PAINTON

JUALITY ACCURACY RELIABILITY

i,

Iy M, 4 ‘
M

) g‘"""ﬂ,}}}l
=y

ATTENUATORS : FADERS - SWITCHES * WIREWOUND POTENTIOMETERS - PLUGS

AND SOCKETS « WIREWOUND RESISTORS + HIGH STABILITY.CARBON RESISTORS

KNOBS DIALS AND POINTERS - TERMINAL

AN e, TN e S T e o .

 Electronic
- Engineering



The core of the Motoris the @S98
Electrical Stamping

UCHNERHVANKENS CINNRID

ELECTRONIC ENGINEERING i SEPTEMBER 19551



e TRE S

CLASSIFIED ANNOUNCEMENTS

The charge for thesae advertisements at the LINE RATE (if under |” or 12 lines) is : ines of d
(The line nverages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘ Situations
free of charge. At the INCH RATE (if over 1” or 12 lines) the charge is 30/- per inch,
Financial Reports £14. 0s. 0d. per column. A remittance must accompany the advertisemen . 3 1 ere sh
to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked ‘' Electronic Engineering.

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

anted,’’ when it is added

single column. Prospectuses and Company’s
t. Replies to box numbers should be addressed

Advertisements

must be received before the |4th of the month for insertion in the following issue.

OFFICIAL APPOINTMENTS

ADMIRALTY. Vacancies exist for Electrical
and/or Mechanical Engineering Draughtsmen in
Admiralty Research and Development Establish-
ments located in the vicinity of Weymouth,
Portsmouth, Teddington (Middlesex), and Bal-
dock, Herts. Draughtsmen experienced in light
current, electro-mechanical, precision mechani-
cal and electronic equipment are particularly
needed. Candidates must be British subjects of
21 years of age and upwards, who have had
practical workshop experience (preferably an
apprenticeship) together with Drawing Office ex-
?erience. Appointments will be in an unestab-
ished capacity but opportunities may occur for
qualified staff to compete for established posts.
The salaries offered, depending on age, experi-
ence, ability and place of duty, will be within
the range £320-—£560 p.a. Hostel accommoda-
tion is available at some Establishments. Appli-
cations stating age and details of technical
qualifications, apprenticeship (or equivalents),
Workshop and Drawing Office experience, should
be sent to Admiralty (C.E.Il, Room 88) Empire
Hotel, Bath, quoting DM/R.D. Original testi-
monials_should not be forwarded with applica-
tion. Candidates required for interview (at
London or Bath, whichever is nearer) will be

advised within two weeks of receipt of
application. W 2984
ADMIRALTY. Applications are invited from

Engineering, Electrical and Ship Draughtsmen
for temporary service in Admiralty Depart-
ments at Bath. Candidates must be British
subjects of 21 years of age and upwards, who
have had practical Workshop and Drawing
Office experience. Salary will be assessed
according to age, qualifications and experience
within the range £320-£545 per annum. Appli-
cations giving age and details of technical
qualifications, apprenticeship (or equivalents)
Workshop and Drawing Office experience,
should be sent to Admiralty (C.E.II, Room §8),
Empire Hotel, Bath. Candidates required for
interview will be advised within two weeks of
receipt of application. W 137

APPLICATIONS are invited by the Ministry
of Supply for the following unestablished
appointments at the Royal Aircraft Establish-
ment, Farnborough, Hants.:- Physicists or
Mathematical Physicists. (1) Principal Scientific
fficer. Candidates should have experience of
Radar systems analysis and war-time operational
research. A strong mathematical bias is
desirable.  Ref. A 133/51A/BE. (¥ Senior
Scientific Officer, for theoretical investigations.
A knowledge of statistical methods is desirable.
Ref. A 134/51A/BE. Aeronautical Engineer.
(3) Scnior Scientific Officer, with experience in
planning and analysis of Flight trials and
application of results to project design. A
knowledge of servo mechanism theory and
practicc is required, experience of liaison with
industrial firms an advantage. Ref.
C 217/51A/BE. Physicists, Mathematicians or
Engineers. (4) Senior Scientific Officer, with
research  experience  involving  arithmetical
applications of mathematics in the analysis of
physical data, and the formulation of problems
for solution by automatic computing machinery.
A knowledge of aerodynamics an advantage.
Ref. A 135/5IA/BE. (5) Senior Scientific
Officer with wide experience of methods of
measurement in physics or engineering research,
experience and up-to-date knowledge of elec-
tronics. Ref. A 136/51A/BE. Candidates
should have a first or second class Honours
Degree in the appropriate subject and at least
3 years post-graduate research experience is
necessary. For the P.SO. post candidates
must be at least 31 years of age, for the
S.5.0. post at least 26 years. Salary will be
determined on age and on an assessment of
the successful candidates’ qualifications and
experience  within  the ranges :- Principal
Scientific Officer—£960-£1,295. Senior Scientific
Officer—£720-£910. Rates for women some-
what lower. Posts carry benefits of F.S.S.U.
Application forms obtainable from Technical
and Scientific Register (K), York House,
Kingsway, W.C.2, quoting appropriate reference
number. Closing date 22nd September 1951.

W.2067
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ASSISTANT (SCIENTIFIC) CLASS : The Civil
Service Commissioners give notice that an Open
Competition for pensionable appointment to
the basic grade will be held during 1951. In-
terviews will be held throughout the year, but
a closing date for the receipt of applications
earlier than December, 1951, may eventually
be announced either for the competition as a
who'e or in one or more subjects. Successful
candidates may expect early appointments.
Candidates must be at least 174 and under 26
years of age on Ist January 1951, with exten-
sion for regular service in H.M. Forces, but
other candidates over 26 with specialized ex-
perience may be admitted. All candidates must
produce evidence of having reached a pre-
scribed 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_establishment 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) Chemistry, bio-chemistry and metallurgy.
(iii) Biological Sciences. (iv) General (including
geology, meteorology, general work ranging
over two or more groups (i) and (iii) and highly
skilled work in laboratory crafts such as glass-
blowing). Salary according to age up to 25—
Men £215 (at 18) to £330 (at 25)—£455; rather
less in the provinces and for women. Oppor-
tunities for promotion. Further particulars
and application forms from Civil Service Com-
mission, Scientific Branch, Trinidad House,
Old Burlington Street, London, W.l, quoting
No. S 59/51. Completed application forms
should be returnzd as soon as possible. W 2053

B.B.C. invites applications for post of Engi-
neer, Planning and Installation Department,
London. Good basic knowledge of electrical
engineering and some knowledge of television
are essential. University Degree is desirable
though not essential. Preference to applicants
with practical experience of cinematographic
equipment used for sound and picture record-
ing. Work is chiefly concerned with use of
films for television purposes and duties will
include assisting in preparation of specifications
for supply and manufacture of television equip-
ment, supervision of installation, acceptance
trials at works and conduct of relevant corre-
spondence. Salary £745 (possibly higher if
qualifications exceptional) with 5 annual incre-
ments to maximum £965. Applications, stating
age, qualifications and experience to reach
Engineering Establishment Officer, Broadcasting
House, London, W.I, within 7 days. W 2092

CROWN AGENTS FOR THE COLONIES.
Assistant  Engineer (Electronics) reguired for
the London Office. Salary scale £475 a year
rising to £750 a year. The £475 minimum is
linked to entry age at 25, with the addition
of £25 a year for each year above that age
up to £600. Exira duty allowance of 8 per cent
of annual salary also payable at present.
Engagement will be on unestablished terms
with a prospect, after satisfactory service and
as vacancies occur of appointment to the
established and pensionable staff and of pro-
motion to a higher grade. Duties consist of
the purchase of all types of telecommunica-
tions, broadcasting and public address equip-
ment and advising Co'onial Administrations on
problems connected therewith. Candidates
should be capable of preparing specifications in
sufficient detail to enable tenders to be called
for an adjudicated thereon when received.
They should be between 25 and 35 years of
age and preferably have a Degree in electrical
engineering  (teleccommunications and  elec-
tronics) or be corporate members of the Insti-
tution of Electrical Engineers or have equiva-
lent qualification. Apply at once by letter
stating age, full names in block letters and full
particulars of qualifications and experience and
mentioning this paper to the Crown Agents for
the Colonies, 4 Millbank. London, S.W.I,
auoting M.28834.B on both letter and envelope.
The Crown Agents cannot undertake to
acknowledge all applications and will com-
municate only with applicants selected for
further consideration. W 2097
ELECTRICAL ENGINEERS and Physicists
are invited by the Ministry of Supply to apply
for unestablished appointments in the grade of

Senior Scientific Officer at the Royal Aircraft
Establishment, Farnborough, Hants. Candi-
dates should be at least 26 years of age and
have a Ist or 2nd class Honours Degree in the
appropriate subject and at least 3 years post-
graduate research experience. They shoqld glsn
have a wide knowledge of communications
work and H.F., V.H.F. or display techniques
for research work associated with design and
development of airborne and ground equip-
ments. Salary will be determined on age and
on an assessment of the successful candidate’s
qualifications and experience within the $.8.0.
range £720-£910. Rates for women somewhat
lower. Posts carry benefits of F.S.S.U. Appli-
cation forms obtainable from Ministry of
Labour and National Service, Technical and
Scientific Register (K), York House, Kingsway,
W.C.2, quoting D 159/51—A. Closing date
22nd September 1951, W 2065

ELECTRONIC ENGINEERS are invited to
apply for appointments in the Ministry of
Supply to work near London or at prqvmcnal
stations on the development and design of
electrically operated systems for a variety of
applications including weapons, telecommuni-
cations and radar equipment. The responsi-
bilities of the posts will vary according to the
age, qualifications and experience of the
selected candidates, and acceptable qualifications
range from Ist or 2nd Class Honours Degree
in physics or light electrical engineering or
equivalent qualifications, Corporate Membership
of the Institution of Electrical Engineers to
Higher School Certificate, Higher National
Certificate, etc. Grade and entering salary
will be determined after interview on ranges
up to approximately £1,000 a year. Some posts
carry F.S.S.U. benefits, but all are unestab-
lished. Application forms obtainable from
M.L.N.S., Technical and Scientific Register (K),
York House, Kingsway, W.C.2, quoting D
134/51A. Closing date 24th September. 1951.

W 2089
ENGINEERS I reauired by Ministry of Supply
establishment at Sevenoaks, Kent. Qualifica-
tions: British, of British parentage; engineering
apprenticeship, corporate membership of Inst.
of Civil, Mech., or Elec. Engrs. or exempting
qualifications. Experience appropriate to one
of the following: Duties: (1) Ref. (C461/51-A)
Development of optical instruments (including
optical processing) and of drives for Ultra
high speed cameras. (2) Ref. D343-4/51-A.
Development of radio communications and
monitoring  equipment. Planning systems.
Salary range: £997-£1,192 p.a. Not established,
periodical  competitions for  establishment.
App'ication forms from Ministry of Labour and
National Service, Technical = and Scientific
Register (K), York House, Kingsway, W C.2,
ouoting appropriate reference number. Closing
date, 14th September 1951. W 2074
MINISTRY OF SUPPLY requires Electronic
Engineers for establishments in England.
Duties include design of radio and/or radar
components, equipment and installations (in-
cluding aerials) and engineering of prototypes
for production. Candidates must be British of
British parentage, and should be normally either
corporate members of one of the Institutions
of Civil, Mechanical or Electrical Engineers.
or have qualified for exemption from Sections
A and B of the Assoc. Membership examina-
tions, or hold equivalent gualifications. Salary
according to age. qualifications and experience
in the range £448 (may be slightly less below
the age 25)-£1,192. The appointments will be
unestablished, but opportunities to compete for
establishment occur periodically. Write for
application form, to Ministry of Labour and
National ~Service, Technical and Scientific
Register (K Section), York House, Kingsway,
W.C.2. quoting reference (D.359/51A). Closing
date 17th Scptember 1951. W 2090
MINISTRY OF SUPPLY requires Instrument
and Radio Production Engineers in London.
Candidates should have extensive knowledge of
the following:- Airborne radio equipment, radio
navigational ajds, test and measuring equip-
ment, lightweight and miniaturised electronic
airborne equipment (a knowledge of moulding
technigue would be an advantage), quartz
crystals, engine flight and navigational instru-
ments, gyroscopic instruments, electric lamps.
Duties will be connected with the planning and
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OFFICIAL APPOINTMENTS (Cont'd.)

progressing of production of these equipments.
Candidates must be British of British paren:
should be normally either corporate mecmbers
of one of the Tnstitutions of Civil, Mechanica’
or Electrical Engineers, or have qua'ificd for
exemption from Sections A and B of the Asso-
ciate Membership cxaminations, or hold equiva-
lent qualifications.  Salary according to agc.
qualifications and experience in the range of
£475 (at age 25—slightly less below agc 25)-
£1,000 p.a. The appointments will bc un-
established, but opportunities to compete for
establishment occur periodically.  Write for
application form to Ministry of Labour and
National Service, Technical and Scientific
Register (K), York House, Kingsway, London.
W.C.2, quoting reference (D338/51-A). Closina
date 14th September 1951. W 2072

MINISTRY OF SUPPLY requires Technical
Grades I, Il and Il on Elcctronic Work in
London and S. England. Candidates must be
British of British parentagc, have served a
recognised engineering apprenticeship or have
had equivalent training, preferably hold an
Ordinary or Higher National Certificate or
equivalent and have expsrience of c'ectronic
equipment in one of the following fields : (a)
Documentation—preparation of schedules, in-

must be under 35 on 30th November, 1951,
with extension for regular service in H.M.
Forces and for established Civil Service. For
appointments in the Post Office they must be
21 or over. in thc Ministry of Supply, 23, and
in all other Departments 23 or over on that
date. Minimum qualifications  vary for
different posts. Generally a University Degree
in Engineering or Corporate Membership of
the Institutions of Mechanical Enginecrs,
Electrical Enginecrs or Civil Engineers, or
passes in or exemption from Scctions A and
B of the corresponding Associate Membersh'p
examinations, or evidence of cxceptionally
high professional atlainment are requircd.
For certain posts, Corporate Membership of
the Institutc of Fuel by examination or the

Tnstitution of Chemical Engineers,  or
Graduate Membership of the Institution
of Chemical Engineers or Associate

Feilowship of the Royal Aeronautical Society
or an Honours Degree in Physics will bc
accepted instead. The salary on appointment
will be fixed according to age. The salary for
men aged 26, in London, is £500, rising by
annual increments of £25 to £750. Salaries for
women and for posts outside London are
lower. There are prospects of promotion to
higher grades on scales for men in London ot
£750-£1,000, £1,050-£1,270, and above. Thesz
rates are at present under review. Further

MECHANICAL ENGINEER, Internul Degree (or eguiva'ent), workshop training, cxperi-
cnced in Applied Physics. Candidates should apply in writing, giving full deuwils, to Con-

sultant cngincer, liford Limited, Romford Essex.

W.2059

struction books. parts lists. ctc., examinalion
of sources of supply. specifications, etc..
for contact action. (b) Maintenance and
Test—assembly, fault findiny. main-
tenance, rcpairs,  calibration, performance
tests including climatic and vibration cfiects.
Salaries according to ape. qualifications, loca-
tion and experience up to £825 p.a. Writc
for application form to Ministry of Labour und
Nationa! Service, Technicai and Scientific
Register (K), York House, Kingsway, W.C 2,
cuoting reference (D345/51-A). Closing datc 14'h
September, 1951. W 2075

PHYSICISTS and Mathematicians are invited
by the Ministry of Supply to apply for thc
following unestablished appointments in the
Scientific Officer Cluss at an Experimental
Establishment in Essex for work connected
with  out-of-door  instrumentation. Senior
Scientific  Officer (1) Physicists with some
mathematical knowledue including statistics or
a statastician with some interest in experimental
procedurc to be in charge of a team inves iga-
gating the performance of weapons. Scientific
Officers (1) Physicists. preferably with some
knowledge of experimental range techniques
and protedure. For some posts a knowledue
of e'ectronics is required. (2) Experimental
physicist with cxperience of metallurgical tech-
niques. (3) Mathematician with interest in
experimental methods and some knowledge of
hydrodynamics. Candidates must possess a Is’
or 2nd class Honours Degree in appropriate
subject, or equivalent qualification. For the
senior grade candidates should be at Jeast 26
years of age with a minimum of three years
post-graduate research experience. Salary w'li

be determined on age and on an assessment

of the successful candidates qualifications and
expzrience within the ranges: Senior Scien-
tific Officer £720-£910. Sc’entific Officer £350-
£620. Rates for womcn  somewhat lower.
Post carry benefits of F.SS.U. Application
forms obtaiunable froni Ministry of Labour
and National Service. Technical ‘and Scienific
Register (K), York House, Kingsway, W.C.2.
guoting  A.220/51/A. Closing  date  24th
Sep‘ember, 195!, W 2073

PROFESSIONAL ENGINEERS in Government
Depoartments.  The Civil Service Commissioners
announce an Open Competition to be hsld
during 1951, for permancnt appointments ‘in
many Departments of the Civil Service for a
wide varicty of engineering duties. Applica-
tions will be accepted at any time but not
later than 31Ist Deccmber. 1951, and se'ccted
candidates will be interviewed as soon as
possible after the receipt of their Application
Forms. Candidates are advised to apply as
early as possible.  Age Limits: Candidates

ELECTRONIC ENGINEERING

particulars and application forms from th:
Secretary, Civil Service Commission, Trinidad
House, Old Burlington Strect, London, W.I.
quoting No. S85/51. W 2056

PROFESSIONAL ENGINEERS in Goscroment
Departments. The Civil Service Commissioners
announce an Open Competition for permanent
appointments  of _ Professional Engineers,
General  Service Class  (Main  and  Senior
grades). The vacancies at present announced
arc in thc Admiralty (about 8 in the Main
Grade and at least one in the Senior Grade),
and one (Main Grade) in the Prison Com-
mission. The duties in the Admiraity covcer
the production of mechanical, electrical and
e'ectronic  cyuipment for H.M. ships and
include design for production, correlation of
manufacturing  rcquircments and  capacity,
advice on p-oduction methods, preparation of
esiimates and, in certain cases., material
inspection and functional testing. The post in
the Prison Commission calls for practical,
rather thin academic interests with experiencc
mainly on mechanical, hcating, ventilating,
hot watcr and steam engineering, but a good
working knowledge of electrical engineerinz,
is also required. Candidates must be at least
30 years of age on st January. (951,
Mininum Qualifications.  Generally Corporate
Membership of the Institutions of Mechanical
Fnginecrs or Electrical Engineers or (for the
Prison Commission post) of the Institution of
Civil Engineers is rcuyuired together with
evidence of apprenticeship or pupilage and
subsecuent  enginecring  experience. Excep-
tional'y, candidatcs of * high  profess‘onal
attainments  without some  or all of these
rualifications may be admitted.  Salary scales :
L.ondon—Men. Main  Grade.  £750-£1.000:
Senior Grade. £1,050-£1270. Women. Mbsin
Grade. £650-£850: Senior Grade. £900-£1.100.
Provinces- —-Men. Main  Grade, £720-£950:
Senior Grade. £997-£1,192. Women. Main
Grade, £620-£810: Senior Grade. £860-£1,040.
These rates are at present under review.
Further particulars and application forms from
Sceretary. Civil Service Commission, Trinidad
House, O'd Burlineton Street. London. W.I,
cuoting No  S86/5]. App'ications  wiil Fe
accep'ed at sny time, but not later than [«
October, 1951. and selected candidates will
be  interviewed as  soon a2y possible after
reccipt of their opplication forms. Candidates
are advised to apply us early as possitle

W 2094
TELECOMMUNICATIONS ENGINEERS and
Physicists are invited by the Ministry of
Supply to apply for wuncstablished appoint-
ments in the grade of Principal Scientific
Officer or Sentor Scientific Officer at the Royal
Aircraft  Fstablishment. Farnborough, Hants.

Candidates should have a Ist or 2nd class
Honours Degree in physics or telecommunica-
tions arrd upwards of S5 years’ experience of
research and development in one of the follow-
ing: R.F. techniques at centimetric wave-
Jengths:  centimetric  radar, preferably for
airbornc  application: servo systems or tele-
communication networks and feedback ampli-
fiers. For the P.S.0 grade candidates must
be at least 31 ycars of age and for the S.5.0.
grade at least 26. Salary will be determined
on age and on an asscssment of the successful
candidate’s qualifications and experience
within the ranges : Principal Scientific Officer
£960-£1,295. Senior Scientific Officcr  £720-
£910.  Rates for women somewhat lower.
Post carry bencfits of F.S.S.U. Application
forms obtainable from Ministry of Labour and
National Service, Tcchnical and Scientific
Register (K), York House, Kingsway, W.C.2
quoting D 158/SIA. Closing date 22nd
September, 1951. . W 2066

SITUATIONS VACANT

A HOUSE (married accommodation) is avail-
able for Senior Electronics or Radar Engineers
required to organise a ground radar system
including development of certain control and
monitering and supervisory circuits and dis-
plays. Special circuit engineers already avail-
able. Location in special laboratory for impor-
tant defence project within 30 miles of London.
Salary up to £1,200 per annum for suitable
candidate. Apply quoting ref. DEF to Box
No. W 2007.

A LARGE ORGANISATION of international
repute invites applications from Engineers and
Scientists wishing to take up commercial work
in the professional electronic field. For one
such vacancy, at managerial level, candidates
should be between the ages of 35 and 45, and
now earning not less than £1,500 p.a. Vacancies
also exist for less experienced men aged about
30 with qualities likely to fit them for promo-
tion to senior executive and managerial appoint-
ments. All candidates must have:- 1. An Engi-
neering or Science degree. 2. Technical ex-
perience, preferably in the electronic engineer-
ing or scientific ficld. 3. General education and
personal qualities suited for commercial work.
Successful candidates will have time to familia-
rise themseclves with the Company’s products,
organisation and practices. They will probably
be based in the London area with occasional
overseas travel and the possibility, if desired
of transfer to an Associated Company in the
British Commonwealth. Good prospects in
various branches of an expanding business.
Salary according to experience. Applications
will be treated as confidential and must include
age, salary required, qualifications and chrono-
logical statement of experience and appoint-
ments held. Write to Box No. W 2006.

ALL GRADES of draughtsman are required at
Chelmsford and in West London by Marconi’s
Wireless Telegraph Co. These are permanent
positions on the design and development of
radio and radar equipment. Applicants should
write, giving full details, and quoting ref 142E
to Central Personnel Services, English Electric
Co. Ltd.. 24-30 Gillingham Street, West-
minster, S.W.I. W 2008

AMBASSADOR RADIO and Television require
Assistant Development Engineers for electronic
proiects.  Applicants should submit details of
qualifications and  cxperience addressed to
Chief Enginecr, Princess Works, Brighouse.
Yorkshire. W 2

A NUMBER of Senior and Junior vacancies for
Radio, Radar. Electronic, Television, etc.,
Development, Service Engineers, Draughtsmen
Wiremen, Testers, Inspectors, etc. Urgent™
required. 30 Television Service kEngineers. Write
in confidence: Technical Emplovment Agency.
179 Clapham Road. London. S.W.9. (BRIxton
3487.) w113

ASSISTANTS of various grades for Research
and Development work on Computers required
by a large N, Kent Engineering firm. Qualifi-
cations ; B.Sc., Higher National Certificate,
Intermediate B.Sc. or equivalent. Salaries
according to qualifications and experience.
Write giving full particulars to Box No. W 2939.
A VACANCY exists in the Electronics Section
of the Research Department for an Electronics
Enginecr, preferably with a Degree in mathe-
matics, for the design of equipment for

CLASSIFIED ANNOUNCEMENTS
continued on page 4
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for contact stability

Television from London to Birmingham by radio
link has been achieved by employing radio-fre-
quency circuits—such as these developed by The
General Electric Company, Ltd., which incor-
porate rhodium plated contact surfaces.

Electrodeposited rhodium, completely non-tarnishing and of great
hardness, 1s an ideal protective finish and sliding contact surface
for all radio- and audio-frequency applications. There is little or
no loss through skin currents and the high surface finish of the

deposit gives smooth operation without electrical noise due to
variations 1n resistance.

One of the Specialised Services of

The properties and applications of

i electrodeposited rhodium are fully

0 ns l]n discussed in data sheet 2053,
available on request.

JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I

Telephons : HOborn 9277 Birmingham : Vittoria Street, Birmingham, |.
GDI9%6 _
SEPTEMBER 1951 3 ELECTRONIC ENGINEERING



ITUATIONS VACANT (Cont'd.)

electronic measurement of physical variables
and associated problems. Applications, statin3
age, qualifications, experience and salary

required, should be addressed to the Personnel
Officer, Westland Aircraft, Limited, Yeovil,
Somerset. W 1338

A VACANCY occurs for a technician of ex-
perience, qualified in the calculation and con-
struction of lens and mirrors, for interesting
work in optics. Must have a sound know-
ledge of filters, materials and technique. The
position carries a salary of approximately
£700 per annum. Degree standard is desirab’e,
though not necessary, to applicants having th=

correct  experience. Apply Box AC 64425.
Samson Clarks, 57/61 Mortimer Street, W.l
W 2046

A VACANCY EXISTS for a Senior Wireless
Engineer to control a team engaged on re-
search, development and engineering of new
low power equipments in the 400-600 megacycle
band. Salaries up to £1,200 per annum
offered to suitable candidates. Please write
giving full details and quoting Ref. HHE to
Box No. W 2030.

A WELL KNOWN COMPANY has
following vacancies in
Electrontics Department. 1. Estimator, ex-
perienced in estimating for electronic, light,
medium and heavy equipment and able to
estimate both piece part costs and assemblies.
(Ref. 923). 2. Contracts Manager for Sales
Section, experience in dealing with contrac.s.
and the co-ordinating and estimating thereof
for electronics and electrical equipment. (Ref.
827.) 3. Applications ‘Engineers, experience
in R.F. heating equipment. Metallurgy ex-
perience an advantage. (Ref. 357.) Please
write giving full details and quoting appro-
priate reference to Box No. W 2084.

A WELL KNOWN COMPANY undertaking
interesting radar development work in the
London area has vacancies for the following :

the
its Midland Industrial

1. Senior Electronic Engineer who must  be
fully experienced in the design of radar
equipment,  Degree desirable. salary about

£800 p.a. (Ref. IBA.) 2. Mechanical Engineer
conversant with Naval radar installation and
control  systems. Degree desirable, salary
according to  oualifications and experience.
(Ref. 1BB.) 3. Designer Draughtsmen, H.N.C.
desirable. should be capable of working on
own initiative and doing all necessary ca'cula-
tions and Draughtsmen with general electronic
and/or mechanical experience. Salary accord-
ing_to qualifications and experience. (Ref.
AEF.)  Applicants should write quoting
appropriate reference to Box No. W 2079.

BELLING & LEE LTD., Cambridge Arterial
Road, Enfield, Middlesex, require research
assistants in comnexion with work on electronic
components, fuses, interference suppressors and
television aerials. Applicants must be graduates
of the I.LB.E. or possess equivalent qualifica-
tions together with similar laboratory experi-

ence. Salary will be commensurate with pre-
vious experience. Applications must be
detailed and concise, and will be treated as
confidential. W 138

CHIEF ELECTRONIC ENGINEER possess-
ing e'ectrical engineering degree, reauired for
factory near Stockport. Duties will include
design of precision production line test gear.
supervision of test gear mode! shop and staff
engaged on mechanical inspection and elec-

tronic test. Previous experience in similar
post and of Ministry inspection methods
desirable.  Write in confidence stating age,
experience and qualification to Box No.
W 2055.

CHIEF OF SALES and Contracts Section
required by the North Midland Industrial
Electronics Department  of a well known
company. Commercial experience on contracts.

sales statist'cs and correspondence and handling
representatives essential, Experience in heavy
or electrical engineering  fields  desirable.
Technical know'edge, whilst an advantage, is
not essential. Please write. giving full details,
quoting Ref. HBG to Box No. W 2069.

DEVELOPMENT ENGINEER. A Ilarge engi-
neering establishment in_the N. Kent area
requires the service of a Development Engineer
with technical and practical experience in elec-
tronics. Preferred minimum qualifications the
Higher National Certificate in Electrical Engi-
neering. A knowledge of Servo Mechanisms
would be an advantage. Reply, stating age
and giving full particulars of experience and
salary required to Box No. W 2938,

ELECTRONIC ENGINEERING

DEVELOPMENT ENGINEER required” by
Electrical Component Manufacturers situated in
N.W. London. Applicants must be expenenced
in mechanical and electrical engineering, and
it is desirable to have experience in model
shop or design-development work. Minimum
qualification Inter B.Sc., or equivalent. Write
giving full details and stating salary required
to Box No. W 2078.

DRAUGHTSMEN are invited to make an
appointment with E.M.I. Engineering Deve'op-
ment, Limited, to discuss the several vacancies
available at their Hayes and Feltham branches.
All grades of designers and draughtsmen are
required for a wide range of engineering pro-
ducts for which their experience may be suited.
Details will be sent by post on request, and/or
strictly confidential interviews arranged without

obligation.  Posts available offer a maximum
of interest, technical information and experi-
mental facilities, and long term employment

prospects with good salary to suitable applicants.
Apply, giving fullest details of experience,
qualifications, etc., to Personnel Department
EB/A, E.M.I. Engineering Development
Limited, Hayes, Middlesex. W 2071

E. K. COLE. LIMITED, have vacancies for
testers at their Electronics Division. Experience
in the testing of Radar, Communications or
Electronics equipments to Ministry specifica-
tions, essential. Full details in writing to the
Personnel Manager, Malmesbury, Wilts. W 2091

E. K. COLE LTD., have vacancies in their
Electronic Division at Malmesbury, Wilts., for
senior and Intermediate Draughtsmen in the
Development Drawing Office, for work on
Radar, Communications and Electronic Pro-
jects. Previous experience in this field desirable
but not essential, Apply in writing to the
Personnel Manager, Ekco Works, Malmesbury,
Wilts, W 2934

E. K. COLE (Electronics Division) offers ex-
cellent opportunities for young Draughtsmen
of Ordinary National Standard to gain ex-
perience in the Development of Radar, Com-
munications and Nucleonic Equipments. Also
a limited number of vacanocies for Senior
Draughtsmen with experience of this type of

work. Apply giving details of experience to
Personnel Manager, E. K. Cole Limited,
Malmesbury, Wilts. 2571
ELECTRICAL eng'neering graduate for the
design and supervision of the construction of
electronic test equipment. Interesting de-
velopment work, offering full scope for
initiative. Previous electronic design experience
essential.  Apply quoting Ref., ** TE " state

age and salary expected and give full details
of training, qualifications and experience to
the Personnel Officer, Ltd.,
Road, Edinburgh.

ELECTRONIC INSTRUMENT
require Deve'opment Engineer for pressure
pick-ups and electro-mechanical transducers.
Candidates should have degree in mechanical
or electrical engineering and an interest in both
fields. Southern Instruments, Ltd., Fernhill,
Hawley, Camberley, Surrey. W 1341

ELECTRONIC ENGINEERS—opportunities in
Canada. The Canadian Westinghouse Com-
pany invites applications from experienced
qualified Electronic Engineers for work on
Radar Computors, Ultra Sonic devices (Asdic),
Servo mechanisms, Microwave and Fire Con-
trol.  Assistance will be given for transport
to, and location suitable housing in Ontario.
Interviews will be arranged in London. Write,

Ferranti, Ferry
W 2087

Manufacture:s

giving full particulars as to education, ex-
perience and salary required to Box No.
W 2080.

ELECTRONIC ENGINEERS required by large
firm, S.E. London, for the development of
Radio and radar equipment. Applicants
should have had 2-3 years previous experience
on similar work and qualifications either to
degree or H.N.C. standard. The work is of
high national importance. Apply, giving full

details of previous experience to Box No.
W 2042.

ELECTRONIC/ELECTRICAL ENGINEER re-
quired with degree in Physics or Telecommuni-

cation Engineering, and at least four years
expesrience of Radar. Apply Employment
Manager, Vickers-Armstrongs Ltd., (Atrcraft
Section), Weybridge. w

ELECTRONIC/ELECTRICAL ENGINEERS re-
quired with Higher National Cert. (electrical)
and at least four years experience of Radar.
Apply Employment Manager, Vickers-Arm-
strongs Ltd., (Aircraft

Sectioni, Weybridge.
W 2943

ELECTRONIC ENGINEER. Applications are
invited for the post of development engineer
(West London Area). Experience on Radar.
Television or similar pulse techniques would
be an advantage, and special consideration will
be given to applicants with B.Sc. Degree or
H.N.C. Salary would be determined by quali-
fications and experience. Apply to Chief Engi-
neer Box No. W 20i5.

ELECTRO-HYDRAULICS, LIMITED require
a Chief Electrical Engineer to be re_:sponsnble
for the design and development of light elec-
trical equipment for aircraft and other pur-
poses. Applicants should have a first or second
class Honours Degree,  have sqrvgd an
apprenticeship, or had simular practical train-

ing and have had some experience of the
control of design and development groups.
Knowledge of servo systems and aircraft
control gear would be an advantage. Apply :
Chief Designer, E'ectro-Hydraulics, Limited,
Warrington. W 1342
E.M.I. Engineering Development, Limited,

require experienced electronic engineers, includ-
ing team leaders, for the development and design
of radar equipment. Applicants should have
sound technical training with a degree or
equivalent qualification and several  years
experience in this field, a thorough know’edge
of microwave technique ~and _ ability to
originate circuitry is essenual: The appoint-
ments are for permanent pensionable staff and
carry good salary and excellent prospects.
Applicants should write quoting ED/34 and
give full details to Personnel Department.
E.M.I. Engineering Development, Ltd., Haves.
Middlesex. W 2050

ENGINEER for transformer design work.
used to small power audio and pulse trans-
former work, required by prominent aircraft
firm in the London area. Highest technical
ability and_  experience of miniaturisation
required. Write full details, qualificat/ons.
experience, age, salary sought to Box
AC 64420, Samson Clarks, 57/61 Mortimer
Street, W.1. W 2045

ENGINEERS to initiate and supervise the lay-
out, construction and test of prototypes (1o
Ministry standards) of special electronic cir-
cuits for production. Considerable experience
of similar work is essential and familiarity with
miniature practice is desirable. Experience of
radar circuits and technique would be an
advantage. Senior engineers salaries in range
£800 per annum and Juniors £600 per annum.
Location special laboratory in Bedfordshire.
Write, giving full details and quoting ref. 907
to Central Personnel Services, English E'ectric
Co. Ltd., 24-30 Gillingham Street, Westminster.
W1,

ENGINEERING establishment, West London
area, require several first-class Project Design
Bngineers for work of an intricate mechanical
and electro-mechanical nature. Only qualified
men capable of undertaking complete design
of projects, under guidance of Chief Engineer
and Chief Design Engineer, will be considered.
Experience in either of the following fields will
be advantageous : Printing Machinery, Auto-
matic Feeding Apparatus, Teleprinter principles
and Blectroniq Controls. Write in  first
instance giving full experience and qualifications
to Chief Engineer, Box No. W

ENGLISH ELECTRIC require junior and
senior engineers for radio, radar, servo-
mechanisms and analogue computor design and

development, Starting salaries up to £1.200
per annum, according to qualifications and
experience,  location, Bedfordshire. App'i-

cations, giving full details of aualifications and
experience, quoting Ref. S.A.7, should b2
addressed to Central Personnel Services.
Enc'ish E'ectric Co Limited, 24-30 Gillingham

. W 2068

Street, London. S.W.}

EXPERIENCED Electronic Wiremen required
immediate’y for top priority Government
Contracts.  Excellcnt wages, working condi-
tions and prospects for the right type of
aoplicant. Apply : Peto  Scott  Electrical
Instruments, Addlestone Road, Weybridee.
Surrey. W 2058

EXPERIENCED ESTIMATORS are invitet to
apply for employment with a large Electro-
Mechanical firm in the West Country. A
knowledge of this type of work, including radio
components, would be a great advantage though
not necessarily essential. Good staff conditions
operate and the post offers excellent prospects

continued on page 6
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For the neat and systematic housing of laboratory equipment
for the measurement of radioactivity, Ekco can supply numerous combinations
of units mounted in racks or cabinets, with interconnecting leads and mains
supply cables cleated in position. Where necessary, cooling fans are incor-
porated. The equipment can be built up on the unit basis, blank panels being
replaced with additional instruments when required. Such an installation has
many advantages over the haphazard positioning of units with tangled leads
and makeshift connections, which hardly inspire confidence in the results
obtained. Ekco equipment racks are indeed a most useful aid to speed and
accuracy in research and routine work. Please write for further information.

E K c 0 ele ¢ Lronics oo

Ekco 6-ft. Rack.

E. K. COLE LTD. (Electronics Division), 5 VIGO STREET, LONDON, W.I

30 amps at 250 volts a.c. . ..

that is the duty of each pair of contacts of the new
Austinlite ¢ Thirty ’—and there can be up to 24 of them.
The ¢ Thirty’ is an entirely new switch designed

for those jobs where the Austinlite ¢ Fifty’ is
unnecessarily large : it’s a compact and robust

rotary for multi-circuit and sequence switching,
made up from 1, 2, 3, 45§ or 6 cells. Each cell contains
4 fixed, and up to 4 moving contacts: there is an ‘off’
position between each contact position. A very large number
of contact combinations is possible and very compléx circuits can be
handled. Capacity at unity power factor : 450 volts—1I§ amps: 250 volts—

30 amps. Higher voltages can be dealt with at lower currents and vice-versa. The

Austinlite ¢ Thirty’ leaflet describes the switchin derail and will be sent on request.

A QW& PRODUCT

AUSTINLITE LIMITED, DEPT. As, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM
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SITUATIONS VACANT (Cant’d.)

of advancement. Full details of experience
and qualifications should be sent to Box No.
W 2061.

FERRANTI,
Manchester,

LIMITED, Moston  Works,
have staff vacancies in connexion
with special electronic valve development and
manufacture in association with an important
Radio Tele-Control project. (1) Senior Valve
Engineers to take charge of Research and
development work. Qualifications include a
good Degree in Physics or Electrical Engineer-
ing and extensive experience in charge of
development  work. Sdlary according to
qualifications and experience in the range of
£1,100-£1.600 per annum. Please quote Ref.

SVE. 'The company, has a Staff Pension
Scheme, and will give housing assistance in
special cuases.  Application forms from Mr,

R. J. Hebbert, Staft Manager, Ferranti, L\i){lniled.

Hollinwood, Lancs. 2044
FERRANTI, LIMITED have vacancies for
Engineers with cxperience or interest in work
connected with Electro-Mechanical Gunnary

Predictors, Gyroscopic Instruments and Allied
Projects. Preference given to holders of
degrees or . equivalent qualifications, but

aptitude and practical wbility in light mechani-
cal or electrical engincering is essential.
Salary according to age and expenence in the
range of £350-£650 per annum." The company
has a Staff Pension Scheme. Forms of appli-
cation from Mr. R. J. Hebbert, Staff Manager,
Ferranti, Limited, Hollinwood, Lancs. Please
quote Ref. E.E.M. W 2049

FERRANTI LTD., Moston Works, Manchester,
have staff vacancies in connexion with long term
Development Work on an important Radio
Tele-Control Project. (1) Senior Engineers or
Scientists to take charge of research and
development sections. Qualifications include a
good degree in Physics or Electrical Engineering
and extensive past experience in charge of
development work, Salary according to quali-

fications and experience in the range of £1,000-
£1,500 per annum. Please quote reference
R.SE. (II) Engineers and Scientists for re-

search and development work in the following
fields: Radar, radio and electronic circuits,
micro waves, high power centrimetric valves.
vacuum and/or high voltage techniques, servo
control and electro-mechanical devices. Quali-
fications include a good degree in Physics or
Electrical Engineering or Mechanical Sc1ence or
equivalent qualifications.  Previous _experience
is an advantage but is not essential. Salary
according to qualifications and experience in
the range £420-£1,000 per annum. Please
quote reference R.T.E. (11} Technical Assis-
tants for experimental work in the fields listed
in (1I) above. Qualifications requu'ed a Degree
or Higher National Certificate in Electrical or
Mechanical Engmeermg or equivalent qualifi-
cations. Salary in the range of £260-£550,
according t0 age and experience. Please quote
reference R.T.A. The Company has a Staff
Pension scheme, and wxll give housing assis-
tance in special cases. Application forms from
Mr. R. Hebbert, ﬂPMannger Ferranti
Limited, Hollinwood. Lancs W 2970

JUNIOR ENGINEERS to assist in the design,
construction and test of laboratory models of
special electronic circuits, with several years
experience of similar work. A knowledge of
radar circuit designs and operations would be
an advantage. Salary in_the range of £600 per
annum. Location, special laboratory in Bed-
fordshire. Please write giving full details and
auoting ref. 815B to Central Personnel Services,
English Electric Co. Ltd., 24-30 Gillingham
Street, Westminster, S.W.1! W 2989
JUNIOR DRAUGHTSMAN required for in-
teresting work on electro-mechanical apparatus
in connexion with radar and  electronics, S.E.
London area. App'icants are asked to state
age and salary required and details of ex-
perience to Box No. W 2040.

JUNIOR ENGINEER required for Acoustics
Laboratory of Jlarge telephone manufacturing
company in S.E. London area, for work mainly
on the development of telephone instruments

and allied equipment. Degree or H.N.C.
essential and preferably some industrial ex-
perience  in electro-acoustic work.  Salary in

accordance with experience and qualifications.
Write Box No. W 2062.

LABORATORY ASSISTANT for north east
coast area for development work in connexion
with the manufacture of radio resistors. Appli-,
cants should be at least Inmter B.Sc. standard
(electrical engineering or physics) and have
some knowledge of electronics. Practical in-
dustrial experience would be an advantage but
not essential. Box No. W 2085.

ELECTRONIC ENGINEERING

MARCONI'S WIRELESS TELEGRAPH Co..
Limited, Chelmsford, has vacancies for several
Technical Writers, men or women, to prepare
hand books on operation and maintenance of
radio equipment. Applicants should have
sound technical training to Degree or H.N.C.
standard and some 'practical experience in
development of radio equipment is desirable.
Experience of technical -writing is essential.
Good salaries will be offered depending upon
the applicants qualifications and experience.
A staff pension scheme is in operation. Please
reply giving full details to Central Personnel
Services, English Electric Co., Limited, 24-30
Gillingham Street, London, S.W.l, quoting
Ref. 278A. w

McMICHAEL RADIO LIMITED, require
qualified draughtsman with experience in the
mechanical design of radio and electronic in-
struments for the government services. Salary
will be commensurate with ability. Write
stating age, training, experience and salary re-
quired to the Chief Engineer, Equipment Divi-
sion, McMichael Radio Limited, Slough,vlaucks.

2976
McMICHAEL RADIO LIMITED, require
senior project engineers in their equipment
division development laboratory at Slough.

Training and experience in the field of applied
electronics  (including communications) and
experience of working with government depart-
ments are the chief qualifications required.
Salary will be commensurate with ability.
Write stating age and full details of training,

aualifications and experience to the Chief
Engineer. Equipment Division, McMichael
Radio Limited, Slough, Bucks. W 2977
MECHANICAL ENGINEER required. Good

academic qualifications, recognised apprentice-
ship and some electrical knowledge essential.
Experience in one or more of the following

desirable:- Precision mechanical design, fire
control mechanisms, servo theory, hydraulic
and pneumatic servo systems, aerodynamncs

Apply with full details of age, experience and

salary required to _the Personnel Manager,
Sperry Gyroscope Company Limited, Great
West Road. Brentford, Middlesex. W 2014

PHYSICISTS OR PHYSICAL CHEMISTS
required for laboratory in Northamptonshire,
to carry out varied and interesting work on
new ceramic and metallic materials. Appli-
cants should have a good science degree and

be familiar with techniques for measuring
magnetic and  dielectric  properties. Ex-
perience in designing radio and electronic

components from these materials an advantage.
Salary £450-£650 according to qualifications
and experience. Box No. W 2051.

PHYSICIST REQUIRED to responsible
position in a team engaged upon new and
important developments in Thermionic Values.
Applicant must possess a good Degree in
Physics and some experience in Research or
Industry is desirable. Post offers excellent
prospects for a man keen on Applied Research
and possessing a quick brain and initiative.
Salary in accordance with qualifications and
experience. Write, in confidence, giving full
details to the Personnel Officer, Standard
Telephones and Cables, Ltd., Foots Cray.
Sidcup, Kent. W 2077

P‘ROMINENT AIRCRAFT firm in Greater
new project of great
Nauonal lmporunoe, offers umique opportunity
for advancement. High salaries with monthly staff
status and Pension Scheme offered *o suitably
qualified applicants, _Electronic Engincers with
Ist Class Honours Degree in Mathemaucs or

Bngineering preferably with several years’ practical
experience, though not essential. Apply, stating
age, nationality and sxperience to Box Ac.58212,
Samson Clarks, 57-61, Mortimer Street, W.%V -

REQUIRED by large radio manufacturer in
London area: (1) Senior Draughtsman for com-
munications section of the drawing office—
applicants should have experience of communi-
cations equipment. (2) Draughtsman for test
gear deparlmem-—apphcams should have ex-
perience in radio or light engineering. The
positions are permanent and the company has
a pension fund and life assurance scheme.

take

Aoply stating full particu'ars of experience
with age and salary required to Box No.
W 2025,

REQUIRED immediate'y by large firm in Lon-
don Area. Senior and junior radio development
encineer to work on lJong term projects of high
priority. Applicants should. have experience in
the deve'opment and design of VHF communica-
tion equipment. For the junior posts, how-
cver, experience is not essential provided

applicants have adequate grounding in basic
electronic techniques. Posts permanent and
pensionable. Apply quoting reference R.E.D.
to Box No. W 2086.

RESEARCH AND DEVELOPMENT Engineers
are required by British Telecommunications
Research, Limited. a company associated with
The Automatic Telephone and Electric Co..

Limited, and British Insulated Callender’s
Cables, Limited, for work on long term
development projects in the following fields :
(a) Wide-band line communication. (b) V.H.F.
and U.H.F. radio communication. (c) Elec-
tronic Switching and Computing. A number

of posts with a salary in the range £500-£1,200
per annum are available for ;ultably quahﬁed
engineers or physicists with experience in any
of the above or allied fields. Further posts are
available for technical assistants with salary
in the range £300-£600 according to qualifica-
tions and experience. _ Applications are also
invited from Honours Graduates in physics or
electrical engineering who are considering
careers in the research and development side
of the telecommunications industry. There is
a supecrannuation scheme and the Company
works a five-day week. The laboratories which
are well equipped are situated in ideal country
surroundings within easy reach of London.
Applications, which will be treated in strictest
confidence, should be made on forms obtain-
able from the Director of Research, British
Telecommunications Research Limited, Taplow
Court, Taplow, Bucks. W 2060

RESEARCH LABORATORIES of The General
Electric Co., Limited, Wembley, Middlesex,
have vacancies on a Major Guided Weapon

Project at their Stanmore Laboratories for
engineers and physicists with at least three
and preferably five years’ experience in the
generation and handling of waveforms for

radar computors or pulse multiplex systems.
These openings will offer good prospects in

experimental teams and attractive starting
salaries will be paid. All  applications
should be sent to the Staff Manager (Ref..
GBLC/766),

‘stating age, qualifications and ex-
perience. W 2081
SENIOR AND JUNIOR Electronic Develop-
ment  Engineers required for work of high
priority. Degree or inter-B.Sc. desirable.
Salary £400-£750 p.a. according to qualification

and " experience. Write stating full details to
Personnel Manager, The McMurdo Instrument
Co., Ltd., Ashtead, Surrey- W 2907

SENIOR DESIGNER DRAUGHTSMAN re-
quired with experience of design and develop-
ment of Radar and Electronic apparatus to
Service requirements, S.E. London Area.
Applicants are asked to state age and salary
required and details of experience to Box No.
W 2039.

SENIOR DRAUGHTSMAN required for in-
teresting work on electronic equipment, design
and small quantity production. Experience an
advantage, also ability to work on own initia-
tive. Good prospects and five day week. Apply
Personnel Manager, Dynatron Radio Limited.
Ray Lea Road, Maidenhead, Berks. W 2929

SENIOR ELECTRONIC ENGINEER required
by large firm in S.E. London, for development
work in connexion with Radio and Radar
equipment, a good knowledge of pulse and
C.R.T. display technique is essential. This
work is of particular interest as it deals with
research and production aspects, and is of
high national importance. Apply, giving full
details of previous experience, aualifications
and salary expected to Box No. W 204].

STANDARD TELEPHONES & CABLES
Limited. have vacancies in their Line Trans-
mission Division at North Woolwich, London,

-E.16, open to qualified Engineers and Physn-

cists for the Development of Multi-Channel
Carrier Systems and Micro-wave Radio Link
Equipment. Salary in accordance with quali-
fications and experience. Graduates without
experience will be considered. Apply Personnel
Manager, Standard Telephones & Cables
Liniited, North Woolwich, E.16. W 2098
TECHNICAL ASSISTANT for vibration re-
search on Aero Engines. Specific experience
of this work not essential if well qualified to
undertake experimental investigations. Write.

stating age, qualifications and previous ex-
perience to: The Personnel Officer, The de
Havilland Engine Co., Ltd., Stag Lane,
Edgware, Middlesex. W 2010.
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Tufnol is an easy winner as a constructional material
for these hammer-heads used in panel-beating and
where a “ softer than metal” substance is required by
such craftsmen as Copper and Silversmiths—for it
can be machined cheaply, easily and accurately, has
high compressive strength, and will not split or crack
under impact. The flexibility of the thoroughbred is
Tufnol’s, for it is light in weight yet structurally strong
enough to work sympa-
thetically with steel; its
chemical resisting and
electrical insulating qual-
ities are excellent; and
it is unaffected by
moisture or  climatic
exposure. To theengineer
whose ideas are some-
A Tufnol draining board in a times Jimited by un-
photographic dark room after . .
thirteen years’ service. responsive materials,
Tufnol offers new oppor-
tunities. Normally supplied in sheets, tubes, rods,
bars, angles and channels—to be machined to your

TUFENOL LTD . PERRY

SEPTEMBER 1951
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BY A LONG HEAD

own specifications in your own workshops—it can
also be made available in specially moulded shapes.
When you find your materials lagging behind your
ideas — try putting Tufnol into the field.

GOOD TIPS ABOUT TUFNOL
Imformative literature contains the data
relevant to Tufnol; and includes many
authenticated examples of its application to
engineering and industrial  problems.
Furthermore, our Technical Staff will
always work enthusiastically on any new
problems. Why not find out more
abour Tufnol?

TUFNOL

REGISTERED TRADE MARK

An ELLISON Product

B ARR o BIRMINGHAM . 228
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SMTUATIONS YACANT (Cont’d.y

TECHNICAL ASSISTANT required to take
charge of small scale production of electronic
valves for specialized equipment. Previous
experience desirable and education up to inter
B.gc. advantageous. Apply giving age, details
of education and together with
salary required, to Department
(CRT), E.M.l. Factories, Hayes,
- Middlesex. W 2054

TECHNICAL DEVELOPMENT ENGINEERS
required, Senior, Intermediate and Junior, for
interesting work in electronics, including
defence contracts. Excellent salaries for suit-
able app'icants. Apply to Technical Director
All-Power Transformers, Ltd., Chertsey Road,
Byfleet, Surrey. W 2048

TECHNICAL SALES ASSISTANTS required
by Company specializing in equi(g:mem for high
vacuum work. Applicants 25/30 of good per-
sonality and appearance and high integrity,
should” have suitable training, e.g. physics,
electrical or chemical engineering, electronics
to Inter B.Sc./Graduate standard. Technical
and commercial training will be given for sub-
sequent service in Sales Office or travelling at
home and abroad as positions arise. A real
enthusiasm and flair for sales work is essential.
Progressive and superannuated posts. Apply
with full details to Box No. W 209.

TELEVISION ENGINEER with original ideas

experience
Personnel
Limited,

THERE ARE a number of vacancies suitable
for Honours Graduates in physics, electrical or
mechanical engineering or mathematics or a
good general Degree covering two or more of
these subjects, for both research and develop-
ment work in the following fields : Radio and
Line Communications, Radar, Electronic In-
strumentation, Microwaves, Ultrasonics, Vacuum
Techniques and Electromechanical .Devices.
Salary according to qualifications and experience
consistent with general present-day levels. There
are vacancies for which considerable post-
graduate experience is required and others for
which previous experience is not necessary.
Consideration will be given to students taking
finals during the current academic year. Pros-
pects of promotion are good and the posts all
fall within the Mullard Company’s guperan-
nuation Scheme. Apply Personnel Officer,
Mullard Electronic Research Laboratory, Sal-
fords, Nr. Redhill, Surrey. W 2896

X-RAY. Foremost apparatus manufacturer
offers an interesting overseas post for a tech-
nical representative with commercial ability
and sound electrical engineering background.
Successful applicant would receive intensive
training. Apply in writing to Box No. W 2047.

YOUNG ELECTRICAL ENGINEER required,
S.E. London area, to assist Chief Engineer,
some knowledge of chemistry, high vacuum
processes, and transformers preferable. Able
to drive.  All relevant details and salary
required to Box No. W 2082.

wanted for novel application in important
defence project in special laboratory within
40 miles of London. Starting salary £700-

£1,000 p.a. according to qualifications., Write
quoting Ref. JAH to Box No. W 2063.
TESTING PERSONNEL required by large

firm S.E. London, for work on Radio and
Radar equipment, should be capable of fault
finding and dealing with both transmitter and
display equipment. Applicants should have
had 2-3 years previous experience on this typ2

SITUATIONS WANTED
E.E G. male Technician/Recordist experienced
Ediswan six channel recording and maintenance,
desires change, preferably Southern England.
Box No. W 1347,
LABORATORY ENGINEER

(electronics, ex-

perience, high power audio amplification,
v1brgupn technique, supervise construction
specialised laboratory gear, London, Home

Counties preferred. Box No. W 1346,

of work. Apply stating age, _previous
experience and salary expected to Box No.
W 2043,

THE ENGLISH ELECTRIC Co. Ltd., offers
unusual opportunities for young Engineers in
the Design and Application of electrical instru-
ments and protective relays, with the assurance
of stability of employment and exceptionally
good working conditions. Applicants should
write giving full particulars and quoting Ref.

406E to Central Personnel Services, English
Electric Co. Ltd., 24/30 Gillingham Street,
London, S.W.1. W 2098
THE GENERAL ELECTRIC CO., LTD.,
Radio and Television Works, Coventry, have
vacancies for Development Engineers, Senior

Development Engineers, Mechanical and Elec-
tronic, for their Development Laboratories on
commercial and Government work of national
importance. Fields include Microwave and Pulse
Applications.  Sa'ary range £400-£1,250 per
annum. Vacancies also exist for Specialist
Engineers in Component design, valve applica-
tions, electro-mechanical devices and small
mechanisms, The Company’s Laboratories
provide excellent working conditions with
Social and Welfare facilities. Superannuation
Scheme. Assistance with housing in special
cases. Apply by letter stating age and ex-
perience to the Personnel Manager (Ref. CHC)

W 2999
THE PLESSEY COMPANY, Limited, Ilford,
requires the following staff : Test Gear Design
and Development Engineers, with sound
theoretical knowledge and experience in the
development of test gear for radio, television
or other electronic equipment. First Class
Estimator/Ratefixer with preproduction plan-
ning experience of communications and radar
equipment—early promotion to  production
engineer is envisaged for successful applicant.
Senior Draughtsman for communications section
of the drawing offices with experience of com-
munications equipment. Draughtsman for test
gear department with experience of radio or
light electrical engineering. Radio Mechanics
with experience of installation and maintenance
of test gear—service or civilian. All positions
carry the right to participate in the pension
fund and life assurance scheme after the usual
trial period. State full particulars to the Per-
sonnel Manager. W 2076

THE SUPERMARINE WORKS of Vickers-
Armstrongs Ltd., at their Winchester Design

FOR SALE

AMERICA’S famous magazine Audio Engineer-
ing, 1 year subscription 28s. 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
ELECTRIC BULBS and lamps for all pur-
poses; neon and discharge lamps; U.S. radio
accessories, switches, (Ceramic) condensers,
etc. Telephone headsets, breast and headsets,
lamps, lamp caps, jacks, plugs, Fullerphones,
etc. Suplex Lamps Limited, 239 High
Holborn, London, W.C.1. W 1344

GLASS-TO-METAL SEALS and High Vacuum
by Hall, Drysdale & Co. Ltd., of 58 Commerce
Road, Wood Green, London, N.22. ’'Phone’
BOWes Park 7221. w117

MAGSLIPS—For use as fiexib'e shaft or syn-
chronous link, for remote indication, compu-
tation or for servo-control, Applications.
Many types available. Linear Ipots and Ball
and Plate  Integrators for computation.
Selsyns—For remote torque transmission (45lb.
in). Servotronic Sales invite inquiries for the
above and all types of servo-control Electronic
and Electrical equipment. Write for brochure
‘ Synchros ”” and price list to Servotronic
Sales, Abbey Road, Belvedere, Kent. W 1348

MAGSLIPS at 1/10th to 1/20th of list prices,
Huge stocks. Please state requirements, K.
Logan, Westalley, Hitchin, Herts. w116
MERCURY SWITCHES are made by Hall
Drysdale & Co. Ltd., of 58 Commerce Road,

Wood _Green, London, N.22. Phone BQOWes
Park 7221-2. w 107
WEBB'S 1948 Radio Map of World, new

multi-colour printing with up-to-date call signs
and fresh information: on heavy art paper,
4s. 6d., post 6d. On linen on rollers, 11s. 6d.,
post 9d. w102
TOROIDAL COILS, manually wound to one
per cent. Bel Sound Products Co., Marl-
borough Yard, Archway, N.19. ARC. 5078.

W 139

WANTED

WANTED 328A and 394A Western Electric
Valves—in quantity. Terry, 50 Westcliffe Road.
Bournemouth. W 1330

Offices require Instrumentation Engineers for
interesting work on high speed aeroplanes.
Qualifications  preferred:- Engineering Degree
with knowledge of Electronics. and practical
workshop experience. Apply Personnel Depart.
ment, Hursley Park, Near Winchester. W 2031

ELECTRONIC ENGINEERING

EDUCATIONAL

BOROUGH POLYTECHNIC, Borough Road,
S.E.1. A course of 14 lectures by specialist
lecturers on

‘* Application of  Electronic

Instruments to Engineering Problems and
Measurement,”’ to be held on Monday evenings
at 7 p.m., will begin on Monday, Ist October,

1951. Further particulars and forms of
application for enrolment may be obtained
from the Secretary. W 2987
CITY AND GUILDS, (Electrical. etc.) oa

‘No Pass—No Fee’ terms. Over 95 per cent
Successes. For full details of modern courses
in all branches of Electrical Technology, send
for our l44-page handbook—Free and post
tree. B.J.E.1. (Dept. 337c), 17 Stratford Piace.
London, W.1. w123

MIDDLESEX COUNTY COUNCIL. Educa-
tion Committee, Southall Technical College,
Beaconsfield Road, Southall. Special courses
each of 20 weeks duration will be held in
Pulse Technique (Thursdays, 7-9 p.m., com-
mencing on 1I1th October) and_ Electro-
Acoustical Transducers (Mondays, 7-9 p.m.,
commencing on 8th October). Intending
students, who should possess a Higher National

Certificate or an equivalent qualification,
should enrol before Ist October. The fee is
£1 for each course. B. Wheeler. Chief
Education Officer. W 2057

NORWOOD TECHNICAL COLLEGE, W.
Norwood, London, S.E.27. Full-time, part-time
day and evening courses in Radio and Television
(Technology and Servicing), Radar and Line.
Preparation for following examinations: C. & G.
Full Technological, R.T.E.B., Amateur Trans-
mitting Licence, P.M.G. Free Telecom. Pros-
pectus (D) from the Secretary. (170.) W 2775

THE POLYTECHNIC, 309 Regent Street, W.1.
A course of six lectures on ‘‘ Radio Wave
Propagation and the JIonosphere,”” will be
given by Mr. L. Prechner (engineering division,
B.B.C.), on Tuesday evenings from 6.30 to
8 p.m. commencing 16th October; 1951. A
detailed syllabus is available. Application to
attend this course should be made as soon as
possible to the Head of the Department of
Mathematics and Physics. W 2064

BUSINESS OPPORTUNITIES

SOUTH AFRICAN company director now in
England wishes to contact British and Con-
tinental manufacturers of Radar and Marine
Radio and Electronic Equipment with a view
to arranging service and sales facilities in
South and East Africa. Box No. W 1343,

PATENT
IT IS DESIRED to secure the full commercial
development in the United Kingdom of
British Patent No. 605,621, which relates to
‘“ Electronic Transmitters for Electrical Measur-
ing Devices,”” either by way of the grant of
licences or otherwise on terms acceptable to
the Patentee. Interested parties desiring
copies of the patent specifications should
apply to Stevens, Langner, Parry and Rollinson,
5-9 Quality Court, Chancery Lane, London,
w.C.2. . W 2083

SERVICE

GLASSBLOWING, repetition and scientific, by
Ha!l Drysdale & Co. Ltd., of 58 Commerce -
Road, ood Green, London, N.22. Phone
BOWes Park 7221-2. w 109

MLETALWORK. All types cabinets, chassis, racks,
etc., to your own specifications, Write Dept.
“T,” Philpott’s Metal Works, Ltd.,, Chapman
Street, Loughborough. W 2731

-SERVIGE ENGINEER'S
FIRST CHOICE
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VALVE-MAINTAINED TUNING FORKS

This simple unit is capable of delivering an
output of § volts into 6oo ohms, with a frequency
stability of +o0.0025%. Standard frequencies:
1,000, 1,020, 2,000, 3,000 and 4,000 c/s.

B

HE valve-maintained tuning fork is recommended for use wherever an audio
frequency standard of high accuracy is required. Various models are available

covering a frequency range of 40 c/s to 4,000 cfs, with a frequency stability of 0.005%, or
better. All models are a.c. mains operated, and may be supplied either for rack
mounting or bench use.

TEMPERATURE-CONTROLLED FORK TYPE A-339

To enable the highest stability to be obtained
this instrument incorporates a thermostatically-
controlled oven to maintain the fork unit at a con-
stant temperature. A frequency stability of +0.001% or
better is obtained. The output is 1 watt into 600 ohms.
Standard frequencies: §oo0, 1,000, 1020, 2,000, 3,000
and 4,000 c/s.

Write for Bulletin B-y522

VALVE-MAINTAINED FORK TYPE D-20

Write for Bulletin B-597

LOW FREQUENCY FORK TYPE D4I8

This instrument employs a resiliently mounted
fork unit to absorb the anti-nodal vibrations which
are inevitable with low frequency forks. The
frequency stability is +o0.00§% and the output is
3 watts at 200 volts ; this is sufficient to drive a
mains clock. Standard frequencies: 5o, 100, 150
and 200 cfs.

Write for Bulletin B-617

MUIRHEAD & Co. L1D.
PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM . KENT . ENGLAND ELECTRICAL INSTRUMENTS

Telephone : BECkenham oos1 Telegrams & Cables : MUIRHEADS ELMERS-END

4K
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The Metrovick
MAGNETIC
AMPLIFIERITHYRATRON
CONTROL SCHEME

The magnetic amplifier thyratron combination is a
semi-electronic équipmen_t designed for industrial app-
lications requiring good accuracy of control with wide
range of speed or torque regulation, and may be used
in many cases where hitherto. only fully electronic
equipment has been available. The reduction in the
number of consumable components and high impedance
circuits increases reliability and simplifies servicing.
Speed ranges. of 20 : 1 or more with accuracy to
about 2%, of maximum spéed are obtainable. The
equipment may also be used in fully automatic schemes;
“for example tension control in reeling and speed
relationship between individ-
ual métors on continuous
strip processes etc.

The illustration shows a -standard
equipment for up to 1 hp rating,
used for machine tool drives, or tension
control in rubber and plastic industries.

Write for descriptive leaflets Nos.
98[1-1 and 98[2-1 which give
Jurther details of speed and torque

control systems.

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

| METROVICK fdr simph'ﬁcation in electronjc;

. ELECTRONIC ENGINEERING 10 SEPTEMBER ! 1951
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TYPE VTA
FLAT
TRANSPARENT
‘ ’
CINTEL PHOTO-ELECTRIC CELLS CATHODE
are manufactured with three different types of
cathode surface as follows:—
TYPE ‘A’ —_ Antimony-Caesium (British Patent N¢
522,752, 1938) sensitive 1O daylight and
blue light.
TYPE ‘B’ — Bismuth etc.-Caesium, sensitivity similar TYPE VS5I
B8G BASE

to that of the human eye.

TYPE ‘S’ — Silver-Oxygen-Caesiur’n, sensitive to red-
infra-red light.

There are over seventy different types covering
every known application, and included in this range
are:—

%Push-Pull  types for double sound . tracks.
*Special cells for dye image sound tracks.
XCells of high insulation, linearity, and stability
for accurate photometric work. *Cells for
use in the ultra violet region of the spectrum.

AMultiplier cells. *Transparent cathode cells &c. TB;PGE BVASSS:

For fyrther,information, please write 10:—

ClNEMA-TELEVISION LIMITED

A Company within the J. Arthur Rank Organisation
FOREMOST IN THE MAN UFACTURE OF

e Counters & Chronometers o Metal Detectors @ Oscilloscopes @ Photo-Electric
Cells © Cathode Ray Tubes @ Geiger-Muller Tubes @ Electronic Instruments

WORSLEY BRIDGE ROAD - LONDON" S-E-26
Telephone: HITher Green 4600

GALES AND SERVICING AGENTS : M

£ G ROBINSON & PARTNERS LTD ATKINS, ROBERTSON & WHITEFORD LTD H. HAWNT & CO. LTD ;
287 Deansgate. Manchester 3 100 Torrisdale Street, Glasgow 5.2 59 Moor St., Birminghan, 4

GISTERED TRADE MARN

SEPTEMBER 1951 11 ELECTRONIC ENGINEERING
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"DUBILIER TUB

%

Of the many forms of capacitors available, one of
the most popular is the Tubular Paper, which fits
most conveniently into any wiring assembly. In order
to meet specific requirements, Tubular Capacitors
must be chosen with care by the designer and
engineer ; Dubilier Tubular Paper Capacitors are
produced in a wide range covering all needs, for
instance :—

A. Type 460 Tubular Paper Capacitors for all general
requirements.

B. Metal-cased Tubular Paper Capacitors for use in
Tropical conditions.

C. Metal-cased “Minicap” Tubular Paper Capacitors
to withstand severe tropical conditions and high
altitudes,

MAKERS OF THE WORLD’S

LAR &PACITORS

D. “Minicap” Tubular Paper Capacitors for miniature
application combining minimum size and weight with
excellent electrical properties,

We shall be pleased to forward full technical details
of these Capacitors upon request, and our technicians
are always at your service for consultation with
regard to their use.

DUBILIER

CAPAGITORS

FINEST CAPACITORS

DUBILIER 'CONDENSER CO. (1925) LTD.,, DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W3

SEPTEMBER 1951



Moost metals and glasses vary widely in
their expansion characteristics, attempts to
join them inevitably resulting in very highly
stressed and unreliable joints.

Satisfactory joints can result only from very careful
selection of special metalloys and laboratory control of the

characteristics of both metal and glass, together with the most modern techniques.

These conditions are satisfied by all Ediswan metal-glass seals which can be produced in an
infinite variety of types to meet designers’ requirements.

Our engineers will be pleased to advise regarding your sealing problem.

EDISWAN

THE EDISON SWAN ELEGTRIC GO. LTD., 155 GHARING GROSS ROAD, LONDON, W.G.2
Member of the A.E.I. Group of Companies

SP6d
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VHF
TRANSMITTER —»

gl MODULATOR
)

MONITOR

T VHE Reckyeq
i

PEMODULATQR

RADIO TRANSMISSION

OF

Where telephone lines cannot be built
or are too costly, this V.H.F. FM radio
system will give C.C.L.I. transmission
standards. for 12 channel telephone
groups over a single link up to 40-50

miles long. Radio relay stations are

AUTOMATIC TELEPHONE & ELECTRIC (0. LTD.

(Radio and Transmission Division)
- ARUNDEL STREET

STROWGER HOUSE
Telephone: TEMple Bar 9262

ELECTRONIC ENGINEERING

14

INTERNATIONAL 12 GHANNEL CARRIER GROUPS

available to extend links up to several
hundred miles. Each main unit comprises
a number of sub-units which are quickly
replaced by spare sub-units when faults
occur. The frequency rénges are from

40-90 Mc/s or 150-200 Mc/s.

A

LONDON Ww.C.2

tsorman
Cablegrams: Strowgerex, London
AI4161/B107
SEPTEMBER

1951



EMOTROL

_'Electronic Motor Control e

by

LA A A A AN

W o el e s

Of the many notable electronic engineering achievements by BTH, the ¢ Emotrol’
system is an outstanding contribution tomeet theneeds of industry for precision,
wide-speed-range, motor control gear.

This system can in fact, be applied in practically any industrial process.
Applications include:—machine-tools,knitting machines,conveyors,
printing presses, papermaking machinery, fans, reeling and
tensioning drives, glass making machines, dynamometers, etc.

SPECIAL FEATURES:— e Current limit feature — gives

» Speed ranges of 100 to 1.

* Horsepower range of *25 to 600.
e Operates from A.C. supply —
static apparatus converts power
to supply D.C. motor.

* Maintains precise speed at any
given setting.

* Smooth stepless control
throughout speed range.

automatic smooth acceleration
and protects the electrical appara-
tus and the driven system from
overload.

 Readily arranged to give auto-
matic control of torque, mechan-
ical tension, linear or rotational
position, or other electrical and
mechanical quantities.

" The Motor

Control panel '

THE

BRITISH THOMSON-HOUSTON

COMPANY LIMITED, RUGBY, ENGLAND

Member of the AEl group of companies A
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The “Belling-Lee” page
for Engineers

1:375'

Py

-1285'DIA FIXING
HOLES. . TO TAKE CABLE SCREEN -240'DIA
TIN DIPPED L 625/S L _625/p

“SCREENECTORS”

This new range of screened connectors in light alloy is
based upon the draft R.E.C.M.F. specification for a
non-reversible screened plug and socket to load cables

METHOD OF up to 0.24 in. diameter over the braid.
LOADING IS Single or multi-pole contacts may be assembled into the
SHOWN BELOW common housings which are designed so that various

applications may be employed—e.g., line connector, flex
plug and chassis socket and vice versa, through chassis
(bulkhead) connector, each part interchangeable in its
appropriate position in the assembly.

CLAMPING RING~_ REMOVE g OF OUTER WASHER
COVER AND TRIt\uA
RUBBER WASHER - CONDUCTOR /g

CONNECTOR BODY o : /
/ B /
CONTACT ASSY ~ RETAINING SHROUD  RETAINING NUT

Other- design features include : (1) High grade

{ Assembly [ Coaxial ] 2-pole | 3-pole . ] N A
[Fiex plug T Lsglg" L;|§,:§‘ bakelite insulators.  (2) Simple assembly and loading.
Ch: k L722/S | L6 L715; 5 : : : : :
| Thvaugh crssis socket | 723 | L6@ | L7l (3) Positive quick-action IO_Ckmg C!CVICC- (4) Machined
[[Eiextsocker | e |un light alloy screened housing finished for instrument
[ "Ch istic | C Capacitance % i

Ty | e | S e pancl requiremeats.
e —°'";‘5‘ Znce . conductor | screen The characteristics of these connectors are shown

raxial ess than p— - A

| 2pole | 500 m,.,,f,m,] P | 25pF opposite.
-L_j-po;le o ll each — £

* AU T Mo We invite you to inspect our Stand No. 64 at the National Radio
E xhibition, Earls Court, August 28th — September 8th, 195].

BELLING & LEE LTD

CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND

ELECTRONIC ENGINEERING 16 SEPTEMBER 1951



'ENGLISH ELECTRIC

electronic heat generators

5 kW Induction Heater

The ¢ ENGLISH ELECTRIC” 5 kW induc-
tion heater is one of a range of
electronic heat generators designed to
provide maximum reliability in the
now firmly established technique of
electronic heating. The advantages of
obtaining a uniform product, increased
output and reduced costs, makes this
method particularly suitable for a

wide range of uses including brazing,
soldering, annealing, tempering and
final hardening of small metal surfaces.
The <ENGLISH ELECTRIC’ induction
heater has been designed as a produc-
tion unit, it is independent of mains
fluctuations, has controllable power
output, accurate repetition control,
simplified loading, and comprehensive
“setting up " facilities. An adaptable
work sink is also fitted.

The ENGLISH ELECTRIC Company Limited
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2

Industrial Electronics Department, Stafford

WORKS : STAFFORD 0 PRESTON . RUGBY . BRADFORD . LIVERPOOL

£G.1
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The Walter Type B.T. Switch is a mighty
midget. It takes up small panel space,
and is just the switch for simple switch-
ing. Recently we: have made some big
improvements in it too. Here they are:

A new method of fixing contact blades.
This ensures that they are completely
rigid all the time. Definite positioning of
the drive spindle in the wafer, providing
double bearing.

There are other improvements
as well—positive contact and
steady contact resistance, SIBE B
better insulation between con-
tacts, and a self-cleaning action. What

does all that add up to? A sensible, reliable and lasting switch, which we feel

will give you first class service and complete satisfaction.

Walter lustruments »-

SWITCHES
- LIMITED

MADE

FOR LIFE
GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3

CRC 48

ELECTRONIC ENGINEERING 18 SEPTEMBER 1951
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Sraondard

radio frequency

for true V.H.F. ioss measurement

Available in two ranges, one giving 0—9 db in | db steps and the other 0—S0 db
in [0 db steps. Attenuators have been specially designed for building into your
own equipment. They may be used in tandem.

ACCURACY OF D.C. ADJUSTMENT

0—9 db model—The insertion loss error will not exceed +0:05 db for any setting.
0—90 db model—The insertion loss error for the 90 db setting will not exceed
103 db. For other settings this timit falls linearly to a value of 006 db at

the 10 db setting.

HIGH FREQUENCY PERFORMANCE

0—9 db model—At 50 mezacycles, the insertion loss error for the 9 db setting
will not exczed +0-15 db. For other settings this limit falls linearly to a value of
+0-05 db for the | db setting.

0—9%0 db maoadel—At 50 megacycles, the insertion loss error will not exceed
: 101 db per step.

N.B. All insertion loss errors are relative to zero db setting.

Type 74600-A: 0—9 db in | db steps

MODELS Type 74600-B : 0—90 db in 10 db steps

AVAILABLE Both the above models have a characteristic impedence of 75 ohms and
will handle inputs up to 0-25 watts. Two further models will shortly become
available having a characteristic impedence of 50 ohms with comparable performance.

Srandard Telephones and Cables Limired

Registered Office : Conneught House, Aldwych, London, W.C.2
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.lé

SEPTEMBER 1951 19 ELECTRONIC ENGINEERING
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~ DTABILISED
Power SuppLies

Type 705 Type 776

THIS unit provides a stabilised direct POSITIVE and 'negative stabilised direct
voltage, continuously variable from 200- voltages, positive and negative unstabilised
350 volts, which may be used with either the | direct voltages, and an unstabilised supply of
positive or negative lines earthed, or with the | 6.3 volts are all provided by this unit. Both
I output floating. An unstabilised alternating | voltage and current meters are included,
supply of 6.3 volts, the centre tap of which | and a meter switch enables any of the four
may be strapped to earth, is also available. | direct outputs to be monitored.

® Stabilised output continuously variable from 200-350 ® Stabilised positive output continuously variable

volts at maximum currents of 200-100 mA. from 200-350 volts at maximum currents of 200-100

. A

® Output change is less than + 0.5% for 4 10° ——
input change. ’ % @ Positive output change is less than 4- 0.5% for

X 4+ 10% input change.
e is 10,-0.5%,. . .
Output change from full load to no load is 0,-0.5% ® Stabilised negative output of 85 volts at 5 mA.

@ Source impedance of 5 ohms. ® Unstabilised positive output of 500 volts at 200 mA.

@ Both voltage and current meters incorporated. ® Unstabilised negative output of 500 volts at 5 mA.
@ Suitable for operation on 100-130 and 200-250 volts ® Suitable for operation on 100-130 and 200-250 volts
50 c/s mains. 50 c/s mains.

| Hlustrated descriptive leaflets of these Stabilised Power Supply Units, or any other Airmec
! instruments, will be forwarded gladly upon request.

AIRMEC irorsrores ILIMITED

_ - B HIGH WYCOMBE * BUCKINGHAMSHIRE - ENGLAND ,
— — TEL.: HIGH WYCOMBE 2060 CABLES : AIRMEC HIGH WYCOMBE =

ELECTRONIC ENGINEERING ‘ 20 SEPTEMBER

1951



SEC
(rermanium Diodes

The photograph shows a G.E.C. germanium diode soldered between
adjacent tags of an octal l socket in a noise-suppression circuit.
Standard half-watt and quarter-watt resistors provide an interesting
comparison in size.

It is important to note that this photograph is of a G.E.C. production
television sub-chassis into which the crystal is soldered without heat

shunts and with the leads clipped to the required lengths.

For further informarion apj;ly to Osram Valve & Electronics Dept.

THE GENERAL ELECTRIC CO LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C2
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Electronics
in

lndustry

The industries of the world have been quick to recognise
the impo?'tance of electronics to their future development.
As the leading British organisation for the design,
development and manufacture of electronic equipment
of all kinds, E.M.I. stand ready to meet the growing

demand for electronic devices to speed production.

Typical of the range of E.M.l. equipment

are :—

Complete Television and Radio Systems.
Airborne Radar . R.F. Induction and Dielectric
Heaters . Dictation Machines . Disc and
Magnetic Tape Recorders . Domestic Appliances.

HEACQUARTERS: HAYES . MIDDLESEX . ENGLAND

E.2x9
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FERRANTI TESVAC

High Frequency Vacuum Tester

HIGH FREQUENCY Approximately 4 megacycles per second.
HIGH VOLTAGE Approximately 25 kV. maximum.

Stmple and Safe to Use

Please write for list IN.101

FERRANTI LTD., HOLLINWOOD, LAKCASHIRE & 36 KINGSWAY, LONDON, W.C.2 |

ELECTRONIC ENGINEERING 24 SEPTEMBER 1951



Electronic

Engineering

Incorporating
! ELECTRONICS, TELEVISION
i and SHORT WAVE WORLD

Managing Fditor, H. G. Foster, M.Sc., M.I.E.E,

Vol. XXIII SEPTEMBER 1951 No. 283
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Commentary 325
5 Equipment for Acoustic Measurements—Part 1 ... ‘326

Don’t go together — or do they ! In actual fact By D. E. L. Shorter, B.Sc., A.M.LEE. and
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(an important production factor) yet maintain Electro-Ceramics e e 336

close, accurate fitting and perfect ease of L S
movement. The De Luxe Televisor . 340
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@ SEALING COMPOUNDS By C. H. Bantho:pe
© THREAD LUBRICANTS R. F. Woodwelder 352

PRESSURE TIGHTNESS

® GREASES Crystal Transducer Response 353

@ DAMPING FLUIDS By B. J. Shelley, M.L.R.E.
Al of real interest to YOU ! The 18th National Radio Exhibition 355
Let us send you fully explanatory literature which Notes from the Industry 361
may open your eyes to the Letters to the Editor ... 362

vast possibilities of .
Book Reviews 364
Published Monthly
on the last Friday of the preceding month at
28 Essex Street, Strand, London, W.C.2.
Telephone CENTRAL 6565
N 4 Telegrams ‘ LECTRONING, ESTRAND, LONDON*
INSTRUMENT GREASES Subscription Rate:

RAGOSINE OIL CO., LTD.
MINERVA WORKS, WOODLESFORD, nr. LTEDS.

LONDON OFFICE : IBEX HOUSE, MINORIES, LONDON, E.C.3.

SEPTEMBER 1951

Classified Advertisements, Page 1.
Index to ADVERTISERS, Page 50

ELECTRONIC ENGINEERING

'|. (Home or Abroad) Post Paid 12 months 26s. or $3.75 (U.S.)



for Radar, Research and Industrial Applications

The cathode ray tube is now accepted as an essential
component in all electronic equipments where it is
required to obtain a rapid indication or display of physical
phenomena. As such it forms the basis of oscilloscopes,
test apparatus, monitors, flaw detectors and numerous
other research, industrial and communications equip-
ments. The Mullard range of cathode ray tubes has now
been extended to meet all these applications.

TUBES FOR RADAR DISPLAYS.

Of particular importance among this range are the
Mullard C.R. Tubes MF31-22 (12-in.) and MF13-1 (5-in.)
both of which are designed to meet the continuous
operation and arduous conditions of service encountered
in marine radar applications. Having long-persistence
aluminised fluoride screens, these tubes are suitable for use
in P.P.L. systems.,

SMALL TUBES FOR INSTRUMENTS

A variety of 1}-in. and 2%-in. electrostatic C.R. Tubes
with green, blue or persistent screens are also available.
These tubes are all characterised by low inter-plate
capacilances and are designed for operation with voltages
from between 800 and 1,000 volts. These features,
coupled with the fact that the tubes are fitted with
standard B9G bases and have a seated length of less than
6 ins., make them suitable for use in small, compact
oscilloscopes, and in a variety of industrial, communica-
tions and research testing and measuring equipments.
All these tubes can be oltained in versions suitable for
either symmetrical or asymmetrical deflection.

For larger equipments, a high-grade electrostatic 5-in.
tube is also available.

Abridged technical details on the tubes for radar displays
are listed below. Full data on the complete range of
cathode ray tubes is available on request.

Max. Max. v I Val Va2
Type Description Base Screen  Overall h h max. max.
Diameter Length (V) (A) (V) (KV)
(mm.) (mm.)
MF13-1 87 radar tube with metal-backed magnesium
fluoride screen Octal 127.8 292, 6.3 0.3 450 11
MF31-22 12” radar tube with metal-backed magnesium
fluoride screen Bi12A 308 471 6.3 .0.3 400 11
Stand No. 75
The Radio Show
Earls Court .
3
=
N
MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 e
. MVTI
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Commentary

HE 18th National Radio and Television Exhibition is

being held at Earls Court between August 28 and Sep-
tember 8. In addition to being an important contribution
to the Festival of Britain, the Exhibition is being held at
a time when the industry is at an all time peak of produc-
tion, the annual value of the equipment manufactured
exceeding £85 million, including exports now running at
the rate of £2! million a year. Although many factories
have Service contracts, that has always been so, and the
new re-armament programme has not yet interfered to any
great extent with production for civilian needs, and not at
all with exhibits in the:show. In this connexion, it is
interesting to note that the industry has sold well over a
million television receivers since the end of the war.

August 28 will be an “ invitation day ” for overseas and
other special visitors and, subject to his official engage-
ments, Earl Mountbatten of Burma will open the
Exhibition to the public on Wednesday, August 29.

As at the previous Radio Shows of recent yéars the
greatest emphasis will be on television and this tendency
will, no doubt, be accentuated this year as the Exhibition
is being held almost on the eve of the opening of the new
B.B.C. television transmitter at Holme Moss. This will be
the most powerful television transmitter in the world and
it will bring twelve million more people within range of the
programmes. In addition to a large number of receivers
that have been designed for this station, there will also be
on view a number that have been designed for Kirk O’
Shotts, the Scottish station, which is due to open in the
spring of 1952. The manufacturers are confident that the
demands of re-armament will not prevent them from
supplying the necessary number of receivers to satisfy all
immediate demands from the two new television areas.

On account of the present economic situation it might
" be thought that the manufacturers of radio and television
. receivers would be indulging in a price cutting cam-
paign, together with the inevitable reduction in quality.
On the contrary, however, the majority are concentrating
on the provision of good and dependable performance.
This is evidenced by the fact that the twelve inch cathode-
ray tube is now almost standard, and more sets than ever
are available with fifteen or sixteen inch tubes. In addi-
tion, nearly a dozen manufacturers have projection tele-
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vision receivers in production, while new circuit techniques,
frequently involving more efficient valves and components,
for both television and radio reception and audio repro-
duction have been fully utilized.

There will, as usual be a Television Avenue, in which
receivers of the various manufacturers can be seen working
side by side. This year the Avenue will be no less than
two hundred and fifty feet long.

The supply and distribution of radio, television and
audio signals for the demonstration of the various products
is quite a considerable technical problem and one of the
most interesting features is the microwave link, working
on a frequency of 6,800Mc/s, which will be used to relay
the television programmes from Alexandra Palace to Earls
The equipment used for distributing the demon-

walls of the distribution rooms.

In addition to the broadcast and television receivers and
audio reproducers there will also be on view a large range
of industrial and scientific equipment including test gear,
components, electro-medical equipment and other related
products. The electronic divisions of eight Government
Departments, including the three services, will also be
exhibiting some of their latest equipment and techniques.

*® * *

We will be pleased to welcome any of our readers on
stand number 37 where, in addition to a large range of
popular reprints and technical books we will be demon-
strating the De Luxe version of the ELECTRONIC ENGINEER-
ING Home Built Televisor. This De Luxe version incor-
porates, in addition to all the latest circuit techniques and
refinements, a three waveband radio and a high quality
record reproducing unit. The long awaited constructional
manual for this comprehensive home entertainer will also
be on sale at our stand.

Included in this issue there is a six page preview of the
new electronic equipment that will be on view at the
Exhibition, while on page 340 there is a short description
of a few of the interesting technical details of the De Luxe
Home Built Televisor.

ELECTRONIC ENGINEERING



Equipment for Acoustic Measurements

(Part 1)

A Portable General Purpose Microphone Amplifier

Using Miniature Valves

By D. E. L. Shorter,* B.Sc.(Eng.), AM.LLE.E., and D. G. Beadle,* B.Sc.(Eng.), A.C.GI, AMILEE.

Research on the acoustics of rooms frequently involves the use of portable apparatus for making tests

in studios and concert halls remote from the laboratory.

The special equipment used in this work

must be as compact and light as possible so that it can be handled easily by the engineers making the

measurenents.

With these considerations in mind, apparatus for studio testing has been designed in

the B.B.C. Research Department, using as far as possible, the types of miniature valves and qlher
components which have become available since the war. The first of these, a general-purpose micro-
phone amplifier, is the subject of the present article.

THE amplifier to be described has to operate in con-
junction with the high quality microphones used in
broadcasting equipment. The output from such micro-
phones with weak sounds may be only 30db above the
thermal agitation noise arising from the resistance of the
microphone itself, while a full orchestra may produce an
output some 50db higher. Special arrangements are there-
fore necessary in the amplifier to preserve the highest
possible signal-to-noise ratio with minimum distortjon.

The amplifier is required to work into a load having a
nominal impedance of 600 ohms, and to present a sub-
stantially resistive output impedance of the same figure
over the working frequency range. The maximum output
required for the present purpose is + 20db relative to
ImW and it is desirable that the harmonic distortion of
ithe system at this level should be below 0.5 per cent.
In modern amplifiers using negative feedback, the distor-
tion may be quite low even when the output is nearly
equal to the maximum which the valves can deliver, but
may increase rapidly with a slight rise in level. A per-
centage harmonic figure taken at a single output level
may thus be misleading and it is therefore advisable to
specify, in addition, the margin of safety between this
level and the “ceiling” level at which actual clipping of
the wave-form begins. In the present instance, a margin
of at least 6db was called for, so that the output stage has
to be capable of delivering at least 400mW (4 26db) to the
load.

In addition to the above requirements, an independent
monitoring output is necessary to operate a loudspeaker
for checking purposes, together with some visual indication
of the outgoing level. The amplifier is required to transmit
short-duration pulses and other rapidly fluctuating signals
used in studio testing. A quick-acting indicator is there-
fore essential and since speech and music have also to be
handled upon occasion, the standard B.B.C. peak pro-
gramme metering circuit is used.

-From.the above, it will be seen that the new microphone
amplifier fulfils the same functions as the portable
apparatus used at outside broadcasts and is in fact similar
in many respects to the existing equipment designed for
that purpose in 1938." However, by careful layout and the

" use of miniature components, the same facilities are pro-

* Research Department, B.B.C. Engineering Division.
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vided by the present amplifier unit in a fraction of the
space occupied by the earlier equipment. The new design
has been in use in the Electro-Acoustics Group of the
B.B.C. Engineering Research Department since 1947.

Circuit
The complete circuit of the amplifier is shown in Fig. I.
With. the exception of the H.T. rectifier and the first

amplifier stage, B7G based valves are used throughout. The
circuit may be divided into the following parts: —

(a) a first stage, the gain of which is variable by
altering negative feedback in two 10db steps,

(b) a continuously variable carbon track interstage

attenuator of novel design, having a nearly uniform
decibel scale over a large range.

(c) a three-valve line amplifier with push-pull output.

(d) a second circuit similar to amplifier () but
having a low-impedance output for operation of a
checking loudspeaker.

(e) a peak programme meter circuit operated from
amplifier (d).
(f) a power supply unit using light-weight com-
ponents.
These parts will now be described in more detail.

(a) FIrsT STAGE (VALVE V)

The circuit of the first stage is’ based on that of an
existing single valve unit amplifier designed by H. D. Ellis
of the ‘B.B.C. Designs Department and used in the new

_B.B.C. studio equipment.? In this circuit, the requirements

of low distortion with large input signals and maximum
gain with small input signals are met by the use of
negative feedback, variable in 10db steps. In the present
instance, the steps are arranged to give a maximum overall
gain of 70, 80 or 90db, the setting used being determined
by the maximum input to be handled. It will be noted
that the feedback is taken from the anode circuit of ¥,
to the grid and thus lowers the input impedance to that
stage. The constants of the circuit are so arranged that

-with the minimum degree of negative feedback, the value

of the input impedance at the grid of ¥, is correct for the
termination of the input transformer T,. Series resistors
are automatically switched into circuit to maintain the load
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on the transformer at the same value when the feedback
is increased.

As in the earlier portable equipment,’ T, is in effect, a
filter circuit, a shunt capacitor C, being added on the
primary side to complete the network formed by the
leakage inductance, winding and circuit capacitances. This
device makes it possible to use a relatively high step-up
ratio—300 ohms : 250,000 ohms in the present instance—
so that the signal level at the grid of V, is sufficient to allow
A.C. to be used for the heater supply to this valve. Because
of the high value of impedance at the grid of V,, the
secondary of T, must be so wound as to minimize the
self-capacitance. Low-capacitance windings are necessarily
wasteful of space and the result is thus a rather bulky
transformer. Unfortunately, the size of T, cannot be
reduced without also reducing the step-up and hence the
signal-to-noise ratio. Therefore, when adapting the above
circuit for the present purpose, 7, was retained in its
original form and, as will be seen later, the usual relative
sizes of input and output transformer are actually reversed.

At the time when the amplifier was designed, miniature
valves having a sufficiently low level of hum and micro-
phony for first stage operation were not available. As a
con(;promise, however, selected specimens of the EF50 are
used.

C
A o
D
INPUT '7/7 OUTPUT
— W
[}

SIMPLIFIED DIAGRAM OF ATTENUATOR

INPUT OUTPUT

O Q

ANALOGOUS  CIRCUIT

Fig. 2. The interstage attenuator

Even high-grade microphones may have slightly non-
uniform frequency characteristics and it is convenient to
compensate for these effects by equalization within the
microphone amplifier. To this end, the circuit was
designed with a certain amount of excess gain. Where no
equalization is required, this extra gain 1s offset by the
loss in a high series resistor R,, which is interposed in the
input circuit of the second stage. The impedance of the
circuit is high and a rise or fall in either high or low
frequency response can therefore be brought about by the
use of quite small series or shunt capacitors in conjunction
with suitable values of resistors. Advantage has been
taken of this arrangement to correct for a slight high
frequency loss in the first amplifier stage by the addition
of capacitor C, and resistor R,, shunted across R,,. The
limit to the amount of equalization obtainable is set by the
permissible variations in the load imposed on the anode
of V,, for any change in the voltage gain of that valve
would affect the input impedance of the amplifier. Up to
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10db of equalization can, however, be obtained without
serious disturbance of the input impedance.

(b) MamN GaiN CoNTROL (R,,)

A special type of carbon track attenuator provides a
continuously variable gain control between the first and
second stages. This attehuator was devised in 1946* in
the B.B.C. Research Department by C. G. Mayo and
R. H. Tanner. The principle of operation is illustrated by
the simplified diagram of Fig. 2. The attenuator is formed
by a block of resistance material A, of which the under-
side is covered with conducting material B. The input to
the attenuator is applied between B and a fixed electrode
C, while the output 1s taken between B and an electrode D
which can be moved along the upper surface of A. The
theory of this device is outside the scope of this article; a
full mathematical treatment has recently been published in
America.® As an approximation, the various series and
shunt paths through the resistance material may be con-
sidered as roughly equivalent to the elements of a ladder
network and the attenuation in decibels is proportional
to the displacement of the slider D over a wide range.
In the practical embodiment of this device as used in the
the microphone amplifier, the block of resistance material
is bent into a circular form and mounted in a liin.
diameter casing, similar to that of a conventional carbon
track potentiometer. Fig. 3 shows an exploded view of
an experimental model using a resistance element made

&

we

Fig. 3. The inierstage attenuator showing dished screen around the output
connexion

by the Morgan Crucible Co., Ltd. The output impedance
of this attenuator, unlike that of a conventional potentio-
meter, does not become low when the attenuation is high.
Jdt is thus important to avoid stray capacity coupling
between input and output, and the slider connexion is
therefore carefully screened both inside the attenuator and
in the external circuit. The useful range of the model
illustrated is about 70db.

(c) LiINE AMPLIFIER (VALVES V,, V, anD V)

The line amplifier was designed as a standard unit for
incorporation in this and other pieces of equipment.

The circuit involves no fundamentally new principle. A
single-ended gain stage V, drives one valve, V,, of a class-
A push-pull pair of which the other valve, V,, derives its
signal from the voltage developed across the common
cathode resistance R,,. Because of the high mutual con-
ductance of the valves used, the degree of unbalance
between the signal currents in the anodes of V, and V,
is only of the order of 6 per cent. This method of
obtaining a push-pull drive was originally described in an
earlier publication. Negative feedback is taken from a
tertiary winding on the output transformer T, to the

* Prov. Pat. 963/47. January 10, 1947.
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cathode of V,, the loop gain in the audio-frequency band
being 24db. With this degree of feedback, the impedance
looking back into the secondary of T, is 200 ohms and a
series resistance R,; is added to raise the output impedance
of the amplifier to the required value of 600 ohms.

To reduce the voltage to be handled by the output
transformer T.,, the anode load of V, and V, is made
about 60 per cent of the optimum value, a compromise
which makes it possible to keep the size of T, to
2%/ ¢in. by 1°/,.in. by 2%/,in. high over tags and the
weight to 7iozs. Although each winding on the trans-
former is divided into two by a central partition on the
spool, the total number of sections is, in effect, only three,
one primary and two secondaries. With this arrangement
of windings, the leakage inductance is sufficient to cause a
slight loss in the 10-15kc/s region. To reduce the loss by
increasing the number of sections would be difficult in such
a small transformer and would lead to considerable
complication of the feedback windings. Instead, the
leakage inductance is approximately compensated over the
frequency range concerned by shunting R,, with a capaci-
tor C,,. By this means, the amplifier as a whole is made
to present an almost constant output impedance up to
15kc/s.

Because of the small number of sections used in the
output transformer, extensive distribution of the feedback
winding is unnecessary. Each half of the primary winding
is split to allow half of the feedback winding to be inter-
posed. As the feedback winding consists of only a few
turns of fine wire spread out in a single layer, the capaci-
tance to earth introduced at the junction of the two parts of
each primary winding is not sufficient to cause serious
internal phase shift, To give the form of loop charac-
teristics required for stability, the forward gain of the
system is progressively attenuated at high frequencies by
step circuits R,,, C,, and R,,, C,,, while a slight rise in
response with a corresponding phase lead is introduced
'i)nto the feedback path above the audio-frequency band
Y R!." Cs' ’

The overload point of this amplifier is at approximately
750mW, of which 300mW are dissipated in R,, and
450mW are delivered to the external load. ’

(d) MONITORING AMPLIFIER (VALVES, V,, V. anD V)

For convenience, the input to the monitoring amplifier
is taken from the feedback winding on the output trans-
former T, of the line amplifier. The circuit of the
monitoring amplifier is basically the same as that of the
line amplifier. but the output is designed to ooerate into
a 12 ohm load. S'nce a low output impedance is desirable,
the building-out resistance is omitted with a consequent
gain in efficiency and the amplifier will thus deliver the full
0.75W to the load. With a modern high-efficiency loud-
speaker, this power provides adequate sound level for
checking purposes.

(e) Peak PROGRAMME METER (VALVES V, anD V,,)

This circuit is of the form standard in the B.B.C. Both
halves of the signal wave are rectified by the double diode
V. which charges capacitor C,, negatively. The voltage
change across C,; is converted by the variable-u valve
V,, to a current change in the milliammeter M,, which
is made with a right-hand zero to avoid the necessity for
a backing-off circuit. The operating characteristics of
V,, are adjusted to give a roughly uniform decibel scale
over a range of 20db.

The input to the double diode V, is taken from the
output stage of the monitoring amplifier. The diodes
necessarily impose on this stage a non-linear impedance
load and to minimize the distortion thus introduced into
the monitoring circuit, the programme meter input is
tapped down on the primary of T, and further isolated by
resistors R;,, R, and R.s, R,;.

For many purposes, it is desirable that the reading of the
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programme meter should be proportional to the internal
E.M.E. at the amplifier output and thus be independ'ent_of
load impedance. Although the input to the monitoring
amplifier and programme meter is derived, as already
stated, from the feedback winding on T, the circuit con-
stants are such that the above requirement is approximately
met. Of the 600 ohms output impedance presented by the
line amplifier, 400 ohms are provided by the resistance
R,,, while the resistance of the transformer secondary
winding accounts for another 130 ohms. The remaining
70 ohms represents the true output impedance of the stage
and it is in effect the voltage across this impedance which
is registered by the programme meter. It can readily be
shown that if the programme meter is lined up to read
correctly with the amplifier working into a 600 ohm
resistive load, the maximum error involved in assuming the
meter to read the true internal EM.F. is *idb for any
load condition from short circuit to open circuit.

Since the programme meter is fed from the monitoring
amplifier, the gain of the latter must be kept constant.
Control of the loudspeaker volume is, therefore, affected
by an attenuator AT, following the output transformer.
This attenuator provides four steps of approximately 4db
each and is designed to keep the impedance presented to
the loudspeaker as low as possible without presenting too
low an impedance to the monitoring amplifier output.
Because of the degree of negative feedback used in the
loudspeaker amplifier, the variation in the loudspeaker
impedance with frequency has only a slight effect on the
programme meter frequency characteristic. The maximum
deviation arising from this cause is *idb, and even this
figure could be reduced, if necessary, by rough equaliza-
tion of the loudspeaker impedance.

Fig. 4. The amplifier removed from its case

It might at first sight appear that the use of an attenuator
between the monitoring amplifier and the loudspeaker
would lead to overloading of the amplifier, but this is not
the case in the present design. The adjustment of poten-
tiometer R,, is pre-set so that the monitoring amplifier
overloads at a programme meter reading corresponding to
an output from the line amplifier 4db above the maximum
rated level. Control of the main output thus automatically
ensures sufficient margin of safety. The programme meter
sensitivity is adjusted according to the output level
required by potentiometer R,,, an internal calibrating
voltage for this purpose being derived from the heater
supply via resistors R,;-R,,. The heater voltage in turn is
checked by the programme meter itself via the rectifiers
W, W, and meter switch §,, the mains tapping switch
S, being adjusted as required to bring the reading to a fixed
point on the scale.

(f) Power SurpLy (VALVE V)

The iron-cored components in the supply circuit are
designed for minimum size and weight. The mains trans-
former on the prototype was wound on a stalloy core,
3iin. by 3iin. by 33in. and weighed 4.31b. It has been
recently redesigned on a grain-oriented silicon iron core,
the dimensions being reduced to 34in. by 34in. by 2% in.
and the weight to 2.7lb. The smoothing choke is wound on
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achieve such a degree of compact-
ness while retaining reasonable acces-

(@)

sibility to components, careful layout

(b)

Y\ and screening are essential; the voltage
\\ﬁ‘z gain per stage is high and the fre-
\"-4 quency response can be seriously

affected by quite small stray capacity
®  couplings.

S Fig. 4 is a photograph of the assembly
\\ -2 out of its case, showing the upper
\ side of the chassis. It will be noted

(c)

"

that T,, ¥V, and V, are carried on
a rubber-mounted sub-chassis at one
o end -of the amplifier while the power

1 J: > 2 unit is housed in a. separate compart-
' E ment at the other end..
——INTO RESI N e
Img OE’SE:TQTRCCE s \ -4 The weight of the complete assem-
Sees uiT \ .2, . 1
i 0 bly as originally designed was 19ilb.
| | I | 1 and with the new power transformer,
¥ 8 2 3 o N v 35 N ¥ o 5 NN the figure is reduced to just under
o o 6 ©0 0 o % 3o Q0 181b.
o ° o ¢ 00
FREQUENCY IN CYCLES PER SECQND. 00 Performance

Fig. 5. Frequency response
(a) 600 ohm output, 70db gain setting
(b) 600 ohm output, 80db and 70db gain semngs
(c) 12 ohm output, 70db gain sctting

a radiometal core having a gapped centre limb. This form
of stamping gives a small external field, an important point
in compact equipment, while the sliding friction between
laminations ensures a high degree of mechanical stability
of the gap without the use of special core clamps. The
choke is 1{¢in. by 14in. by 14in. and weighs 44 ozs.

Metering of anode feeds is carried out ‘'on the meter
M,, the values of the shunts being so adjusted that the
normal feeds of the various stages correspond to the same
point on the meter scale.

The power consumption of the amplifier is 48W at
200/250V, 50c/s.

Mounting and Layout

The complete 'apparatus described above is accom-
modated in a carrying case ‘'17in. by 10in. by 6in. To

The following figures give the per-
formance of a typical specimen of the
amplifier described above.

FREQUENCY RESPONSE

See Fig. 5. The constancy of the output impedance
with frequency can be judged from the small difference
between the frequency response in the on-load and open-
circuit conditions. This difference can be made even
smaller by adjusting the value of C,, to suit individual
output transformers, the leakage reactance of which varies
slightly according to the tension used in winding them.
In the case of the 12 ohm output, there is no compensation
for leakage inductance and the output impedance there-
fore rises slightly at high frequencies. However, the
cone loudspeaker used presents an inductive load so tha:
no loss occurs in practice from this cause.

NoIsE
With main gain control set at maximum

3.4 Gain Noise output, relative to lmW
_ | I | I | © 90 —38db
70 db GAIN SETTING 80 —44db
CONTRO TENTIOM I !
. L PO JOMETER AT MAXIMUM 70 - 48db
—60ch . .
~==—lkck For comparison it may be noted that the calculated out-
2'8 % Fig. 6 (left). Overall distortion
/ Fig. 7 (below). Distortion of 12 ohm output stage
: V 25
] A
[¥) ! 70db GAIN SETTING
3 ! CONTROL POTENTIOMETER AT MAXIMUM |
32 : 2 NO OUTPUT ATTENUATION
< ] " ——60¢hs
| ) z —-= = lke/ls
Hie | [}
a4 ] E [
= 1 <
F4
w I I
. | | w
§ 12 | 8
i =1-0
/i g //
o8 1 g ! /
/ Y -
)/ o5 P '
P 1
> | /l o A //4/ }
. - —— -
- A= T O-75W|
| T - _ | |
o oL 8 9 [) 1 12 13
+6 +7 + -+ +1 1 +
+12 +14 +16 +18 +20 +22 +24 426 +28
OUTPUT INTO 600n db RELATIVE TO Imw OUTPUT VOLTS ACROSS 12 LOAD. db RELATIVE TO O-775V-
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T . . ' ' the peak programme meter. As this type
OUTPUT HELD CONSTANT AT+10db of distortion is greatest immediately after
20 BY ADJUSTMENT OF MAIN GAIN CONTROL the arrival of a signal, before the capa-
60 c/s citor Cy; has had time to charge, steady-
e — Ike)s state measurements are misleading and
: careful listening tests had to be carried
P out to check the performance of ihe
g amplifier in this respect.
3 s Fig. 6 shows the overall distortion with
90db GAIN the 70db gain setting and the control
w J/ p.otent@ometer at maximum. Here, the
N / distortion is principally that of the line
zO® 7 80 GAIN amplifier.
Y 5 5 .
'EJ / , Fig. 7 shows the distortion of the 12
L - ohm output stage under the same con-
4 — // D= 70 db GAIN ditionS.
L~ /{ -7 T 4T Fig. 8 shows the distortion introduced
00 —1 . S T =T e by the first stage, the output to line being
80 =75 70 mes VOL’;,C’:GE RESLSATIVE o 0775y restricted to a low value so as to keep
Fig. 8. Distortion of first stage other distortions small.
put from thermal agitation in the input circuit, including  Acknowledgments

300 ohms source, is —42db for a 15kc/s frequency band
and 90db gain.

DisTorTION .

To cover all possible gain settings, the circuit has been
treated for the purpose of distortion measurement as two
separate amplifiers in cascade.

All amplifier valves are operated under class-A condi-
tions with sufficient negative feedback to keep the distor-
tion small over the working range. In these circumstances,
it is legitimate to take the total harmonic distortion as an
indication of the degree of linearity of the system. An
exception must be made in the case of the distortion
introduced into the monitoring circuit by the rectifier of

The authors wish to acknowledge the help received from
their colleagues in the B.B.C. Engineering Research
Department, and in particular, the technical assistance
rendered by Mr. C. G. Mayo and the work of Mr. S. H.
Holmes on the mechanical layout. They are indebted to
the Chief Engineer of the B.B.C. for permission to publish
this article. .
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The Noise Limited Amplifier

By A. Q.

THERE is present at the input of an amplifier a random
noise voltage which is the sum of the Johnson noise in
the resistive component of the input impedance and the
valve noise. In a typical case for a 20kc/s bandwidth the
noise across a 100 kilohm resistor will be about 5 micro-
volts and valve noise will be much less. Hum will be present
but by selecting a suitable valve and paying attention to the
layout of the input stage the hum can be reduced to within
6db of the Johnson noise and at this level the insensitivity of
the ear at mains frequencies renders it inaudible while the
smooth hiss of random noise is clearly heard.

If the signal is derived from a modern transducer it will
be only a few hundred microvolts and at the output of
the transformer or equalizer will probably not exceed 50
millivolts peak. This fixes the best possible ratio of wanted-
unwanted output at about 70db. It is unlikely that the
amplifier will not generate much more than that. If, how-
ever, negative feedback is applied from the output to the
input it will reduce the distortion and by using part of the
input signal to overcome the feedback voltage, it will
degrade the signal-random noise ratio in the same measure.
It is therefore practical to make an amplifier which is noise
limited, that is one which has at the rated output noise and
distortion equal. It cannot be bettered, for more feedback
would reduce the distortion but it would then be masked
by the noise, less would mean that a possible reduction has
not been realized.

Given input and output signals and impedances it is
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possible to fix an absolute limit to the performance in
terms of random noise, the nearest approach will be the
noise limited condition. It is hoped shortly to describe an
audio amplifier noise limited over the audible range in
which noise and distortion are .03 per cent of the rated
fifteen watts output—voltage of 15 volts.

The author has been denied the opportunity to extend
the theory to the wide band amplifiers used in television,
in that field the construction of a noise limited amplifier
should be much simpler.

JounsoN NOISE
The random noise in a resistance of R ohms is
V4ktrAf
Where k is Boltzmann’s constant, 1.37 x 10~*
t is the absolute temperature
A f is the bandwidth in c.p.s. it can be
taken as the half power points with
negligible error.

VALVE NOISE
Valve noise is referred to an ohmic resistance which
would give rise to the same noise by the Johnson effect.

For triodes it is 0
m
. 1 . I
For pentodes it is — {Q 20 : } Q
Ie gm gu”
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- Microwave Rotating Joints

(Part 1)

By ). P. Grantham *

MICROWAVE aerials are frequently required to have
very narrow beamwidths and also to cover a field of
view much greater than a beamwidth. Continuous rotation
is usually required in the horizontal plane and vertical
movement is necessary in some cases. When a waveguide
feed is used, one or more rotating joints will be required
between the fixed waveguide and the feed attached to the
aerial; it is not usually desirable to fix the whole of the
microwave equipment to the aerial.

This paper describes most of the known forms of micro-
wave rotating joints in such a manner that anyone requir-
ing a rotating joint for a specific application may be able
to decide which form is the best for that application. In
cases where the author’s work has added to the information
already published, the results of this work are given in
the text; in other cases, brief descriptions only are given
and fuller details may be obtained by reference to the
works listed in the bibliography. It is hoped that reference
to this paper and to the appropriate works in the biblio-
graphy will help the reader to design the required form of
rotating joint with the minimum experimental work.
Curves of guide wavelength against free-space wavelength
are given for the H,., and E,, modes in circular wave-
guides and there is a short appendix devoted to radial
waveguides as applied to half-wave chokes.

The material in this paper is drawn from the author’s
original work and from general literature published in this
country and the U.S.A. The author has been faced with
various problems concerning rotating joints for broad-
. band X-band (3cm) applications. These problems led to
investigations of the various rotating joints using circular
waveguides carrying the E;, mode and to the abandon-
ment of this form of joint in favour of the concentric-line
type. In the course of these investigations, circular wave-
guide rotating joints, using the E,., mode, of the types
referred to in the text, were designed on the lines indicated,
using the original papers on the subjects. Although most
of these papers are not generally available, and are, there-
fore, not listed in the bibliography, the more important
parts of the work described in them appears in the litera-
ture in the bibliography. In general, the results given in
these papers were confirmed and in this paper the author
has laid stress on the disadvantages found to belong to
these joints. These disadvantages led to a search for a
different form of rotating joint and to the investigation of
the concentric-line joint. The work on the concentric-line
joint produced an improved form of doorknob coupling,
which satisfied the author’s requirements. The new type
of doorknob concentric-line-to-waveguide coupling forms
the basis of a broad-band rotating joint requiring no match-
ing diaphragms. One of the problems encountered was the
design of a two-channel rotating joint, whose characteristics
did not vary on rotation and where one channel was to
carry low power only; the concentric line joint was the only
solution found to this problem; the low power channel
was run down the centre of the high power line, the latter
being designed for maximum power-capacity. The small
size of the concentric-line joint was found to be an advan-
tage in applications involving high rotdtion speeds. The
slip-ring joint mentioned at the end of the paper was

* Royal Naval Scientific Service.

ELECTRONIC ENGINEERING

332

developed in the laboratory for a special application,
but was never put into production.  Sufficient
work was done on this joint to show that the’
design is quite practical and it is deemed worthy of mention
as it is one of the few joints that can be designed with a
large diameter hole in the centre of the structure.

A suggestion for a new form of concentric-line-to-

waveguide transformer is made later in this article.
The idea is suggested by the bi-conical dipole,
which is known to be a very broad band aerial.

Unfortunately, it has not so far been possible to
carry out any work on this subject. 1f the reader wishes
to investigate this transformer, there are many papers avail-
able on bi-conical dipoles and the textbooks listed in the
bibliography consider the concept of aerials in waveguides.

The text of the paper is divided into two main sections;
Section | being concerned with Circular-Waveguide Rotating
Joints and Section 2 with Concentric-Line Rotating Joints.
There follows a short description of the slip-ring joint and
an appendix on radial waveguides.

As the circular-waveguide rotating joint is commonly
used at the present time, and was investigated by the author
before any work was done on the concentric-line joint, it
will be considered first.

Circular-Waveguide Rotating Joints

The form of rotating joint most widely used at the
present time consists of a rectangular-waveguide-to-
circular-waveguide transition, followed by a length of
circular waveguide and completed by a second transition.
The circular waveguide is broken at one point to permit
rotation, some form of half-wave choke being used at the
break.

In order to obtain the full 360° rotation, a circularly
symmetrical field is required in the circular waveguide in
the plane perpendicular to the axis. The five lowest modes
(in order of cut-off wavelength) in circular waveguides are
H., (A =34la); E,, (A\¢=26la); H,, (A= 2.06a);
H,., (Ac = 1.64a); E,., (A\c = 1.64a): where a = tube radius.
It will be seen from Fig. 1 that the E,., mode is the lowest
that is suitable.

The circular-waveguide-to-rectangular-waveguide transi-
tion should therefore excite the E,., mode in the tube with
minimum reflexion and should, preferably, suppress the
H,., mode. As the H,., mode may be suppressed elsewhere
than in the transition, it is proposed to consider transitions
first purely as E,., couplings and then to deal with the
more difficult problem of H,., suppression.

RECTANGULAR WAVEGUIDE TO CIRCULAR WAVEGUIDE

TRANSITIONS
Tvpe |. Fig. 2

The transformer is matched- by the piston P and also
with a diaphragm in the rectangular waveguide.  This
coupling is narrow-band and is not now in general use..
It is convenient for spot-frequency use in the laboratory,
when an adjustable piston can be incorporated in the equip-
ment. A development of this transformer, in which the
piston is inside the end of the tube, forming a flat step,
(Fig. 3) is in use at S-band, but has not been adopted for
X-band equipments on account of voltage-breakdown
troubles. )
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Type 2. Fig. 4

The transformer is matched by the half-wave stub, the
stub length being made approximately haif a guide-wave-
leugth for the E,., mode. A bandwidth of about 5 per cent
can be obtained, if a matching diaphragm is used in the
rectangular waveguide. The match can be improved by
choosing the optimum diameter for the stub, which will be
less than the tube diameter.

Type 3. Fig. 5

The coupling is matched by a transformer at the end of
the circular waveguide, the rectangular waveguide being
fed into the transformer section. The diameter 4 is chosen
to give the best match. A good broad-band transformer
is obtained by adding a capacitive diaphragm in the
circular waveguide and an inductive iris in the rectangular
waveguide. It is claimed that such a transformer gives an
input V.SW.R. not less than 0.9 over a 12 per cent band.

The above remarks relate to a single transition. A com-
plete rotating joint will consist of two transitions joined by
a length of circular waveguide. The length (L) of the joint
may be chosen so that the impedance changes with wave-
length of the two transformers approximately cancel over
a band. As this band becomes smaller as the length of
the joint is increased, this method of improving the match
is only effective with short joints; the phase change with
wavelength increases as the length of the joint increases.

w;:Tmm“ :(j)ép

20 Nc=34l0
N p——
A Ne=261
Y e

Fig. 1. E and H fields in

Fig. 2. Simple narrow band
circular waveguide

transition

The following results (taken by Preston at M.LT.) will
serve as an example. The two lengths chosen were adjacent
worst and best lengths,

Wavelength | V.S.W.R. V.S.W.R,
(em.) (L=9.4cm.) (L=7.5cm.)
3.170 0.89 \ 0.96
3.185 0.94 0.95
3.200 0.95 0.95
3.215 | 0.89 0.95
3.230 i 0.83 0.93

THE SuppRESSION OF THE H,., MODE IN CIRCULAR WAVE-

GUIDES

The presence of the H,., mode is most noticeable when
the length of the tube approaches a multiple of half a guide-
wavelength for the H,., mode. If the rotating joint is to
be used over a narrow band, so that the length may be
chosen to lie well clear of an H,., resonance, elaborate
precautions for suppressing the H,., mode are not
required,

In all the simpler methods to be described, suppression
is not complete and resonance will occur as the effective
length L of the tube approaches a multiple of half a guide-
wavelength for the H;., mode. The input impedance varies
over a wide range around such resonances. Since the H, ,
mode is not axially symmetrical, the effective length L will
vary as one end of the joint is rotated relative to the other.
This means that for each frequency over a band there
will be an angular position at which resonance occurs.
This is one limitation on the useful bandwidth of the joint.
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It has been shown (Farr—M.L.T.)
that at resonance for a first order
mode : .

LiXe = ¥ + (¢m)cos™'[cos(a + B)
cos*6 + cos(a — 3)sin®f)
where # is the angular position of
one coupling relative to the other.

Ag is the guide wavelength for
the mode considered.

a and [ are characteristcis of
the couplings.

Thus the requirements for a
broad band between resonances
are that o and § be small. How-
ever as the couplings must in the first place be designed
for good E,. -transformation and good H,., suppression
it is not usually possible also to design for the smallest
change of L on rotation,

There is another limitation on bandwidth between
resonances, depending on the length of the joint. This may
be shown as follows:

For a given L, let there be a resonance at \,.

Calling the guide wavelength for the H,., mode (\y), at a
free space wavelength A,.

(n/2) (/\g)l =L ..............

Fig. 3. Improved narrow
band transition

Fig. 4. Stub matched

Fig. 5.
transition

Transformer matched
transition

at another wavelength A,, calling the H,., guide wavelength
(Ag), there will be a resonance when

[(n+ D2 Mo =L ............ (1.2)
Then
afn+ 1) =MD/ Ay oo (1.3)
Now
A=1/VATY + 1)) oo .. (1.4)
Therefore

(nfn+1)" = (1 =A7 /0D (1= AP/ (1.5)
as n increases, the left-hand side of Equation (1.5)
approaches unity, and A, approaches A,. Therefore, the
useful bandwidth of the joint decreases as the length of the
joint is increased, until the bandwidth becomes zero.

Where Af is the band over which resonance occurs on
rotation, a representative figure for Af/f is 1 per cent.
This must in practice be increased to about 2 per cent to
allow for manufacturing tolerances.

Even at frequencies well clear of resonance the presence
of the H,., mode will be noticed in a change of phase of
the input match on rotation, which may in some cases
cause pulling of the transmitter frequency.

There follow descriptions of three methods of suppress-
ing the H,,, mode. In general, the effect of rotation
on the resonant frequency is greatest in rotating joints
employing resonant rings in circular waveguides.
Method 1. Fig. 6

Two rings, resonant to the H,., mode, are placed in the
circular waveguide perpendicular to the axis of the tube,
one near each end of the tube. The exact position is chosen
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to give the best match consistent with a small change in
input match on rotation. The best position for the rings
will be about half a wavelength (for the H,., mode) from
the ends of the circular waveguide. Some experimental
results are given at the end of this sub-section showing
the effect of ring position in an S-band joint. The amount
of H,., power transmitted by the ring increases as the
polarization of the E vector approaches the direction of
one of the arms supporting the ring. If the ring is mounted
on metal arms, this variation is large and the amount of
H,., power transmitted in the worst position is large
enough to make the mode suppression ineffective. A

Metal arms

Mouided support

Mica support

Fig. 6. Resonant ring for mode suppression

change has been quoted of 1 per cent to 50 per cent H,.,
power transmitted by a ring with two metal supporting
arms. It is usual, therefore, to mount the rings on insulat-
ing arms or supports. The material used must not distort
at the temperature reached inside the waveguide, as even a
small distortion will move the rings sufficiently to upset the
match. If distrene is used there is a danger of the rings
falling out altogether. Fluon (polytetrofluorethylene)
would be more suitable, but is not very rigid. Ruby mica
has proved satisfactory at S-band, but great care is
needed when assembling the rotating joint if the mica is not

to be damaged. e —
C

The bandwidth of
the resonant rings
themselves is ade-
quate, as  other
factors limit the
bandwidth of the
joint to less than the
ring bandwidth. :

Voltage - break- s L
down problems are
often  encountered
with H,., resonant
rings. While it is
true that a polished
ring with rounded
edges will not cause
breakdown below
about 400kW at X-
band, at atmospheric
pressure, and with a
V.S.W.R. of 0.5, this figure is greatly reduced in practice.
A rough ring surface or the presence of small particles of
foreign matter on 'the ring or ring supports (such as
grease from the bearings) will reduce the safe operating
power level. Unless a clean dry atmosphere is maintained
inside the tube, this form of H,., mode suppression is not
satisfactory above 200kW to 250kW at X-band.

The following results were obtained at a wavelength of
10cm on one coupling of a joint of the improved Type 1.
The H,, mode was suppressed with resonant rings, which
were 4.9cm. apart. One end coupling was replaced by an
extension of the circular waveguide, terminated by a

Fig. 7. Stubs for matching and mode
suppression
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matched load. The rings were kept 4.9cm apart, and the
pair was moved towards the transformer in small steps.
The input V.S.W.R. with the rings in the original (best)
position was 0.92.

Movement Input
of Rings V.S.W.R.
From original
position (cm.) 0.92
0.5 0.92
1.5 0.82
2.5 0.72
3.5 0.70
4.5 0.65
5.5 0.60

Method 2. Fig. 7

The rectangular waveguide R is fed into the side of the
circular waveguide § and a circular cavity C is placed at
the end of the circular waveguide. The length I of the
cavity is measured to the centre line of the rectangular
waveguide, and the length L of the tube is measured
between waveguide centres.

The cavity C may be considered as a reactance in series
with the input. For good E,., transformation, a low series
reactance is required and [ should be half a wavelength for
the E,., mode. Excitation of the H,., mode will be dis-
couraged if the series reactance for this mode is high, that
is if / is made an odd number of quarter wavelengths for
this mode.

If / is made half a wavelength for the E,., mode, the
E,., transformation will be good. An H,., resonant ring
may then be placed in the cavity a quarter guide-wave-
length for H,., from the input to the cavity. The cavity
will still behave as an E,., half-wave stub, but will also
be an H,., .quarter-wave stub.

The objections to a resonant ring discussed above also
apply in this case, but there is an alternative solution,
which forms the basis of many rotating joints in use at
the present time.

If / is made three-quarters of a guide-wavelength for
the H,., mode, a high series reactance will still exist for
that mode. By choosing a suitable diameter for C, I can
be made sufficiently equal to both three-quarters of a
guide-wavelength for H,.,, and half a guide-wavelength
for E,,. The use of a three-quarter wave stub restricts
the bandwidth to some extent, but a bandwidth of at least
5 per cent can be obtained with this transformer.

A good input match can be obtained under these condi-
tions, but the cavity dimensions are very critical. It has
been common practice to aim at an input V.SW.R. of
about 0.7 and to improve this with an inductive diaphragm
in the rectangular waveguide. However, if care is taken
to hold the cavity dimensions within close limits
(+ 0.001 inch), and to keep the cavity very clean, an
acceptable match can be obtained without matching irises.
This is important when the joint is to be used at high
powers. It is not possible to increase the bandwidth by
reducing the Q of the cavity, as the H,., mode suppression
then becomes ineffective.

Suppression of the H,., mode is not complete, and a
rotating joint of this form can only be used clear of H,.,
resonances. Long joints have not proved satisfactory, as
a reasonable bandwidth can only be obtained by hoiding
the tolerances within very close limits; manufacture of the
tube becomes difficult. At X-band, the useful limits of
the joint are about 3in. for a 5 per cent to 7 per cent
band and about 12in. for a 2 per cent band.

Method 3.

The H,., resonances could be eliminated if nearly all the
H,., power in the circular waveguide was * coupled ” out
of the waveguide into absorbing loads. A method of
achieving this has beer developed and is normally used in
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conjunction with one or other of the designs described
above.

Narrow longitudinal slots in the circular waveguide will
couple to the H,., mode but not to the E,.,. As any H,.,
wave may be resolved into two H,., waves with their
polarizations at right angles, four slots spaced at 90° in-
tervals round the tube will couple to any H,., wave in the
tube. These slots may conveniently couple into a
cylindrical cavity where the H,., power is absorbed in rings
of resistive material. At X-band the slots will be rather
less than one inch long, so the unit is quite compact. It
is usual to place an absorbing cavity of this type near each
transition, but in cases when the tube is broken near one
end it is quite satisfactory to use only one cavity at the
middle of the tube. When a single cavity is used, greater
care is required in design and construction if all the H,.,
power is to be absorbed. When a very long joint is
required to operate over a broad band, it is recommended
that two cavities be used.

Rotating joints of this form have been made as long as
3ft with bandwidths of 12 per cent at X-band. It is clear
that when H,., resonances can be neglected it is not neces-
sary to maintain close tolerances on the tube diameter and
a long joint becomes a practicable possibility. It is still
necessary to maintain close tolerances at the end transi-
tions if a good input match is required. If it is required
to limit the change of phase of the input match on rotation,
it is important that the circular waveguide be truly circular.
A tolerance of * 0.00lin. is required on circularity, that
is the difference between maximum and minimum dia-
meters at a given cross section, for negligible change of
phase on rotation in an X-band joint. A variation of
diameter along the tube of 0.00lin. to 0.002in. is
acceptable.

THE EFFECT OF CAVITY VARIATIONS ON INPUT MATCH
The following effects were observed on a rotating joint
of the type described under Method 2:

When the cavity surfaces were clean but not polished

Wavelength ! Input
(cm.) | V.S.W.R.
3.03 0.80
3.08 0.78
3.1 0.71

When the cavity surfaces were polished

3.03 0.84
3.08 0.83
3.13 0.90

It is most important that there is good electrical contact
between the end of the cavity and the walls. Indeed, the
cavities should be made from solid castings; soldered end
plugs have not proved satisfactory. The figures below
relate to four production samples, A and B having cavities
machined from solid castings, C and D having soldered
end plugs.

Wavelength Input
Sample (cm.) V.S.W.R

A 3.03 0.93
B 0.94
C 0.79
D 0.85
A 3.08 0.99
B ’ 0.99
C 0.73
D 0.88
A 3.13 0.97
B 0.93
C 0.67
] 0.99
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The following measurements taken on a rotating joint ot
the type described under Method 2 show the effect of small
changes in cavity dimensions.  The circular waveguide
diameter was 1.180in.; the length between the rectangular
waveguide centres was 3.625in. No matching diaphragms
were used. The cavity length was measured to the centre
line of the rectangular waveguide.

Wavelength .
(cm.) Input V.S.W.R. for various cavity lengths
1.065 in. 1.079 in. 1.109 in. 1.125 in. £.140 in.
3.18 0.73 0.74 0.71 0.73 0.74
3.20 0.97 0.96 0.87 0.92 0.87
3.22 0.62 0.62 0.79 0.71 0.75
The cavity diameter was 1.030in. throughout.
Wavelength
(cm.) Input V.S.W.R. for various cavity diameters
1.030 in. 1.062 in. 1.078 in. 1.093 in.
3.18 0.71 0.60 0.58 0.57
3.20 0.87 0.61 0.57 0.54
3.22 0.79 0.71 0.67 0.57

The cavity length was 1.109in. throughout.

The following measurements were taken on a joint of
similar type, with the circular waveguide diameter 1.187in.
and length 16in; the cavity diameter was 1.030in.

Wavelength |
(cm.) | Input V.S.W.R. for various cavity lengths
11,250 in.|1.235 in.|1.221 in.|1.187 in.}l.lSG io.|1.125 in.| 1,095 in.
3.21 0.33 | 0.25 | 035 | 0.96 l 0.82 | 0.71 0.68
3.23 0.76 | 0.84 | 0.89 | 0.88 | 0.92 | 0.78 | 0.72
3.25 | 0.58 | 0.56 | 0.53 | 0.50 | 0.50 | 0.50 | 0.32
3.27 0.56 | 0.51 | 0.51 | 0.51 | 0.57 | 0.49 | 0.47

The cavity length was now fixed at 1.095in.; and the cavity
diameter varied.

Wave- Input V.S.W.R, for various cavity diameters

k(ﬂcll%lt.'; 1.030in.|1.043 in.|1.058 in.|1.062 in.[1.072 in.|1.082 in.|1.092 in.(1.102 in.
3.21 | 0.68 | 0.71 | 0.75 | 0.76 | 0.80 b & =
3231072 | 096 | 0.81 | 0.78 | 0.73 | 0.69 | 0.66 &
3251032 (055|083 088|092 081 | 0.74 | 0.69
327 1 047 1056 1 071 ] 0.73 | 0.81 | 0.81 | 0.93 | 0.97

* Signifies the presence of H,., resonance.’,

N.B.—The above examples are not intended to show the
best rotating joints that can be designed, but to
show the order of the effects of varying the cavity
parameters, ’

Rotating Joint with Circular Polarization in the Tube

A rotating joint using rectangular-to-circular-waveguide
transitions with circular polarization in the tube has been
designed. This form of joint is seldom used, as resonance
problems arise and can only be overcome by methods at
least as complicated as those applied to the E,., type of
joint. A short description of this joint is given in “ Micro-
wave Transmission Circuits” (Vol. 9 of the Radiation
Series.)

(To be continued)
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Electro-Ceramics
with special reference to Pyrophyllite

By N. E. Hyde*

RAW materials for certain of the ceramics used by the
electrical industries of this country are obtained from
Bavaria, Italy, India and Egypt. As a result, supplies of
these ceramics during and immediately after the recent
war were seriously curtailed, and in order to avoid a
recurrence of such a situation in any future emergency, a
search for a more readily accessible substitute was
instituted.

A ceramic-like mineral called pyrophyllite, which was
alleged to have stable firing properties and extremely small
shrinkage, was thought to be a likely and useful substitute
ceramic and a preliminary survey confirmed this view.

The main conclusion drawn from this survey was a
strong recommendation that a comprehensive investigation
of pyrophyllite should be conducted. The report was
distributed throughout the Service Establishments, and, in
November, 1949, an Inter-Service Development Contract
was placed with Messrs. Bullers, Ltd., of Stoke-on-Trent.
The contract covered, firstly, full investigation into the
physical and electrical properties appertaining to the unfired
and the fired material; secondly, the initiation of experi-
ments with various mixes in an endeavour to improve the
H.F. properties should it be found necessary; and finally,
investigation of the moulding properties of the powdered
material with a view to large-scale production.

It is proposed in this article first to give a very brief
account of the origin and history of ceramics, and the
processes involved in their manufacture, and then to record
the more important characteristics of the pyrophyllite
ceramics evolved by Messrs. Bullers as a result of their
investigation.

The Origin of Ceramic Raw Material

There appears in nature a great number of rocks or
earths which, when mixed with water, form a plastic body
or clay capable of being moulded and formed into various
shapes (called in the trade ‘“green > ware) which, after
the process of firing are termed “ biscuit.” At any stage
in production the material can be called the “ body.”

These so-called pure clays used in the ceramic industry
are said to be the result of decomposition under the
influence of water or carbonic acid, of certain eruptive
silico-aluminous rocks containing foreign matter. After
decomposition there only remain soluble bases, a certain
quantity of silica and the so-called pure clay
Al,0,.2810,.2H,0 referred to above, although such
chemical purity as the formula suggests is not found in
nature.

Among the rocks which produce these clays the most
important are the feldspathic rocks, granites, porphyry,
gneiss and eurites. When these rocks contain lime,
carbonate of lime is carried away by the rains and
deposited as sedimentary beds. Nearly three-quarters of
the known surface of the Earth is formed of gneiss and
granite containing 60-90 per cent feldspar, a product of
the decomposition, through the ages, of feldspathic or
crystallised rock.

The clays used in the ceramic industry owe their pro-
perties chiefly to the hydrosilicate of alumina, designated

*Admiralty Signal and Radar Establishment, Hazlemere, Surrey
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kaolinite in mineralogy and pure clay in ceramic technique.
The name kaolin is probably derived from the Chinese
word “ kao-ling” meaning * high ridge ”: the ridge, one
suspects, from which they obtained the clay for their
famous pottery.

Brief History of Ceramic Ware

The Egyptians some 3,000 years ago were probably the
first race to discover that mud became hard under the
influence of the sun. This occurred where the Nile had
overflowed its banks and receded. The fact that the clay
could be made much harder by firing was probably
discovered by accident, although archaeologists appear to
have proof that fired clay vessels were used in various parts
of the world at about the same period. There is little
doubt, however, that the Egyptians were the first people to
make pottery.”

In later years, various races carried the manufacture of
ceramic articles to a high degree of perfection, but the art
was lost during the great migration from Europe in the
4th, 5th and 6th centuries A.D.

Throughout the seventeenth century strenuous efforts
were made in Europe to reproduce the remarkably trans-
lucent Chinese hard porcelain of the famous Sung Dynasty
(A.D. 960-1290) but without success. This failure was
due to the fact that nothing was then known by  the
European of kaolin, the very important constituent of the
hard porcelain.

The first European hard ceramics were probably made
at Meissen in Saxony in the year 1709 and, in spite of the
most extraordinary means employed to guard the secret
of manufacture, it leaked out and at about thijs time various
factories sprung up in different parts of Europe. Later,
kaolin beds were discovered near Yrieux, in France, and
their use very quickly led to the complete abandonment
of soft porcelain in that country. The vast Cornish beds
were subsequently discovered in the year 1768.

This very brief summary brings us to the beginning of
the nineteenth century, to the technicians of which
belonged the task of uniting the different branches of the
art; of substituting for tradition and the secrets of manu-
facture the principles of science; of transferring the craft
into an industry and of placing the privilege of the few at
the disposal of all.

Refractory ware is an invention of the nineteenth
century, during which period scientific investigation of the
properties of the raw materials and the accuracy of mix-
ings, created an industry which has since rendered possible
great progress in the electrical, metallurgical and chemical
sciences, so that today their products constitute one of the
most important exports.

Although the refractory industry originated in England,
Germany was for many years mainly responsible for the
chief researches into the properties of the high tempera-
ture ceramics;, more recently, however, a vast amount of
work has been carried on in this country, so that we are
now in the forefront of the world’s development.

Manufacturing Technique

The visitor to any of the well-known manufacturers of
electrical and special porcelains in this country would find
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the production methods and machinery very similar in
each case. As the techniques of manufacture may be of
general interest, it is proposed to describe them briefly.

PrasTICiTY OF THE Mix

The plasticity of the mix depends mainly upon the
amount of water added and the physical properties of the
clay substance itself (ball clay is more plastic than kaolin,
for example, because of smaller particle size); if necessary
a very little alkaline solution such as sodium carbonate
or sodium silicate can be added to produce a “slip” of
cream-like consistency. For hand work, more ‘ water of
formation "~ (as it is called) is required than for machining
operations, while for pressure moulding the mix should be
practically drv or it will adhere to the metal mould.

PrEPARATION OF THE “ BODIES
Apart from weathering, i.e., exposure to sun, rain and
frost, raw material is broken up by wvarious kinds of
mechanical crushers, stamp mills and ball mills. The
ingredients thus ground are stored, suspended in water at
a fixed density, in large containers from which they are
passed, as required, to “ Blungers” for mixing with more
water before passing on to the various processes of clean-
ing, sieving or screening, and settling. Due mainly to the
" inadvertant inclusion of metal in the breaking-up stages,
it is necessarv for the “slip” (as it 1s now called) to be
passed over a magnetic separator before being fed to the
filter presses where it is received into large canvas bags
which are screwed up tightly together to remove the water.
The ciay is finally delivered in large slabs or “ filter cakes.”
This plastic *“body ” is then available for direct use or
for “dry body ™ work.

PrasTiC ** BoDIES ™’

The filter cakes are thrown into mixers or “ pug mills”
and pass through in much the same way as meat through
a housewife’s mincing machine, being then fed into a
second similar machine called a “ vacuum pug.”
This removes the air. from® the material which is
then extruded in square, round, tubular or other suitable
section. In other cases, after the addition of a small
amount of sodium silicate to give a creamy consistency,

3

Fig. 1. * Throwing **

the material passes on to the “slip casting” shoo for
pouring into moulds. In some factories this creamy slip
is piped round in the same way as water in the home.

Dry MIxEs

When very accurate mouldings are required, a dry mix
becomes necessary. The filter cakes are dried, ground and
sifted, and mixed in a special mill which is enclosed to
prevent contamination of the air or injury to machinery.
Water and oils are added and the mix is then ready for
moulding.
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“ THROWING "
This is the well-known and ancient art of the potters
wheel. (See Fig. 1.) A mass of clay from the vacuum pug

-mill is thrown on to an electrically-driven revolving table.

The ancient *‘thrower” used to knead and reshape his
“body ” over and over again to extract the air. The
vacuum pug mill takes the place of this operation and the
body is extruded ready for immediate forming. A piece

Fig. 2.

¢ Jollying **

may be taken, spread out into a pancake on a revolving
tatle, picked up and thrown on to a revolving pattern and
the shape of the article formed in a few seconds.

“ JOLLYING ”

In “jollying,” the body (in a plastic state) is placed into
or on a mould or pattern made of plaster of paris. (See
Fig. 2.) The mould is fixed to a rotating wheel (jolly) and
while the body rotates it is formed to shape by a profile
tool. Automatic jollying machines have now been
developed for production of plates, cups and saucers, e:c.
After jollying the body is removed and fired.

TURNING

For turning, a dryer mix is used than for jollying and
if the article is large a semi-fired body is necessary. This
process is similar to wood or metal turning, and the final
shape can be quickly obtained by bringing up a profile
tool as a last operation.

Stip CASTING

For simple shapes, for instance the-house brick, a wocden
frame or mould is sufficient, but for intricate shapes
plaster of paris moulds are used. These are in two parts
and after they are tied together the ““slip ” (which is now
drawn from a tap) is poured in and left for a certain time
dependent upon the thickness of walls required, after which
time the surplus slip is poured away. The mould is left
for a while, then opened up and the body is removed for
firing. (See Fig. 3.)

PRESSING OR MOULDING

Pressing in steel dies is used for mass production and is
carried out with either a wet, semi-wet or dry body. The
technique is very similar to ordinary engineering practice
and need not be described here.
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DRYING

After the © green ” ware is completed by any of the above
methods it must be dried; this process is carried out in
heated rooms rather like components store-rooms and the
“ water of formation” is driven off. The time of drying
is proportional to the thickness, or to the ratio of surface
to volume for bodies of uniform thickness. Uniform

thickness, symmetrical shape and no projections or sharp
corners are advisable objects in design of ceramic bodies,
otherwise cracking is likely to take place during either the
drying or the firing process.

Fig. 3. Casling' mould ol;en showing cast article in one half
' 1 \
GLAZING . e |
For obtaining water-repellant surfaces in electro-
ceramics transparent glazes are usually employed. The
glaze is applied either by dipping, pouring, sprinkling or
spraying. Glazing is * fired on,” and can be put on before
or after colouring. iy
! |
COLOUR I
The artistic colouring of bodies is a most intricate and
greatly varied technique, but as it is not directly associated
with electro-ceramics it is necessary in this short article
to pass it by. '

FIRING—THE AcTiON OF HEAT oN CERAMIC ‘‘ BODIES”

Firing is carried out in some form of kiln, of which there
are several types. As a result of heating, hygroscopic water
is eliminated at about 100°C, then at between 350 and
400°C, which must be reached slowly in order to prevent
distortion, 'the combined water is driven off. Both these
stages are critical. The water is slowly liberated up to
about 650-700°C during which time the clay begins to
decompose. The hydrosilicate of alumina is completely
destroyed, all the water removed, the carbon from organic
matter burnt, and the material remaining is then composed
of alumina and silica. If the temperature is raised still
further the silica and alumina form a new anhydrous
silicate of alumina, this combination commencing at about
700-800°C and being completed at about 1,100-1,200°C.
Finally, at about 1,250-1,500°C, the mixture becomes
vitrified. If the temperature is raised still further the mass
grows soft and ends by losing shape and fusing. In general,
ceramics vitrify between 1,100 and 1,700°C, the refractory
materials such as alumina and corundum requiring the
higher temperature.

Firing is the most important, and in manufacture, the
most difficult operation. During the cycle of firing the
evaporation of the moisture causes a diminution of the
density and the volume slightly increases. When the sili-
cates begin to be formed the body contracts and has a
tendency to fill the empty spaces made by the evaporation
of the water and contraction of the organic materials.
This continues until vitrification, when the body becomes
imlpermeable and the apparent density attains its greatest
value. :
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TEMPERATURE CONTROL

Control of kilns is carried out by one or both of the
following methods:—

1. Pyrometer control.

2. Direct observation.

The former needs no description but its disadvantage is
that it gives no indication of the effect of temperature upon
the body being fired. This may be ascertained in a variety
of ways, the mest well known teing the use of Seger Cones.
(See Fig. 4) These cones are made of various ceramic
mixes and the temperature at which they ““squat ™ indicates
the effect of the heat on the work done on the bodies. Seger
Cones are calibrated and have “squatting” temperatures
of 20-30°C between each cone number. These are passed
through the kiln with the articles being fired.

Origin of Raw Materials for Ceramics used in the Electrical
Industry

Ceramics used for insulation at low frequency are made
from china clay (from Cornwall) ball clay (from Dorset
and Devon), feldspar (from Norway, Sweden and Canada),
and quartz (silica sand) which is found in England,
although the best quartz sand beds are at Fontainbleu in
France and in Belgium. For ceramics used as high-
frequency insulators some of the above materials are

‘employed together with fluxes, but the main constituent is
‘steatite derived from Bavaria,

Rumania, Italy, Spain,
Egypt, India and Manchuria. Other ingredients are
titanium oxide, barium and strontium sulphate fluxes, and
calcium.

Origin of Raw Materials for Pyrophyllite Ceramics

Variations in the composition of various rocks, as well
as in the circumstances of their decomposition, explain the
formation of other hydrated silicates of alumina having

3

Fig. 4. Pyromeiric comes !

similar composition to kaolinite; among these is pyro-
phyllite. Some geologists suppose that some of these
rocks may be distinct eruptive products. This especially
appears to be the case with pyrophyllite which is a
sedimentary and very finely grained compact rock of meta-
morphosed clay, probably derived from volcanic ash. Tt
has ‘exceptionally uniform texture and composition and
is practically free from impurities. '
Pyrophyllite, sometimes known as “ G ” stone, Koranna
stone or Wonderstone, occurs in large quantities near the
village of Ottosdall in the Lichtenburg district of the
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Western Transvaal of the Union of South Africa. The
main quarry is on a farm at Gestoptefontein where com-
munication to Johannesburg (165 miles away) is good. On
this farm alone the deposit is estimated to be about 600
feet in thickness. A hole bored 200 feet into a hill pene-
trated the mineral without encountering bands of rock.
A conservative estimate gave about 60,000 cubic feet (or
roughly S million tons) for the contents of this hill. In
the whole of the region the quantity available must be
enormous.

Pyrophyllite was introduced into the United Kingdom
by the Minerals Research Laboratory of the Department
of Mines of the Union of South Africa under the auspices
of South Africa House, London, in the year 1937. Little
was known concerning its physical and electrical properties
as the majority of the tests which had been carried out
were to what are now considered obsolete specifications.
However, the use of the material for experimental and
prototype work had been proved by several research
laboratories in the United Kingdom, and in 1947 the
Admiralty Signal and Radar Establishment used it for the
first time in several experimental equipments where a
ceramic body was required which could be machined, fired
and ready for use in a few days.

At about this time some preliminary moulding indicated
that by using a binding agent of either commercial sodium
silicate, gum arabic or fire clay, dry pressings which well
maintained their shape after firing, with good edges and
a smooth surface, would become a practicable proposition.
The sodium silicate mix gave the best results.

Properties of Pyrophyllite . .
CaeEMIicAL COMPOSITION

The bulk of pyrophyllite is made up of silica and
alumina, as is shown by the following approximate
analysis (by weight):—

100 f¢. 300 fe.

" Surface deep deep
Silica (Si0,) .. 56.29 56.08. 54.38
Alumina (Al,0,) . 33.18  33.37 33.88
Ferric Oxide (Fe,0,) 1.12 0.79 1.72
Titanium Oxide (Ti0O,) 2.54 242 2.54
Lime (CaO) .. 0.32 0.29 0.22
Magnesia (MgO) 0.41 0.24 0.36

The small variation in chemical composition at various
depths indicates that the rock is of fairly homogeneous
character. Two interesting features are the relatively high
titanium content and, at the greater depths, the decrease
of silica content.

A molecular formula (calculated from the above data)
of 3Si0,.Al,0,.H,0 may ‘be assigned to the mineral com-
posing the rock. A mineral of this composition is pyro-
phyllite.

PHYSICAL PROPERTIES

Water Absorption

Despite statements to the contrary, pyrophylhte even in
the raw unfired state, only absorbs 0.25 per''cent by
weight after 24 hours immersion in water, and after firing
to vitrification there is no measurable absorption. After
dry pressing of a mix there is no absorption after firing at
1,300°C. This is comparable to the “radio frequency
ceramics,” and better than the pressed electrical porcelains
used for low tension work.

Thermal Shock Resistance 5

An interesting feature is that when test specimens of
lin. diameter by lin. long are heated and then plunged
into cold water, cracking does not take place unless a
temperature of 200-220°C has been reached. This is better
than the refractory porcelain used for electric fires, etc.;
when mixed with a small amount of sillimanite (an
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aluminium silicate obtained from India), even better

resistance to thermal shock is attained.
Mechanical Strength

Natural pyrophyllite fired at 1,275°C has a tensile
strength of 6,2001b/sq. inch, which is comparable with that
of any other electrical porcelain. The bending strength is
1,4001b/sq. inch (“natural fired” at 1435°C) and
6,5001b/sq. inch when moulded and fired. These figures
are comparable with those for the pressed electrical
porcelains. The impact strength of a moulded pyro-
phyllite mix fired at.1,275°C is much higher than
that for the equivalent moulded electrical porcelain;
when fired at 1,435°C it is more than twice as strong,
having an impact figure of 0.230 inch Ib.

Machinability
As will be seen from the illustrations
pyrophyllite can be formed into many diverse shapes.

in Fig. 5,
Any

. wood or metal working tool can be used for this purpose

and the raw material can be turned, milled, ground, drilled
and tapped, or powdered and mixed with other ceramics
and fluxes for moulding.

Fig. S. Examples of Pyrophyllite components

(Top) Coil formers for a delay line in which 2-microsecond sections are
interlocked as required

(Bottom) Coil assembly for 5kV R.F. power unit

The ease of machining immediately suggests use in
laboratory engineering and experimentation; it may be
found advisable, however, to employ dust extractors to
remove the fine dust produced during cutting.

If the machined raw material is fired properly there is
no measurable shrinkage, this is a property not shared with.
any other ceramic material.

ELECTRICAL PROPERTIES :

The power factor at 1Mc/s for the natural material firéd
at 1,435°C is '0.007, and at 10Mc/s it is 0.0036. One mix
has a power factor at 1Mc/s of 0.002. The permittivity is
5.2. Surface resistivity is of the order of 5 x 10'° ohms per
unit square when enclosed at 100 per cent humidity for
24 hours, this property being similar to that of electrical
and radio frequency ceramics. Volume resistivity is very
high being of the order of 1.3 x 10*® ohms per cm cube at
room temperature. The electrical strength is S00kV’
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(r.m.s.)/inch, which is comparable with other electrical
ceramics. Surface breakdown voltage is of the order of
16kV across a 1 inch length between brass electrodes.

MOULDING

One of the main requirements in the contract with
Messrs. Bullers, Ltd. was to confirm the “ mould-
ability ” of powdered pyrophyllite, A series of ceramic
“ bodies,” based on pyrophyllite with the addition of
ceramic plasticiser (bentonite) and various fluxes, was
made with the object of finding a mixture which would
vitrify at a firing temperature in the range 1,250-1,300°C,
this being the temperature used for electrical porcelain.

By using two parts of bentonite to 100 parts of pyro-
phyllite powder satisfactory dry pressings which require a
high firing temperature were obtained. It should here be
mentioned that dry pressings are those containing a
moisture content of 1 to 5 per cent and are used when
minimum shrinkage is necessary to maintain close dimen-
sional tolerances, whereas wet pressings are those contain-
ing a moisture content of up to 15 per cent. The plasticity
of a wet “ body” enakles more complicated shapes to be
produced using simpler dies than with the dry pressing
technique.

Some ** bodies ” based on pyrophyllite but with additions
«of bentonite and various ceramic fluxes were tried out, and
‘with nephylene syenite alone or with barium and stron-
tium, a satisfactory vitrified body was produced at the
mormal firing temperature of 1,250-1,300°C. Such a body
may be machined after firing. The addition of the barium
and strontium enabled a lower percentage of nephylene
syenite to be used and so improved the electrical properties.

The two mixes found satisfactory are:—

Mix No.1 Mix No. 2
Pyrophyllite . 100 100
Barium Sulphate .. .. .. — 5
Strontium Sulphate L= 5
Nephylene Syenite ... 20 10
Bentonite e e e 2 2

Two satisfactory materials for producing good wet press-

ings with a firing temperature of approximately 1,300°C
are:—

. Mix No.3 Mix No. 4
Pyrophyllite . .. .. 50 75
Marl (raw) e .. .. .. 50 25
Steatite .. .. .. .. .. 15 15

Summary

It is established that pressing mixtures based on pyro-
phyllite can be made having mechanical and electrical
characteristics similar to those of other pressed porcelains.

Pyrophyllite has a higher mechanical impact strength than
any other electrical porcelain, and is therefore particularly
suitable for use where sudden high mechanical strains are
experienced. The material maintains a higher volume
resistivity at high temperatures than other electrical
porcelains, thus indicating an advantage in refractory
ware.

The very small shrinkage of pyrophyllite mixes when
fired (1.03-1.04) enables close tolerance pressings to be
made, and where extremely accurate dimensions are a
necessity the raw material can be machined first, and then
fired at 1,435° C, when shrinkage is negligible.

The use of pyrophyllite for experimental and prototype
work is already well established; the ease of machining
the unfired material making it particularly suitable for the
rapid construction of a wide range of shapes.

Finally, it is established that the material is a suitable
substitute for many of the ceramic products now in use
in the Services.
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The De Luxe Home Built Televisor

During the four years since the booklet describing the
ELectroNic ENGINEERING Home Built Televisor was pub-
lished, considerable progress has been made in television
technique and, in the new booklet, “ A De Luxe Home
Built Televisor and Radiogram,” a number of circuit
improvements have been incorporated, together with a
three waveband radiogramophone. The following are a
few of the technical details of this new televisor.
Interlacing

The sync separator has been modified by the addition
of a diode interlace filter which enables correct inter-
lacing to be maintained without the necessity of critical
adjustment of the frame frequency control.

Focus

To overcome defocusing due to the variation in resistance
of the focus coils due to heat, two separate methods are
employed. The first uses a modified focus coil connected
in a constant current circuit, while the second method
makes use of a permanent magnet.

Definition

In order to add to the already excellent definition a form
of push-pull modulation of the c.r.T. is employed, in which
both the grid and cathode of the tute are modulated. This
helps in providing a picture of extremely good contrast but
entirely free from harshness.
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Ease of Adjustment and Control

In centring the picture by moving the focus coil, or
magnet, the focus over the whole of the screen will suffer
if the focus colil is tilted to such an extent that it is far
from parallel with the screen of the c.k.T. To overcome
this difficulty, and at the same time to make the operation
easier, picture centring is carried out electronically by the
adjustment of two shift controls.

E.H.T. Supply

In order to enable the use of modern aluminized c.R.T.5
several methods of increasing the E.H.T. potential to the
required level are described. These include voltage doubl-
ing, R.F. oscillator units and boost from the line flyback.

High Quality Amplifier

The television sound transmission is normally of a very
high quality and to make full use of this a high quality
amplifier has been included. This consists of a single out-
put pentode and a triode pre-amplifier with negative feed-
back over two stages; the total distortion for three watts
output being less than 0.5 per cent..

Radio Reception

A three waveband superhet tuning unit has been
developed which, although having only three valves, has
proved itself to be very reliable and of good quality. A
fourth valve is included which acts as a tone corrector and
amplifier for record reproduction.
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An Electronic Digital Computor
Using Cold Cathode Counting Tubes for Storage

(Part 2)

By R. C. M. Barnes, B.Sc., E. H. Cooke-Yarborough, M.A., AM.LE.E,, and D. G. A. Thomas, M.A. *

The relation between the state of the scale of two at the
beginning of one round off operation and that at the
beginning of the previous round off thus depends upon
whether the number of pulses occurring in the interven-
ing period is odd or even. These pulses are spaced a few
milliseconds apart whereas the interval between successive
round off operations is several (usually very many) seconds.
The exact length of this interval js affected by many un-
certainties, such as the operating times of the tape readers
and printers and many r¢lays. These may confidently be

Guide 2
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transfer unit Gp:ﬂ‘s’:sl

information obtained via a relay circuit from a punched
paper tape into a form suitable for operating the transfer
units in the computor and vice versa. The translator is
brought into circuit in the same way as any storage address
and no alteration is needed to the transfer unit to accom-
modate it.

The basis of the unit is a special Dekatron in which the
cathodes are all brought out separately. For this purpose
a 10-cathode tube would be suitable, but the tube available
has 11 cathodes (GS11A) and this has been used.
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Fig. 8. Translator unit

expécted to produce unpredictable variations in the interval
amounting to very many milliseconds.

Experiments so far carried out show no significant corre-
lation between the zeros and ones produced by repeated
round off operations.

The Translator Unit
The function of the translator unit is to convert the

* Flectronics Division, A.E.R.E., Harwell.
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The method of operation is shown in Fig. & If, for
example, the numeral 3 is to be fed into the computor, one
of the Dekatron cathodes, No. 7 in this case, is connected
to the input of the transfer circuit by relays energized from
the tape reader. When translation-in takes place, the dis-
charge in the GS11A is stepped round by a train of 10
pulses to cathode No. 10. In passing the selected cathode;,
a pulse is fed to the input of the appropriate transfer unit.
The transfer unit then functions in the normal way and if
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a positive number is being translated, the remaining pulses
of the train of 10 (in the example, 3) are passed to the
receiving store by the transfer unit. When translating in
negative numbers the transfer unit is arranged to comple-
ment them. Since the translator deals with only one digit
at a time the remaining transfer circuits are arranged to
transfer zeros (or nines in the case of a complement). The
translator is connected via the transfer circuits to each
digit of the store in turn by the relay shift circuit.

When translating out (i.e., taking information from the
computor) the GS11A tube again starts from cathode
No. 0, but in this case it steps round by the number of
pulses delivered to it by the transfer unit. The cathode
on which the discharge is left rises in potential from
—16V to something positive with respect to earth, causes
the grid potential of two of the triodes V11 to V15 to rise,
and socloses two of the relays PA/1, PB/1 - - - PE/1. The
contacts of these relays operate the teleprinter or tape
perforator. The metal rectifiers in the cathode circuits
of the GSI11A give an output in the appropriate code (i.e.,
the 10 combinations of 2 holes punched in two of five
spaces) for this purpose.

After translation-in or -out a separate circuit returns the
«discharge in the GS11A to cathode No. O before the trans-
Jlator is again required for use.

‘Sequence Control

This part of the computor controls the tape readers and
output organs, selects the Dekatron stores required for
each arithmetical order and interprets these orders as a
sequence of the basic functions of addition and subtrac-
dion. It is designed to operate as an asynchronous system
in which each sthchmg operation in the sequence is
<hecked before the next is allowed to begin. This simplifies
"maintenance by eliminating critical relay timing and by
stopping the computor immediately a circuit fault is
detected.

The sequence of an arithmetical operation can be
regarded as consisting of three parts: —

(1) Reading in the current order.
(2) Setting up the necessary connexions.
(3) The arithmetical operation itself.

Non-arithmetical orders are dealt with in a similar manner
and the operation of the computor continues until a special
order is reached which leads to the lighting of the “Finish”
lamp and prevents any further operations.

READING IN THE CURRENT ORDER

Each order is transferred, digit by digit, from the
perforated tape or Dekatron store into the relay order
storage circuit and is then interpreted as a sequence of
additions and subtractions. The address from which the
order is obtained has been derived from an earlier order
calling for a change of order source. This address is stored
on a group of relays which mark out the two digits of the
order source address. The “tens” digit energizes a relay
connecting a group of ten addresses as the sending store
and the “ units” digit selects the individual store in this
group. The reading-in sequence begins when it has been
proved that the correct tens and units relays have operated.
1f the order source is a tape reader the sequence will con-
sist of six cycles. The space or block-marking character

is read during the first cycle and the order digits during the ..

remaining five cycles. At the beginning of each cycle th:.
appropriate relay storage group is connected to the five-
wire output of the tape readers.

The contacts -of each tape reader correspond with the
pattern of holes on the tape, and they operate the equiva-
lent combination of five relays in the storage group to
‘which they have-been connected. The relay storage group
into which the space or block-marking character -should
be routed will only allow the next cycle to commence
if it receives a particular combination of one hole out of
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five (the space combination) or any combination of three
holes (the block-marking characters). The five storage
groups into which the order digits are fed will only allow
the next cycle to commence if each receives one of the
ten combinations of two holes. If the tape reader moves
the tape forward more than one row before reading the
next character, or fails to move the tape, a digit storage
group will be offered the space code or vice versa.
Furthermore, any erratic operation of the reading contacts
is unlikely to distort a two-hole code into another two-
hole code, so that any faulty operation of the tape reader
is almost certain to be detected.

SETTING UP THE CONNEXIONS
The source from which the current order has been read

and the relay storage group are now disconnected, leaving

the order stored on the relays. If this order requires an
arithmetical operation the sending and receiving addresses
are selected and connected to the input and output of
the transfer system in the following way. The Dekatron
stores are built in units each containing ten stores of eight
digits and sign. These units are a convenient size and
suit the decimal address code. Each group of ten stores
has switching relays which connect it either to the input
or the output of the transfer systems. These are the send-
ing and receiving “tens” relays. When a “tens” relay
is energized the Guide 2 electrodes of all the sign storage
Dekatrons in the group are connected to the sign input
or output lead .of the transfer system, all the Guide 2
electrodes of the 1°% digits to the 1% digit lead, and so on.
The individual store in the group is selected by one of ten
switching relays (the “units” relays) which connects Guide 1
pulses to all the Dekatrons of one address. Thus although
all the 90 Dekatrons in the group of 10 addresses receive
Guide 2 pulses, only those of the selected address receive
pulses on both guides and the position of the discharge
can change only in this one address.

The two sets of “tens” and “units” relays which
bring the sending and receiving addresses into action are
selected and checked by four groups of address storage
relays. A fifth group stores the operation to be performed
and, provided that the addresses selected are compatible
with the operation demanded, sets up the arithmetic control
relay circuits. As a further guard that the sending and
receiving addresses are connected correctly the arithmetic
sequence cannot start until the signs of both addresses and
of the accumulator have been identified.

“

THE ARITHMETIC OPERATION

When the selection of function and addresses is complete
the arithmetical sequence begins. It occupies a variable
number of cycles, only one for addition or subtraction,
nine for multiplication, ten for division, 11 for reading
in a number from the tape and up to 19 for printing a
number in a maximum length print layout. For addition
or subtraction the single cycle has two steps: setting the
shift circuit to the straight-through condition and carry-
ing out a single transfer. For division of a positive divi-
dend by a positive divisor each cycle "has three steps:
setting the- shift to successive positions, carrying out a
multiple subtraction until the sign of the accumulator
changes and carrymg out a single addition. The comple-
tion of each step is checked before the next can begin.

When the arithmetic sequence has produced the full
number of cycles required. for the particular operation the
address relays are released, the stored order is cleared
down and the next order reading sequence begins.

PrINTING OUT g
If the current order selects the prmter as the receiving
address the translator is connected to the output of the

" transfer system and the printer is connected to the: five-

wire output of the translator. A previous order will have
specified the print layout which is to be adopted. Each
cycle of the arithmetical sequence then consists of three
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steps. The first sels the shift to route each digit in turn
to the input of the translator (which accepts only one digit
at a time). At the same time the translator is recycled to
zero. During the first step there may alternatively be con-
nected to the printer the contacts of one of a number of
relays which mark out non-digital characters such as space,
line feed and carriage return. The second step is a single
addition or subtraction. If a non-digital character has
been selected by the first step this transfer is not required.
The teleprinter with page printing attachment has been
modified so that five-wire signals operate magnets control-
ling the five combs of the combination head. The third
step of each cycle sets the combination head of the tele-
printer by operating these magnets from the output of the
translator or a character relay, checks the position of the
combs, and prints a character.

A Time Selection Circuit

By W. R.

n .

TIME selection circuits for frame sync-séparation in
television receivers do not seem to have been widely

used, although such circuits can give very satisfactory

results.

‘Basically the principle is one of selecting those pulses

which occur within a fixed period of time after a reference
pulse. . '

The circuit to be described is designed around the
Mazda 6F33 valve, which has a short cut-off suppressor
grid characteristic.

The output from the picture sync-separator is fed via
a differentiating network of RC < 2 microseconds to the
control grid, G,. ~The G, voltage waveform consists of
negative and positive going pulses, but the cathode being
17V positive allows cathode current to flow only during
the positive going pulses.

It is usual to employ the negative going pulses of the
differentiated sync signal to start the flyback period of
the line deflexion generator. The saw tooth output from
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Fig. 1. The time seleciion circuit

this generator is fed to the suppressor grid, G,, via a
differentiating network which must allow G, to reach
cathode potential in approximately 30 microseconds.

The 6F33 has an internal ,diode connected between G,
and cathode which clips the tops of the G, waveform.

As the G, base is about 9V, anode current is held off
for about 20 microseconds after the start of the line fly-
back period. The result is that the positive going pulses
of the differentiated line sync signal do not cause anode
current to flow because G, 'is below cut-off. There. are
however small voltage pulses,of approximately 1.5V (peak
tolpeak) at the anode due to capacitive coupling in the
valve. - .

The frame sync signal consists of inverted half line
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Conclusion

It is believed that the computor described above -will
meet a real need in the computing field. It is particularly
suited for cases in which the same calculation must be
performed many times on a variety of numerical data. Its
use is expected to be an economical proposition in many
cases when the cost of a large, fast computor would not
be justified. :
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for Frame Sync—Separation
Luckett

pulses. When these are differentiated they produce a
waveform that consists of a positive going pulse followed
by a negative going pulse.

It will be seen from the waveforms of Fig. 2 that the
positive pulses occur during a period when G, is at cathode

potential. The resulting flow of anode current produces
A
—eep
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Fiz. 2. The waveforms at :- (A) Output of picture/sync separator. (B) G,.
. (C) Output of horizomtal dcflexion generator. (D) Gg. (E) Anode

negative going voltage pulses at the anode. These pulses
are used to synchronize the frame deflexion generator.
It will be seen that the circuit cannot introduce any
timing error, because .the leading edges of the output
pulses are coincident with the leading edges of the frame
sync pulses. ) ‘ .
This circuit is stable in operation and requires no_ critical
adjustment of circuit values. !
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Nimrod

A Small Automatic Computor

By R. Stuart-Williams, B.Sc., AM.ILEE.,, MLR.E. *

THIS machine was built to display the principles of auto-
matic computors at the Exhibition of Science of the
Festival of Britain.

The design of the machine represented an experiment in
engineering. The decision to build a machine for demon-
stration was made at the end of November, 1950, but the
time table was a very tight one. Work on the design was
commenced on 1 December, 1950. It was agreed that the

machine would be shipped to the Festival on 12 April,

1951, which meant that it must be ready and tested by
4 April. The primary function of the machine is to
display its method of operation-and this made it neces-
sary to use different circuit techniques from the Manchester
machine. It was necessary therefore to produce a complete
new design on paper, tuild it and test it in four months.
The basic design work alone took six weeks as, in
addition to the other difficulties, it was necessary that the
machine should be very reliable. In order to complete it
in time it was required to design a machine on paper
without any experimental stage and without risk of
mistakes. The machine was shipped on time and has
proved reliable and, therefore, it is considered that the
experiment has succeeded. This article deals with some
of the methods adopted in the design.

Some Features 