effect of
the 6AC7 grid impedance is of the order of 30 megohms
which for component values used in normal radio sets can
be neglected.
~ It will be seen that there is no correction for power
factor in this circuit but in practice this is not found neces-
sary, as, although the power factor control may make a
large percentage difference to the residual voltage with
the bridge balanced, at 30 per cent out-of-balance the
power factor differences met with in normal use, form a
very small fraction of this voltage. The one case where
it is of importance is catered for by a capacitance trimmer
in the bridge unit connected between the live side of the
oscillator and the 6AC7 grid. This case occurs in test-
ing a blank connexion in the set. Under such conditions
the bridge balance is determined entirely by stray wiring
capacitances. Since the bridge is earthed only on the
“Test” side, the capacitances here must inevitably be
greater than across the “standard” arm. To compensate
for this the trimmer is adjusted in calibration to equal the
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average wiring capacitance of the leads in the selector panel
and jig, in addition, care is taken to ensure that the leads
in the selector panel shall have, as far as it is practicable,
identical capacitances to earth. In this connexion it Is
important to note that while cable forms have given no
trouble in this respect, they should be spaced from the
chassis to prevent high capacitance to earth. ) )

The grid-to-cathode input of the 6AC7 is amplified in
the normal way by the valve and is applied via a trans-
former to a full-wave diode rectifier.  The transformer
has an advantage over resistance coupling in that it pro-
vides a low source impedance for the diode thus ensuring
a short time of rise for out-of-balance voltage.  Since
rising volts at this point prevent the trigger operating the
selectors when the test is out of limits care must be
exercised to prevent it becoming a limiting factor in the
speed of testing. S

The only other point of interest in this circuit is the
use of two frequencies simultaneously for the bridge
supply. It may be seen from the circuit that since the
oscillator voltage is applied directly across the series
impedance of “Test” and “Standard ”, if the regulation
of the oscillator is perfect, out-of-balance voltage will be
produced from zero impedance up to the point where the
input impedance starts seriously to shunt the bridge and
affect the percentage limit setting, i.e., about 5 megohms.
Unfortunately, another effect has to be considered. If,
in a set under test, a capacitance of 1,000pF shunted by
1 megohm is to be measured; at an oscillator frequency
of 100c/s the 15 megohm reactance of the capacitor,
heavily shunted by the 1 megohm resistor, will not be
checked with any great degree of accuracy. At 1,000c/s
however, the capacitor will be checked with an accuracy
10 times as great. Since the opposite effect occurs with
inductance shunted by resistance, or capacitance in series
with resistance, it can be seen that both frequencies have
advantages for different conditions of test.

One obvious solution is to test first with one frequency
then the other, but in view of the extra operating time
and comparatively few additional faults the extra cycle
would bring to light, this solution was rejected. As a
compromise the method of mixing the two frequencies
was adopted, and this, while not being as good as
separately testing on each frequency, is a worthwhile
improvement on single-frequency testing.

D.C. Discriminator (Fig. 5)

The bridge supply in this case is obtained from the 50V
80mA regulated supply from the power unit. The figure

——AAAA
J =
- ——) 6SN7 6 oy
/ N\ 1092 <3VRMS
""" == 2| Ettectives 120¢/s
Loady.»3VRMS.
| I GO0 ¢fs

.|F

Fig. 5. D.C. discriminator

of 50 volts was chosen as the lowest regulated supply
voltage conveniently obtainable. As with the a.c. dis-
criminator, the supply is applied directly across standard
and test arms and provision is also made. for limit-balance
and hand-balance controls. R, and R, are two limiting
resistors of low value necessary to limit the current con-
sumption of the bridge on short-circuit (earth) tests. These
resistors limit the current to the permissible 80mA which
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is the maximum the single 6L6 series regulator valve will
deliver. It would be possible to parallel several 6L‘6’§‘to
increase the available current, but then the possibility
would occur of the bridge stopping on a low wattage
resistor and damaging it. As it is, the maximum wattage
that any test resistor may be loaded to by the bridge is
1W which, for all practical purposes, is adequately small.

At first sight, it would seem that R, and R, could be
replaced by a single resistor of twice the value in the
50V positive lead; but in fact, due to the nature of the
following discriminator circuits it is necessary to place them
between the two selector arms and match them accurately
to prevent false out-of-balance voltages with low values
of test resistance. The effect of these resistors is to widen
the percentage limits when testing resistances of below
1,500 ohms approximately. Since the A.c. discriminator
can deal with impedance down to 20 ohms and, with in-
creased limits, down to 1 ohm, this is not a matter of great
importance.

The discriminator itself is based on a cathode-coupled
phase invertor. This circuit has the property of repro-
ducing changes of voltage at either grid in amplified form
at both anodes. Also the circuit is effective at zero fre-
quency and the voltage changes at the two anodes are of
opposite polarity.

This circuit has been described before on several occa-
sions; briefly, a positive voltage on the grid of one valve
would cause the two cathodes (which are strapped together)
to move positive and its own anode to move negative.
Since the grid of the second valve is held at some fixed
potential the effect of its cathode moving positive is to
drive its anode positive. As the circuit is symmetrical it
will be seen that this mechanism holds good for an input
to either grid, and also both grids simultaneously.

Considering the circuit as a whole, if equal resistances
are connected across the standard and test arms and the
limit-balance control (P,) is set at the centre of its track,
each of the grids of the 6SN7 will be held at half the p.c.
supply voltage, i.e., 25V positive. That being so, and if the
triode sections of the valve and their associated components
are perfectly matched, each anode will be at the same
potential, approximately 150V positive to earth. Both
diodes will then be conducting and the load resistor R will
be held at the same potential.

If the test resistance is reduced, the voltage on the
second grid will fall, causing its anode to rise and the
first anode to fall. The diode cathode will take
up the potential of the higher voltage anode (No. 2 anode),
the current flowing through the load resistor thus biasing
the other diode to cut-off. .

If the ftest resistance +is increased, the same voltage
changes will be produced at the anodes but this time with
opposite polarity. The diode cathode will still follow the
rise of the higher potential anode. It will be seen that
for a percentage increase or decrease of test resistance a
positive out-of-balance voltage will be produced at the
cathode of the diode and that the lowest voltage produced
there will correspond with zero percentage out-of-balance.

If the test resistance is reduced to such a value that
the second grid is held at 24V instead of 25V an out-of-
balance voltage will be produced, but if the first grid
potential is increased by 1V the out-of-balance voltages
will cancel out. Thus, P, is used as a hand-balance control
and P, is used for limit-balancing, as previously explained,
in the A.c. discriminator. :

The Trigger Circuit (Fig. 6)

This comprises a D.c. coupled trigger circuit with two
stable limiting conditions. The first D.c. coupling is via
R, and R, to No. 2 grid and the second via the common
cathode resistor. ,

R. and R, are returned to 20V D c. negative in order to
provide correct bias potentials for the proper functioning
of the circuits. With the values in use the circuit triggers
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(i.e., section 1 moves to cut-off and section 2 to s_aturatiot})
when the first grid potential falls to 5V negative; R, 18
included to limit the current of section 2 to a safe value.
To detrigger, the first grid must rise to about 10V positive,
there is therefore 15V backlash between triggering and
detriggering. If this triggering action were used to close
the relay RS, and allow uniselectors to select circuits at
some predetermined rate, unless the out-of-balance volt-
ages were very large in comparison with the backlash of
15V, i.e., about 1,000V, this backlash would produce
serious errors depending upon whether a circuit were
tested on the upward or downward strokes. If, however,
the trigger circuit is detriggered between each single test
it will be seen that the backlash is of no importance since
RS, must open between each circuit test and cannot close
again unless the input voltage to the first grid is more
negative than the critical value of 5V negative.

This detriggering action is easily provided by the uni-
selector self-drive contact. This contact is normally closed
and mechanically connected to the armature of the uni-
selector and every time the armature is attracted to the
magnet this contact opens. As will be seen from the
circuit, this will apply a high positive potential to the first
grid thus detriggering it. It should be noted that Ry and
R, do not exist in actual practice as they are automatically
provided by the coupling arrangements from the dis-
criminator circuits.

So far it has been assumed that when RS, is closed the
uniselector will proceed at some predetermined rote; but

» Requlated
AG, S
& ) S
24V oc.
R § R, To Selectors
Hand

Ry

]
Ll

-
4 Uniselector
- :; Self Drive Contact
=B85V oO-
lated :

Requ

Fig. 6. Trigger cin:ui_t'

it can now be seen that the trigger circuit itself can deter-
mine and control that rate. The action is as follows:—

The uniselector is at rest on “good ™ circuit; the final
out-of-balance vol:age at the trigger grid is therefore more
negative than minus 5 volts. RS, closes, thus energizing
the uniselector magnet which moves its ratchet pawl, also
opening the self-drive contact. The opening of the self-
drive contact drives the trigger grid highly positive, thus -
detriggering it and de-energizing the uniselector magnet.
The armature returns to normal, the pawl then pulling the
wiper arms round one contact and closing the self-drive
contact. The heavy surge produced by the detrigger action
renders the bridge inoperative in the reject condition for
about 10 milliseconds; after this time it is free for trigger-
ing but only if the out-of-balance voltage is below the 5V
negative trigger voltage. .

If the circuit is left as it stands in the p.c. condition it
will proceed at about 40 tests per second, and at 25 per
second on A.c. The lower a.c. speed is due to the surge-
retaining effect of the reservoir capacitor following the
double diode rectifier. These speeds, while producing an
awe-inspiring effect on the selector unit indicator lights,
can only be of use on D.c. for checking pure resistance.
If for example the circuit under test consists of a capaci-
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tance in series with a resistance, during the short testing
period (25msec) the capacitance will not have time to
charge fully, thus presenting an impedance to the bridge,
the value of which will depend upon the value of capa-
citance and the time and rate of charge. In other words
the p.c. bridge is acting as a low frequency A.c. bridge.

In practice, with the time-constants encountered in
normal sets it has been found satisfactory to place a capa-
citance between grid and earth on the trigger input, thus
prolonging the detriggering surge and slowing down the
rates to 10 and 15 contacts per second. These rates have
been found satisfactory in production and, with a post-
war set of average complexity, testing rates in excess of
200 sets per day have been reached. This includes time
taken by the operator to connect and disconnect, also stop
and restart times for checking switching operations, volume
controls, etc.

There is one effect with this method of speed control

which becomes apparent on hearing the gear in operation.
After detriggering, the rate at which the voltage on the
speed controlling capacitance falls will depend upon the
residual out-of-balance voltage; the uniselector will there-
fore not move at a constant speed, but will stop for lorger
periods on circuits near the edge of the limits. This effect
while avoidablé by a different method of speed control,
has been retained as a logical way of testing at the highest
possible rate. There is no point in stopping on any con-
tact longer than necessary to ensure that it is within limits,
so long as sufficient testing time is allowed on D.c. to
ensure a true D.C. check.

It will be seen that there are two capacitances C, and
C, shown in broken lines. "C, is a stray capacitanée which
is caused by various switch wiring. It will be seen that
if this capacitance is sufficiently large, it will cause the
circuit to act as a flip-flop or even to oscillate freely. To
overcome this trouble C, (0-54F) has been shunted across
the cathode, thus reducing the feedback at higher fre-
quencies. At normal operating speeds this has no effect
on the triggering action of the circuit and is a simpler
remedy than carefully screening the offending leads.

The two switches on the circuit diagram, Fig. 6, are
shown in the “auto” position and the circuit operation
has been described in this condition. When the switches
are in the “hand” position R, is short-circuited, thus
applying 85V negative to the second grid and preventing
RS, from closing. Also the first anode returns through a
SmA meter and a limiting resistor to H.T. positive. Since
out-of-balance voltages are fed to the first grid by the
action of the A.c. and p.c. discriminator it will be seen
that this meter will act as a balance indicator.

When switching from “auto” to “hand”, a voltage
surge is produced which tends to detrigger the circuit, but
on switching in the reverse direction, the surge will
trigger it. If this is done in the middle of a testing
sequence, there is a possibility that the uniselector will
pass the following check point without an accurate test
having been made. To overcome this trouble R, is also
short-circuited on “hand” by a slugged relay. and the
time which this takes to-open on switching to “ Auto ™ is
sufficient to allow the bridge to settle down before recom-
mencing testing.

The remaining switch on the diagram is the “ Start”
switch. It will be seen that when this is operated the
relay will close whatever the condition of the bridge. It
can thus be used for starting, restarting from a stop posi-
tion or for stepping the uniselector round one contact at
a time (with the bridge on “hand ™) for individual check-
ing of circuits.

Selector Panel

This panel provides the means of switching the auto
bridge to the various circuits under test. It consists of
one master uniselector which does not in itself select the
circuits, but controls slave uniselectors. There is space in
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the panel for up to three of these, each providing 50 cir-
cuits. The master uniselector, however, is not worked to
full capacity and has sufficient spare positions to control
further slaves up to a total of 400 contacts, which is more
than adequate for any normal testing sequence. Up to
the present, it has not been found necessary to use more
than three slaves, giving 150 available tests.

The master uniselector has eight banks of 25 ways and
the slaves four banks of 50 ways. With the selector
panel in the “start™ position, all uniselector wipers are
on position 1 and a contact on the master uniselector keeps
the bridge in the detriggered condition. When the “ start™
button is pressed and released this uniselector operates
and passes through four standard check resistors just
within and just outside the high and low percentage limits
of the bridge. Should the bridge fail to stop on the outside
limits, or stop on the inside limits, the operator then knows
that the gear requires adjustment and can inform the
maintenance engineer. Thus the possibility of passing a
reject set through faulty limit-setting is greatly minimized.
This procedure is repeated in both the a.c. and p.c.
conditions.

Having passed through these test resistors the selector
moves forward to a set of contacts which remove the
driving and testing circuits from itself and transfer them
to the first slave. This slave then runs through its 50 tests
after which it returns the circuits to the master which
moves on one contact, transferring the circuits to No. 2
slave,

As each slave returns the circuits to the master, it auto-
matically returns itself to position 1, ready for the next
sequence. This action proceeds until the last contact of
the last slave is reached. The circuits are then returned
to the master which runs through a series of blank con-
tacts, at the same time operating a relay which changes
the bridge from the p.c. to the a.c. condition. When this
has been done, the slaves again run through the testing
sequence, finally returning the circuits to the master which
then homes itself to the start.

Should it be desired to discontinue testing a set, a homing
circuit is incorporated which, when energized by a button
on the bridge unit, allows the slave in use to return to
position 1 under conditions of perfect bridge balance.
When this position has been reached, if all other slaves
are in position 1 {(as they should be) it allows the master to
home itself to the start. If for any reason the wiper
arms on any of the uniselectors become misplaced, press-
ing the homing button will automatically return them all
to the correct starting position.

The mechanical layout of the selector unit has been
standardized for a maximum number of 3 slaves, giving
150 test points. This number can be reduced to either
50 or 100 by the addition of shorting links to the master
selector. TIntermediate steps of 25, 75 and 125 tests can
be obtained, but this necessitates alterations to the wiper
arms of the 50 way slave selectors and has not been found
necessary as the extra time taken for the bridge to run
through the additional 25 blank contacts has not formed
an appreciable percentage of the total testing cycle.

The “test” and “standard” arm contacts are first
linked to twin 150 way tag boards which are mounted
behind, and accessible from, the front panel and then taken
to two banks of 10 way plugs, the “standard”™ bank
occupying the left-hand side of the chassis and the * test”
the right-hand. The master selector has seven indicator.
lamps on the front panel, these lamps are marked respec-
tively, left to right:—

A.C., (limit) Low in, High in, Start, (limit) Low out, High out, D.C.

Their functions are self explanatory. The valve-holders
in most sets have between 5 and 10 available test points,
so each plug has been allotted 10 contacts and each slave
uniselector is connected to a common bank of lamps
numbered pins 1-10. In addition each slave has five
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individual lamps marked plugs 1-5; 6-10 and 11-15 respec-
tively.

With this arrangement of 32 lamps the operator can see
immediately, from the illuminated translucent figures, the
condition of the bridge, A.c. or pD.c.,, also the plug in use
and the pin number of that plug.

In the general sequence of testing, the set under test
normally has all the controls set to the maximum anti-
clockwise position and all the circuits are p.c. tested in
this condition. When this test is complete, link wires on the

150 way tag block route the following sequence of test

positions back to circuits on the set under test which are
affected by switching. The “standard” block, however,
is wired in such a way as to require these controls to be
placed in the maximum clockwise position in order to
produce correct test conditions at the bridge. Conse-
quently when the selector reaches the first retest position
the controls on the set will be incorrectly positioned and it
will stop. The operator now rotates the controls to the
correct position and the selector will then restart. This
procedure is repeated for all switch positions, thus check-
ing every available circuit. After ‘completing this the
whole test is repeated on a.c.

Standard Receiver

This may be any production set whose component
values have been selected to the required accuracy; but for
reasons of neatness and accessibility the chassis is usually
dispensed with and the individual components wired on tag
strips mounted behind a standard 19in. rack panel.

For 30 per cent limits it has been found satisfactory to .

select components to a tolerance of plus or minus 2 per
cent. There is one point to note in this connexion; the
A.c. bridge measures percentage impedance and while this
holds good for percentage inductance and resistance it is
not correct for percentage capacitance. An example will
make this point clear.

At a given frequency a capacitor has for example a
reactance of 100 ohms. Therefore 130 per cent gives 130
ohms reactance which corresponds to —23:2 per cent
capacitance and 70 per cent gives 70 ohms reactance which
corresponds to +43 per cent capacitance. It can be seen

that a plus 30 per cent reactance will equal a minus

23 per cent capacitance and a minus 30 per cent reactance
will equal a plus 43 per cent capacitance. If, however, the
standard capacitance is selected to a mean 85 per cent
below the standard capacitance value, the working limits
will then be a true plus and minus 30 per cent.

Control Layout

All operating controls are on the bridge unit and con-
sist of five press-buttons and two calibrated knobs. Three
of the press- buttons are interlocked and marked respec-
tively “Auto”, “Hand ac.” and “Hand p.c.” The
remammg two are spring-loaded off and marked “ Start™
and “Home”. These functions have already been
explained.

The two calibrated knobs are “ Hand balance” for a.c.
and p.c. Each will cover from open-circuit to short-
circuit test error, but is only calibrated over the range
+50 per cent.” The main use of these controls is not to
determine accurately the percentage out-of-balance, but
to discover whether the error is positive or negative for
additional diagnosis data.

Mounted below these controls but behind a cover plate
are the bridge setting controls. In addition to the four
limit-setting controls a switch is provided to connect the
meter to the various supply voltages to ensure that every-
thing is normal before limit-setting. The last two posi-
tions of this switch connect the bridge to pairs of internal
standard and test resistors which are calibrated over the
range plus and minus 50 per ceat, to simplify setting-up
procedure. Thus the bridge may be set up on both A.c.
and D.c. without reference to external standards.
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Conclusion

Twelve auto checkers of this type have been in use for
the past five years and have been found satisfactory both
from the operational and maintenance points of view.
Due to the self-calibrating nature of the gear, regular
mainienance checks are not necessary. Since the bridge

- requires [0 to 15 minutes warming up from cold before

it settles down, the gear is left switched on all day, irres-
pective of whether or not it is actually being used.

A certain amount of trouble has been experienced with
the uniselectors mainly due to worn brass ratchet wheels
and fatigued return springs, but considering the enormous
rumber of operatirg cycles to which these are subjected,
this is not surprising. 1n no cases have the fixed contacts
developed any trouble, and all replacements have been
carried out without the necessity for disconnecting any '
wires other than the four to the uniselector coil and self-
run contact. From previous experience the layout has
been designed so that, if necessary, the whole operating
mechanism may be removed and serviced, while still leav-
ing the contact banks wired in place.

Tn general these auto-checkers have proved of great use
to a production unit and since they are adaptable to any
set, their initial cost is soon repaid in test time saved.
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THE AERIAL COMBINING UNIT -~ -
AT DAVENTRY

A

~

+

The f:rst hlgh power transmitter to be operated by remote
control* is built as two identical units, mutually independent,
the outputs of which are combined. Thus if either unit fails,
the station can continue operating on reduced power using the
remaining good unit.

The combining circuits in which the outputs from the two
halves of the transmitier are normally connected in parallel,
are illustrated above. The circuit design also permits either
half of the transmitier to be connected directly to the aerial
feeder in the event of a breakdown of the other half. This
changeover is automatically effected by electrically operated

"high-frequency contractors.

* Remote control of B.B.C. High-Power Transmitter.
24, 229 (1952).
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Matric Theory Applied to

Thermionic

Valve Circuits -

By Sidney R. Deards *

THE method of dealing with the steady state analysis
of passive quadripoles in terms of the matrix of the
linear transtormacaon expressed by the network equations
was introauced by Strecker and Feldtkeller' in 1929 and
has since been the subject of extensive treatment in the
literature.* Despite the initiative taken by several writers,
notably Brown and Bennett,® less consideration appears to
have been given to the application of matric theory to
networks containing thermionic valves. It is 