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3 WAY MIXER £ PEAK PROGRAMME

for recording and large sound installations, etc.

One milliwatt output on 600 ohm line (.775 V) for an input of 30 microvolts on 7.5—30 ohm balanced input.
Qutput balanced or unbalanced by internal switch. The meter reading is obtained by a valve voltmeter with
| second time constant, which reads programme level, and responds to transient peaks.
Calibration in 2 db steps, to plus 12 db and minus 20 db referred to zero level. Special low fie'd internal power
packs supplies 8 valves including stabilising and selenium rectifier, consumption 23 watts.

Manufactured by

VORTEXION LIMITED

257-263 THE BROADWAY, WIMBLEDON, LONDON, S.W.19
Telephones : LiBerty 2814 and 6242-3. Telegrams : ““ Yortexion, Wimble, London *’.



The
. VITAL®
LINK

For the tough job of connecting the
T/V Camera to the gefitrol van something extra in
the way of a trajliig cable system is needed. This
is well providgd for in BICC T/V Camera Cables

with mouldgd-on Polypole Couplers.

Take the 22-core cable for instance : by
the usefof single wire conductors the diameter is
reduced! to only ‘850 in.—two-thirds the size of its
conveional stranded wire equivalent! And the
Polypote Coupler, integrally moulded to the cable end,
reduces the possibility of conductor breakage to a
minimunj.

Truly a perfect combination built for the
ad it bears the BICC hallmark of dependability.
; Our technical staff will be pleased to
discus$\ this new development with you.

job

'rlv CAMERA CABLE
“[”54 AMD COUPLER

BRITISH INSULATED CALLENDER’S CABLES LIMITED
NORFOLK HOUSLE. NORFOLK STREET. LONDON, W.C.2
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CLASSIFIED ANNOUNCEMENTS

The charge for these advertisements at the LINE RATE (if under 1 or 12 lines) is : Three lines or under 7/6, each additional line 3/é.

(The line averages seven words.)

Box number 2/- extra, except in the case of advertisements in ** Situations Wanted,"”’ when it is added

f e ’

f charge. At the INCH RATE (if over I” or [2 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s

fFrl::::ci:l Re:orts £140s. 0d. per column. A remittance must accompany the advertisement. Repliesto box numbers s!n_ould be add ressed

e : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and r!narked " Elactrqmc anmeermg. Advertisemente
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 Estab-
lishments 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
experience. Appointments will be in an un-
established capacity, but opportunities may occur
for qualified staff to compete for established
posts. The salaries offered, depending on age,
experience, ability and place of duty, will
be within the range £320-£560 p.a. Hostel
accommodation is available at some Establish-
ments. Applications, stating age and details
-of technical qualifications, apprenticeship (or
equivalents) Workshop and Drawing Office
experience, should be sent to Admiralty
(C.E.11, Room 88) Empire Hotel, Bath, quoting
DM/R.D. Original testimonials should not be
forwarded with application. Candidates required
for interview (at London or Bath whichever is
nearer) will be advised within two weeks of
receipt of application. W 2780

ADMIRALTY. Appiications 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 cxperience.  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 88),
Empire Hotel, Bath. Candidates required for
interview will be advised within two weeks of
receipt of application. W 137

BRITISH ELECTRICITY AUTHORITY Lon-
don Division. Applications are invited for the
following appointments : Assistant R, & M,
Engineer (Mechanical)~Acton Lane Generat'u;"g'
Station. Candidates should have had a sound en-
gineering training—preferably an apprenticeship
with a_ Manufacturer of heavy engineering
plant. They should also have had considerable
experience in the inspection, planning and
supervision of the overhaul of all Power Station
plant, particularly Turbines and their auxiliary
equipment. Salary in accordance with revised
N.J.B. Schedule, Class H, Grade 9, ie. £693
‘p.a. inciusive of London Allowance. Station
Shift Control Enginecr—Woolwich Generating
Station. Candidates should possess good tech-
njcal qualifications and have had sound tech-
nical training and practical experjence in the
-control  and operation of steam generating
plant and main switchgear, Salary in accordance
with revised N.J.B. Schedule. Class G. Grade
10, i.e. £565 19s. p.a., inclusive of London
Allowance. Boiler House Shift Charge Engi-
neer—Hackney Generating Station. Candidates
should have experience of control of boiler
operation and staff. Technical knowledge of
-combustion is essential. Salary in accordance
with revised N.J.B. Schedule, Class F, Grade 9.
i.e. £564 18s. p.a., inclusive of London
Ailowance. All the foregoing posts are super-
annuable.  Applications stating age, qualifica-
tions and experience should be addressed to
the Divisional Secretary, British Electricity
Authority, London Division, Ergon House,
Horseferry Road, Westminster, S.W.I, to be
received within 14 days of the appearance of
this advertisement. J. N. Waite, Divisional
‘Controller, W 2904

CITY OF BIRMINGHAM Education Commit-
tee. College of Technology, Birmingham. De-
-partment of Physics and Mathematics. Appli-
-cations are invited for the following posts :
Lecturer in Physics, The Department is con-
cerned mainly with Post Graduate courses,
External Degrees in Pure Science and Special
Physies and National Certificates in Applied
Physics. Research or industrial experience,
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preferably in electronics is desirable. Salary
will be In accordance with the 1951 Burnham
(Further Education) Scale for Lecturers (£900
x £25—£1,000 for men, £720 x £20—£800 for
women). Research Assistant in Physics to work
in the field of uiltra high frequency electronics.
Appiicants should have a good Honours Degree
in Physics of a University to which a thesis
lor a Higher Degree (M.Sc. or Ph.D.) may be
submitted on the basis of research work con-
ducted externally. Applicants should also have
some knowledge of electronics. The appoint-
ment will be for two years in the first instance
but may be extended to a third year. Research
Assistants are required to devote some hours
weekly in assisting with laboratory supervision.
Salary will be in accordance with the 1951
Burnham (Further Education) Scale for Grade
‘A’ Assistant Teachers (Men: £375 rising by
annual increments of £18 and one final incre-
ment of £21 to £630. Women: £338 rising by
annual increments of £15 and one final incre-
ment of £i6 to £504), plus graduate and train-
ing allowances where applicable. In fixing the
commencing salary allowance will be made for
teaching and approved industrial experience.
Further particulars and form of application
may be obtained by sending a stamped
addressed foolscap envelope to the Registrar,
College of Technology, Suffolk Street, Birming-
ham, 1. Completed forms should be returned
to him not later than two weeks after the
appearance of this notice. McCaw. Clierk
to the Governing Body. W 1307

MIDLANDS ELECTRICITY BOARD. Ap-
pointment of General Assistant Engineer.
Applications are invited for the position of
General Assistant Engineer in the Chief Engi-
neer’s Department. The successful applicant will
operate from Aston Fields Depot, Bromsgrove.
Applicants should have had considerable ex-
perience in the operation and maintenance of
V.H.F. Radio and Radar equipment and a
knowledge of maintenance of wired telecom-
munication equipment is also desirable. The
successful applicant will be required to main-
tain equipment of this type installed in vehicles
and fixed stations throughout the Area. The
conditions of service will be in accordance with
the National Joint Board Agreement and the
salary. subjcct to negotiation, will be Schedule
‘C,’ Grade 8. Class AX/DX £437/£622 per
annum, the commencing figure being deter-
mined according (o qualifications and experience.
Applications s ating gge, experience and quali-
fications should be made within 14 days to
The Secretary (Ref. FWC), Midlands Electri-
tricity Board, Board Headquarters, Mucklow
Hill, Halesowen, Nr. Birmingham. A Stephens.
Secretary, W 2893,

THE CIVIL SERVICE COMMISSIONERS give
notice than an Open Competition for pension-
able appointment to the Assistant (Scientific)
Class (Basic Grade) will be held during "1951.
Interviews will be held throughout the year,
but a closing date for the receipt of applica.
tions earlier than December 1951, may even-
tually be announced either for the competition
as a whole or in one or more subjects. Success-
ful candidates may expect early appointments.
Candidates must be at least 17% and under
26 years of age on Ist January 1951, with ex-
tension for regular service in H.M. Forces.
but other candidates over 26 with specialised
experience may be admitted. All candidates
must produce evidence of having reached a
prescribed standard of education, particularly
In a science subject and of thorough ex-
perience 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.  (ii} Chemistry, bio-chemistry = and
metallurgy, (iii) Biological Sciences. (iv) General
(including geology, meterorology, general work
ranging over two or more groups (i) to (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. Opportunities for promotion. Further
particulars and application forms from Civil

Service Commission, Scientific Branch, Trini-
dad House, Old Burlington Street, London W.I,
quoting No. S$59/51. Completed application
forms should be returned as soon as possible.

W 2883

SITUATIONS VACANT
A NUMBER of Senior and Junior vacancies for
Radio, Radar, Electronic, Television, etc.,
Development, Service Engineers, Draughtsmen,
Wiremen, Testers, Inspectors, etc. rgently
required, 30 Television Service Engineers. Write
in confidence: Technical Employment Agency,
179 Clapham Road, London, S.W.9. (BRlxton
3437) w113

A LARGE AIRCRAFT FIRM in the Midlands
has vacancies for men with experience in con-
struction and/or maintenance of electr_o_nic
equipment.. Service as radio or radar technician
in H.M. Forces an advantage. Vacancies also
exist for men with tool room experience and
some interest in electronics. Interesting work
with good prospects. Apply stating age, experi-
ence, etc., to Box No. W 2911

A VACANCY exists in a special laboratory of
a well-known Company for a Telemetry En-
gineer. Applicants should have had good prac-
tical experience of the use of telemetry in the
field. Commencing salary £500-£700 according
to qualifications and experience. Please write,
giving full details and quoting ref. HHE, to
Box No. W 2913,

ASSISTANT ENGINEER required by large
Engineering Organisation in East London area
for Capacitor’'s design and development, 21
to 25 years of age, good opportunities for
advancement. Degrec or Higher National
Certificate—Electrical. No previous expericnce
necessary. Write stating age, qualifications and
salary required to Box No. W 2887.

BELLING & LEE LTD., 540 Cambridge Arterial
Road, Enfield, Middlesex, wish to engage =
specialist to conduct aerial research and develop-
ment, particularly at television frequencies.
Applicants must possess scientific qualifications
together with considerable experience in the field;
must be imaginative and original, and able to
work with minimum supervision. Excellent
research facilities are available and an attractive
salary will be offered to the right applicant.

W 134
CROMPTON PARKINSON LIMITED invite
applications from graduate Physicists or Elec-
trical Enginecrs with good Honours Degrees
to work in their Lamp Development "Labora-
tory on Electric Discharge Lamps and Contro}
Gear, Applicants with ‘or without experience
will be considered. Good prospects for man
wishing to make a career in Industry. Send
full particutars of training and practical
experience, if any, to Ref. GLD, Crompton
Parkinson Ltd., Guiseley, Nr. Leeds, York-
shire. W 2892

DESIGN DRAUGHTSMAN (Senior) expzri-
enced in jinstrument design required by large
light engineering company, Ilford district.
Apply in writing giving age, previous experience
and salary required to Box No. W 2910,

DEVELOPMENT ENGINEER required for
work on textile testing instruments. Must have
B.Sc. Physics Degree or equivalent qualifica-
tions, Interesting and progressive, job for right
man. South Manchester district. Reply giving
full detajls of education, technical qualifica-
tions, age, and salary required. Box No.
W 1297.

DEVELOPMENT ENGINEER required for
interesting and progressive work in design and
development of small transformers for radio
equipment, Previous experience of this type
of work an advantage. Salary according to
age and qualifications. Apply, stating age and
full details of qualifications and experience to
the Personnel Department, E.M.I. Engineering
Development Limited, Blyth Road, Hayes,
Middlesex. - W 2889

DEVELOPMENT ENGINEER 24/30, educa-
tion to H.N.C. standard or higher, for old
established firm of Precision Electrical Instru-
ment Makers in S.E. area. The work is in
connexion with development of industrial con-

ELECTRONIC ENGINEERING
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SITUATIONS YACANT (Cont'd.)

trol devices, magslips and servo mechanisms,
Applicants should have experience of light
electro-mechanical apparatus ana smaJd a.c.
motors,
Applications giving full
experience and salary required
W 2897,

DEVELOPMENT ENGINEERS required for
the Line Telephone Transmission Section.
Applicants should possess Degree or equivalent
qualifications.  Salary according to age and
experience. Apply in writing giving full par-

particulars of age,
to Box No.

ticulars of education, experience and salary
required. Siemens Brothers & Co. Limited,
Ref. 715/21, Woolwich, S.E.I8. W 2884
DIGITAL COMPUTERS: Ferranti Limitea.

Moston, Manchester, are engaged upon the long
term development and exploitation of digital
computers. This interesting work covers vacuum
physics, the electronic and electrical properties
of materials, computing and pulse circuit tech-
niques, electrical and mechanical recording.
electromechanical mechanisms, precision me-
chanical engineering and power supply equip-
ment. In the course of this work there are
occasional vacancies for senior engineers with
wide experience from whom enquiries will be
welcomed at any time. There are immediate
vacancies for: (i) Engineers and Scientists for
research and development work in the above
fields. Qualifications include a good Honours
Degree in Physics or Engineering, or equivalent
experience. Salary according to qualifications
and experience in the range £450 to £1,000 per
annum. Please quote Ref. D.C.E. (2) Tech-
mical Assistants for experimental work in the
-above fields. Qualifications are a Degree or
Higher National Certificate in Engineering, . or
equivalent.
eace in the range £350 to £650 per anoum.
Please quote Ref. D.C.A. The Company has a
Staff Pension Scheme and will give housing assis-
tance in special cases. Application forms from
the Staff Manager, Ferranti Limited, Hollin.
wood, Lancs. : W 2825

also some knowledge of electronics. .

Salary according to age and experi- |

.

DRAUGHTSMEN—varied and interesting work

on Electronic, Radar, and Electro-Mechanical
apparatus is available in a Research Group
located in West London. Applications are

invited from experienced Draughtsmen who are
capable of designing to RCS/1000 standards.
Full details of qualifications, experience, age,
salary required, etc., Box A.E. 373, Central
News Limited, 17, Moorgate, London, E.C.2.

W 2888

E. K. COLE, LTD. (Malmesbury Division),
invite applications from Electronic Engineers for
permarient posts in Development Laboratories
engaged on long-term projects involving the
following techniques;—(1) Pulse Generation and
Transmission. (2) Servo Mechanisms. (€]
Centimetric and v.H.F. Systems. (4) Video and
Feedback Amplifiers. (5) Vv.A.r. Trapsmission
and Reception. (6) Electronics as applied Lo
Atomic Physics. There are vacancies in the
Senior Engineer, Engineers and Junior Grades.
Candidates should have had at least 3 years
industrial experience in the above types of work,
together with educational qualifications equiva-
lent to AM.ILEE. examination standard.
Commencing salary and status will be commen-
surate with qualifications and experience.
Excellent opportunities for advancement are
offered with entry into a Pension Scheme after
a period of service. Forms of application may
be obtained from Personne! Manager, Ekco
Works, Malmesbury, Wilts, W 2800

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 2808

ELECTRICAL and Electronic Engineers
required in connexion with expanding work on
new projects. Applicants should have at least
Higher  National  Certificate in_ Electrical
Engineering, or an equivalent qualification, and

ELECTRONIC ENGINEER REQUIRED to handle 250 Kilowatt high frequency Induction

Heater. Knowledge of Metallurgy and familiarity with high power Radio components
casential.  Please write stating age, experience and salary sought to Personnel Manager,
De Havilland Propellers, Ltd., Manor Road, Hatfield, Herts. W 2789

FIRST CLASS ELECTRONIC ENGINEERS of British Nationality are invited to join a company

located in country surroundings to the South West of—but close to—London.

The company's

operations which are on a considerable scale are solely concerned with pure research and

development work

working conditions are ideal and the scientific equipment is plentiful and of high quality.

in the Fields of Electronics,

The
The

Electricity and intricate mechanisms.

positions offered are permanent, the salary will be generous and there is a pension scheme.

The present staff of the Company are aware of this advertisement.

Applications in the first

place’ will be seen by the Managing Director only and there need be no apprehension in the

mind of any intending applicant of any breach of confidence.

Applications should contain full

personal particulars, details of education and all positions held subsequently and should be

addressed to the Box Number given and marked ‘Managing Director.’

W 1306

experience in one or more of the following :
small motors, instruments, servo-mechapisms,
pulse techniques, computer circuits.  Write,
stating  experience and _qualifications, to
Employment  Manager, Vickers-Armstrongs,
Ltd. (Aircraft Section), Weybridge. W 2861

ELECTRICAL ENGINEER—Degree or equiva-
lent—experience on maintenance of instruments
or light current circuits essential—required for
work on electronic process control. Write
giving details of qualifications and experience.
Box No. W 2921 :

ELECTRONIC ENGINEER required. Good
academic qualifications and recognised apprentice-
ship desirable. Required for development work
on control systems. Experience of D.C. amplifiers
and computing devices an advantage. Apply with
full details of experience and salary required to the
Personnel Manager, Sperry Gyroscope Co., Lid.,
Great West Road, Brentford, Middlesex. W 127

ELECTRONIC ENGINEERS (Senjor or Junior)
required for work on interesting new projects
in our Research Division. Good academic
qualifications required, or exceptional experi-
ence. Honours graduates in mathematics and
physics will be considered even if they have
had no previous electronic experience. Excel-
jent pay and prospects for suitable applicants.
Pension Scheme. Apply in writing with full
ersonal details to: The Personnel Manager,
airey Aviation Co. Ltd., Hayes, Middlesex,
quoting Ref. RD/EN. W 2890
ELECTRONIC ENGINEERS required by well-
known W. London manufacturers for work on
the development of industrial electronic equip-
ment. Preferably those with experience in the
development of T.V. Camera and/or T.V. Film
Scanning equipment. Good academic attain-
ments not so important as sound practical
development experience. Please write fully in
confidence to Box No. W 2906.

ELECTRONIC/ELECTRICAL  Engineer re-
quired with Degree in Physics or Telecom-
munication Engineering, and at least four
years’ experience of Radar. Apply Employ-
ment Manager, Vickers-Armstrongs Limited
(Aircraft Section), Weybridge. W 2899
ELECTRONIC/ELECTRICAL Engineers re-
quired with Higher National Certificate (Elec-
trical) and at least four years’ experience of

Radar. Apply Employment Manager, Vickers-
Armstrongs Limited (Aircraft Section), Wey-
bridge. W 2900

ELECTRONIC MAINTENANCE Engineer re-
quired. Applicants must have had practical
experience on the maintenance of high fre-
quency heating equipment. Pensionable staff
appointment. Salary in the region of £500 per
annum. Write with full details of experience,
training and age to Personnel Office, Harris
Lebus Limited, Finsbury Works, Ferry Lane,
Tottenham, N.17. W 2920
ELECTRONIC MECHANIC required by Oil
Refinery for maintenance work on Process Con-
trollers. -Applicants must have experience of
automatic electronic control. Industrial experi-
ence preferable but not essential. Apply Box
No. W 1283.

ELECTRO-MECHANICAL ENGINEER requ ired
Good academic qualifications and recognised
apprenticeship desirable. Experience in electrical
and electro-mechanical methods of computation ;
servo theory, and instrument design preferred.
Apply with full details of experience and salary
required to the Personnel Manager, Sperry
Gyroscope Co., Ltd., Great West Road, Brentford,
Middlesex. W 125
ENGINEER or Physicist required to take
charge of section developing thermionic trans-
mitting valves. Honours Degree in Physics or
Electrical Engineering or equivalent essential.
Previous experience of transmitting valves
desirable. Salary according to experience and
suitability. Apply : Personnel Manager, Stan-
dard Telephones & Cables Limited, Iiminster.
Somerset. - W 2898

ENGINEERING Draughtsmen, aged 22-28,

" having Ordinary or Higher National Certificate

in Electrical or Mechanical Engineering, required
for development work by well-known Instru-
ment firm for factory in Guildford area. The
engineering department is engaged on experi-
mental work on aircraft electrical instruments.
electronic equipment and servo systems. Interest
in this type of work very desirable in view of

close association between draughtsmen . and
engineers engaged on development projects.
Write stating qualifications. experience, salary

required to Box No. W 2912,

CLASSIFIED ANNOUNCEMENYS
continued on Page 4
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for A.F. Second detectors.
" A.G.C. rectifiers.  Muting circuits.
Contrast expansion and compression.
Level indicators.
Modulation depth indicators.
Ri'ngbridge modulators. Limiters.
Automatic frequency control.
Non-linear resistances.

Designed for input levels in excess of 0.5 Volts at fre-
quencies below about 5 Mc/s., the SenTerCel TypeM -1 single ele-
ment selenivm rectifier measures only 3 in. in thickness and 9/32 in.
in dia., and weighs only 0.015 oz, Efficient and inexpensive, the
M-1 is the smallest rectifier so far produced ; and, because in
most cases it will replace a thermionic rectifier, the cost
and complication of a valve base and associated wiring is
also saved, and a source of heat removed.

AVERAGE CHARACTERISTICS
Self Capacity ...
Forward resistance at 5 ¥V.0.C,
Rev. resistance at 5 V.D.C.
Max. peak inverse Voltage
Min A.C. input ...

Standard Telephores and Cables Limired

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

RECTIFIER DIVISION - WARWICK ROAD, BOREHAM WOOD, MERTS Fistree 240/ - Telegrams: SenTerCel Borehamwood

1951 : 3 ELECTRONIC ENGINEERING



SITUATIONS VACANT (Lont a.)

-keen man with

ENGINEERING establishment, West London
area, require several first-class Project Design
Engineers 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  Electronic Controls. Write in  first
instance giving ful experience and qualifications
to Chief Engineer, Box No. W 136.

ESTIMATING ENGINEER required by large
radio manufacturer in East London. Applicants
should be practically trained and should have
experience in the preparation of detailed esti-
mates for radio receivers. Good salary and
prospects are available to a man po ing

PLANNING AND PROGRESS Engineer re-
quired by electronic engineering company
manufacturing industrial electronic equipment.
Must have sound experience of electronic in-
strument manufacture and radio or electronic
components. Age 25/35 years. Reply giving
full details of experience, age and salary
required. Quote references to Box No. W 1298.

PRODUCTION ENGINEER to qualify as
Manager of production for high-grade electronic
instruments at new factory in Surrey. Must be
good organiser, able to expand production by
drive and initiative while maintaining quality.
Excellent prospects for the right man in a new
&l;lcésegxlpanding venture. Full details to Box No.

PROMINENT AIRCRAFT firm in Greater
London area, commencing new project of great
National importance, offers unique opportunity
for adva t. High salaries with monthly staff

the above qualifications. Kindly state details
of qualifications and experience with age and
salary required to Box No. W 2886.

EXPERIENCED Instrument Assemblers re-
quired for new British precision miniature
camera  project, S.W. London. Interesting
work, excellent conditions, attractive rates.

Box No. W 2902.

FERRANTI LIMITED, Moston Works, Man-
chester, 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 develop-
ment sections,  Qualifications include a good
degree in Physics or Electrical Engineering and
extensive past experience in charge of development
work. Salary according to qualifications and
experience in the range of £1,000-£1,500 per
annum. Please quote reference R.S.E. (2)
Engineers and Scientists for research and develop-
ment work in the following fields :—Radar, radio
and electronic circuits, microwaves, high-power
centimetric valves, vacoum andfor high voltage
techniques, servo-control and electro-mechanical
devices. Qualifications include a good Degree in
Physics or Electrical Engineering or Mechanical
Science, or equivalent qualifications. Previous
experience is an advantage but is not essential.
Salary according to qualifications and experience
in the range, £420-£1,000 per annum. Please
quote reference R.T.E. (3) Technical Assistants
for experimental work in the fields listed in (2)
above. Qualifications required : A Degree or
Higher National Certificate in Electrical or
Mechanical Engineering or equivalent qualifica-
tions. Salary'in the range of £260-£550 according
to age and experience. Please quote reference
R.T.A. The Company has a Staff Pension Scheme,
and will give housing assistance in special cases.
Application forms from Mr. R. J. Hebbert, Staff
anager, Ferranti Limited, Hollinwood, Lancs.
W 2764
INSTRUMENT DRAUGHTSMAN required for
design work on Electrical and Mechanical
devices. Interesting work on new projects for
ee initiative.  Apply, in writing, -
giving details of experience and qualifications
to K D.G. Instruments Limited, Purley Way.
Croydon, Surrey. W 2918

JUNIOR ENGINEER required for testing and
calibrating high grade audio frequency cquip-
ment, previous experience essential.  Apply
giving age, full details of education, experience
and salary required to E.M.I. Studios, Limited,
3 Abbey Road, N.W.8. W 1304
JUNIOR ENGINEERS interested in radios
rada; and servo-mechanisms are required in
special English- Electric 'Company Laboratory
working on new defence project. Preference
given (o applicants with_Ordinary or Higher
National Certificates in Electrical = Engineering
Progressive position, commencing salary £400-
600 p.a. according to qualifications. =~ Write
giving full details of age, qualifications and
experience and quoting ref. 815A, to Central
Personnel Services, English Blectric Co., Ltd..
24-30 Gillingham Street. London, S.W.1.

. W 2864
LABORATORY TECHNICIAN—A vacancy in
a Research Laboratory, South Midlands area,
for a technician to work on instrument develop-
ment. A sound practical knowledge of elec-
tronics and of the general construction is
essential. Apply stating salary required. Box
No. W 1305,

MECHANICAL ENGINEER required. Good
academic qualifications and recognised apprentice-
ship desirable. Preferably experienced in one or
more of the following : Precision mechanical
design ; hydraulics or pneumatic servo systems :
servo theory ; aerodynamics. Apply, with full
details of experience and salary required to the
Personnel Manager, Sperry Gyroscope Co., Ltd.,
Great West Road, Brentford, Middlesex. W 129

ELECTRONIC ENGINEERING

status and Pension Scheme offered to suitably
qualified applicants. Electronic Engincers with
Ist Class }fonou.rs Degree in Mathematics or
Engineering preferably with several years’ practical
experience, though not essential. Apply, stating
age, nationality and experience, to Box Ac.58212,
Samson Clarks, 57-61, Mortimer Street, W.{’.V 131

QUALIFIED ELECTRONIC ENGINEER, is
urgently required for the test and development
departments of well known Automobile Manu-
facturing Company. Applicants should at Jeast
hold a H.N. Certificate Elecctrical Engineering
and preferably a Degree, also should have had
some previous cxperience in the practical aspects
of this type of work. Salary according to age,
experience and qualifications, sound prospects.
Apply Box No. W 2922,

RADIO - RADAR Development Engineers
urgently required, accommodation available.
Applications are invited from Senior and Junior
Development Engineers, preferably with experi-
ence of Radar or microwave technique, who
are capable of developing equipment or com-
ponents to Service Specification.  Successful
candidates will be employed on work of great
National Importance. Write quoting reference
CHC. (5) to Personnel Officer, General Electric
Co. Ltd., Radio & Television Works. Spon
Street, Coventry. W 2803

SALES ENGINEER for the U.K. and abroad.
Must have specialized knowledge both of theory
and practice of R.r. Transmission Lines and
some experience in relations with the Electronic
Industry and Research. Exceptional opening
for right man. Fullest details of qualifications,
experience, age, etc.. in confidence to “S.E.F.”.
c/o Dixons, 1-9, Hills Place, Oxford Street.
London, W.L. W 135

SENIOR DEVELOPMENT Engineers
for Carrier Telephone work in S.E. London
arca. Applicants should statc age and details

of experience and salary expected. Box No.
W 2885 [}

SENIOR DEVELOPMENT ENGINEER. A
large Engineering establishment in the North
Kent area are requiring the services of Senior

required

Development Engineers with technical and prac-
tical experience in electronics. Applicants should
possess a good Degree, the minimum qualifica-
tions being the Higher National Certificate in
Electrical Engineering. A good knowledge of
Servo Mechanisms would be an advantage.
Reply, stating age and giving full particulars of
experience and salary required to Box No.
W 2785

SENIOR ENGINEER wanted for experimental
work ‘on radar, radio and/or electronics for
modern high-speed project with special English
Electric Company laboratory. Honours Degree
preferable. Commencing salary £700/£900 p.a.
Write giving full details, and quoting_ref. 456D,
to Central Personnel Services, English Electric
Co., Ltd., 24/30 Gillingham Street, London,
S.W.1. W 2869

SENIOR ENGINEER Inspectors required for
Inspection work on design and development
projects. The work will involve the survey and
inspection of prototype and experimental models
for electronic equipment. Applicants must be
over 30 years of age, preferably with a Higher
National or City and Guilds Final Certificate.
Some general industrial experienqe,h includ'ng
electronics, essential. Apply, giving fullesi
details of experience and qualifications to:
Personnel Department. ED/41, E.M.I. En-
gineering Development Limited, Hayes, Middle-
sex. W 1916

SENIOR AND JUNIOR Electronic Develop-
ment FEngineers required for work of high
riority. Deuree  or intcr-B.Sc.  desirable.
galary £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 LABORATORY ASSISTANT. In-
teresting vacancy occurs in the Research and
Development Section of a large Engineerng
Company situated in  Wiltshire.  Applicants
should possess a pood standard of education
and have had previous industrial experience of
Radio Components and/or moulding technique.
The appointment is of a permanent nature.
pension scheme in operation. Write stat'ng
full details of experience to Box No. W 29i4.

STANDARD TELEPHONES & CABLES Ltd.
have vacancies in their Line Transmission Divi-
sion at North Woolwich, London, E.16, open
to qualified Engineers and Physicists for the
cevelopment of multi-channel carrier systems
and microwave radio link eguipment. Salary
in accordance with qualifications and experi-

ence. Graduistes without experience will bc
considered.  Apply to Personnel Manager.

W 2881
TECHNICAL ~ SALES REPRESENTATIVES,

one for Birmingham und the Midlands, and the
other for London and the South, required by
wcll-known component manufacturer.  Appli-
cants must be car owners and be thoroughly

CLASSIFIED ANNOUNCEMENTS
continued on Page 6

PROMINENT AIRCRAFT FIRM

National importance offers unique opportunity for advancement.

status and pension scheme offered to suitably qualified applicants.

in Greater

London area commencing new project eof
High salaries with monthly

Engineers required

with good theoretical and practical experience in design and research in any of the following

specialist groups:—a) Radar,

Amplifiers, (d) Electro-mechanical measurement techniques.

University Degree desirable

though not essential.

Marine or Aircraft, (b) U.H.F. Radio, (c¢) Low Frequency

City & Guilds qualification or

Apply stating ége. nationality and

experience to Box AC60194, Samson Clark & Co., Ltd., 57-61 Mortimer Street, London, W.1,

W 2799
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Tufnol is constantly gaining new admirers. ..
since it is always adding fresh successes to its
repertoire . . . Here it blossoms out as a rotor
(pictured in section to show the intricate drillings)
of an air turbine
hand-grinder. No
other material pre-
viously tried out had
such a combination
of suitable qualities:
its extreme lightness
(half that of alumin-
ium) made possible a
speed of 60,000 r.p.m. without setting up gyroscopic
.action; its structural strength easily withstood
centrifugal force at this speed; easy to machine,
there was no question of wall-fracture during the
complicated drilling. When you add to this Tufnol’s
high insulating properties, its strong resistance to
corrosion, ‘atmospheric exposure and grinding wear;
and the fact that it can be lubricated with water —

& P
&4& A,

The complete air turbine hand-grinder

showing the rotor separately in the left

foreground. The ball-race cages are
also of Tufnol.

TUFNOL LTD - PERRY BARR . BIRMINGHAM

JUNE 1951

it is clear that Tufnol can bring new light to bear ont
many old problems. It comes in sheets, tubes, rods,
bars, angles, channels, or in specially moulded
shapes. Tufnol would easily help you to win new
laurels for yourself.

TUFNOL’S PAST SUCCESSES

are recorded in literature available on
request. But new and ingenious uses of
Tufnol are continually being found. If
you think that Tufnol can help you, but
are not sure af the best way to use it, let
us know NOW. Our technical staff will
be glad 10 work with you on it.

TUFNOL

REGISTERED TRADE MARK

An ELLISON ‘Product

22 B
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"nuation Scheme.

SITUATIONS YACANT (Cont’a,)

conversant with modern radio and teleyision
technology from the manufacturing angle, and,
for preference, should have had some experi-
ence in a similar capacity. Salary plus expenscs.
Write full details, including salary required.
Box No. W 2908.

TECHNICAL SALES ENGINEER, to act as
personal assistant to Sales Manager in London
office of well-known component manufacturer.
Applicants must be fully conversant with
modern radio and television technology from
the manufacturing angle, and must have had
recent experience in a similar capacity. Write
full details, experience and salary required.
Box No. W 2909.

TECHNICAL WRITER required. A permanent
interesting publicity job on communication and
allied electronic instruments. Successful appli-
cant will be required to handle press publicity
and some house journal work, and should bc
capable of preparing news items and working
up articles from bare facts. Experience in both
technical and popular writing desirable. Pleasc
write giving full details, including salary
required, and quoting Ref. HHH, to Box No.
W 2895.

TECHNICAL WRITERS (Male or Female)
required to prepare and edit reports and hand-
books for publication. Qualifications: a good
general training in electronics with wide practi-
cal experience of electronic equipment, marked
critical faculty (form and content) and ability
to write clear English. Applicants should write
giving full details to: Personnel Department,
ED/42, E.M.L Engineering  Development
Limited, Hayes, Middlesex. W 2917

TESTERS required for work on high frequency
generators for induction heating. Applied High
Frequency Limited, Actarc Works, S2a. Gold-
hawk Road, London, W.12. Phone SHE. 115].

W 2915

THE CAMBRIDGE INSTRUMENT Co. Ltd.,
have a few vacancies for Test room assistants
and_scientific instrument assemblers. The work
is interesting and offers good prospects to
suitable applicants. Call or write to Cambridge
Instrument Co. Ltd., Sydney Road, Muswel!
Hill, N.10. W 2905

THERE ARE a number of vacancies suitable
for Honours Graduates in physics, electrical or
mechanical engineering or mathematics or g
good general Degree covering two or more of
these subjects, for both research and develop-
ment work in the following ficlds : 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 cxperience is required and others for
whlch prcvious  experience is not nccessary.
Consideration will be given to students taking
fina!s during the current academic year. Pros.
pects of promotion are good and the posts ali
fall within the Mullard Company’s Superan-

Apply Personnel Officer,
Mullard Electronic Research Laboratory, Sal-
fords, Nr. Redhill, Surrey. W 2896

UNIVERSITY Students, aged 20-26, in physics.
electrical and mechanical engineering who are
taking Finals this summer are invited to send
details of their records to the Personnel Officer
(Ref. GBLC/S81), Research Laboratories of
The General Electric Co. Limited, North
Wemblgy, Middlesex. A number of interesting
vacancies on expcrimemtal work are available
and candidates will be considered who will be
frec to commence work during the next six

YOUNG COMPETENT technical assistant re-
quired for small scale production of custom
built Audio Frequency Electronic Instruments.
Also experimental work appertaining to quan-
tity production of Electro-mechanical Industrial
Timing Devices. Good knowledge of gencral
workshop practice and ability to produce results
essential. Qualifications: Grad. 1.E.E. Salary
£325-£425 p.a. Apply giving details of previous
expcrience, to Box No. W 1308.

YOUNG ELECTRONICS ENGINEER required
bty a Research Laboratory of a large Engineer-
ing Firm in the Midlands to work on
specialized strain gauge testing equipment.
Applicants should be 2! or 22 years of age,
and should have had very sound training in
radio or electronic engineering, together with
some experience of practical development
work. Box No. W 2846.

FOR SALE

AMERICAN MAGAZINES. One year post
tree, “‘Radio Electronics,’”” 32s. 3d.; ‘‘Audio

kngineering,’’ 28s. 9d.; ‘*Radio and Television

News,”* 36s.; ‘“‘Popular Science,”” 28s.
S.A.E. for full list from Willen Ltd., (Dept. 9),
101 Fleet Street, London, E.C.4. W 108

ELECTRONIC ORGAN Construction Data:
component values, practical layout, etc. Further
details—C. & S., 10 Duke Street, Darlington,
Durham. W 1284

FIRST BOOK about transmitters “ Radio Com-
munication Transmitters " by J. J. Hupert, Prof.
de Paul University, Chicago, USA, published by
ATA Scientific Progress Ltd.,, 19, Effra Road,
S.W.2, price, 24s, W 133

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

INDICATOR UNITS Type 6. These units arc
ideal for conversion to *‘Scopes,’” etc.: are new,
unused and in perfect condition, complete with
Valves and C.R.T. V.C.R.97. £3 Ss. each
carriage paid British Isles. J. H. Dakin, 3
Church Road, Birmingham, 1S. W 1312

MAGSLIPS at 1/10th to 1/20th of list prices-
Huge stocks. Please state requirements. K.
Logan, Westalley, Hitchin, Herts. Wli6

MERCURY SWITCHES are made by Hall
Drysdale & Co. Ltd., of S8 Commerce Road,
Wood Green, London, N.22. Phone BQWes
Park 7221-2. w107

ONE OIL-FILLED Transformer, Single Phase,
50c/s, Pri. 230 volts, Sec, 10,000 volts. 3tkva.
£15. Two Cyidon Variable Split Stator Capaci-
tors, 120pf. per section, 15,000 volts peak.
Mycalex Insulation. Air Gap per Section 0.79
inch, £10 each. One Osram Transmitting Valve,
Triode, ACT9, 1 KW. Anode Dissipation.
Unused except for few hours at reduced power,
£15. Dextram Limited, Street, One, Aycliffe
Trading Estate, Nr. Darlington, Durham. W 1302

POLYSTYRENE SHEET and Rod. . Sheets
28" x 20” and 22" x 18” in varied thicknesses.
Rod various diameters in 6’ lengths. Miltoid,
Ltd., 34-6 Royal College Street, London,
N.W.1. Phone EUSton 6467. W 1289

PURE BERYLLIUM FOIL, 0.005 in. thick, for
X-Ray Tube Windows. Elgar Trading Limited,
240 High Street, London, N.W.10. W 132

RF COILS, 10kc/s to 100Mc/s, Singly or Quan-
tity. Bel Sound Products Co., Marlborough
Yard, Archway, N.19, " ARC, 5078. W 2794

SYNCHROS. A new company is being formed
to supply ex-Govt. Magslips, Selsyns, Velo-
dynes, etc. These devices find application as
a flexible shaft or synchronous link and for

months. W 2882
W. G. PYE & CO. LTD., Scientific Instrument
Makers, require technical assistants in their
electrical test room. They also have a vacancy
»Yxth good prospects for “an electronic produc-
tion engineer. Apply : 80, Newmarket Road,
Cambridge. W 2901
WANTED, an ex?erienced Electronics Engineer
to take charge of investigations into effect of
anti-vibration measures in special English Elec-
tric Laboratory. Starting salary £500-£600 p.a.
according to qualifications. Write, giving full
details and quoting ref. 850A, to Central Per-
sonnel Services, English Electric Co., Ltd.,
24-30 Gillingham Street, London, S.W.1.

: W 2862
WANTED Technician 20/28 years, single, with
sound knowledge radio principles. Experience
up to 200 Mc/s very desirable, light electrical
testing ‘essential, Salary £300/350. Applications
In writing to Aish & Co. Limited, Vanguard
Works, Dorset. W 1311

ELECTRONIC ENGINEERING

*

‘Bad t;ospares °
Quality Parts

The
Service Engineer’s
irst Choice

*

remote indication remote power control, remote
handling (e.g. of radioactive materials), elec-
trical computation and for the addition or sub-
traction of mechanical rotation, etc. An ilus-
trated brochure is available. Our large stocks
include Magslip transmitters, resolvers, hunters,
and receivers, Magslip gears and mountings.
ball and plate integrators, etc. Home and
Export enquiries invited. Temporary address :
Servotronic Sales. Box No. W 1310.

WEBB’S [v48 Radio Map or 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

WE STOCK a wide range of components and
valves. Our 1951 Catalogue giving full details
will be sent upon request. M. Watts & Co., 8.
Baker Street, Weybridge, Surrey. W 1299

EDUCATIONAL

CITY AND GUILDS, (Electrical, etc.) on
‘No Pass—No Fee’ terms. Over 95 per cent
Successes. For full details of modern courses
in all branches of Electrical Technology send
for our 176-page handbook-—Free and post
free. B.I.E.T. (Dept. 337¢), 17 Stratford Place,
London, W.!. W 123

E.M.I. gave the world electronic television;
EM.I. is now giving the finest home study
television courses; moderate terms—facilities for
easy payment. Free brochure giving full details
on application to the Registrar, Dept. EE.7,
E.M.I. Institutes, 10 Pembridge Square.
London, W.2. BAYswater 5131/2. W 2791

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

SERVICE

GLASSBLOWING, repetition and scientific, by
Hall Drysdale & Co. Ltd., of 58 Commerce
Road, ood Green, London, N.22. Phone
BOWes Park 722)-2. W 108

rmﬂ

Parteidge Mows

TRANSFORMERS

from 5VA to I00kVA
(POWER OR A.F)
SUPPLIED IN

EIGHT WEEKS
* v

Facilities are now available for
- prompt delivery of *‘ standard ** or
‘“ to specification ”” models. Each
type is backed by a specialist
design and production sesvice of
nearly twenty years’ standing. Ynsist
on “PARTRIDGE ’—and be sure.

As supplied to
B.E.A. @ National Coal Board
@ British Railways @ Royal Aireraft
Establishment @ and other Govern-
ment Departmenis.

PARTRIDGE

TRANSFORMERS LTD

ROEBUCK ROAD, KINGSTON - BY - PASS
TOLWORTH SURREY

Telephonz ELMbridge 6737-8 ‘
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‘H’ series hermetically sealed
‘G’ core transformers and chokes

Designed to conform to Specification R.C.S. 214 and R.C.L. 215. Fully
approved by the Admiralty, War Office and Air Ministry for use in
Service Equipment.

- Designed to meet Customer’s particular requirements. For quotations and
further information please write directly to:— |

FERRANTI LTD- TECHNICAL SALES DEPARTMENT - FERRY ROAD - EDINBURGH, 5
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The latest C.P.S. Emitron
Camera with 6 lens turret
—an entirely new conception
in television which com-
pletely satisfies the exacting
requirements of both pro-
ducer and operalor.

1t wnll be wn action for the
first time at the Festival
of Dritain, South Bank
Lixhibition.

The leading British organisation for the Design,

Development and Manufacture of Electronic equipment  of- all kinds.

COMPLETE TELEVISION TRANSMITTING STATIONS

INCLUDING STUDIO EQUIPMENT, FILM CHANNELS,

EMITRON CAMERAS, SOUND EQUIPMENT, AERIALS,

TRANSPORTABLE AND MOBILE TRANSMITTERS

TELEVISION RECE{VERS « RADIO TRANSMITTERS

BROADCAST AND COMMUNICATIONS RECEIVERS

i (A.M, & F.M.) « RADIO AND TELEVISION RELAY EQUIP

MENT o EMISCOPE CATHODE RAY TUBES « AIRBORNE RADAR (BEAM
APPROACH EQUIPMENT) ¢ VELOCITY MODULATED{OSCILLATORS « MULTI-
PLIER PHOTOQ-TUBES « ELECTRONIC MEASURINGIEQUIPMENT « R.F. INDUC-
TION AND DIELECTRIC HEATERS ¢ ELECTRONIC DICTATION MACHINES
RECORDS « DISC AND MAGNECTIC TAPE RECORDERS ¢ DOMESTIC ELECTRIC
APPLIANCES

ELECTRIC & MUSICAL INDUSTRIES LTD. HEADQUARTERS:

ELECTRONIC ENGINEERING 8

HAYES : MIDDLESEX * ENGLAND

E 209
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Germanium
CRYSTAL RECTIFIERS
| for
Radio & Television Receivers

The ideal replacement for a thermionic diode; needs
neither heater supply nor valveholder

Small in size - Long life - Light weight - Low price

—BRITISH THOMSON-HOUSTON —

Member of the AEl group of companies

JUNE 1951. ) 9 . ELECTRONIC ENGINEERING
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DATA SHEET No. s

EVERSHED TY.PICAI.

D.C. MOTORS

_!_ SPECIAL DUTY AND GENERATORS
F.H.P. MOTORS

MOTORS

iy l DETAILS

1/100 H.P. D.C. motor. Series or shunt or
FP constant speed (2,000 r.p.m.). Wound for voltages
20, 110 or 220 voits with limiting resistor.

FQ As FP, but with approx. 50% increased output.

1/20 H.P. D.C. motor. Series or shunt wound.

FM Voltages 20-220 volts. Specds 2,000-4,000 r.p.m.

%1/100 H.P. Permanent magnet D.C. motor.

FF2 . Wound for voitages 20-110 volts.

GENERATOR

A
e DETAILS

Permanent magnet D.C. genecrator for speed
FF1 measurement and electronic control. Output
25V. per 1,000 r.p.m. Moment of inertia 0.5
oz. ins?. Ripple 1} % R.M.S. of generated voltage.
Driving torques: O r.p.m. 0.75 oz. ins. 6,000 r.p.m.
2.5 oz. ins.

Send for the Evershed Small Motors’ Data Book, E.E. 22

FRAME SIZE FM

EVERSHED AND VIGNOLES LIMITED
ACTON LANE WORKS + CHISWICK - LONDON . W4
Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London Cables: Megger, London

5/166
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Héfe':fié"h‘ tried and proven general purpose sub-

‘standard Signal Generator which is essentially simple

touse. One speclal feature of the B4 is the accuracy

of the R.F. output over the entire frequeney range,

achieved by the use of a

crystal voitmeter and the

subsequent elimination of all circuits
having poor frequency characteristics.

MODEL A

[00ke /s -
in six bands

[ wee XTI ki

70 me/si:

Others of the many sdvantages of
the B4 are described in Folder No.
S/11,L, acopy of which will gladly

be sent on request,

/| MODEL B
/@ 30ke/s-30 me/s
- TTTIN in six bands

g Calibration accuracy of both models is + 1%

e

T i)

s ™ e
o™

‘ )4dvm¢e

SICNAL CENERATOR

e —
~ ADVANCE COMPONENTS LTD., BACK RD., SHERNHALL ST., LONDON, E.I7
M TR  Phone s LARksWood 4366/7/8 o e S
= ,ﬁ.' ub & ,2,‘/’ - -' &)!’ :. s _t’,-.:l_ >
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- MAGNETIC i
AMPLIFIER/THYRATRON&

automaltic control requirements.

Introducing the Metrovick

ONTROL SCHEME e

1 ﬁtl‘x' il

3

This latest Metrovick contribution to electronic engin-
eering has been developed to give control facilities
not easily provided by non-electronic means, but with
minimum consumable components for maximum
reliability, adequate performance for a variety of

industrial applications and -adaptability for

Fully electronic “apparatus is also availablc  where
extremes of performance are required ar the expense
of iacreasing the number of valves required.

The illustrations show typical
examples as uscd in machine tool,
printing, plastic and rubber
. industries, where the ease, range
and accuracy of control obtained
have proved highly satisfactory.

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

METROPOLITAN-VICKERS ELECTRICAL CO. LIMITED, TRAFFORD PARK, MANCHESTER 17
-Member of the AE.I group of compomes

METROVICK for simplification in electronics

ELECTRONIC

s
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The “Belling-Lee” page
for Engineers

B7G VALVEHOLDER

L718/F This valveholder has now been approved by the Services
Committee on Valveholder Development and has reached

WITH FLANGE . A
production stage. It is intended to fill the gap between the

L7|8/S cheaper types and the very expensive P.T.F.E. holders, and
WITH SKIRT ' should meet the requirements of most electronic instrument
manufacturers.

CHASSIS
DRILLING

TIN DIPPED L " oA
L718/F /g DIA HOLES

Features in its design include:—

Low loss nylon filled moulded insulators.
Beryllium copper silver plated contacts dlfferentlally
hardened to obtain the best possible contact pressure.
A flat screen providing adejuate screening between
contacts, easily shortened if there are space limitations.
Tin dipped solder tags which do not snap on bending.
Complies with R.C.S.251.
Can be used on frequencies up to 200 M/cs.
: Experimental Inter-Services Nos. XZ.560127 for L.718/S
L1274 and XZ.560132 for L.718/F have been allocated, and it
P is understood that the X will be dropped now as full
Type Approval has been granted.

N =

~N N (S8}

IGNITION  /°
SUPPRESSORS /.7
L

--------- - IGNITION SUPPRESSORS

As a technical executive of your company, have you ensured the
suppression of all your company’s vehicles, also directors’, partners’
and employees cars? You as an individual, are fully aware that motor
car ignition interference is the greatest single obstacle standing in the
way of the fullest development of television in built-up and fringe areas.
The cure is of course, to fit a suppressor in the lead from coil to
distributor, at the distributor. Let us put our own house in order,
before expecting the public to co-operate in the voluntary campaign. ,

= BELLING & LEE LTD

CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND
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- ~ For
—VALVES B 1{4I.\¢

PURPOSES

Have you had your
copy of the latest
| EDISWAN VALVE MANUAL

Publication da kit

Price 26

PGST FREE FROM TECHNICAL
PUBLICATIONS DEPARTMENT

Indirectly Heated Gas Filled Tetrode for
Use as a Grid Controlled Rectifier

RATING: «
Heater Voltage (volts) .. 6.3
Heater Current (amps) ... LO
ApproxXimate Arc Voltage Drop (volts) ... .. 9.0
Max. Peak Forward Anode Voltage (volts) ... 600
Max. Peak Inverse Anode Voltage (volts) ... ... 1300
Max. Shield Grid Voltage (volts) ... .~ =50
Max. Control Grid Voltage (volts) ... ... =50
Max. Peak Cathode Current (mA) ... ... 1250
Max. Mean Cathode Current (mA) ... 250
Control Grid Series Resistance (M.ohms) ... .0l to |
BASE :—108 .

LIST PRICE :— £2.12.6 (Provisional)

DIMENSIONS:

Maximum Overall Length (mm) ... ... 110
Maximum Diameter (mm) ... ... 40
Maximum Seated Height (mm) e 97

All maximum ratings are absolute values, not design centres.

EDISWARN

IMPORTANT : Cathode and Heater

M A z D A should normally be tied externally.

If Ileft free the Heater to Cathode

: Voltage must never exceed 25 volts

RADIO VALVES AND CATHODE  RAY TUBES jo etk A b

on for 15 seconds before anode
voltage is applied.

THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, WwW.C.2

RAI88
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=~ ACCURACY

e

There are many times when 2
frequency source is required, the
accuracy of which can be relied

upon.

THE ¢CINTEL ’

R.C. OSCILLATOR AND
FREQUENCY MONITOR

provides any frequency in the range
10c/s to 100Kc/s with an accuracy of
+0.005% +0.1¢c/s and indicates the exact
value by means of an electronic monitor.
This monitor samples the frequency every
5 geconds, measures it against a crystal
and indicates the result on five panél
meters each scaled 0 — 9. This operation
continues automatically and thus the
exact output frequency is always known.
Full technical details are available in
publication No. RCI|1.

CINEMA-TELEVISION LIMITED

A Company within the J. Arthur Rank Organisation

FOREMOST INTHE MAN UFACTURE OF
o Counters & Chronometers @ Metal Detectors @ Oscilloscopes @ Phouo-Electric
Cells o Cathode Ray Tubes @ Geiger -Muller Tubes @ Electronic Instruments

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

SALES AND SERVICING AGENTS : /
g. C. Robinson 8 Partners Ltd. Atkins, Robertson & Whiteford Ltd., H. Hawnt & Co. Ltd., = 7.
287 Deansgate, Manchester, 3. 100 Torrisdale Sereet, Glasgows $.2. 59 Moor St., Birmingham, 4 c| NT E
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Your first move... <
Makers of Low Loss Ceramics
Made in Three Principal Materials —
FREQUELEX PERMALEX TEMPLEX '
An insulating material of Low A High Permittivity Material. A Condenser material of medium
Dielectric Loss, for Coil For the construction of Con-  permittivity. For the construc-
Formers, Aerial Insulators, densers of the smallest possible - tion of Condensers having a
Valve Holders, etc. dimensions. constant capacity at all
_ temperatures.
BULLERS LIMITED, 6 Laurence. Pountney Hill, London, E.C.4
Phone : Mansion House 9971 (3 lines) Telegrams: * Bullers, Cannon, London '’.
BLS
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" ENGLISH ELECTRIC
ELECTRONIC
% INGULATION TESTER
10 kv DC.

SELECTAR
%0

3

. DARRNGE

’_ .
JONISATION (85 ANPLIE
>

Designed for industrial electrical testing

It provides for the first time 10=-KV D.C. in a truly portable equipment having
the following outstanding features :

Non-lethal output adjustable from 500 High accuracy on comparative tests.
to 10,000-volts. Rejection of surface leakage current.
Measurement up to 250,000 megohms. Aural indication of ionisation.

Pricce £88 - Size: 157 10" . 6” - Weight: 23 Ibs.

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

Industrial Electronics Dept. Stafford

Works: STAFFORD *+ PRESTON - RUGSBY - BRADFORD =+ LIVERPOOL

EIN, §.
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Yes Sir-
that's my baby !

If you have only limited space and require only simple

switching, then the Type B.T. is the switch you need. it is a

midget, and has been specially designed for small spaces. rHere

are some new features which we have recently included —

R L ®The contact blades are fixed in a new
¥ 0] way. This makes them completely rigid
ADE all the time.

n 17 S ®The drive spindle is positioned definitely
R c in the wafer. This provides double

R sW bearing.
®Steady contact resistance.

@®Improved insulation between contacts.

Walter Iustruments oo

LIMITED It ought 10 be good? It js good —
sensible and efficient. 1t will last you
GARTH ROAD, LOWER MORDEN, SURREY TELEPHONE : DERWENT 4421-2.3 & long time.

CRC 45
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IMPEDANCE BRIDGE TYPE D-19

® Operates from A.C. Mains._

e Dual-sensitivity galvanometer key to facilitate

i
E
&
[

® Built-in 1000 c/s oscillator and amplifier.
® Provision for external oscillator and galvano-

meter.

final balance.

@ Electronic eatthing device to teduce Z€e10

errors and increase accuracy.

range.

DIRECT READING
IN R,C,L,D AND Q
WITHOUT AMBIGUITY

RANGE OF MEASUREMENT

RESISTANCE . . . o.00o1r ochm to 1 megohm
CAPACITANCE . . . .+ « 1uuF to 1ootF
DISSIPATION (LOSS) FACTOR . . . o-1.2
INDUCTANCE. . . « . . 1pHtoiocooH

MAGNIFICATION FACTOR (@) . . .+ o-6o
42k

Please send me Bulletin B-642 || NAME
describing the Impedance Bridge
advertised in “Electronic
Engineering.” —

ADDRESS

%

. @ Better than 1% : accuracy over gteater part pf .

| MUIRHEAD 8 PRECIS!ON ELECTRICAL INSTRUMENTS»-

k?
3

MUI‘RHEAD & CO. LTD.

BECKENHAM - KENT - ENGLAND

D

JUNE 1951

Telephone
Telegrams and Cables :

BECkenham 004!

MUIRHEADS ELMERS END
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The new £S8.C

Types 6705A and 6706A cathode-ray tubes
have now been introduced and replace the types
6703A and 6704A respectively for all equipment-
purposes. The new tubes have a practically
flat screen and a design-centre maximum anode
voltage of 10 kV.

In all other respects, these latest types are similar to those
they replace: aluminised screen for longer life and
outstanding brilliance; external conductive coating, which,
in conjunction with the internal coating, can be used as
the E.H.T. reservoir capacitor; and the standard inter-
national octal base.

Heater ratings:

6705A. 6.3 volts. 0.5 amps. approx.
6706A. 0.3 amps. 10.5 volts approx.

Detailed information on these tubes, and Osram valves
suitable for television, may be obtained from:

OSRAM VALVE AND ELECTRONICS DEPT.

saqn] Aey-apoyje) .11

THE 'GE_NERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2.
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What can be more

shattering to constructive
thought than an imaginary
man with a arill in your

head? Only a real man
with a road drill by your
window. But these

'Commandos of the Highway
Dept.' do get things done
more quickly.

Probably on the circuit
that makes the darned
thing 'pop' is a
Transformer, maybe a
Parmeko Transformer,
doing its work with

silent efficiency.

PARMEKO o/ LEICESTER

Makers of Transformers for the Flectronic and Electrical Industries
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Image Converter is W 4
achieved by first focus- -
oy e AN IMAGE CONVERTER IS AN

ing a projected image on
ELECTRON-OPTICAL DEVICE
WHICH CONVERTS LIGHT OR NEAR
LIGHT RADIATIONS FROM A GIVEN
SUBJECT INTO A VISIBLE IMAGE ON

ontotheluminesceniscreen. Theconversion
o . A LUMINESCENT SCREEN.
of radiations to electron beams by meansof theimage converter

to the photocathode; the re-
sultant stream of electrons is
thenaccelerated,and finallyfocused

DEFLECTION
o

MAGNETIC
enables their deflection and modulation by electromagnetic HOCBSIRSHEOLh

eans and thus opens up importantnew possibilities to design- OBJECT  (he6inG
LENS
ers of electronic equipments. It can, for example, be used for: S~ b
% Image magnification, image reduction and inten- T

sification, ultra high speed stroboscopes and

electronic spectrography. PHOTOCATHODE eLEcTRON
Y Wavelength Conversion i.e. Infra-red or Ultra- FRINCIPLE OF OPERATION

violet to visible.

% Studying Ultra-fast Transient Pliencmena of the
order of 10-7 to 10-¢ seconds—with time hase, the gated tube acts as an ultra high-speed camera shutter.

The Image Converters listed below are the first of a comprehensive range at present being developed by Mullard.
For full technical information on these tubes, plcase write to the Communications and Industrial Valve Department.

TYPE: ) ME1200AG ME1201AG ME1202cA
Description ... .. Visible image converter Grid-controlled visible image Infra-red image converter
converter
Focusing and Deflection ... Magnetic Magnetic Magnetic
Photocathode . Caesium-antimony Caesium-antimony Caesium-oxidised silver
Sensitivity (At 2,700°K) 20 YA ;lumen. 20 y.A'lumen. 18 WwA/lumen.
Luminescent screen colour . green green rapid decay biue
Max. anode-cathode voltage 6 KV, 6 KV. 6 KV.
Max. grid-cathode voltage . — . 6 KV. —
Max. grid-anode voltage — 6.1 KV. _
Linear magnification of image . 3 times 3 times 1
Screen xesolution ... .. 200 lines/cm. 200 lines;cm. 200 lines/cm.
Typical operxation: Va-k .. 6 KV, 6 KV. 8KV,
Vg-k .. = 3 KV. j
Vg-k for extinction of image — —100 V, —
Variants of these tubes with different photocathodes and luminescent screens are being develoned

(>
[Mullard]
MULLARD LTD., CENTURY HOUSE, N SHAFIESBURY AVENUE, LONDON, W.C.2.

MVT 103 REV (R)
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N an article in this month’s issue on the Golden Jubilee
of the British Standards Institution, the author traces the

history of standardization back as far as 2500 B.C., when °

the first standard units of length, volume and weight were
instituted in Babylon, yet the surprising fact is that stan-
dardization on a properly organized basis has been in
existence for a mere fifty years and started in the engineer-
ing industry of this country.

It seems that in 1901, a London iron and steel merchant
named H. J. Shelton was the first to draw attention to the
difficuities and to the waste involved in handling a large
range of types and sizes of iron and steel sections, many
of which differed very slightly from each other. He
succeeded in securing the interest and help of Sir John
Wolfe Barry, who was the President of the Institution of
Civil Engineers at the time, and the outcome was the
formation of an Engineering Standards Committee repre-
senting the Institution of Civil Engineers, the Institution
of Mechanical Engineers, The Institution of Electrical
Engineers, the lron and Steel Institute and the Institute
of Naval Architects.

The Committee proceeded very rapidly to work, and
one of its first successes was the reduction of a previously
unlimited variety of iron and steel sections to an ordered
list of a hundred or so agreed standards which covered
adequately all the requirements of the day.

Impressed by the remarkable improvements in manu-
facturing efficiency and by the substantial economies in
production, stocking and distribution which resuited from
the work of the Standards Committee, industries outside
the engineering industry were stlmulated to put their own
house in order and to produce standards of dimension,
quality and function for their products.

The overall improvement produced by intelligent
standardization became so obvious, and the desire of
industry for standards so strong, that the Royal Charter
of the original Standards Committee was revised so that
its terms of reference would embrace a wider field of
productive industry.

By 1918 the Committee had become known as the
British Engineering Standards Association and in 1931,
after a further Royal Charter, the name of British Stan-
dards Institution was adopted.

This month the B.S.I. celebrates its Golden Jubilee and
as part of the commemorative ceremonies, a special ex-
hibition illustrating the progress in standardization made
over the last fifty years is to be opened on June 18th at
the Science Museum, South Kensington, and will remain
open to the public for a period of twelve days.

While engineers as a whole are appreciative of the
benefits of standardization, the general public is only
vaguely aware of the achievements of the B.S.I. and is
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woefully ignorant of the general improvement in our
well being. Standardization has entered so much into
our daily lives that nowadays a very wide range of manu-
factured products is covered by specifications issued by
the B.S.I. It may come as a surprise to many of us to
learn that such domestic articles as the humble dust-bin
and the ubiquitous milk bottle are made to standards
recommended by the B.S.L

So great is the reputation of the B.S.I. internationally
that many standards of the B.S.I. are now adopted by
the various countries of the Commonwealth and endorsed
as their own, and an International Organization for Stan-
dardization was formed in 1946 linking the B.S.1. with
some twenty-eight countries including the Dominions, the
United States, France, Russia, China and the Argentine.

It is hoped, therefore that visitors to the Festival
Exhibition at the Science Museum will not miss the
opportunity of inspecting this commemorative display of
the B.S.I.

* LY *

UNDUE prominence has been given in our opinion by
the daily Press to the recent case of a young child who
received fatal electric shock from a television receiver.

While it was correctly stated that this was the first
known fatality involving a television receiver the im-
pression undoubtedly left in the minds of many non-
technical viewers is that the television receiver is an in-
tensely dangerous piece of apparatus to have in the house.

The facts of this unfortunate occurrence are that the
child, already in contact with an electric fire, which was
properly and efficiently earthed, touched the metal grille
covering the loudspeaker of the TV console cabinet and
received a shock and burns which were subsequently fatal.
The receiver—an aA.c. model—used a circuit which ig
general practice today, in which the primary of the mains
transformer is used as an autotransformer and the re-
ceiver and loudspeaker chassis aré connected to the mains,
and therefore “ alive”™ when in operation.

Subsequent investigation showed that one of the screws
holding the loudspeaker to the cabinet had come in con-
tact with the metal ‘grille and it was suggested that this
had been caused by a heavy blow.

While every sympathy will be extended to the bereaved_
parents, it is only right to point out that the chain of
circumstances leading up to the accident were unusual.
In spite of the higher operating voltage the television
receiver in operation in the home is just as safe as the
radio receiver, or any other well made domestic appliance
but -it will always be difficult to legislate for a set of
circumstances such as arose in this particular case.
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Automatic Circuit Checker

for

Television Receivers

By J. M. Silberstein, Dipl. Ing. AM.LEE.*

THE problem of fault finding in television receivers is
one of the most complex questions met by production
planning engineers aiming at a continuous, steady and
smooth flow of receivers on the production lines. The
solution of this particular problem has to take into account
diverse factors of which the complexity of circuit, specific
requirements of mass production on assembly lines and
the scarcity of skilled labour are in the foreground. A

television receiver rarely has less than 20 valves, several

times more thdn a typical radio receiver, and the difficulty
of testing is particularly increased if the lay-out of the
set. does not allow the testing of individual parts of the
circuit. This is possible if parts of the circuit such as the
1.F. amplifier, time base, etc., are grouped on separate sub-
assemblies; unfortunately, this is not always the case, as
other considerations besides the ease of testing have to be
taken into account by the designer. The use of unskilled
labour for continuity checking, i.e., point-to-point wiring
check to a “running list”, although possible, is rather
expensive and time-wasting, and requires a very high degree
of concentration which limits the choice of suitable workers.
From the other point of view, if no circuit check
is done until proper testing and alignment has begun, a
great deal of time is spent by qualified fault finders in
trying to find faults on the basis of general symptoms and
the faulty behaviour of a part of the TV receiver which
may involve several valves. The laborious process of
measuring voltages and continuity of components fre-
quently has to be undertaken before the fault is finally
located.

From such considerations ‘has arisen the idea of an
automatic circuit checker which, with no ambitions to
.-replace any skilled human agency, could execute some
simple tests and locate the faults in such a manner that a
skilled worker could find the exact spot in a matter of a
few minutes. If approximate values of components also
be checked, in as many parts of the circuit as easily lend
themselves to the check, the value of the automatic testing
would be further increased.

The connexion between the automatic circuit checker and
the TV receiver undergoing test must be established by
using connector cords ending with plugs pushed into the
valve holders. There is hardly any other solution. The
wse of clip leads is practically impossible because of the
«excessive number of connexions to be established and the
difficulty of avoiding short circuits.  There are always
strong arguments in favour of using the same set of stan-
dard valves to test all the receivers, otherwise the dis-
crepancies between the valves will add themselves to the
differences of behaviour- due to the tolerances of the
components, and the limits which would have to be per-
mitled may become so wide that actual faults may remain
undetected. This only applies when
measuring potentials—as opposed to measuring the value
of components—is adopted.

The plugging of the connectors into the valveholders
and the subsequent unplugging constitutes the major part

* Sobell Industries Limited.
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of the work to be done by the operator. Whereas the actual
testing time is counted in seconds, the process of plugging
in may take minutes. It becomes particularly tedious and
time wasting when the valves used have pin connexions
demanding special care and rather weak plugs which may
be easily and frequently damaged. One possible golution
lies in the use of special adaptors plugged into the valve-
holders during previous operations on the assembly line.
In this case all connector cords may end with strong plugs
of the octal type. Tt is obvious that the adaptors need
only be used for valveholders taking B8A or similar based
valves.

The positioning of the circuit checker does not give rise
to any doubts. Tt must be situated immediately after the
last mechanical assembly position on the line, i.e., next to
the visual inspection position and before the valves are
plugged in preparing the receiver for the alignment and
proper testing operations. '

Testing Method

Basically, two testing methods are possible. One con-
sists of measuring the components, or groups of them,
either by direct measurement or by comparison with stan-
dardst in a bridge circuit. As valveholders are the only
points of access, fairly complex networks sometimes have
to be measured and-currents of diverse frequencies must be
used. This method would be invaluable if the stress was
laid on the checking of components to their respective
tolerances. But this is hardly the case. All components
are checked before they are issued from stores to the pro-
duction line and the likelihood of finding values outside
permissible limits is fairly small. The faults which occur
in practice are mainly wrong connexions, accidental short
circuits and components of a value far removed from the
specified one. There is also the much less frequent case
of several tolerances adding up in such a way as to exceed
the total tolerance which may be based on the statistical
probability of addition of errors. But that is also difficult
to detect by the measurement of accessible groups of com-
ponents.

The second method of testing consists of measuring the
actual potentials existing when the receiver, with a set of
standard valves, is switched on. The problem of individual
tolerances of components ceases to arise and group
tolerance, much more vital, comes into play. All parts of
the circuit can be checked under actual working condi-
tions. This uses the same method as the human fault
finder. Only after voltages are checked and the existence
of a wrong value established, a fault finder begins to break
down the suspected part of the circuit by means of an
ohmmeter or some more complicated instrument.

The comparison of the two methods of testing has been
fairly widely discussed in connexion with the testing of
various electrical products and it would be quite unneces-
sary to go into further details. The defenders of each of
the two methods put emphasis on different aspects of the
problem and the only result of unending discussions is the

t R, C. G. Williams, J. E. Marehall, M. G. T. Bissmire and J. W. Crawlep,
J.LE.E., Vol. 94, part I, p. 20, g
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agreement to disagree. In the case of the automatic cir-
cuit checker described in the present article, the synthetic
method has been adopted, i.e., the measurement of poten-
tials. This method appears quite satisfactory provided a
sufficiently large number of tests is made.

The tests to be made by the automatic circuit checker can
be grouped in the following classes: — )

(a) D.c. tests of fairly high potentials occurring on anodes

and screens of various valves.

(b) D.c. tests of low potentials occurring on cathodes of
various valves, some being as low as 1 volt.

(c) A.c. tests of heater voltages made on valves in strate-
gic positions corresponding to the way these voltages
are wired on the receiver.

(d) Measurement of the amplitudes of the frame and line
time bases produced in the receiver.

(e) Measurement of small portions of the circuit acces-
sible and measurable before any alignment is done,
i.e., connecting a known amplitude of intermediate
frequency current, modulated with audio frequency,
at the input of the detector diode and checking the
A.F. voltage at the anode of the output valve, both
in the vision and sound paths of the TV receiver.

(f) Checking the approximate values of components in
LF. tuned circuits by applying to them a modulated
voltage of varying frequency wobbulated with a fre-
quency deviation sufficient to cover all the spread of
capacitor values within tolerances and of inductance
values with two extreme positions of the magnetic
core used for tuning.

If the same measuring circuit is to be used for all tests,
it is obvious that all measurements must be reduced to the
form of measuring D.c. potentials. Whenever A.C. poten-
tials are subject to check, they are first converted into p.C.
and only then applied to the measuring circuit.

In practical cases the tolerances of all voltages are rather
high, e.g., =10 per cent, but cases may occur when it is
desirable to be able to measure to much closer tolerances.
A way of measuring, therefore, had to be developed to
allow for any tolerances, even as low as 1 per cent. It was
felt that the proper solution of the measuring circuit must
cover not only the immediate requirements of the case for
which the circuit checker was developed, but must present
a universal answer applicable to a variety of cases, at
present far beyond the horizon.

Measurement of D.c. potentials in the automatic tech-
nique consists of finding whether the measured value lies
within or outside the arbitrarily prescribed limits. The
absolute value of the measurement is of no interest what-
soever. Every automatic measuring device is of necessity
a “go” or “no go” machine, if it is to perform a number
of measurements in rapid succession.

Bridge circuits or marginal relays are usually applied
for the purpose of measuring, in the above described mean-
ing of the term. A contact voltmeter can be used or a
differential relay with two windings: the current through
one winding is kept constant, the current through the other
winding is proportional to the voltage to be measured.
Provided the sensitivity of the relay is high enough, such a
method may give quite satisfactory results.

-It is necessary to overcome the difficulty of switching
the contact voltmeter or the marginal relay to a different
setting of the scale or of the opposing currents, respectively,
for each test, which may involve some not inconsiderable
complications of the circuit and expense of material and
labour. Another serious disadvantage lies in the cost of
the contact voltmeters and the marginal relays possessing
sufficient sensitivity. Tt is worth noticing that a marginal
relay working on a differential basis is much less sensitive
than a normal relay of the same construction. If a type
of relay needs for operation, say, 30 ampere turns, then
each winding would have to supply 600 ampere turns to
guarantee the operation at 5 per cent deviation from the
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normal value. This necessitates the use of extremely sensi-
tive relays, i.e., very expensive ones, which demand skilled
maintenance.

It is rather tempting to find a solution which would
make it possible to utilize normal telephone relays of the
' These relays are in-
expensive and of robust design. They do not require un-
due care in maintenance and they preserve their adjustment
even when working under adverse conditions. However.
to obtain a satisfactory sensitivity of operation with them
is rather difficult if they are to be employed as differential
relays. Most of the winding space is used for the balancing
ampere turns and only a small part is left for the differen-
tial ampere turns.

The answer can be deduced from logical reasoning. If
it 1s so wasteful to perform the subtraction in the relay
itself, it has to be done outside, and only the result of the
subtraction applied to the relay. This is in essence the
solution of the measuring circuit as adopted in the auto-
matic circuit checker described.

This principle is illustrated in Fig. 1. A constant voltage
is included in the grid circuit of the metering valve so that
the mean anode current corresponds to the centre of the
rectilinear part of the I./E, characteristic. The voltage
to be measured is opposed by a voltage from an indepen-
dent source which we shall call “comparison voltage.”

T
MEASURED VOLYAGE al
mA
O+ =0

COMPARISON STABILIZED
i VOLTAGE SUPPLY | BIAS SUPPLY "
=) v z |
8
— 2

+HT.

Fig. 1. Principle of the measuring circuit

The difference between the two is applied to the grid of
the valve and causes a change of the anode current. There
are two relays in the anode circuit of the metering valve
with widely differing operating currents. Relay A works
at about half the current required for relay B. If the
change of anode current from the value required for the
operation of relay A to the value required for relay B
needs a change in grid voltage of the order of 2 volts, and
the normal setting is half-way between the two values, the
sensitivity of the rfietering circuit is of the order of 1 volt.
In other words the measuring circuit treats as a fault every
case when the difference between the measured and the

comparison voltage is about 1 volt. )

Three conditions can be created with two relays: —

(a) Relay A operates, B does not operate.
(b) Relays A and B operate.
(c) Neither relay A, nor B operates.

The fourth combination, ie., B operating and A not
operating, clearly canhot occur.

Of the three possible conditions (b) and (c) indicate a
fault and (a) is a criterion for the satisfactory result of the
test.

The way a test is set to a desired tolerance is clear from
the above description. of the principle of operation. With
an intrinsic sensitivity of, say, 1 volt, a fault will be shown
for a deviation from the standard value of 1 volt. Let
us assume that the voltage to be checked is 250 volts.
In this case a fault will be shown if the actual value differs
from the nominal one by 0.4 per cent. This is clearly much
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too fine a tolerance for practical application. A more
likely tolerance to be required is 10 per cent. To obtain
this the value of the measured voltage is first reduced to
10 volts and only then opposed by the comparison voltage
of 10 volts. Now, if the measured value is outside the
limits of 9 and 11 volts, a fault will be shown correspond-
ing to the tolerance of =10 per cent. Of course, the reduc-
tion of the measured voltage to the value determined by
the intrinsic sensitivity of the measuring circuit and by the
required tolerance must be performed in such a way as to
ensure the proportionality of the reduced to the original
value.

The measurement of very low values is treated in a
similar manner. If a potential of the order of 1 volt is
to be checked to a tolerance of *20 per cent, it is first
increased five times and then opposed by a comparison
voltage of 5 volts. If the measured value falls outside the
limits of 0.8 and 1.2 volts, a fault will be indicated, because
the increased value will be then less than 4.0 or more than
6.0 volts. Increasing the measured value to that which is
necessary is rather more complicated than reducing it, but
there are no inherent ditficulties in achieving adequate pro-
portionality. It could be done by means of a p.c. amplifier.
The adopted method, as will be described later, consists of
converting D.c. intp A.c., amplifying and then rectifying it.

TO CONTACT'N' ON ARC 'C’

TO CONTACT
'"M'ON ARC'C’

MAINS

I.T

Fig. 2.

Source of comparison voltage

It may appear at first sight that there is no limit to the
sensitivity obtainable by the adopted method of measure-
ment. If, e.g., a tolerance of 0.1 per cent be required,
it would only be necessary to increase the measured volt-
age to 1,000 volts and the problem would be solved.
Actually the limitations of the sensitivity are imposed by
the variations of the several supply voltages. The first of
these is the source of the voltage biasing the grid of the
metering valve and setting the value of the anode current
midway between the operating currents of the two measur-
ing relays. If this voltage were to vary by, say, 0.2 volt,
it would cause a shift of the limit and a fault in one direc-
tion would be indicated before the proper limit was reached,
whereas in the other direction no fault would be indicated,
although the actual values were outside the limit. For this
reason the biasing voltage is derived from a neon stabilized
source.

The comparison voltage (see Fig. 2) is derived from the
stabilized mains supply also used for the TV set under-
going test. In this way the effect of mains variations is
eliminated, as a change of the comparison voltage is accom-
panied by a similar change of the measured voltage. No
special effort to stabilize the source of comparison voltage
was made and in the circumstances it would only be harm-
ful unless a similar stabilization were introduced in the

" H.T. source of the tested TV receiver. To each test cor-
responds a separate potentiometer, the function of which
is to set the comparison voltage to the nominal value of the
measured potential. To obtain a fine adjustment these
potentiometers are connected across only a part (usually
20 volts) of the total source of comparison voltage.

The last remaining source, the stability of which affects
to a small extent the behaviour of the measuring circuit, is
the source of H.T. for the metering valve. The effect of this
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source is not very great and no effort was made to
stabilize it, as under no conceivable conditions could a
sensitivity corresponding to less than 1 per cent tolerance
be required from the automatic circuit checker. Any-
way, the source of H.T. is not subject to great variations
as it is supplied from fairly well stabilized mains.

Switching Circuit

The number of tests to be made by the automatic circuit
checker approaches 50, including a few tests checking the
checker itself. The speed of testing is not of great import-
ance, provided it is kept within reasonable limits. Plug-
ging in and taking out the connector cords is bound to con-
stitute the main part of the time taken by the operator.
The allocation of half a second per test, i.e., 25-30 seconds
for a complete testing cycle does not appear to be exces-
sive. This leaves enough time for the actual test to be
made only some time after the process of switching has
been finished. Otherwise there would be the danger that
the switching pulses, discharging capacitors used for some
tests etc., would interfere with the test. Every test must be
done under steady-state conditions.

To ensure the faultless operation of the metering relays,
they must always work in the same conditions, viz., they
must be released at the moment when the actual test com-
mences. In other words, the test must consist of passing
a current through the two metering relays and drawing con-
clusions from their behaviour. In automatic circuits this
is familiarly called a “kicking ™ circuit. It is indispensable
as the operating current is the most reliable characteristic
of the telephone relay.

The checker should always start its cycle from the posi-
tion corresponding to test |. In order to be sure that this
requirement is not defeated through the wrong manipula-
tion of the operator, the checker must automatically restore
itself to the same “ home ” position whenever the TV re-
ceiver is disconnected from the checker, even if the cycle
of operations has not been completed. This may occur
when there is a fault on the H.T. supply which would affect
all the tests. The operator may then decide, with every
justification, that the continuation of checking serves no
purpose and starts withdrawing plugs without completing
the cycle.

The TV receiver should not become *“live” until its
chassis is safely earthéd. Only then should the mains be
switched on and even then only for the duration of the
cycle of tests. When this is completed, the mains should be
automatically cut off to safeguard the unskilled operator
from the consequences of her own forgetfulness.

The manipulation of the test set must be as simple as
possible. Only one operating switch should be provided,
both for the initial setting in motion and for the continua-
tion of tests after a fault.

The last requirement was that only the most common
types of components be used for the switching circuit, i.e.,
relays of the P.0O. 3000 type and 25-point uniselectors. These
elements have proved their reliability in the most strenuous
working conditions and need very little maintenance. They
should work under the conditions for which they were
designed, i.e., with 50 volts supply (positive earthed) and
no unusual feats of performance should be expected from
them,

As there are nearly 50 tests to be performed and a rotary
25-point selector switch was to be used, the problem imme-
diately arose whether to use one switch or two. Uni-
selectors with eight banks of contacts are readily available,
so that there was a possibility of having eight switchable
points for every test if two selectors were used. From the
other point of view, to cover a multitude of tests the
selector has to fulfil the function of a fairly complicated
sequence switch and the wipers may not always remain
connected to the same non-switchable circuit points. This
rapidly diminishes the flexibility of the whole scheme. The
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use of two selectors, one performing the first 24 (not count-
"ing the home position) tests and the other the remaining
24 tests, introduces some complication in the circuit, far
from insoluble, but nevertheless undesirable. It appears
simpler to use only one uniselector with eight contact arcs
and with * 4 on, 4 off ” arrangement of wipers and support
it by additional relays for tests which would need it (one
per test). In this manner simpler tests would be com-
pletely switched by the uniselector, other tests would have
their individual relays switched by the uniselector when it
reaches the apropriate positions, and the relays would per-
form the switching necessary for the test. This solution
gives as an additional advantage the ease of execution of
supplementary functions which may be found necessary.

Besides the two metering relays, described previously,
which perform the actual measurement, the main part of
-the relay circuit consists of the three timing relays, X, Y, Z.
They control the stepping of the selector, thus giving the
rhythm of operation. They also subdivide the time avail-
able for each test, bringing various other parts of the circuit
into play at the appropriate moment. The circuit of the
timing relays is shown in Fig. 3. At the beginning of the
period, X operates and its contacts open, thus re-
moving the short circuit from the winding of the relay Y.

~50VO—AAAN-—==--

whe

-S50V -0V D -

N

Fig. 3. Timing relays

Relay Y operates and enables relay Z to operate. But then
the contacts of relay Z short circuit the winding of
the relay X which duly releases. Relay Y follows suit and
as a consequence relay Z also releases. All three relays are
slugged so as to delay their release. . The manner in which
they lose current also helps to increase the delay, because
short circuiting the winding of a relay enables the current
caused by the back £.M.F. to flow and to prolong the period
of the decay of the magnetic flux.

The total cycle of operation for the three timing relays
is about half a second and is subdivided into the following
intervals : —

0-20mS  All three relays released.
20-40mS X operated, Y and Z not operated.
40-60mS X and Y operated, Z not operated.
60-200mS X, Y and Z operated, X in the process of
releasing. :
200-340mS X released, Y and Z operated, Y in the pro-
cess of releasing.
340-480mS X and Y released, Z still operated but in the
process of demagnetization. At the end of
this interval Z releases and the whole chain
returns to the original condition.
480mS End of the period of one test. :

The above figures are only approximately true and
should not be interpreted as meaning that by an amazing
feat of adjustment three absolutely identical relays have
been produced. The purpose is only to demonstrate how a
subdivision of time has been achieved and how each in-
terval is clearly characterized by relay criteria.

As an example of the usefulness of the subdivision of
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the cycle, the actual testing circuit may serve (Fig. 1).. The
measuring relays A and B are normally short circuited by
the springs of the relay Z. This ensures their non-opera-
tion at the moment when an actual test is to be performed.
But even when the cycle starts, the relays will still remain
passive, because the relay Y operates before relay Z and
the “make” contacts of Y maintain the short circuit after
Z has operated. This condition continues until Y has
released and Z is still operated. As seen from the above
described subdivision of the cycle, this would occur in the
interval betwen 340 and 480 milliseconds. Whatever cur-
rent flows in the anode circuit of the metering valve before
the time point “340mS” is of no consequence. Thus all
the initial pulses of current, discharges of capacitors, etc.,
have no bearing on the result of the test, which depends
solely on the condition existing 340mS after the switching,
by which time the steady-state condition has been reached.

Once the circuit checker has taken note of the result of
the test, further steps are fairly simple. In Fig. 4 the circuit
of the two test interpreting relays is clearly shown. If the
test has been passed successfully, i.e., relay A is operated
and relay B not operated, relay P becomes magnetized
via the “ make ” springs of A and the “ break ” springs of
B. Relay P maintains itself in the operating position via

@)
~50V
z v .
P Ap
e *
oM ) 3 1
. A :
, ;
. o} <
~50V - -50V =
Fig. 4. Interpretat'on of the test result
its own ‘“ making” springs until the cycle ends. It con-

nects earth to the winding of the driving electromagnet of
the uniselector and thus the wipers of the selector move to
the next position immediately after X operates and P has
released. At this moment the next testing cycle commences.

If the test has shown the occurrence of a fault, i.e., either
A and B relays operate or A and B remain not operated,
relay K has its circuit closed via the “break™ contacts of A
or the “make” contacts of A and B. This can only happen
when relay Y is not operating and Z is operating, thus pre-

* venting the operation of K before the proper time; other-

wise relay K would work in the first part of the cycle before
A and B have executed the test. Relay K maintains itself
in the operated condition via its own “make” contacts
until the switch SK is pressed by the operator. This is
done after recording the number of the test.  This number
is seen from the lamp which is lighted when the circuit
checker stops. When it moves rapidly through consecutive
tests the lamps associated with the positions of the selector
have no time to light, but when the selector stops the bulb
lights through the numbered cap of the lamp. ‘

Relay K having operated, the circuit checker is com-
pletely immobilized until the operator intervenes.

To avoid the difficulties associated with the marginal
conditions both relays K and P have capacitors connected
in shunt with their windings. It may happen that the
current flowing through the windings of relays A and B is
just on the limit of the operation. In such a condition a
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period of uncertain behaviour of one of these relays may
result and pulses may be given to both K and P relays.
The presence of a capacitor across the winding of the relay
helps to overcome this indecision and one of the test inter-
preting relays operates first. Whichever has operated cuts
off the other relay. It may be said that this presents a
rather haphazard solution to the marginal situation, but in
-practice it does not matter whether a fault is shown on the
actual margin or not. The fault finder will in any case be
satisfied with the result of his measurement even if the
tolerance is very slightly exceeded. From the other point
of view, widening the tolerances would only cause the diffi-
culty to occur at a different value of the current in the
anode circuit of the metering valve and thus it would not
really help. Any decision of the circuit checker is better
than a prolonged period of indecision. .

The circuit bringing the selector to the *“ home” posi-
tion is presented in Fig. 5. Relay M is normally short-
circuited by the “make” springs of relay N, which is
operated after the switch has been pressed by the operator
beginning the cycle of tests and remains operated until all
“connector plugs have been withdrawn from the tested TV
receiver. The circuit also shows the lamps indicating the
position of the selector when it stops due to a fault. The
lamps are connected to every contact on one of the selec-
tor arcs, except for the “home ™ position.
oARCD

008 &
(home) | - 0D
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Fig. 5. Return to the *‘home*’ position

If, therefore, relay N ceases to operate because the con-
nector plugs have been taken out and the selector is not
in the “home ™ position, the circuit for the relay M is
completed. Its active contacts connect earth to the winding
of the selector-driving electromagnet, which pulls up its
armature. The NR contacts associated with the electro-
magnet open the circuit of M which releases. At this
moment the driving electromagnet releases, the wipers move
to the next position and contacts NR close. 1f the “home”
position has not yet been reached, the whole cycle of
operations of M and DM starts again. In such a manner
the wipers of the selector move forward until they reach
the “ home ™ contacts when relay M finally loses the source
of current and so the process ends.

To the “ home ” contact on one of the arcs is connected
relay L. The wiper of this arc is permanently connected
to the wiper of another arc. On the “ home " contact the
latter collects earth and passes it to the former and to the
relay L. “ Make ™ springs of L light the lamp indicating
that the selector is in the “home” position.

High Potential Tests

The complete method of performing the test involving
the measurement of a fairly high potential, e.g., anode
and screen potentials of the order of 150-250V, is illus-
trated in Fig. 6.

The algebraic sum of three voltages is applied to the
grid of the metering valve. The first is the measured
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reduced in value according to the required
tolerance. The second is the comparison voltage, opposite
in sign to the measured voltage: its potentiometer is
preset to make it equal to the nominal value of the
measured voltage. The third is the negative bias supply
which keeps the anode current of the metering valve half-
way between the operating currents of the relays A and B.
If the measured voltage is greater than the comparison
voltage, the anode current is greater than its nominal
value and, given a sufficiently large difference of compared
voltages, this current reaches a value large enough to
operate relay B. If the measured voltage is smaller than
the comparison voltage, the anode current becomes smaller
than its nominal value. If the difference-is large enough,
the value of the current falls so low that relay A cannot
operate. It should be remembered that the non-operation
of relay A or operation of relay B are the criteria of a
fault.

The process of summation of the three voltages on the
grid of the metering valve is executed by the selector.
The potential to be measured is brought to the corre-

voltage

sponding contact on A arc of the selector. Wiper A is
ARCA  ARC'P
o° PN COMPARISON

VOLTAGE

VOLTAGE
TO BE
MEASURED

Ae'B

-3 &
STABILIZED BIAS
VOLTAGE S é

Fig. 6. Measurement of a high D.C. potential

N

permanently connected with wiper B. To the contact of
arc B is connected the positive pole of the source of com-
parison voltage. The slider of the potentiometer belonging
to the test being described is wired to the contact of the
C arc of the selector. Wiper C is permanently connected
to the positive pole of the source of bias voltage.

From the consideration of the above chain of con-
nexions it is clear that the source of comparison voltage
must have a high insulation to earth on both poles. This
necessitates screening the mains transformer used for the
production of comparison voltages, otherwise a high A.c.
component may appear superimposed on the D.c. voltage
as a result of longitudinal effects.

To avoid interference with the normal working condi-
tions of the valves undergoing test, high values of resistors
R, are chosen. In most cases it is about 0.5M() and in
some cases 1M{).  This prevents an undue drop of the
measured voltages. The value of R, depends, for a given
R, solely on the voltage tolerance required. It does not
depend on the nominal value of the measured voltage.

Assume that the sensitivity of the metering device is
1 volt and that the deviation of the measured voltage from
its nominal value ¥V, at which the indication of a fault
is to be given, is AV volt. The setting of the comparison
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. R .
voltage is such as to produce V. —— corresponding

R, + R,
to the expected nominal value of the measured voltage.
If, therefore, the actual value of the measured voltage is
V + AV, the difference between the two compared
WV + AV)R, V.R, .
R, + R, R. +R, 1 Volt if a fault
is to be indicated in the circumstances described. Solving

voltages is

1

T AV

the above equation for R, the formula R, is
obtained.

. The test described above belongs to the class not em-
ploying individual relays. As an example of the other
class, the test of heater voltages will be considered.

Heater Voltage Tests

Fig. 7 shows the simplified schematic of the 50c/s
receiver and of the connexions established during the test.
It is worth mentioning that the same receiver is also used

; 40 8
63 VAC
= 1’_|p‘ ik +
ARC'A  ARC'E' +HTL = +)
o0 o) e VY
o o =
o} A B o} 0
—‘H |
oo (+) COMPARISON VOLTAGE

Fig. 7. Measurement of the heater voltage
. \‘

as a 400c/s receiver when tests with A.F. or modulated H.F.
are performed.

When the wipers of the selector reach the position
corresponding to the heater voltage test, relay H operates
obtaining earth through the permanently connected wipers
A and B. All contacts on arc B corresponding to tests
which require individual relays are earthed whereas these
relays are connected to the contacts on arc A.

The operating relay H connects the measured heater
voltage to the SOc/s receiver via the tolerance setting
resistor R. Only one connexion is needed as the other
pole of the heater source on the TV receiver is earthed.

The measured a.c. voltage is amplified first in the pen-
tode and then rectified in the voltage doubler circuit. As
extremely small powers are needed, it is not difficult to
obtain in such a receiver 200 volts D.c. or more with an
input of only 4 or 6 volts. In practice the tolerance
expected is such that a dropping resistor must be used on
the input of the receiver.

The positive pole of the rectified measured voltage is
connected by means of the “make” contacts of relay H to
the positive pole of the source of comparison voltage. The
rest of the chain of voltages applied to the grid of the
metering valve is identical with that previously described.

In this particular case the relay has only a simple func-
tion to fulfil, viz., to connect the measured voltage to the
input of the 50c/s receiver and to connect the output of
the receiver to the grid chain of voltages. In some cases
the functions of the individual relay are more complex;
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three, four or even five sets of springs are used on some
relays associated with individual tests.

Low Potential Tests

The measurement of small D.c. voltages, i.e., cathode
bias voltage, of various valves presents a separate prob-
lem. The limits allowed are in most cases appreciably
narrower than the sensitivity of the metering circuit. The
way to solve this difficulty is illustrated in Fig. 8.

The cathode voltage test circuit consists essentially of
three parts. An oscillator, of the R-C type, produces a
400c/s voltage which is applied via a buffer stage to a
small rectifier. Any frequency could have been used, but
a 400c/s oscillator had to be provided for other tests.

The impedance of the rectifier varies with the direct
current flowing through it. During the test the cathode
of the measured valve is connected, via a protecting and
sensitivity-setting resistor, to one pole of the rectifier, the
other pole being earthed. The protective resistor is large
enough to prevent any appreciable change in the valve
bias due to the test. As the resistance of the rectifier is
much smaller than that of the resistor, the current flowing
through the rectifier is nearly proportional to the voltage
applied, i.e., being measured. The 400c/s voltage is also
applied to the rectifier via a fairly large resistor. The
A.c. voltage on the rectifier is therefore roughly propor-
tional to the D.c. resistance of the rectifier. The 400c/s
current flowing through the rectifier is much smaller than
the direct current, so that the latter has complete control
of the impedance.

The a.c. voltage is tapped off the rectifier, amplified in
a two stage (double triode valve) amplifier and then recti-
fied in a voltage doubler circuit. The positive pole of the
D.C. source, so obtained, is connected to the positive pole
of the source of comparison voltage by the “make”
springs of the relay associated with this test and the usual
chain of voltages applied to the grid of the metering
valve is formed.

By such means the original p.c. voltage, of, say, 1 volt,
may be brought up to any level required according to the
tolerance desired. When the circuit is not in use, i.e.,
in the intervals between the cathode tests, the rectifier is
left without p.c. bias and a large D.c. voltage is built up
on the capacitors in the voltage doubler circuit.  Thus
during the actual test, when the impedance of the .rectifier
decreases, the capacitors discharge from the previous
value, dependent on the resistance of the rectifier around
zéro point to the new value related to the measured voltage.
This change is made smaller than the absolute value of the
voltage obtained during the test. The process, therefore,
takes less time than it would if the capacitors were charged
from zero. The circuit is thus brought to a steady-state
condition well before the actual measurement takes place.

The relay governing the test switches the cathode of the
measured valve to the rectifier. In some cases when the .
results may be affected by possible instability, the relay
also fulfils other functions preventing the instability. The
instability mentioned may occur with some settings of the
tuned circuits, as the circuit checker is used before any
alignment functions are performed.

The bD.c. resistance of the rectifier is not, as a rule,
linear with the current. The nominal setting of the com-
parison voltage for a cathode test can not therefore corre-
spond to the nominal value of the cathode bias voltage.
1t must be fixed half-way between the readings obtained
at the extreme permitted values.of the cathode bias. In
other words, if the nominal value of the cathode bias is,
say, 1 volt and the allowed limits are 0.7 and 1.3 volts,
the first action is to bring the sensitivity of the circuit to
a_condition in which the fault will be indicated just below
0.7 -and just above 1.3 volts. The setting of the comparison
voltage potentiometer must be such that the current in the -
anode circuit of the metering valve is brought down to the
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Fig. 8. Measurement of a low D.C. potential

non-operating value of relay A when the measured voltage
is 1.3 volt, and to the operatmg value of relay B when the
measured voltage is 0.7 volt.” This will correspond not to
the value of the metering current obtained when the
measured voltage is exactly 1.0 volt, but to a higher value.

General Description of the Checker

As was mentioned in the introduction, all TV receivers
are checked with a set of standard valves constituting a
partg.of the automatic circuit checker. Their filament
heating is derived from the circuit checker so that no time
is lost while they warm up. The valves belonging to the
H.F. part of the receiver are placed in the receiver end of
the connector cords close to the connector plugs so as to
preserve the shortest possible connexions between the
valves and the valveholders in the TV receiver. This pre-
caution was deemed unnecessary in the case of all A.F.
and time base valves which are therefore accommodated
inside the circuit checker.

The <circuit checker is built in the shape of a rectangular
box standing on the floor. Its upper lid is flush with the
top of the operator’s table on which is laid the tested
receiver. The connector plugs are arranged in a row along
the edge of the table. Their order corresponds to the
positions of the valveholders on the TV chassis; this facili-
tates the manipulations and prevents mistakes. The switch
used for starting the cycle tests and for restarting after
a fault has been recorded is a rugged pedal switch, leavmg
both hands of the operator free.

The fault indicating lamps are mounted in the top lid
of the circuit checker and the numbers are-shown through
semi-transparent labels over the lamps. In the top lid is
also mounted the milliammeter reading the current in the
anode circuit of the metering valve.

The function of the operator consists of plugging the
connector cords into the appropriate valveholders of the
TV receiver, connecting the mains leads to a safely pro-
tected mains box mounted on the table and then pressing
the pedal switch. When the checker stops on a test, the

operator writes down the number of the test and presses

the switch again. When the home lamp lights up, the
operator begins to ‘withdraw the connector plugs and
having done so attaches the list of faults to the set and
passes it to the faultfinder.

The fault-finders are provided with the code list of the
tests containing also the nominal values, e.g., 19-V9, pin
2, anode 230*+20 volts. The location of the fault is usually
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a matter of minutes as the circuit checker has already
narrowed down the field of possible errors.
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Winter at Great Dunn Fell

The illustration above shows an unusually heavy ice formation on the
120 ft. wooden towers of one of the Ministry of Civil Aviation Stations at
Great Dunn Fell, Cumberland, dwring the severe winter earlier this year.

The V.H.F. Area Coverage Network was described by-D. P. Taylor in the
March issue of ‘‘Electronic Engineering’”’ and The Great Dunn Fell station
located on a site 2,780 ft. above sea level forms part of the network covering
the Northern part of England. The stations in the Area Coverage Network
are manned continuously and it is worthy of record that althoegh nmothing
could be done to remove the great weight of ice from the towers, the Great
Fell Station remained continuously in operation.

A view of the wooden towers and aerials of a similar station at Butser.
Hants., was shown onm page 90 of the March issue.

(Photo by courtesy of D. C. Davies, Ministry of Civil Aviation)
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STANDARDIZATION

Golden Jubilee

of The British Standards Institution

By R. Neumann, Dipl.Ing., A.M.Mech.E.

The British Standards Institution, whose coat of arms is shown above, celebrates its Golden Jubilee from

18-24 June. This article deals with some aspects of Standardization in gencral and particularly y_vith the

work of the B.S.I. since its conception. A few words are said about this work as regards the special interests
of the Electronic Engineer '

IN his James Clayton Lecture delivered before the
Institution of Mechanical Engineers in November 1950
Mr. C. G. A Rosen. an eminent American engineer, gave
a quotation from A. J. Toynbee’s “ A Study of History.”
The words quoted were: “ As differentiation is the mark
of growth, so standardization is the mark of disintegration.”
This appears to be a rather sweeping statement and it may
be doubted whether one should accept such an apparently
disparaging remark on standardization without finding out
in what context it was made.

The quotation is rather condensed, so that its correct
meaning is somewhat blurred. What Toynbee actually
said was: “We have seen that in the process of growth
the several growing civilizations become increasingly
differentiated from one another. We shall now find,
conversely, that the qualitative effect of the disintegration
process is standardization.” And by standardization the
author means the “tendency towards uniformity . . . in
the history of disintegrating civilizations.”  But that is
something different from the industrial standardization with
which we are dealing here and for which a brief definition
will be given later.

It. may certainly be admitted that standardization, if
carried too far, or if begun at an unsuitable time, or if
considered as an end in itself, may prove harmful to pro-
gress. But this holds true for many othér human activities.
On the other hand there can be no doubt that standardiza-
tion reasonably applied is very well suited for promoting
progress and that without it all kinds of inconveniences
may arise.

Standardization in its wider sense goes back to very
early historical times. About 2500 B.C. there were already
standard units of length, volume and weight at Babylon.
Such standards were made legal by coded law, probably
already in Hammurabi’s times about 2000 B.C., but cer-
tainly in the Mosaic law, where the use of correct weight
and measure is repeatedly stressed.

But taken in its widest sense standardization may even
‘be traced back into prehistoric times. To quote P. G.
Agnew’s contribution to the Encyclopedia Britannica
1947: “Language is the most important example of
standardization that man has brought about. Words are
sounds whose meanings have become standardized and so
form our principal means of communication.” And such
development is still going on, as may be seen from the
many glossaries and definitions contained in the modern
work of standardization associations of the various coun-
tries and of international bodies like the International
Electrotechnical Commission (IEC), the International Com-
mission on Illumination (CIE), the International Organi-
sation for Standardization (ISO) and the International
Consultative Committee on Telephony (CCIT).

It is customary to distinguish four phases of standardiza-
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tion, viz., that accomplished by individual companies, the
group standards developed by trade associations and
government bureaux, the standardization performed on a
national scale and finally that performed on an inter-
national scale. But there is one kind of standardization
which is at the same time perhaps the most widely spread
and the most varied in its different forms and in the
manner in which it is adhered to. It is the way in which
every individual “standardizes” his own life, his order
of work, recreation and sleep, the food and drink he con-
sumes, the times he catches his bus or train for going to
and from work,’etc. And not only the bread winner finds
that he can improve his efficiency by organizing in some .
convenient .way his daily work, but also the housewife
performs her multifarious duties in a certain more
or less rigid order, as one can see from the freshly washed
linen fluttering in so many back gardens every Monday
morning.  But this is mentioned here only in passing
and we shall confine ourselves in the following to indus-
trial standardization, and especially to that of the third
phase mentioned. The first two phases and the last one
will only briefly be dealt with. '

As was mentioned above, the standardization of
measuring and weighing units was one of the earliest steps.
This is now usually the concern of state legislation. In
Great Britain, for instance, the weights and measures were
provided for the whole kingdom by the Sheriffs of London
at the time of Richard I. At the present time we have the
Weights and Measures Act of 1878; and the Standards
Department of the Board of Trade is the Government
Department responsible for weights and measures.

Rudimentary forms of standardization may be found,
e.g., in Frontinus’ description of the water supply of
ancient Rome, where, as was recently shown, even the use
of what'is called-to-day * preferred numbers ” may be dis-
cerned, and in the strict codes of the guilds in the middle
ages—the Hallmarks for gold and silver goods were started
about in 1300 A.p. The Birmingham Wire Gauge”
introduced early in the 18th century is still used to some
extent on the Continent and in the U.S.A., though it was
about in 1300 Ap. The Birmingham Wire Gauge
with which it is frequently confounded. But industrial
standardization in its modern sense was started only after
the beginning of the industrial revolution, initiated by the
replacement of older power sources by the steam engine.
Some landmarks in this development were for instance the
introduction by Eli Whitney of division of labour andof
standardized parts in his rifle factory in the early decades
of the 19th century in U.S.A.; the proposal of a uniform
system of screw threads by Sir Joseph Whitworth in 1841;
the standardization of electrical units starting in 1863 by
a committee of the British Association with the * B.A.
unit” of electrical resistance and then continued by the
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International Congress of Electricians, Paris 1884 and
Chicago 1893. Further examples are the * Deutsche
Normalprofile ” (standards for structural steel) 1879/ 80, the
“Normformate ” of Portsmann which standardized the
paper sizes on a rational basis and have been universally
adopted not only in Germany but also in a considerable
number of other countries.

These examples, the number of Wthh might be con51der-
ably increased, belong to the second, third and fourth
phases mentioned above. A recent discourse dealing
mainly with the first phase without neglecting the other
three phases is contained in the papers read before the
LEE. by J. T. Moore and P. J. Daglish which refer
especially to electrical power engineering.

There exists a rather extensive literature on standardiza-
tion and related subjects in monographs, e.g., by I.
Gaillard (U.S.A.), N. F. Harriman (U.S.A.), F. Porstmann
(Germany), as well as in technical periodicals in general,
and there is also quite a number of journals dealing exclu-
sively with these fields, as for instance the “ Standards
Review ” published in irregular intervals since 1944 by the
B.S.1., the monthly “ Industrial Standardization > published
in U.S.A,, etc. Quite recently some important special
reports have been published, e.g., the productivity reports
*“ Simplification in Industry” and “ Simplification in
British Industry,” both prepared by the Anglo-American
Council on Productivity,” the “Lemon Report” (1949) of
the Ministry of Supply and the “ Cunliffe Report” (1950)
of the Board of Trade. While the Lemon Report deals
generally with the standardization of engineering products
and especially with the question of simplification in in-
dustry, the Cunliffe Report has as its object an inquiry into
the organization and constitution of the British Standards
Institution. Much useful information will also be found
in the late Percy Good’s Presidential Address to the ILE.E.
in 1947 “ The History and Philosophy of Standardization.”

There is no lack of many-worded definitions of the
expressions ““standards,” ‘ standardization,” * simplifica-
tion,” “ specialization” and the like. For our purpose it
may be convenient to use the comparatively simple definiti-
tions contained in the “Productivity Reports” mentioned
above. Thus we speak of a:

“ Standard ™ as a definition with reference to perfor-
mance, quality, composition, dimensions or method of
manufacture or testing; of

“ Standardization ” as the process of organizing agree-
ment on (I) a standard for a particular product, range
of products. or procedure and (IT) the application of that
standard; of

“ Simplification ” as the process of reducing the num-
ber of types and varieties of products made; gnd of

“ Specialization ” as the devoting of particular produc-
tive resources exclusively to the manufacture of a narrow
range of products.

We are here mainly concerned with standards and stan-
dardization, while simplification and specialization,
although of great importance in raising productivity, will
only be considered here as activities for which the existence
of standards and standardization are usual though not in-
dispensible prerequisites. But of course it must not be
forgotten that one of the main purposes of standardization,
as expressed in the Royal Charter granted to the B.S.L,, is
the simplification of engineering and industrial materials,
so that national waste of time and mater1a1 may be
eliminated as far as possible.

We shall now deal in greater detail with the third phase
of standardization, i.e., that on a national scale, and
especially with the work of the British Standards Institu-
tion which this month celebrates its fiftieth anniversary.

The B.S.I. is a national organization, the object of which
is to promulgate British standard methods of tests, defini-
tions, codes of practice and specifications for all kinds of
materials, basic and intermediate, and of manufactured
goods, articles and the like. While standardization in its

»

ELECTRONIC ENGINEERING

210

first and second phases is much older, the B.S.I. is the oldest
national standardizing body, while the corresponding
bodies in U.S.A. and Germany were formed during the
first world war and in France between the two wars. There
are now 35 countries having national standards bodies.

The B.S.1. originated in 1901 as the Engineering Stan-
dards Committee of the Institution of Civil Engineers.
This committee was primarily formed for the standardiza-
tion of steel sections. The main committee consisted of
representatives of the professional institutions interested
in its activities, e.g., the Institution of Civil Engineers, the
Institution of Mechanical Engineers, the Institution of
Naval Architects, the Iron and Steel Institute, and later the
Tnstitution of Electrical Engineers. Still later as the scope
of the work undertaken by the committee widened, other
bodies came to be represented. In 1918 the Committee
changed its name to British Engineering Standards Asso-
ciation and afterwards extended its activities to the build-
ing industry and the chemical industry. In 1929 and 1931
an original and a supplemental Royal Charter were granted
to the Association and in 1931 the name British Standards
Institution was adopted.

The present structure of the B.S.I. committee system is
characterized by a General Council which branches ouf,
besides to an Executive and Finance Committee, to four
* Divisional Councils,” one each for the building, the
chemical, the engineering and the textile industry. Under
these Divisional Councils work the *Industry Staldards
Committees ”* of which there are at present 10, 19, 19 and 5
respectively for the Divisional Councils mentioned. The
more detailed work is carried out by the “ Technical and
Subcommittees ” which at present number 195, 257, 1131
and 12, respectively.

As an example the 19 Industry Standards Committees
under the Engineering Divisional Council are concerned
with aircraft, agricultural machinery, automobile industry,
chemical engineering, cinematography, colliery requisites,
electrical engineering, gas, illumination, iron and steel,
mechanical engineering, non-ferrous metals, petroleum
equipment, refrigeration, refractory products, road
engineering, scientific instruments, solid fuel and welding.

The Technical Committees are formed by representa-
tives of those bodies which are interested in a particular
subject. Their membership varies between 5 and 35 A
chairman is appointed and the technical committee usually
sets up a drafting sub-committee responsible for the draft-
ing of a specification. The Technical Committees receive
their terms of reference from the Industry Standards Com-
mittee under which they are formed. °

The Industry Standards Committees control the work of
the Technical Committees and approve the final drafts of
the specifications. They also decide questions of priorities.

The four Divisional Councils co-ordinate the work of
the Industry Standards Committees and are themselves
responsible to the General Council. This was composed
in 1949 of 68 members including, besides its own chairman
and the chairman of the Finance Committee, the four
chairmen and nine members each of the Divisional
Councils, 17 nominees of various Government Depart-
ments, three co-opted members of the nationalized indus-
tries and one nominee each of six $pecial bodies, among
them the Federation of British Industries and the Trades
Union Congress.

A distinction must be made between the B.S.I. committee
system and the internal organization of the B.S.I. This
consisted, when the Cunliffe Report was made, of the
director and secretary, a technical director, six assistant
technical directors, an office manager, a public relations
officer, a publications officer, a sales manager, a librarian, an
accountant, 26 committee secretaries, 11 other executive
staff and nearly 200 clerical staff. The committee secre-
taries call the meetings, send out questionnaires to the
industry, take minutes of the meetings. assist in drafting
specifications, circulate these, assemble the comments, con-
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sult if necessary trade associations, professional bodies, etc.,
and after authorization arrange the publication of the
specifications,

Their work is supervised by one of the assistant tech-

nical directors who act as secretary to the Industry Stan-
dards Committees and participate in the management of
the Institution as members of the Director’s Committee.
The technical director co-ordinates their work, acts as
secretary to the Divisional Councils and is responsible for
the general development of technical work. The directors

and senior staff members form the Director’'s Committee

for carrying out the day-to-day administration.

There are some basic principles governing the work of
the B.S.I. First of all the standards must be in accordance
with the needs of industry and fulfil a generally recognized
want. The interest of both producer and consumer must
be considered; and the standards must be periodically re-
viewed and revised if necessary. Thus the initiative for
proposing the setting up of a standard rests with the respec-
tive industry, including manufacturer and user. The estab-

Standards Committee decides whether a request shall be
approved, and, if necessary, also reaches a decision if the
various opinions expressed in the industry conference have
not been reconciled. In case of approval it then draws
up the terms of reference for the new Technical Committee.
The list of the organizations to be invited to nominate
representatives is drawn up in consultation with the B.S.I.
staff. The fact that a standard is to be prepared is pub-
lished in the B.S.I. monthly information sheet, so that
interested parties may offer their collaboration. When the
scope of the standard has been settled usually a small
drafting panel is appointed. The draft, after approval by
the Technical Committee, is circulated by the B.S.I. staff
to all those who in the opinion of the Technical Committee,
especially its secretary and the respective assistant tech-
nical director, should be informed. A period of six weeks
is given for comment. A final draft is then made, in-
cluding changes which might be necessary on account of
the comments, and the specification is published after the
final draft has been approved by the Technical Com-

Constitution of Main Committees of the British Standards Institution

GENERAL COUNCIL

Ten representatives of Building Divisional Council

Ten representatives of Chemical Divisional Council

Ten representatives of Engineering Divisional Council
Ten representatives of Textile Divisional Council

One representative of each Government Department
One representative of each National Board

One representative of Association of British Chambers of Commerce .~
One representative of Council of Codes of Practice

One representative of Federation of British Industries
One representative of Institution of Civil Engineers

One representative of Institution of Municipal Engineers
One representative of Trades Union Congress

I
|

Executive Committee

= i

-

Finance Committee”

|
Building
Divisional Council

Chemical .
Divisional Council

Engineering
Divisional Council

Textile
. Divisional Council

Committees
not under a
Divisional Council

lishment of standards and the adherence to them is, in
general, voluntary. This does not exclude that in special
cases, especially where safety considerations are concerned,
the standards are applied by regulations which may be
compulsory. This is in contrast to the situation in many
other countries where, particularly as regards electrical
icquipment, the specifications are enforced through legis-
ation.

Another essential question is the correct timing for
initiating and for revising a standard. As long as there is
a rapid technical. development in a particular branch of
production it is not advisable to standardize the product
lest technical progress be hampered, or else too frequent
revisions would become necessary.

The procedure in producing a new standard is, briefly
stated, the following. After a request for the standard
has been received it is referred by the Director’s Committee
either to the appropriate Industry Standards Committee or,
where one does not exist, to a special industry conference
of the interests concerned, or it may be shelved for some
reason after consultation with the proposer. The Industry
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mittee, the B.S.I’s editorial staff, the Industry Standards
Committee and signed by the chairmen of the Divisional

.Council and of the General Council.

It might be mentioned here that the publicity given to
draft and final specifications is much wider in some
countries, e.g., in Germany, where these are published in
extenso in the periodical “Der Maschinenbau ™ and, as
far as the electrical industry is concerned, in the “ Elektro-
technische Zeitschrift” (ETZ). While this has certainly
some advantages in reaching a wider circle there may be
some danger in that a manufacturer might be induced to
accept the instructions given in a draft specification too
early and be compelled to alter his design afterwards
according to the final specification. But there is no doubt
that the greater “standard-mindedness” of the German
public is due to this wide circulation given to the draft and
final standards. The expression “ DIN, designating the
products standardized by the German Standards Com-
mittee, is a household word in Germany, especially since
the general introduction of the standardized paper sizes.
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The B.S.1. is financed by subscriptions of its members,
the sale of specifications and a Government grant. The

nearly 700 members are composed of private individuals,

local authorities, professional bodies, trade associations,
commercial and industrial firms and the nationalized in-
dustries. The members are entitled to receive free of
charge a certain number of specifications, the Yearbook,
the monthly information shest and the Standards Review.

A library containing the publications of the British and
foreign national standardization bodies, but not those of
specialized bodies producing their own standards, except
those which are compulsorily enforced, is open to the
public on weekdays from 10 a.m. to 5 p.m_ on the B.S.I'’s
premises in Victoria Street, Westminster. British and
foreign standard specifications may be bought there at a
sales counter. A special Sales Department for British
Standards is housed in Gillingham Street, near Victoria
Station, and this is the distribution centre for sending out
the copies to members and to the public.

A special department of the B.S.I. deals with Certification
Marking. The marks cerfify the compliance with B.S.I
specifications.  They may be applied by manufacturers
satisfying this requirement and paying an annual licence
fee. Of special interest to electronic engineering is the
“ Radio Interference Free ” mark, although it has not yet
come into use. The ** Flastics ” mark is used to a greater

British

A part  of the
Standard Institution Library

extent. The certification marking scheme is as yet only
in its beginning, but it is hoped that it will develop.

The advantages derived from suitable standardization
may be briefly stated (see “ Die Technik ” 5, 379, 1950):

In production: economical production, reduction of
number of sorts;
In commerce: simplification of store keeping, reduction
of working capital;
In  purchasing: elimination of
shortening of delivery times;
In use: easy procuration of spare parts, guarantee for
quality and suitability;
In the drawing office: saving of time and design costs.
A more detailed survey of the advantages and dis-
advantages may be found in Appendix III of the Lemon
Report. Special stress must be laid on the fact that stan-
dardization plays a very important part in the defence pro-
gramme and in the export drive, both as regards raw
materials and manufactured goods. In this respect the
fourth phase of standardization, that on an international
base, must be specially mentioned, an example of which
is the recently established unification of screw threads be-
tween Great Britain, U.S.A. and Canada. It is hoped that
other countries will soon follow suit. The B.S.I. represents
the United Kingdom on quite a number of international
standardization bodies.
Finally a few words should be said about the special

misunderstandings,
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requirements of electronic engineering as regards stan-
dardization work. The phrase “electronic engineering”
covers a very wide range from normal radio work to heavy
engineering. The following standards have already been
issued in this field by the B.S.IL.:

B.S. 1698 Mercury arc rectifiers,

B.S. 415 Radio receivers (safety rules),

B.S. 448 Electronic-valve bases, caps and holders,

B.S. 1106 Code of practice relating to the use of elec-
tronic valves other than cathode-ray tubes.

B.S. 1147 The use of cathode-ray tubes in equipment,

B.S. 1409 Letter symbols for electronic valves.

In addition there is a series of specifications dealing with
radio-interference suppression (271, 613, 727, 800, 827,
833, 905, 1597, CP 1001, CP 1002) and a special series of .
standards for radio components has been drawn up by the
Services; some of these are published by the B.S.I. in the
BS/RC series. It is expected that these will eventually
be withdrawn and replaced by Defence Standards (for
Service use) and by a new series of British Standards (for
industrial use) based on work of the Radio Industry
Council. The specifications 271 and 613 contain inter alia
the colour codes used for capacitors and resistors.

Other standards are in course of preparation for the
rating of high frequency industrial electrical equipment and
for performance of radio receivers. To some extent
standardization of tests for radio equipment is going on
internationally with a view to laying down limits and
tolerances for performance as regards rating, temperatures,
resistance to humidity, corrosion, vibration, etc.

Perhaps it may be said that electronic engineering is,
at least in some of its branches, still in that state of rapid
development mentioned above in which standardization
cannot be safely undertaken yet. But there is no doubt
that the interest in standardization is growing also in this
field and this is shown by the following table -giving the
number of articles dealing with standardization and re-

viewed in ““ Science Abstracts ” during the last few years:
Year Total number of | Number of electronic
articles articles
1942 2 —
1943 : 7 1
1944 7 1
1945 16 2
1946 26 6
1947 13 1
1948 13 2
1949 29 8
1950 25 14

In conclusion the British Standards Institution must be
congratulated on occasion of its Golden Jubilee, especially
with regard to the “ good marks” it received in the two
Government Reports. The attention of interested readers .
is drawn particularly to the book “Fifty Years of British
Standards ” which will be published this month by the
B.S.I. and to the special exhibition to be opened for 12
days at the Science Museum, South Kensington, starting
on the 18th of this month, where in collaboration with the
Electrical Industry, the Radio Industry Council, the G.P.O.,
the B.B.C. and other organizations, interesting pieces of
equipment, €,8., for the suppression of ‘radio-interference,
field strength measurement and the like will be shown.
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Some Aspects of Electrical
Computing e

By J. Bell, M.Sc., M.LE.E. *

AIDS to computing are as old as civilization itself and,
as in all other fields of activity, the technique develops
as new problems arise to be solved.

Digital computing usually to a scale of ten, but also to
other scales, is widely used with mechanical and electrical
devices employed to diminish labour and accelerate the
processes of computing. It is not, however, proposed to
deal with this type of computing, but rather with a method
which is more closely allied to the physical form of the
problem and has been called analogue computing,

A draughtsman, from known data, for example the
length of a line and two angles, can construct a triangle
and find graphically the length of the other sides of the
figure. This process, however, takes time, and if the data
is continuously changing, the answer is never up to date.

Problems in which the solution of triangles is one of
the basic requirements arise in gunnery control and pre-
diction instruments in all three fighting Services, but an
essential feature of any successful solution is that the
answer must be developed continuously as the input in-
formation is kept up to date. Time lags of the order of
‘i! few seconds in certain cases may make the answer value-
ess.

The first practical solution of this type of problem was
mechanical, the problem being set out to scale with
mechanical radius arms and slides for the case of a tri-
angle and other devices also being employed as, for
example, a differential for addition, a lever for multiplica-
tion and a cam for the introduction of a non-linear func-
tion, etc.

During the 1914-1918 War, the art of mechanical com-
puting for fire control purposes was pushed ahead from
very small beginnings and has been developed with con-
siderable ingenuity and increasing complexity since that
tfime. g

The equipment produced for long range naval gunnery,
torpedo calculators and coastal defence gave good service
and was not found under practical conditions to be
seriously lacking in efficiency. Noteworthy deficiencies,
however, existed in the anti-aircraft field, and this was pro-
gressively more apparent as aircraft speeds climbed rapidly
just before and early in the late war, and so rendered all
the predictors obsolete.

The mechanical solution involves usually a very high
class of mechanical work and craftsmanship, in order to
obtain sufficient accuracy in the result. A considerable
time is required for design of equipments to new specifica-
tions and for subsequent manufacture in the quantities
required. Skilled labour was not available for this pur-
pose and electrical computors were evolved and produced
to meet the need.

An outstanding difference between electrical and
mechanical computors is that the mechanical version must
be designed as a whole, including almost all the individual
computing units, wheras in the electrical case it is prac-
ticable to build individual computing units on a quantity
basis using less skilled labour and combine them to solve
the particular problem with a considerable freedom and

* Chief Research Engineer, Muirhead & Co., Ltd.
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flexibility of arrangement which is not found possible in
the mechanical case.

Statement of the Problem

For those not familiar with the type of problem to be
solved, the functions required of an anti-aircraft predictor
may be described as follows.

Input information is received from the range finder and
telescope sight or radar equipment, usually in the form of
a range, an angle of elevation, and an angle in bearing.
These data are continually changing and from them must
be derived the rate of travel of the target aircraft and its
new position in space after a time (¢f) corresponding to the
time of flight of the projectile. There are several possible
ways of solving the problem, but one only will be
described which is sufficiently typical for our purpose.
Taking first the range and the angle of elevation, these
can be resolved into a height and a ground range by the
solution of the triangle. Then again, the ground range,
together with the angle in bearing, can be resolved into
geographical distances North or South and East or West
from the point of observation. The cartesian quantities
thus derived- are continuously changing as the target
changes position and the rates of change of position must
be determined. Assuming that the time (¢) is known (the
time of flight of the projectile), the rates developed are
then multiplied by () and the travel corrections from the
present to a future position of a target are determined.
These corrections must be added to the present position
and the solution of the triangles originally carried out
is reversed to translate the information back into angles
of elevation, bearing, and future range. To the angle of
elevation must be added a quantity depending upon the
trajectory of the particular type of projectile being used,
and this information is then passed to the guns. It will
be seen, therefore, that in the case cited, the processes in-
volved are:—

(1) Resolutions from polars to cartesians and vice versa.
(2) Differentiation of a changing quantity.

(3) Multiplication.

(4) Addition.

(5) Computation of variable functions relating to the
ballistics.

Electrical computing units were not available for all
these processes when the work was first undertaken, but
the technique was gradually developed and satisfactory
instruments were evolved. It was later found that similar
developments were taking place in the U.S.A. at the same
time. It is also interesting to note that examination after
the war of the progress made in enemy countries during
the same period showed that they had been working on
somewhat similar lines, but that we were definitely leading
in this particular field.

Accuracy of Computation

The degree of accuracy in each computing unit, and
in the computor as a whole, which is to be attained must
be comparable with the precision of the weapons to be
directed or must bear some relation to the geometry of
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the range and target size. Take, for example, an aircraft,
the maximum dimension of whose vital part is 6 ft. as
seen from the point of observation, at a range of 2,000
yards; the ratio of size/range is 1/1,000. Assuming an
ideally accurate weapon, the predictor should have an
accuracy of the order of 1/1,000. At longer ranges the in-
accuracy of the gun becomes a controlling factor rather
than the minimum subtended angle of the target, and other
considerations also are present, such as the type of fuse
employed and the effective size of the burst of the shell.
In general, however, the accuracy figure of 1/1,000th of
maximum range of scale of the computor is a good guide
to requirements and the computing units were developed to
give this order of accuracy under normal operating
conditions.

The units which were developed are now de-restricted
and may be applied in industry; the main purpose of this
paper, therefore, is to make known more widely the charac-
teristics of the instruments, so that technicians who are
concerned with the computing, recording, or controlling of
functions, mechanisms or processes may have additional
tools to hand for the solution of their particular problems.

In order to approach the subject logically, the individual
processes required, such as addition and multiplication, etc.,
will first be considered and the mechamical and electrical
devices or instruments suitable for each process will be
examined. Examples of combinations of these devices will
then be dealt with.

In the sections which follow, describing instruments
suitable for certain computing processes, it will be realized
that in sorne instances the inputs are electrical, while in
others, the inputs are .mechanical, the instrument itself
converting the mechanical movement into an electrical
quantity.

Ry
N

R

\5 R
Vi Y2V
Va=RalR TRy Ry

Rg
Fig. 1. Adding network

Addition
Mechanically, addition is effected by the use of a

differential gear or differential lever, or by a system of
cords and pulleys, etc.

Electrically, it is achieved by the addition of A.c. or D.c.
potentials if they are isolated from earth and, in the case
of a.c., have the same frequency and time phase.

Another method,* however, was successfully developed
for voltages having a common source.

Referring to Fig. 1, three voltages, V,, V, and V, are
indicated as inputs to a network. These voltages would
be generated from, say, electronic amplifiers, and currents
proportional to the voltages flow in the network, including
the common resistor R,. If R, is small by comparison with
R,, R, and R,, then the voltage drop V, across R, will
represent the sum of the currents due to the voltages V,,
V,and V,. The voltage V, is, of course, very much smaller
than the input voltages and has to be amplified by means
of an appropriate, generally electronic, amplifier. For
practical purposes the value of ¥V, is given by the
expression:

Vi=R, V,/R, + V./R, + V,/R;)

* Used in No. 10 Electrical Predictor developed in the Bell Te!ephone
Laboratory U.S.A.
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Multiplication

Mechanically, multiplication may be effected by the use
of a lever of variable ratio; an extension of this from
linear to circular motion may take the form of a cone or
disk with a wheel or ball riding on it and driving a cylinder,
one input being the rotation of the cone or disk, and the
other input the travel or position of the rider, the output
product being the rotation of the cylinder (see Fig. 2).

Electrically, the accepted method has been the use of
two potentiometers, see Fig. 3, in which a fixed supply
voltage V, is applied to one potentiometer causing a certain
current to flow. Across this is tapped by a moving tap-
ping set to represent a quantity x, a second potentiometer
whose moving contact is set according to a second quantity
y. The output voltage is given by the expression ¥V =
kVo xy. This expression neglects an inaccuracy caused by -

Outpu':g:

Xxy

Input x

Fig. 2. Mechanical multiplication

the additional and variable drop in voltage along the first
potentiometer due to feeding the second. In practice, this
may be minimized by using potentiometers of widely
different resistance value, the first potentiometer being of
low resistance and passing considerable current. An alter-
native and more correct method of gaining precision with
such a network is to interpose an amplifier between the two
potentiometers so that the loading on the first potentio-
meter js reduced to a negligible amount and this alternative
is perhaps the only one available if the computation must
be carried out with direct current to an accuracy of the
order of 0.1 per cent.

An alternative with alternating current is to substitute
for the potentiometers one or more auto transformers; the
instrument produced for this purpose has been called an
“Ipot™ (inductive potentiometer). In construction, this is
similar to the well-known Variac transformer, but it has

=
t==]
=
=
=
=
=
=
[
=
=i

Fig. 3. Electrical multiplication

been built with a much higher degree of precision, so that
on performance test the voltage with relation to angle is
linear within 1 part in 2,000.

Fig. 4 is a diagram of the Ipot; it will be seen that there
are two moving contacts, one which moves over the whole
winding (340°) and the second contact which moves over
about 60°. As can be seen from the diagram, there are
five terminals. The input voltage is usually applied be-
tween the second contact terminal 2 and terminal 4. By
auto transformer action the whole winding of the Ipot is
energized and in effect the small arc between terminals 4
and § gives a “ below zero ” voltage, and the full voltage up
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to the end of the winding beyond the position of contact 2
may be employed. Multiplication can be carried out by
“the use of two lpots connected in a manner similar to the
resistance potentiometers shown in Fig. 3.

The low internal impedance of the Ipot, together with
the very small magnetizing current enables two or more
Ipots to be connected in this way without occasioning
excessive voltage drop in the windings of the first Ipot. In
addition to the linear winding, the Ipot may be wound with
a winding graded within limits to any desired law, see
section on Examples of Computing Processes. Further
applications of the Ipot will be dealt with in succeeding
sections.

Resolution of Polar to Cartesian Co-ordinates, etc.

Resolution from polars to cartesians involves two pro-
cesses, firstly the setting up of the polar quantity in angle
# and magnitude r, and secondly the resolution of this into
two quantities r sin # and r cos 4. It may be observed that
the quantities r sin 8 and r cos # are products, thus the two
processes are really (i) a multiplication, and (ii) a determina-
tion of sine and cosine functions.

Mechanically, the operation is effected by the use of a
pin which can be set along a radius arm, the pin also
engaging with two slides set at right angles to each other,
the positions of the slides from a datum position gives the
cartesians quantities required.

’ !

N
13 % \ V|'2=kV|sine
] A | 2
i 3
\ és /
\ Va a=kV,
N / Vagq cos®

i
~ \—7—04
-

~

Resolver No. 1. Resoiution of
polars to cartesians

Fig. 4. Ipot

Fig. 5.

Electrically, the operation can be achieved by means
of specially graded potentiometers, or alternatively, a
potential can be built up across a pile of layers of resistive
material or a special flat commutator on either of which
a brush or systems of brushes bear, constrained to move
in a circular manner.* The natural way to resolve elec-
trically, however, for A.c. working, is to use two or more
coaxial coils as in a goniometer, the flux set up by one
coil or set of coils providing a magnetic field linked with
the other coil or set of coils and inducing appropriate sine
and cosine voltages in them. Such an instrument is the
Magslip Resolver, two types of which exist—No. 1 being
the simple type and No. 2 an instrument designed to
operate in conjunction with feed-back amplifiers.

N

For precise working the No. 1 Resolver must operate

on constant voltage, thus it is only possible to derive from

it the circular functions, and the multiplication by the

value of the polar quantity must be carried out separately
by the use of a potentiometer or Ipot.

The No. 2 Resolver, however, was designed to carry
out the complete operation, its associated amplifiers pro-
viding the conditions of excitation requisite for precise
operation on variable voltage.

The Magslip Resolver No. 1 was developed first, and is
intended for use on 50V 50c/s supply. Two windings,
spaced at 90 degrees with respect to each other, are pro-

* See J. Bell—Daia Transmission Systems.

Journal 1.E.E. Vol. 94, part
1A, No. 2, page 225.
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vided on both rotor and stator. Under normal conditions
of operation, the rotor is excited on one winding only,
the other winding being short-circuited on itself to pro-
vide a means of compensation against unwanted quadra-
ture components of the magnetic field which may, for
example, arise from the action of eddy currents in the
stator iron or output currents in the stator windings. A
magnetic field of constant magnitude is set up by the rotor
and this field is oriented in operation of the instrument
by rotation of the rotor. The alternating magnetic field
links the two stator windings which are at right angles to
each other and yield alternating potentials corresponding
in magnitude respectively to the sine and cosine of the
angle of the exciting winding of the rotor with respect to
the stator. The arrangement of the Resolver windings is
shown diagrammatically in Fig. 5.

It is possible also to use this Resolver on a controlled
variable voltage supply, the voltage being varied in accord-
ance with some desired function. The output voltages
from the Resolver are thus:

V.. = kE cos 6

V:m = kE sin 6
Because of the electrical losses in the Resolver, however,
the output voltages do not correspond precisely with the
variable input voltage, and it has been found that when

‘Va=kV;5in®
Va=k Vicos© Vs

"Wekw(AC)
I\hkv,%:(o.c )

Fig. 6. Fig. 7.
Voltage
. with A.C. supply.

Resolver No. 2. Resolution

Induction generator.
of polars to cartesians

proportional to speed
Vollage pro-
portional to acceleration with
D.C. supply

used in this way the overall precision of the No. 1 Resolver
is about = 1 per cent. To overcome this difficulty and
regain the desirable accuracy of * 0.1 per cent on variable
voltage input the No. 2 Resolver was designed.

The Magslip Resolver No. 2, together with the asso-
ciated amplifiers, is shown diagrammatically in Fig. 6.
The instrument has two-phase windings on both rotor and
stator, but in addition to the main stator winding there is
an auxiliary two-phase winding also wound on the stator
on the same axis as the main winding. The auxiliary
winding may be regarded as serving to measure the in-
duced voltage or working flux in the instrument which
the current in the main winding produces. In practice, the
input voltage is fed to the amplifier in series with the
auxiliary winding of any one phase, the input to the ampli-
fier is thus the difference in voltage between the input, or
applied voltage, and the voltage induced in the auxiliary
winding. The output of the amplifier is fed to the main
winding of the same phase.  Assuming for the moment
that the gain of the amplifier is infinite, then current will .
flow to excite the Resolver until the voltage of the auxiliary
winding balances the applied voltage exactly in magnitude
and time phase. If the rotor is set to any angle # with
relation to the stator, the outputs from its windings will be
V sin 6 and V cos 6 where V is the input voltage applied
to the Resolver and amplifier circuit, assuming that the
transformation ratio between rotor and stator is unity.

The Resolver may be excited on both phases, in which
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Fig. 8. Electrical rate measurement Fig. 9. Electrical differentiation
case the total magnetic flux set up in the instrument is a
true vector sum of the fluxes due to Phases 1 and
11, and the outputs from the rotor will again be sine and
cosine functions of this total flux.

Examples of the application of these Resolvers appear
later.

Rate or Speed Measurement

The speed to be measured is generally, or can readily be
converted into, an angular velocity. Mechanically this can
be measured by means of a centrifugal device, or alterna-
tively by means of a sequence or timing control of some
kind, the angular rotation over a given time may be
measured. Another method is to use the properties of a
gyroscope and measure angular velocity in terms of a pre-
cessional torque.

Electrically the obvious way is to use a generator driven
by the unit whose speed is to be measured; the generator
may be a D.c. or an A.C. type. Among the latter a very
useful form is an induction generator excited by single
phase a.c. and yielding an output voltage proportional
to the speed at which it is driven and of the same fre-
quency as the supply. This is shown diagrammatically in
Fig. 7.

Another method is to use two capacitors as shown in
Fig. 8, C, being much smaller than C, and being connected
in turn first to the p.c. supply and then to capacitor C,
at a frequency depending on the speed to be measured.
An appropriate leak R is connected across this capacitor,
and the voltage V is a measure of the speed, approaching
exponentially to the correct value if the speed is constant.

If the distance from a given datum of the object whose
speed is fo be measured is represented by a D.c. voltage
the measurement can be performed by the use of a
resistance-capacitance network. A simple example is shown
in Fig. 9; the current flowing into the capacitor is a
measure of the rate of change of voltage, and consequently
of the speed of the object. An error will be present with
changing speed, due to the time constant of the resistance-
capacitance network, the value of the time constant must
therefore be chosen according to the requirements of the
application.

Acceleration Measurement

The measurement of acceleration may also be required
for computing or for servo stabilization.

The recognized mechanical method is to use a mass and
measure the deflexion of a spring which applies a force to
impart the motion to be measured to the mass.  Either
translational or rotational motion may be examined in this
way. The measurement may appear in an electrical form
if, for example, a piezo-electric crystal is used instead of
the spring in the wholly mechanical method.

A further method of measuring rotational acceleration

- is available using the induction generator described in the
foregoing section. Instead of supplying the generator with
A.C., a direct current is used to excite one phase and a
direct voltage of appropriate polarity and magnitude is

.ELECTRONIC ENGINEERING

216

generated by the second phase, giving a measure of the
positive or negative acceleration of the rotor of the genera-
tor (see Fig. 7).

Computation of Variable Functions

Some problems involve functions which are dependent
on two or more factors. An example of this is seen in
the relation between the time of flight of a projectile and
the range to which it travels. In the case of gun and target
at the same level (e.g., sea level) there is a fixed, although
non-linear, relation between range and time of flight. (This
assumes a known fixed muzzle velocity and constant
atmospheric conditions). In the anti-aircraft problem, how-
ever, the gun and target are seldom at the same level and
another variable is present due to the work done against
gravity in raising the projectile. Thus the time of flight
may be expressed as a function of two variables, namely
range and angle of elevation of the gun.

The mechanical solution for this is to use. a series of
cams cut for the correct relation each for a given angle
of elevation, or more ideally a three-dimensional cam is
made embodying effectively in its surface an infinite num-
ber of such cams. A three-dimensional cam is shown in
Fig. 10. The cam is rotated to the required “range” (4)
and translated axially according to the angle of elevation
(B), the rider moving vertically to indicate the time of
flight.

The electrical equivalent of the three-dimensional cam
is made up in a similar way to the mechanical version of
an infinite number of simple cams, but instead of a physical
embodiment of the large number of simple cams the effect
is produced in the electrical case by using one non-linear
function given by a resistive potentiometer or an Ipot and
altering the conditions of its operation by other potentio-
meters or attenuators of either type connected in the supply
and/or output circuits of the main potentiometer. Fig. 11
shows an electrical variable function network operating
from a supply ¥V, and producing an output voltage which is
a function of two variables 4 and B. In the diagram the
main non-linear function is given by the potentiometer 1—2
whose tapping point is controlled according to the quantity
A; it is modified by the series connected tapped impedance
2—3, and also by the series inserted potential due to the
potentiometer 4—35, the tapping points or contacts on 2—3

d=fAfB

Lo

Fig. 10. Three-dimensional cam Fig. 11." Electrical equivalent of a

three-dimensional cam

and 4—5 being ganged- together and operated according to
the quantity B.

It will be appreciated that the modifying devices 2—3
and 4—S5 are merely typical; many other arrangements may
be used to effect the change of the main function into a
compound function of two variables.

(To be continued)
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Electrometer Valve Balanced Circuits

with special reference to the Ferranti BM4A

By H. A. Hughes, B.Sc., A.R.CS., A.Inst.P. *

Progress in electrometer valve balanced circuit- design is reviewed.
describe the behaviour of both the Barth and Caldwell type of balanced circuits.

Equations are derived which
Relations. between

certain parameters are given which obtain under stated conditions of optimum performance, and it is
shown that the electrometer valve characteristics impose restrictions on the value of supply voltage

necessary to balance the circuit.

Data are presented relating to the use of the Ferranti electrometer

valve, type BM4 A, in balanced circuits.

BALANCING circuits for electrometer valves of the
space-charge tetrode type are primarily intended to
minimize instability caused by variations in the valve
power supply. They also tend to compensate for certain
changes in the electrodes of the valve itself. Two types of
circuit have been developed, these being (1) the differential
output circuit in which the potential between anode and
some point on a resistor in series with the space-change
grid is independent of the supply voltage, and (2) the single-
sided circuit, where the output is taken across the anode
load resistor. Amplification of the output from the
differential circuit necessitates the use of a twin valve
differential output stage, whereas only a single input valve
is required to deal with signals from the second type of
circuit. This may be considered a simplification to the
design of a pb.c. amplifier.

The balance conditions for both these types of circuit
have been derived previously and experimental data on
their performance quoted. The following sections present
the analyses in a more extended form, with some data on a
particular British electrometer valve. All data so far pub-
lished concerns American valves not now readily obtain-
able in this country.

Conditions for Circuit Performance

The following conditions apply to the performance of
either type of balanced circuit: (1) small changes in power
supply voltage should not affect the output potential, i.e.,
a balance point should exist; (2) this balance point should
occur at or very near to the recommended valve rating.
The reasons for operating a valve at this rating are
explained in Radio Valve Practice, 1st Edition, page 5
(issued by the B.V.A., 1948). In the case of an electro-
meter valve, two faults which may arise are high grid
current due to a control grid potential above the rated
value, and increased noise at too high a heater current; (3)
the balance point should occur at the rated heater current
over the whole range of operating control grid potential.
If the valve is being used as a null indicator for current

measurement (i.e., in the Townsend balance method), this -

condition is not necessary, but if current is measured by a
direct deflexion method the condition must be fulfilled;
(4) the circuit should be easy to adjust; (5) in some applica-
sions it is advantageous if the circuit can be balanced with
almost any valve of the same type without changing all the
circuit constants; (6) where the circuit is to be used as the
input stage of an amplifier, the gain should be as high as
possible. This is particularly important in the case of
feed-back amplifiers where the overall stability is dependent
on the gain of the first stage.

Differential Qutput Circuits

REVIEW OF PROGRESS IN CIrcuitT DESIGN
Many of the original circuits devised with a view to

* Physics Dept., Medical School, Guy’s Hospital, S.E.1.
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making the anode current of a valve independent of small
changes in supply voltage required two valves (usually
triodes) with matched characteristics.””* These were diffi-
cult to obtain, and although this type of circuit gives an
improvement of stability toward changes which affect both
valves equally, most workers favoured the single space-
charge tetrode valve in a 3uitable network. However, it
may be mentioned that a split electrometer valve, having
a common cathode (such as described by Lafferty and
Kingdon® in the U.S.A., and Brentano and Inglesby* in
Great Britain, the latter’s work leading eventually to the
design of the Ferranti type BM4 A) would reduce the
variations due to spontaneous cathode emission changes.

A review of balanced circuits has been made by Penick®
who described many earlier circuits which were eventually
superseded by one due to Dubridge and Brown® which has
been used successfully by many workers, and is shown in
Fig. 1. Some difficulty was experienced in balancing this
circuit for valves of different characteristics, and a modi- "~
fication was suggested by Penick and developed indepen-
dently by Barth’ in which the leads from anode and space-

b
.

O
AV
INPUT
1 AN A
O h Y
R3
SUPPLY
-+
—0 O
Fig. 1. Dubridge and Brown circuit, with input resistor fer current measure-

ment by direct deflexion method

charge grid were attached to separate taps on the resistance
R, (see Fig. 2) thus introducing an additional element of
flexibility into the circuit.

Ex1STING EXPERIMENTAL DATA ON BARTH CIRCUIT

The properties of the Barth circuit have been investi-
gated experimentally by Penick® and Spencer and Schultz.®
They found that with most valves of the types tested
(General Electric FP54 and Western Electric D-96475),
conditions (1), (2) and (4) could be fulfilled. Although the
value of the filament current at the balance point usually
shifted with control grid potential, it could be made to
coincide with the rated filament current over a fairly wide
range (condition (3)) after some seemingly arbitrary adjust-
ments of the circuit constants. It has aiready been men-
tioned that the circuit was designed to enable the in-
corporation of valves of different characteéristics as required
in condition (5). An observation by Penick that the slope
of the output-filament current curve at the rated value
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decreased with increasing value of supply voltage has little
value because the gain of the circuit in' each case was not
quoted. It will be obvious that all observations should be
compared after allowing for circuit gain. Valves with low
emission sometimes could not be balanced, and other valves
gave two balance points which could be moved together
by suitable adjustments of the circuit.

Theoretical Analysis of Barth Circuit

Penick has derived an equation which describes the
Barth circuit under the conditions of balance. No aftempt
has been made to extend this analysis to formulate rela-
tions between circuit parameters under the above stated
conditions of optimum performance. These relations
would decide the possibility of the valve being balanced,
the value of supply voltage necessary, and would obviate
purely arbitrary adjustment of the circuit. It may be
mentioned that Caldwell® has carried out an analysis of a
single-sided circuit to be described later in this paper, to
a point where the minimum value of supply voltage re-
quired to balance the circuit can be evaluated. His treat-
ment has been followed here, and extended to bring out
other properties of the circuit.

The valve shown in Fig. 2 is an indirectly heated type,
and the resistance R, has been included between the
cathode and negative end of the heater as is recommended

[rh + Re + Ry + Ra(Ag. R, — AnIISs(R, +

Aiy = Az . Deg + An . Diy + As. Aes + Aa. Aea .. (6)

where
Ag = diaj0es; An = diafdin; As-= dia/ 0es; An = 0ia/ dea

Similarly,

Aiy =8, . Aeg + Si. Ain + Ss.Aes + So.Nea ... . (T)
where

Se = 0is/ des; Sh = 3is/din; Ss = ais/aes; Sa = 9is/ dea
The change in e, produced by a change in i, can now be
found. From Equations (1), (2) and (3) respectively,

Aeg = —Ain . R, ... . €))
Aey, = Ain(rn + RG + R)-AL(R, + Ro) ...... ()]
Aesy = Ain(rn + Ro + R)~Aia . Ra ... .. aom
where ri, = den/din
Eliminating Ai; and Ae;, Equation (7) becomes
4+ Ro+ R, + (Ry + Ru)(Ss. R, ~Sn)
Aes = Ai
fe = O o SR ¥ Ra) + 1
a(R; + Ra
= e e T T LT T T 11
- B SR, + Ry) + 1 h
Similarly, by eliminating Ai, and Ae,, Equation (7)
becomes
.+ R+ R, + Ra(Ae. R, — Ay)
Aes = Ay
¢ . Aa. Ry + 1
As. R.
—Aes . TR 12)

Eliminating Aes between Equations (11) and (12)
Ra) + 11 —Ra.As[rn + Ro + Ry + (R, + Ru)(S¢ . R, —Su)]

by the manufacturers of the BM4A. This resistance intro-
duces a further parameter, which, as will be shown, can
greatly modify the balance conditions. The voltages e,
&s and e are measured from the cathode; e, is the voltage

Sa(R + Rn){ [I’h +R. + R, + Ra(Ag R Ah)][s (R4+Rn)+1]—RaA [rl\+Rc+R2+(R¢+Rn)(Sg R, Sh)]}

(Aa.Ra + D[Ss(R, + Ro) + 1]1-Ra. As.Sa (R, + Rn)

K .Ain oo
Eliminating Ae, from Equatlons (12) and (13)
Ae. = Ajn Tt Ro+ Ry + (Ry + Ro)(Sg. Ry —Si)
s — h .

Ss(R, + Rn) +1

ih

drop across the heater, and e, is the output voltage
measured between anode and the junction of R, and Ra. i,

and iy are assumed to be much smaller than in. A set of
1 .
Lol
QUTPUT
%
R4 T Ry
NN —£— AAAY
INPUT Rs Ig 8
AAAN AN
Lo ;3
i l
. |
O

Fig. 2. Barth circuit with input resistor for current measurement by direct
deflexion method

equations which describe the circuit for no input signal

18
ec= —inh. R, ... .. 1)
es=en+in (R +R,) —is (R, + Rn) .... (2
ea=en+in (Re+ R) —ia.Ra .......... 3)
E=en+in Re+ R, +R)) ............. “@
eo =€, —es — . R, ... .. ... . ... ... (&)

The anode current can be expanded in a Taylor’s series
about the operating point,* and if only terms in first deri-
vatives are retained,

* This method of presentation of valve characteristics was first proposed by
Carson, J. R, : Proc. L.R.E. 1, 187,
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[S(R, + Rn) + 11{ (4a. R + DIS«(R, + Ry) + 1] ~Ra. As. Sa (R, + Rn)

=K,.Ain ... (14)
From Equation (9)
o o rn + Rr + R 1 )
Aiy = Aiy .- R. + R. —Aes . R. + R.

Substituting the value of Ae;s obtained from Equation (14)
m+ Re+ R, —K,

Aiy = 15

s - R4 + Rn . ( )

The condition that the output voltage be independent of

the supply voltage at the operating point, is from Equation

(),

Ae, = Aey — Nes — Nis . R, = O

ie, K, - K, - RK, =0 .................. (16)
Equation (16) involves circuit resistances and valve

characteristics only. Numerical values for R, and R, can
be fixed from Equation (1) and the added condition that
e, = O respectively. R, and R, can be expressed in terms
of R, and R, from Equations (2) and (3) respectively. If
these values are substituted into Equation (16) a relation
between R, and R, results, which may be expressed in the
form

3 2}
R, — aR,;® + bR'.,2 +cR, +d a7
eR,* + fR,* + gR, + h

in which the coefficients a, b, etc., are functions of valve
characteristics only. To give positive values of R,, R,

must be greater than the positive root of the equation
aR,* + bBRy* + cR, +d =0 (18)*
It should also be noted that a minimum value of R, is
given by applying the condition that (R, + Rp) must be
positive. This leads to the relation R, > (es—en)/in— Rc
(from Equation (2)). The value chosen for R, thus deter-

* This is not strictly true uniess dR;/dR; > O for values of R, greater than
that given by equation (18) i.e., un’ess 3aR,®+2bR;+C> Ry(3eR,? + 2fR; + g).
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mines which relation gives the minimum value of R,, and
hence the minimum value for the supply voltage E neces-
sary for balance.

It now remains to examine what restrictions are placed
upon the values of R, and R, in order that condition (3)
(no variation of balance point with control grid potential)
is satisfied. If the control grid potential is changed to
some new value (by keeping R, fixed and injecting a
signal into the control grid) the values of ey, is, €a, fa, €0
and all the characteristics A4, Se, etc., will change to some
new unknown values. A new series of equations similar
to Equations (1)-(16) will now hold. The relation between
R, and R, will now be

R, — aR,* + bR, + ¢\R, + 4,

: e.R® + flRuz + g R, + h,

The condition that Equations (17) and (19) are satisfied by
the same values of R, is
aR,®* + bR.® + cR, + d

eR," + fR;* + gR, + h

a,R;* + bR, + aR, +d,
e R + fiRS° + &R, + Ay
(20

The positive roots of  this equation which give positive
values of R, are valid practically. The new values of es
and e, can be fixed at any desired value consistent with
satisfactory operation of the valve at the new control grid
potential. Hence the corresponding values of is and i,,
Ag, S, etc, can be measured, and thus the coefficients
a,, b, etc., may be evaluated. If the values of R, and R,
allow the circuit to be balanced at the rated heater current
at two different control grid potentials, and if this range
of potentials is fairly small, the circuit should be balanced
at the same heater current for intermediate values of
control grid voltage. Should the required value of R, be
so large as to necessitate an inconvenient value of supply
voltage, the calculation could be repeated using some other
values of e; and e,.

The ease of adjustment of the circuit is dependent upon
the slope of the output-heater current curve near the
balance point. It is not possible to state a mathematical
relationship between e, and iy, as a knowledge of the
variation of valve characteristics with heater current and
electrode voltages is involved.* Thus a theoretical
evaluation of the circuit constants necessary to fulfil con-
dition (4) cannot be made exactly. However, an inspection
of Equations (2) and (3) indicates that the change in elec-
trode potentials e; and e, produced as a result of varying
R, and R, respectively will diminish with increasing values
of R.. Although this does not affect the breadth of balance
of the circuit, it does imply that experimental investigation
of the circuit will be simplified.

It may be noted that unless the valve is to be operated
at a fixed control grid potential as a null indicator, only
values of R, and R, which satisfy Equations (19) and (20)
are permissible, and then the shape of the es-in curve will
depend only on the valve characteristics.

The breadth of balance of the circuit will appear to be
greater as the gain of the circuit decreases. For this reason
all experimental observations should be plotted after
allowing for differences in gain. The voltage gain of the
circuit can be derived from Equations (6)-(10) and the
relation Ae, = Aey—Aes— AisR,. The resulting expres-
sion is:

m = Aeo/Aeg =

>

to fulfil the other conditions, and a compromise would
have to be made experimentally.

Limitations of theoretical predictions of circuit performance

It has thus been shown that from measurements of
characteristics of a given valve, it is possible to decide
whether it can be balanced in the Barth type of bridge
circuit under any given operating conditions, the minimum
value of supply voltage necessary, and the value for the
gain of the circuit under the conditions of balance. The
breadth of balance and amount of shift from a given heater
current rating at different electrode potentials can only
be determined experimentally. It is highly probable, for
instance, that the shift of balance “ point” with control
grid potential is only very slight where the breadth of
balance is large. This could not be indicated theoretically.

It is obvious that the conditions of balance will change
if for any reason the valve characteristics alter. Emission
changes such as might occur in a poorly activated (or over
activated) valve would be the most likely cause of this.
Thus it is advisable to run the valve under normal
operating conditions for some time, keeping a check on
characteristics, before undertaking any experimental or
theoretical investigations such as have been described.

L]

Single-sided output circuit

To the author's knowledge only one circuit has been
described in the literature in which the anode voltage, as
measured from the negative side of the grid bias resistor,
is independent of the supply voltage at the valve operating

point. This circuit is due to Caldwell and was designed
ia
%a
O A . -
e A A
INPUT Ry ig OouUTPUT
ANAN AAA— %}
Re Ty
R3
R
- e+
—0 - O
L : <
Fig. 3. Caldwell circuit with input resistor for current measurement by

direct deflexion method

in order that a subsequent p.c. amplifier should have a
single input valve. It is shown in Fig. 3. The analysis
of the circuit has been made by Caldwell and only the
final result will be quoted. The condition that the output
voltage be independent of supply voltage is:

(1 + Rs-Ss)[rh + R + Rg + Ra (Ag R1— Ah)]

—Ra.Alrn + Re + R, + R (Ss. R, — Sw)] e

+ R [(1 + AaR)(1 + RsSs) — RaAuSaRs] = O ... (21)
Expressing Rs and R, in terms of R, and R,, this may be
written in the form

R, = (jR; + B)/(IR, + m) (22)
where the coefficients j, k, etc., are again functions of valve

Se. RaAs(R, + Rn)— RaAg[l + Ss(R, + Ra)] + RuSe(l + Rada) —Rn.Sa. Ra. Ag

In order to find the value of R, which would make the
gain a maximum value, it is necessary to express all cir-
cuit resistances in terms of R, and equate dm/dR, to zero.
In general this value of R, would differ from that required

* The linear relation between eo and ih resulting from inegration of the
uation Aeo= A h (K;—K; — R, XK;) is not valid owing to the non-inclusion
g% derivatives higher than the first in Equations (6) and (7).
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characteristics only. For R, to be positive, R, must be
greater than —k/j. A minimum value of R, is also
obtained from the condition that R, must be positive; i.e.,
R, > (ea—ew)/in— Rc. The value of R, may thus deter-
mine which relation gives the minimum value for R,, and
hence the supply voltage necessary for balance.

The condition that the circuit be balanced at two values
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Fig. 4. Barth circuit—determination of minimum value of R, necessary for
balance (the vertical separation of the curves is arbitrary)
Re = 24.5Q, R, = 12.7Q, R, = O, R, = 11.4kQ, Ra = 20.6kQ

of control grid potential is:

GR, + B)/(R; + m) = (iR, + k)/(LLRy + m,) .. (23)
where j,, etc., are the values of coefficients obtaining under
the new operating conditions. The points stated about the
Barth circuit under these conditions also apply here.

The voltage gain of the circuit may be shown to be:

Ra[Ag(1 o SiRs) — As. R . S:)

(1 + A.R)(A + SsRs) — As . Rs . 8a. R,

A value of R, can be found which will make the gain a
maximum value, but as before it will generally differ from
that required to fulfil the other conditions..

The remarks made in the previous' séction regarding the
{limitations of theoretical predictions of- circuit performance
apply equally well to the Caldwell circuit.

m =

Experimental investigation with a Ferranti type BM4A

The Ferranti type BM4A i3 an indirectly heated space-
charge tetrode with recommended anode and screen volt-
ages of 6V and 4V respectively. The manufacturers also
recommend that the cathode be maintained at 6 to 10V
negative relative to the negative end, of the heater. This
has the effect of reducing the value of grid current and
increasing grid current stability. Measurements of output
voltages were made with a Cambridge spot galvanometer
(sensitivity approximately 30mm/ uA) in series with a 1MQ
resistor, so that 1mV change of output was indicated by
only 0.03mm deflexion. However, this sensitivity is

sufficient for the preliminary investigations on a balanced

circuit. Final adjustments on a circuit used for current
measurement would be made using a much more sensitive
arrangement.

BarTH Circulr. )

At a grid potential of —3V, and with R. = 24.5Q) the
characteristics are such that the minimum value of R,
required for balance derived from Equation (18) is 25(2.
" In order to check on this prediction the circuit was set up
with R, = O, and e,—in curves plotted for a range of
values of R,. The minimum value of R, required for
balance can be interpolated from this family of curves as
being about 20(). The difference between this and the
theoretical value probably lies in errors in adjusting the
various electrode voltages. These curves are shown in
Fig. 4. For values of R, greater than 20().the balance
point occurs at heater currents higher than the rated value,
but can be moved back towards the rated value by in-
creasing R, to the value required by Equation (17).
Increasing R, when R, is less than 202 merely moves the
balance point away from the rated value as would be
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expected. It can be seen from the curves that compara-
tively large changes in R, are required to move the
balance point through a small range of heater current.
This can be attributed to the fairly large value of R, used,

o K|
Galve 5 eq=—35V
deflexion L,’—-—"‘ 597
ems) 4|7
3 // — €g=-30V
2
1
eq=—24V
o =——

T 0220 0225 0230 0235 0240 0245 0250
1h (mperes)

Fig. S. Barth circuit—variation of balance point with control grid potential
Re = 24.5Q, R, = 12.7Q, R, = O, R, = 20Q, R, = 14.3kQ, Rn = 48,7kQ

Ra = 21.9kQ-

as has been mentioned in remarks on ease of adjustment
of the circuit. .

Fig. 5 shows the e,—in curves with R, = 20Q2 (the
minimum value for balance) at three different values of
control grid potential. It can be seen that the balance
shifts considerably. It should be mentioned that in the
actual design of a circuit for current measurement by a
direct deflexion method, the constants would be adjusted
so that a full scale reading would be obtained with a change
of about 0.1V only in grid potential. The large values
of grid potential change used in this experiment were
chosen to illustrate the point more clearly. The value of
R, derived from Equation (20) in order that the circuit
be balanced at both grid potentials —2.5 V and —3.0V is
about 500(). This involved the use of a supply voltage
which was not available. However, R, was chosen at the
highest convenient value (about 200(2), R, calculated from
Equation (20), and the curves plotted for the same grid
potentials. The shift in this case was considerably
reduced, and it is reasonable to assume that it would con-
tinue to decrease until the predicted value of R, was
reached, where no shift should exist.

ey .
Galvo O ' Ra=I4ka
deflexion L t | R4=12-4ka
(cms)— o —
s 3 R4=|3-4kﬂ
i ‘4/ ¥ T~ Ag=14-dka
Y o T —= Ry=15-4ka
- - Rg=16-4ka
s —— R4=18-4kq
//— ~ Ry=20-4ka
s
-6

0220 0225 0230 0235 0240 0245 0250
ih (amperes)
Fig. 6. Barth circuit—variation of balance point with R
Re = 24.5Q, R, = 12.7Q, R, = O, Ry = 90, Rn == 11.4kQ, Ra = 21.5kQ

It has been noticed by other investigators® that R, may
be used as a means of shifting the balance point of this
circuit. From an inspection of the expression for the

-circuit gain it can be seen that little difference to its value

will be made by varying 'R,, providing that R, is large.
Equation (2) also shows that ¢, will be relatively unaffected
by changes in R, providing R. is large. Thus it seems
that R, is a suitable parameter to use as a circuit adjust-.
ment. Experimental evidence supports this view, and
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Fig. 7. Caldwell circuit—determination of minimom value of R; necessary
for balamce (the vertical separation of the curves is arbitrary)
Re = 24.5Q, R, = 12.7Q, R; = O, R; = 33.3kQ

Fig. 6 shows a family of curves for different values of R,
with R, = O and R, = 90Q.

A calculation made for the case R. = O failed to pro-
duce a positive value of R, from solution of Equation (18).
This result was conﬁrmed experimentally. However, 1t
may be mentioned that changing R, could possibly pro-
duce a balance in such a case. It was thought that, subject
to the grid current being satisfactory, a balance with R.
= O might reduce the value of supply voltage necessary.
This does not seem to be so.

CALDWELL CIRCUIT.

A similar experimental procedure was carried out with
the valve in the Caldwell circuit. In this case the standing
output voltage was balanced out by a potentiometer. The
minimum value of R, required for balance at the rated
heater current is seen from Fig. 7 to be 180(), in close
agreement with the predicted value. No balance point
occurs over any part of the range of heater current in-
vestigated for values of R, less than 1200). At this value
the e, — in curve has two balance points, which move
together as R, is increased up to 180(), when a broad
plateau is present. This plateau has been observed by
Caldwell himself with this circuit, and by Spencer and
Schultz with the Barth circuit. It is a characteristic of
the valve, rather than the circuit, and could not be pre-
dicted theoretlcally Increasing R, for values of R, less
than 180Q shows no sign of balance, nor would one be
expected. Although it was not p0331ble to verify (because
the necessary supply voltage was not avaliable) it would
be expected that for values of R, above 180() the circuit

o | v
Galvo 3 eg=—35V
deflexion
i}
A ¢g=—3-0V
1Ommy
i
Z eg=—24V

0220 0225 0230 0235 Q240 0245 02€0
ik (amperes)

Fig. 8. Caldwell circuit—variation of balance pomt with control grid

potential (the vertical separation of the curves is arbitrary)
Re =24.5Q, R, =12.70Q, R, = O, R; = 180 Q, Rs = 33.3kQ, Rna = 225.4k
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could be balanced at the rated heater current by increas-
ing R, in accordance with Equation (22).

Fig. 8 shows the e,—in curves for three different values
of control grid potential at R,=180{) (the minimum value).
Two balance points occur on each of the upper and lower
curves, and if the supply voltage had been available, no
doubt these points would have moved together at the value
of R, = 500(), predicted from Equation (23).

No investigation was made of the effect on the balance
point of varying Rs, but Caldwell has shown that a shift
can be obtained in this way. As in the Barth circuit no
balance exists either theoretically or experimentally when
R: = 0. The remarks made about varying R, in that cir-
cuit apply to Rs in the Caldwell circuit.

Conclusion

It may be said that a theoretical investigation on the lines
set out in the preceding pages will prove a useful pre-
liminary to the experimental use of an electrometer valve
in a balanced circuit.  Although this does involve the
measurement of valve characteristics not normally supplied
by the makers, a certain amount of labour may be saved on
circuit adjustment in later stages of the work. The limita
tions of this theoretical approach have already been stated,
but the experimental data obtained on the BM4 A have
indicated how much of the circuit behaviour can be pre-
dicted. ~ Although only one particular BM4 A was tested
in this way, there is no reason to suppose that it was not
a representative sample of a production valve, as all charac-
teristics were near the mean of the manufacturer’s published
figures. Thus the conclusion may be drawn that this type
of valve should work satisfactorily in either circuit, under
the recommended operating conditions. However the
necessary supply voltage for balance may be rather high
in the case of the Caldwell circuit. The inclusion of the
resistance R., which can be varied within wide limits, offers
a further parameter for circuit adjustment.
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A New Acoustic Mill Feed Controller

Pulverized fuel for modern draught-fed furnaces and
boilers is processed in what are known as “ Tube Mills.”
Coal fed continuously into this type of mill is reduced to
the consistency of the finest grade powder by the action
of cascading steel balls within a rotating tube or drum.
The efficiency of the mill is almost entirely dependent on
the correct amount of raw coal being continuously main-
tained within the tube, and this calls for careful and
continuous regulation of the coal feed.

Messrs. Standard Telephones and Cables Ltd. have
designed an automatic controller for this purpose, consist-
ing of a microphone, which is placed immediately beneath
the drum. This is connected by cable to the main con-
troller unit which is se! up at any desired distance from
the tube mill.

The output from the amplifier-filter stage of the con-
troller is used to actuate a sensitive relay which provides
through suitable heat coils and relay trains, a means of

.altering the speed of the feed motor or, alternatively, for

manual control purposes, of actuating a suitable gauge to
afford visual indication of the contents of the tube mill.
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The Theory and Applications
of

D.C. RESTORING CIRCUITS wn

By D. A. Levell, B.Sc.

Automatic Black Level Restoration of Video Signals .

(a) GENERAL THEORY :

The video signals of a television transmission are sup-
pressed for a number of lines between each frame. 1t is
during this period that the frame synchronizing signals
are transmitted and the frame flyback period of recetvers
occurs. The positive peaks of the transmitted signals cor-
respond to black level during this period so that a positive
clamping circuit acting during this period would clamp
at black level. In order that the clamp shall not conduct
on video signals it must be suitably gated.

The gate pulse fed onto the grid of the clamping valve

100% PEAK WHITE

%N A
"CuT OFF __ |_ '// / {//% _ | — —100m’BLACK LEVEL
SATURATION _ _ | _ é_"gj (4% j __loo(m—%)%
— 1. ——‘§: —-0% ZERO LEVEL
P

Fig. 15. Assumed operating conditions of a double limiter when desig;led
for maximum rejection of noise modulation

may be suitably derived from the frame time base of the
receiver. It is essentially a positive pulse which overrides
a cut-off bias and switches the clamping valve on for a
given period which is contained within the frame syn-
chronizing period.

During the clamping period ¢ charges through R, and
the valve to a potential corresponding to the black level
of the video input signals FEs. At the end of the clamping
period c either gains or loses charge until the beginning
of the next clamping period. If ¢ gains charge during
this interval between clamping periods, the anode of the
clamping valve will be negative during the next clamping
period- and black level restoration will not occur as the

Bad

Rs

VF INPUT
POSITIVE
SIGNALS

(o

Er

Fig. 16. Black level restoration circuit

clamping valve cannot conduct. However, if ¢ loses
charge during the interval between clamping periods, the
anode of the clamping valve is taken positive at the start
of the next clamping period and black level restoration will
take place.
The essential condition for ¢ to lose charge is,

Er + E.> Eun (37)
Where Esm is the mean value of the video input taken over
one whole frame period.

(Hons.), Grad. L.LE.E.*

The maximum value of FEsn is approximately 90 per cent
peak white, i.e,, 0.9 E, say, where E, represents the ampli-
tude of peak white. Therefore the maximum value of the
excess of Esm above black level is 0.6 F, if the detector and
video stages are linear, or 0.7 E, if non linearity depresses
the black level to 0.2 E,. Thus, it is apparent that the
minimum value of F, should be chosen approximately
equal to the amplitude of peak white of the video signals
under normal operating conditions. .

The choice of a minimum value for R, will now be
considered.

Let E, = black level of the input signal.
T+ = total off time of restorer during one frame.
Ts = total on time of restorer during one frame.

If restoration at black level is perfect the capacitor ¢
is charged to the potential of the black level of the input,
i.e, Ec.= Ey. To obtain perfect restoration the ratio
R, :R; is required to be infinitely high. When R : R, is
a finite quantity the capacitor will never be fully charged
to the black level and at all times E. will be less than Es.

The difference potential between E, and E, will be
dependent upon the value of Fim at any instant.

During T, the potential driving charge through Rs+ R,
into ¢ is Esm — Er. During T the potential driving charge
through R, + R, into c is E, (assuming R. € R)).

Equation (38) states that Esn — E; is less than or equal
to Ey, so that for the purpose of determining the charge on
¢ at any distant an equivalent circuit can be considered

Fig. 17. Equivalent circuit of Fig. 16 referred to in the text

which consists of a simple restorer fed with' a repetitive
rectangular waveform of amplitude E, for a period T and
Esm — E, for a period T, as shown in Fig. 17.

Let E4 = the deviation of black level from zero output
then the waveform E, will be of the form shown in Fig. 18.
The peak to peak amplitude of the waveform will be Ep —
(Esm — E;) so that if the positive peak is FEq4 referred to
zero output the negative peak will be — [Ep —(Fsm— Er)

—Eq4l.
Hence, applying the general theorem of Equation (6).
Rs + Ra, Ed
—— =TT ... 9
R: + R, / Ey, — (Esm — E;) — E4 (39)

Fig. 18. Waveform E_ referred to in Fig. 17
__Ed

i€, Er> the excess of Eum above black level ... .. .. (38) Erles eye ;
Y m

* Messrs. A. C. Cossor Ltd. V h—"
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Fig. 19. Vision waveforms

Assume the value of E, is 03 E, and E, = E;, then
approximately, Esn lies between 0.27 F, and 0.9 E, accord-
ing to the picture content,
therefore, E, — Em lies between 0.03 E, and- — 0.6 E,
. Ey — (Esm — E;) lies between 1.03 E, and 0.4 E,,.
If it is considered that the maximum tolerable devia-
tion of black level is 10 per cent of the video range (it
follows from the equation,

Fluctuation of picture level = Eq 0)
peak white — black level ~— 07E, "~
that the following limiting equation must be obeyed,
ZOO07TEy ..o 41)

Fig. 20.° Practical circuit of an automatic black level restorer

2-1k

C

GATING ——]

PULSE

.greater than 5.2M ohms.

When Eq is at the maximum value of 0.07 E, the value of

Ro+ Ry —— will be at a minimum and will lie between

R, + R,
0.4 1.03
(0'07 —~ )TV/Ts and (007 -1 ) To/Ts

according to the picture content. Since restoration must be
independent of the picture content, the minimum value of

R+ R, ——-must be chosen to be the larger of these two

Rs + R,

quantities, so that the design equation to, be satisfied is,
Rs + R, 1.03 )
e e = i aoas 42
s (0'07 1) TuT, “2)

Le.,
Rs + R, ’
——> 14 TJTs ... i .. 43
R+ R T,/T 43)

If it were possible to design the gating circuit to gate all
of the 14 lines between frames (see Fig. 19) the value of
Ts would be 980uS and value of T, would be 19mS
approximately, so the Equation (43) becomes,

_Rs + R,
Rs + Ra

However, in a simple practical circuit in which the
gating pulse is derived from the frame time base not more
than lines 2 to 11 inclusive of Fig. 19 can be conveniently
gated so that T, is reduced to 710uS and the required
minimum resistance ratio is increased to 370:1.

If the p.c. restoring valve is a triode connected EF50 or
CV138 the value of R, will be approximately 10k ohms if
the grid is driven to cathode potential during 7s. A prob-
able value of R, is 3.9k ohms, so that if a minimum resis-
tance ratio of 370 is required it is seen that R, must be

|

> 270

SI00V
l
i
|
j
!
i
[l

n 20mS /

.y
O-Bmsi<t <:'|-4ms
i 1
1 i

Fig. 21. A typical waveform present at the anode of a frame time base

output valve

Since the specifications for most
cathode-ray tubes and video amplifiers call for the grid-
cathode path resistance to be not more than 1M ohm it is
quite apparent that an automatic black level restoring
circuit cannot conveniently be used to drive a video ampli-
fier or cathode-ray tube directly. A cathode follower
buffer stage must be used between the restorer and cathode-
ray tube to obtain the required high value of R,.

The minimum value of the coupling capacitor ¢ will
now be found by considering the waveform E, depicted
in Fig. 18. This waveform will no longer be rectangular
when ¢ is finite. During T, the potential across the capacitor
will change by the amount T./CR, . [Ey—(Esm— Er) — E4]
approximately, when T, < CR,. This change represents a
drift of black level during a frame. The maximum ampli-
tude of this drift which can be tolerated is approximately
0.05 E,. The maximum value of Ew—(Esm—Er)—Es
is 1.03 E, when Eq is negligible so that the minimum value

b Ey of ¢ is given by the design equation,
k ' CR, 20Ty .....c.ccouiun.. (45)
i.e.,
EFS50 CR, >400mS .............. (46)
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Hence, if the effective input impedance of the 'cathoqé
follower is 10M ohms a coupling capacitor of 0.05 uF is
required.

(b) Practicar CIRCUIT

The practical circuit of the automatic black level
restorer given in Fig. 20 will now be considered in detail.
In this circuit the cathode follower and clamping valve are
triode connected EFS50s. The cathode load resistor

R3 + R4 is chosen to be 2.2k ohms as this is the minimum
value across

which sufficient voltage swing can be

Effect of passing the waveform im Fig. 21 through a 2mS$
differentiator coupling

Fig. 22.

developed to feed the cathode-ray tube, R4 is chosen at
a minimum value in order to secure maximum gain to the
synchronizing output. R35 is limited to 3.9k ohms by fre-
quency response considerations. R2 is limited to 1M ohm
to avoid effects of grid emission currents. Under these
conditions the gain between grid-cathode and cathode-
earth of the cathode follower stage is approximately 10.
The effective input resistance of the cathode follower stage
is thus 10M ohms approximately. The cathode of the
clamping valve cannot be returned to earth or the circuit
will clamp to zero the black level of the waveform at the
grid of the cathode follower; synchronizing pulses would
then be clipped by the cathode follower valve. The
cathode of the clamping valve is therefore returned to a
point of constant potential Ex which is derived from a
potentiometer network across the H.T. supply. The value
of R3 is chosen so that when the clamping valve is re-
moved and no signals are present the potentials on the
cathode follower circuit apply to the conditions of peak
white. An EFS50 valve is rated at a maximum cathode
" current of 15mA.  Approximately one-quarter of this
current flows. to the screen. The maximum anode and
screen wattages are 3W and 1.7W. It can be shown that
“on an all-white picture the mean level over one whole
frame is approximately 85 per cent of peak white, so that
a limiting current of 17.6 mA can be taken to correspond
to peak white. Table 1 gives suitable operating conditions
for the cathode follower based on these limits.

the frame time base to avoid using extra valves. When
the frame flyback period is longer than 800uS the required
gating pulse is simply derived by differentiating the nega-
tive-going sawtooth usually present at the anode of the
frame’ output valve. This sawtooth is usually greater than
100V in amplitude and often contains a positive pulse
during the frame flyback, as shown in Fig. 21. If this
waveform is passed through a 2 mS time constant a posi-
tive pulse of amplitude greater than 10V will generally be
obtained as shown in Fig. 22. This waveform can be fed
on to the grid of the clamping valve as shown in Fig. 20.
Suitable coupling components being C2=0.01 uF, R7=
220k ohms, R6 = 47k ohms.

Many frame circuits have a flyback time of less than
800uS. It is then necessary to choose the coupling com-
ponents from the anode of the frame output valve, so that
the clamp valve is switched on for a longer period than the
frame flyback. This can be done by coupling the wave-
form through a long time constant of ¢, = 0.1 uF, R7 =
4.7M ohms and then choosing R6 by experiment until the
required on time of the clamp valve is obtained. This
method depends upon partial D.c. restoration of the wave-
form on the grid of the clamp valve; the action will be
made obvious by considering the equivalent restored wave-
form E, driving into the clamp valve grid circuit shown in
Fig. 23.

I

|

]

20mS |

Fig. 23. Equivalent waveform E  obtained when the anode waveform of
a short fiyback frame time base is passed onto the clamp valve grid via a
resistance ratio R6 : R7 of Fig. 20

(d) ADVANTAGES OF AUTOMATIC Brack LEVEL CONTROL
Variation of the R.F. gain control on a zero clamped tele-
vision receiver increases both the black level and the con-
trast range. It is, therefore, necessary to adjust both
brightness and R.F. gain controls together to set the picture
levels correctly on a zero clamped system. If the receiver

Grid to Grid to Cathode QOauatput across Ouiput referred Relative Output across

earth volts cathode volts corrent 2.2k load I to zero tput 3.9k anode load
Peak white 100% 34.1 —1.6 16.3 mA 35.8 volits 34.3 volts 0% 0 volts
Black level 30% 7.8 —32 5.0mA, 11.0 volts 9.5 volts 28% 13.3 volts
Zero level 0% —3.5 - 5.0 0.7 mA 1.5 volts 0 volts 100% 47.7 volts

The required values of R3 and Ex are 100 ohms and 7.8
volts for the above conditions. The table is based on an
H.T. supply of 270 volts. The output swing of 34.1 volts
obtained is sufficient to fully drive most types of television
cathode-ray tubes. The compression of synch. pulse
amplitude from 30 per cent to 28 per cent is quite
negligible. The negative going video output across RS
is of sufficient amplitude to drive a double slicer pentode
type of synch. separator. The cathode-ray tube may, of
course, also be driven from the anode load if cathode
injection to the cathode-ray tube is required.

(c) DERIVATION OF GATING PULSE

The best way of deriving the required gate pulse is to
trigger a conventional phantastron or multivibrator delay
circuit on the leading edge of the flyback of the receiver
frame time base. The positive output pulse obtained from
one of these circuits can then be fed on to the grid of the
clamping triode. Although these circuits are easy to
adjust, it may be preferred to use a waveform derived from
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is fitted with automatic black level control, adjustment of
the r.F. gain will only affect the contrast range, the black
level setting being solely dependent upon the brightness
control.  Automatic black level control thus makes the
brightness ‘and Rr.F. gain control independent, and simplifies
the setting up procedure.

Automatic black level control reduces the effect of air-
craft flutter. Aircraft reflexions cause the amplitude of
the received signals to fluctuate at a low frequency which
depends upon the height, velocity and direction of flight
of the aircraft. The effect is most disturbing to the eye
when the fluctuation occurs at a few cycles per second.
The fluctuation becomes negligible when the flutter fre-
quency rises above 10 cycles per second. Let it be assumed
that under certain conditions the low frequency flutter
causes a fluctuation of = m per cent in the overall ampli-
tude of the video signal. Then if the amplitude of the
video signal is 100 volts between zero and peak white it
follows that for a zero clamped receiver, the peak white
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fluctuates by = m volts and the black level fluctuates by
+ 0.3m volts. If CR1 is taken to the minimum value of
400 mS to satisfy Equatlon (46) it is obvious that an auto-
matic black level restoring circuit will follow fluctuations
of the black level which occur at only a few cycles per
second. It thus follows that if the same * m per cent
fluctuation occurs in a 100 volt video signal on a receiver
fitted with automatic black level restoration the fluctua-
tion of the black level is negligible and the fluctuation of
the peak white level is + 0.7m volts. It can be seen that
these reductions are quite considerable.

Automatic gain control can easily be employed on a
receiver fitted with automatic black level control. The
amplitude of the negative peaks of a black level restored
video signal will be directly proportional to the amplitude
of the unmodulated carrier, so that if these peaks are recti-
fied a negative voltage for A.G.c. is obtained. A suggested
circuit for A.G.c. is given in Fig. 24. The use of automatic
gain control with the automatic black level restoring circuit
was suggested by A. H. A. Wynn.

Fig. 24 (Right). Suggested circuit for applying A.G.C. to a television
recei_vel'. Diode D2 protects the receiver valves during the absence of
signals. R, stabilizes the input capacitance of the controlled stage
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idoo | REORIE BLACK LEVEL
AMPLIFIER RESTORER 220K
47k
AAAA
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Economical Interlock and Indication Circuits
By D. B. Corbyn, B.Sc.(Hons.), A.M.LE.E.

WHEN several electrical equipments are interconnected
it is sometimes desirable to ensure that power can only
be supplied when all equipments are similarly adjusted,
and (for example) have their switches all set to position
“A,” or all to position “B,” but that the power supply
shall be cut off if one or more apparatus is set differently
from the remainder.

A A A
T N e one
I [ i
~ e h2 !{3 ~
;1 H] " ra
olle e
B B B
Fig. 1. C tional tw interlock (two switch poles used).

Circuit is made only with ‘““all A’s* or “all B's’

The conventional interlock is shown in Fig. 1. This
uses double-pole switches, and, although simple, is un-
necessarily expensive. Occasions may arise when no more
poles can be accommodated on the available switches so
that this conventional interlock becomes unusuable.

The proposed circuit achieves the same object, but

uses only single-pole two-position switches. The basic
principle is illustrated in Figs. 2(a) and 2(b). Fig. 2(a) is
.- 8 g
g g 3 L
B 5 ° REP o— .
g g ‘é 32 INor } :

1Y - - >
£3” A alE3 out - o—— &
£ by \©

\©

Fig. 2(a). Basic arrangement of two

Fig. 2(b). End switch when total
switches (single pole switches wused)

number of switches is odd (simgle
pole switch)

the basic arrangement for any two switches and the

arrangement of Fig. 2(b) is only required for the first (or

last) equipment when the number of switches is odd.
Figures 3 and 4 show typical examples of three and
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four switches respectively with the interlock built from
the basic circuits of Figs. 2(a) and 2(b).

In all cases it can be seen that the circuit is only
complete for “All A’s”.or “All B’s.”

Extension of Principle

It is possible to interlock four positions with a single-
pole four-position switch provided the positions are

A 3A LA
Al —o—1| ——0— 3
8 A 8
IN 3 ouT IN 2 ouT
3 —————
A B A A
2 2 4
L %8s 8 I8
Fig. 3. Interlocking of three Fig. 4. Interlocking of four
switches switches

grouped in two pairs with a separate isolated power
supply for each pair.

Three positions can be interlocked in this manner by
using rectifiers as shown in Fig. 5. Note that a rectifier
is optional in position B and that only one is required
for this position.

ouT

Fig. 5. Single pole interlock for two switches having three positions.
Rectifiers are not essential for emsuring correct indication in position B

The system can be extended to any number of switches
in a manner exactly comparable to that used for two-
position indication. Three positions can. also be inter-
locked by using two sources of isolated power supply.
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THE COMPTON
ELECTRONE -

By Alan Douglas

HERE is one unique feature of this electronic organ;

it is the only instrument using electrical tonal synthesis
which is designed and made by a firm currently building
pipe organs. One would therefore expect a high degree
of tonal fidelity, allied to considerable refinement in con-
trol mechanism. Such all-important matters as touch and
comfort in playing follow from the long experience of
the builders, backed by a high tradition of craftsmanship.
It is important to appreciate that this instrument is an
alternative to the medium sized pipe organ and is made
to last as long.

Most of the major problems with which the designer
of any electronic organ is faced are bound up with the
tonal fidelity expected. To provide an orthodox tonal
scheme, it should be possible to segregate odd or even
harmonics at will, correctly represent tones in several
octave pitches, and control the rate of attack and decay.
‘Whereas with some methods these fundamental require-
ments can only be met by complex means, if at all, in
this instrument all these features can be easily and
economically incorporated.

There are two standard types of Electrone, each com-
prising a playing desk of two manuals and pedal. Larger
three-manual instruments have also been made to special
order. Whilst the tonal content varies with the type, the
principle is the same in all cases, and consequently the
model 347 adeguately represents the method.

The electrostatic generators consist essentially of 12
rotating variable capacitors, mechanically driven by means
of an endless belt from a common motor, The pulleys
are so dimensioned that each capacitor is driven at the
correct speed, which increases in the ratio 1:'?V2 so as
to produce the intervals of the tempered scale. This con-
struction ensures that the organ will always be in perfect
tune. Each generator consists of two stationary disks,
with a scanning rotor in between them. Every disk carries
a series of engravings representing the waveforms to be
scanned, and the disks themselves are fitted in diecast
metal casings mounted on ball bearings. By an ingenious
arrangement the disks can be oscillated in their bearings,
so as to produce a frequency modulated vibrato or
tremulant.

Fig. 1 shows an engraved stator disk and the form of
the web-like rotating scanner. The electrodes on the disk
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The console, generator rack axd loudspeaker cabinet of the Complon Eleclrone

are formed by coating a Bakelite blank with a film of metal
about 0.002in. thick. On a special engraving machine, a
fine groove is cut corresponding to the required waveform,
and forms a complete circle. Either a circle or similar
wave form is then cut adjacent to the first one, resulting
in an annular ring of metal of undulating width. The
whole surface of the disk is thus subdivided into a number
of rings, some of which are the waveforms proper, and
some the earthed margins separating them. The number
of complete waves in the various rings determines the pitch
of the notes, and each ring has an external connexion
taken out to the insulated back of the disk by means of
a pin passing through the material.

The actual contours of the waveform vary; some con-
sist of an integrated series of even harmonics, some con-
sist of many odd harmonics; some only a few odd
harmonics. Others may be simple waveforms, whilst yet
others may be completely pre-formed waves. There are,
on the average, 20 to 30 rings of waveforms per generator
assembly, and harmonics up to the 30th are available for
tonal synthesis. The waveforms for the lowest frequencies
are separately connected to the external circuits.

The rotating scanning member is diecast in metal, and
takes the form of a number of conductive radial ribs
arranged like a spider’s web. The number of scanning
elements varies with the number of separate waves on
the track it has to scan. This is clearly seen from Fig. 1.
The accuracy of scan is determined by the width of the
webs, and the signal level by the number of ribs. A
valuable feature is that any slight inaccuracy which may
have crept into the engraving is cancelled out by the
opposing pairs of webs at any instant of scan: this same
feature also equalizes any slight change in air gap.

The manufacture of these items calls for great care and
close tolerances and is most admirably carried out. In
spite of the high speed of some of the scanners, the
generator is completely silent.

Now in the case of a single ring electrode, it will be
seen that the capacitance between it and the rotor will be
greatest when the radial lines of the rotor coincide with
the widest parts of the curve, and least opposite the narrow
parts. The capacitance therefore varies in a continuous
and cyclic manner as the rotor revolves. If there is no
polarizing potential applied to the rings, no A.c. potential
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can exist even if the rotor is moving; but if a potential
is applied, then an A.c. voltage will be developed corre-
sponding to the variations in capacitance, which, of course,
means that this potential will be an exact replica of the
engraved waveform.

Fig. 2 shows one electrode 4 with a polarizing circuit
connected to it; this is the stator. The rotor is connected
to an amplifier. The capacitor C bypasses any A.C. com-
ponent which may try to return through the p.c. polarizing
network, and together with R forms a time-delay circuit
so that the build-up of the charge on 4 may be controlled;
it also serves to remove objectionable transients which
would appear if the full polarizing voltage were suddenly
applied. When the key G is open, the resistor E keeps
the electrode at earth potential. Capacitor F also modifies
the time constant of the circuit, especially the decay ;
there may also be additional external circuits to produce
special time/amplitude effects When G is closed, cur-
rent from the p.c. source H charges F, C and A. D may,

Fig. 1A. Rotating scanner

for instance, be 1 megohm and C 0.001uF; F may be
0.01uF, but for very long time delays it may be up to
1.0nF, depending on the rate of leakage through E. Fig. 3
shows the equivalent electrical circuit where Z is a zero
impedance generator. Y is the stator-to-rotor capacitance
of one speaking note, and X is the shunt capacitance of
all the other chargeable electrodes together with that of
all the earthed areas separating the various rings. The
input impedance of the amplifier is indicated by R.

There is an important point in design here; the wave-
form of the earthed rings is the inverse of the waveform
proper. From grid to earth, therefore, the capacitance is
constant at all times irrespective of whether a signal ring
is in use or not. Thus each earthed ring acts as a differen-
" tial capacitance to the ring to which it is adjacent. If an
electrode were, for instance, standing proud with no
earthed rings, the grid-to-earth capacitance would vary as
the sum of all the other waveform capacitances, resulting in
modulation. For example, if a high note were sounding
(small capacitance), then the comparatively large changes
in shunt load due to a bass note (large capacitance) would
modulate the high note.

It might be stated that there are other methods of cou-
necting such generators, but in general they result in
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frequency discrimination, noise and loss of signal strength.

In playing an organ of this circuit type by normal
methods, many frequencies will coincide when played from
different note keys on the same or other keyboards simul-
taneously. For instance, a second harmonic coincides
exactly with the fundamental pitch of one octave higher.
It is therefore necessary to provide an electrical network
which will allow the same ring electrode to be polarized
from many different contacts without interaction with
each other, and at the same time to ensure that when
two or more are operated together, the tonal increments
will follow the correct loudness law.

Fig. 4 shows the circuit for this purpose, the electrode
arrangement being as just described. The contacts at each
point of the keyboard at which the particular note is
required are shown at G, and each can make contact with
a busbar M. According to the setting of the stops, these
busbars may be at any potential from zero to about 400V.
At each contact point there are two resistors, K and L,

Fig. I1B. Engraved stator disk

usually of equal value and of the order of 2 megohms.
Under these conditions, if two busbars are at equal voltage,
so that depression of either contact would sound the note
at the same strength, the note should increase by 3db when
both contacts are closed together. If four contacts are
simultaneously closed, the voltage will roughly be double,
resulting in an increase of 6db. This ability to compen-
sate for keying additional notes in a common generator

‘system is extremely valuable, completely overcoming >ne

of the prinicpal disadvantages of such systems; it should
be noted that the method is only applicable to electro-
static generators, except under special circumstances which
introduce much complexity.

The tone-colours are formed by adjustment of the
relative potentials on the various rings. The busbars are
common to all keys on any manual, and each is associated
with one tonal quality. Suppose that only one ring is
raised in potential; then the playing keys will only apply
voltages to rings appropriate to that harmonic, all the
remaining busbars being at zero potential. FEach stop is
arranged to raise any combination of bars to any potential,

.and it is by this means that most of the tonal qualities of

the instrument are set up.

Fig. 5 shows the stop circuit in essence. Each busbar
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is connected to the main H.T. supply through resistors B
via the leads 41, 42, A3, etc. Each stop controls as many
contacts as are necessary for the harmonic development
of that particular tone-colour. The figure shows two
stops, S1 and S2. Between each contact and the H.T.
source are resistors C. The values of these units are so
chosen that the busbars are raised to the correct relative
values when the stop is operated.

Recent research has shown that greater realizm in
additive synthesis can be obtained if groups of suitable
waveforms are added, rather than the direct combination
of simple pure waves. It is well known that the majority
of orchestral instruments, and practically all organ pipes,
owe their marked individuality to bands of fixed frequen-

A B

.W}\

.__I__

Fig. 2.

Input and
polarizing circuit

Fig. 3.

Equivalent circuit
of Fig. 2

8| A

141 §IM

b

Fig. 4. Circuit of electrical network for different polarizing voltages
< : 4 A
c , s ' , 2
T Qs
»
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e L/vw—cfcxs +
sP
B D

Fig. 5. Stop circuit

cies which are to a great extent a function of the resonant
properties and rate of sound transmission in the particular
materials of which the sound producer is made. These
bands of frequencies are known as formants, and are sub-
stantially the same for all notes in the characteristic tonal
part of the range of the particular instrument. The
magnitude of the formant band increases with the com-
plexity of the tone, but does not extend over a range of
notes -outside the normal compass of the instrument. For
example, the formant band in a trumpet can be clearly
heard if a soft mop is tightly inserted into the bell of the
instrument. Most of the fundamentals are damped out,
that is, the major resonances of the metal tube and the
air column, but the formant group remains and can
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clearly be heard as a tone something like the familiar
“ paper comb.” If the frequency band forming this com-
plex tone is added to a fundamental and possibly other
frequencies, a very realistic trumpet results.

Volume control is effected by means of the variable
resistor SP, operated by a balanced swell pedal; this is
part of a potential divider, SP/D, connected across the
main H.T. supply line, thus varying the polarizing voltages
to the system.

One of the outstanding advantages of the electrostatic
method of tone generation is that all keying is done in
the p.c. lines, and hence the signal circuits are not inter-
rupted or taken out of the shortest route to the amplify-
ing equipment. This enables a perfectly standard pipe

organ console to be used with its normal key and stop
contacts, pistons and magnetically indicating self-cancel-
Consequently there

ling stop keys. is no electronic

Fig. 6. Rear view of apparatus rack showing two rows of six
belt-driven generators

apparatus whatever in the console, which may be placed
wherever convenient.

The control of the many mixing circuits is carried out
by relays of pipe organ design, which are enclosed and the
contacts thus protected; they are immediately behind the
generator disks in Fig. 6, which shows. the complete
generator, amplifier and power supply unit,

The tone quality of this instrument is strikingly beauti-
ful, being liquid and persuasive, yet possessing drive and
“bite ” when called upon. So much attention has been
given to the subtractive type of organ that it is a pleasure
to draw attention to the obvious merits of this highly-
developed additive system which is based on the original
inventions of Mr. L. E. A. Bourn.
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THE ASSEMBLY AND TESTING
of G.E.C. Cathode_Ray Tubes

THE Osram-G.E.C. Cathode Ray Tube Works at

Perivale, Middlesex, was built in 1942 for the Ministry
of Aircraft Production. Early in 1950 the G.E.C. took over
the building for the modernized manufacture of cathode
ray tubes.

The glass bulbs for the tubes are made in the G.E.C.
Glassworks at Lemington-on-Tyne and the various com-
ponents for the “ gun ™ assemblies are produced on high
speed tools at Hammersmith. At Perivale the assembly of
the complete tubes takes place.

The following description outlines the main manufac-
turing operations from the point at which bulbs are
received from the glassworks until the finished tubes are
placed in store.

The glass is pressed into the typical television tube
shape at the G.E.C. Glassworks, Lemington-on-Tyne. After
a careful annealing treatment each bulb is pressure-tested
with water applied externally at a difference in pressure of
two atmospheres.

The finished bulbs are sent to the Perivale Works of
the G.E.C. and are first given a most careful washing.

WaASHING THE BULBS .
The washing process takes 20 minutes and is divided into
six steps and takes place on a semi-automatic machine.

APPLYING THE SCREEN

To enable the fluorescent powder to adhere firmly, a
binder is applied to the internal face of the bulb and
the material used is a solution of phosphoric acid in
acetone.

A quantity of the binder is filtered into the bulb and
the excess liquid is then drained off and partially dried.
Next, a controlled amount of fluorescent powder, chiefly
zinc sulphide, is placed in a glass air-gun and is sprayed
uniformly over the sticky inner surface of the glass face
of - the bulb, after which the bulb is rotated in a machine
and at the same time is tapped gently to free the excess
powder. Finally the bulb is revolved and the entire inner
surface, excepting the screen, is cleaned to remove un-
wanted powder.
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After the powder has been applied, the bulb is placed
a rotary oven and given a 45-minute baking at a tempera-
ture of 350°C, to fuse the phosphoric acid binder. During
baking, the evolved vapours are removed by blowing
filtered air into the bulb.

ALUMINIZING

The first step is to fill the voids in the powder so that
a reasonably uniform surface is presented and the way
to the front of the grains blocked. This is done by wash-
ing the powder and then flooding it with water, the tem-
perature of which has to be controlled within 1°C. Next,
a small quantity of nitro-cellulose in a butyl alcohol/ether
solution is dropped on to the surface of the water and
is allowed to spread naturally. The water is then decanted
slowly and the film settles down on to the powder.

Now follows the aluminizing operation in which the
bulbs are mounted in a multi-head machine. At the end
of the pumping operation a spiral of pure aluminium wire
is vaporized electrically within the bulb and the metallic
vapour condenses on the" inner surface of the screen.

ELECTRODE ASSEMBLY

Simultaneously with the processing of the bulb, the
electrodes are assembled and this operation is one of
extreme precision.

After the “gun” has been assembled it is checked

-electrically for continuity and insulation and is finally

washed in alcohol.

AGEING AND TESTING

In the ageing process which follows sealing and pump-
ing an initial H.T..voltage of 2kV is applied to the anode
and is slowly increased to 10kV over a period of 30
minutes. During this period the beam current is gradually
increased and the screen is scanned to prevent “ burning.”

In addition, one tube in every ten is carefully checked
for all characteristics and the results plotted statistically.
The tubes are then stored in cartons for two weeks and at
the end of this time every tube is again tested under
“receiver ” conditions, after which it is finally packed ready
for despatch.

The photos show (Left) Ageing tests of the finished Lubes. (Right) Washing the bulbs
on a multi-stage automatic mackine.
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Relations Between Amplitudes of Harmonics

and

Intermodulation Frequencies

in the Output from a Non-linear Ampliﬁer or Mixer

By M. V. Callendar, M.A., AM.LLE.E. and S. Matthews

THE output from an amplifier (or mixer) is here calcu-
lated for the following conditions: —
Input voltage = V, cos w,t + V, cos w.t
Amplifier characteristic defined by:
[ =aV + bV? + cV* + dV* 4 eV* + fV°©

The relative amplitudes of the various harmonics and
intermodulation frequencies are calculated and tabulated
for the general case where V', and V, are unequal.

Tables are also given for the simpler special cases where
V, =V, and where V, = 0. in the latter case, additional
terms g¥” and AV® are included.

Practical applications include the estimation of unwanted
outputs from high frequency mixing systems (i.e., as used
in so-called “ synthesizer ™ circuits) and of distortion from
audio-frequency amplifiers.  Some conclusions upon the
value of intermodulation tests for audio-frequency ampli-
fiers also emerge.

The results will apply to push-pull or push-push mixers

r “ amplifiers " as well as to single valves: in these cases
the even or odd power coefficients respectively will approxi-
mate to zero.

However, the conclusions must be applied with caution
in any practical case, since it appears that in many ampli-
fier characteristics the terms are not strongly convergent,
and a longer series would be required to represent them
adequately.

Calculations

Weput V =V, cos w,t + V., cos w,t in the formula for /;
on expanding the terms in V? etc.,, by the binomial
theorem, an expression in powers of cos w,t and cos o’
results; this is then transformed into an expression in terms
of cosines of multiple angles (harmonics) and of cosines
of sums or differences of multiple angles (intermodulation
products).

Apart from the binomial theorem, the basic formule
used are:

cos A .cos B = 2[cos (4 — B) + cos(4 + B)]
cos’4 = (1 + cos 24)
. nn — 1)
cost A = 2/2“[005 nA 4+ ncos(n — DA + ———

2!
.cos(n — 4)A4 + etc.]

TABLE (.—OUTPUT OF D.C. AND HARMONIC FREQUENCIES FOR GENERAL CASE WHERE V, AND V, ARE UNEQUAL

Term D.C. | Cos 6, ; Cos 20, ) Cos 36, Cos 46, ; Cos 58, Cos 66,
aV o aV, ! | |
| bV | '
bV - [V,’+V z] l
2
- — _— —- — —| —
3¢ C
cy - [2V1V,= +V,’] .
4 4 | [
R — I — S — | 1
) | 4d | d |
d Vs - [V.‘-+ 4y %] | : [V 43V W,.] | | — V8
e \ I : 3 i |
| 10 | Se | e
e Vs - [V S4+3V,%, +6V, ',Vg] | ‘ - [V|“+4V."’V,’] | ‘ -V,
|16 | | 16 | | 16 |
— | = _
liof [1ss i of N
ves [V15+9V-‘Ve" OVt ] | = [V1°+8V,‘V +6V 2, ] \ s [V." AR ] ‘ i
32 | | 32 i 32 | 32
The coefficients of Cos 8,, Cos 20,, etc., are the same as for Cos 8,, Cos 28, etc., but with ¥, replaced by V,.
In this and the other tables, 8, and 8, are written for w,? and w,t.
TABLE 1a.—OUTPUT OF INTERMODULATION FREQUENCIES FOR GENERAL CASE WHERE V, AND V, ARE UNEQUAL
Term H J | K i L M N o P R
—_— — { — ! |
bV, b Vs | f k
I 22 ' |
eV — | | |
| 4
| | |
6d | 6d 4d . ] |
days —VXVE[V{‘+V2’] — V22 —V Vs |
8 | 8 8 | '
I Se |10e |

10e
— [ZV,VQ"-I-3V{‘V25]
16

60/ |
— [V,5V2+V1V2“+3V,°V23] 1
32 !

30/,
S [rvarsven]

20f 6f 15f
— Vs = ViV | = VPVt
32 , 32 32

30/]
= [V,Vz“ +2V,=V;]
32

H is the coefficient of [cos (0, —0,)+cos (8, +0,)]
J [cos (8, —284) +cos (6, +28,)] M, . .
[cos2(8,—6,)+cos2(0,+6,)] N

”» ”» 1

K . » »

» » ”

L is the coefficient of [cos (6, —30,)+cos (8, + 30,)]
[cos 3(6,—05) +cos 3(0, +6,)] P o, s 0n [cos
fcos (8,—40,)+cos(0,+46,)] R ., » » fcos

O is the coefficient of [cos (20, —30,) +cos (26, +386,)]
(8, —56¢)+cos(16,+50,)]
(20—46,) +cos (26, +46,)]

N.B.—The output also contains terms with coefficients J*, L', N, O!, P%, and R! in which V, takes the place of V', and 6, of 6,.
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TABLE 2.—OUTPUT OF HARMONIC AND INTERMODULATION FREQUENCIES FOR SPECIAL CASE WHERE V, =V,=

v
Term D.C. Cos 6, | Cos26, | Cos 36, | Cos 46, Cos 56, | Cos 606, H J | K | L M
aV Va ‘ i | | I | |
vip | | | [
b | 2] ‘ | Veb
2 |
|
9 Vi | Vic 3 V¢
cv — | _— —
4 | | 4 ! 4 |
15 V4d 16 Vid | Vid 24 Vidd | 6 Vid 4 vid
dve [ e - _ - — -
‘ 8 ‘ s | 8 | 3 8 8
|
100 ¥ | {25 ¥ Ve 50 Ve .
e Vs e _— -
16 | 16 16 | 16 |
190 vef 25 VY | i 36 vy i Vef 300 V¢ 60 VY 90 Veéf 20 vef
£y = = = | = i i L -z
32 32 | 32 | 32 32 32 32 | 32

For the meaning of H, J, K, L and M, see Table la.

The above table omits two high order intermodulation products of e V* and two or f V* :

where terms in cosines of negative angles are neglected
and cos. (0 x A)is taken as 1/2.

The actual working out is far too lengthy to be repro-
duced here, but the coefficients of all the terms in the out-
put are concisely tabulated in Tables 1 and la.

The special case where ¥V, = ¥V, yields much simpler
expressions, as tabulated in Table 2, and results for the
simplest case, where V, = 0, are given in Table 3, where
two extra terms, gV'7 and AV?® have been included.

The expressions are symmetrical with respect to ¥, and
V., and w, and w,, and thus the tabulation of only about
half the coefficients affords all the information required.
In the Tables, 6, and 6, have been written for w,? and w,t
for convenience.

Discussion and Conclusions

A number of unexpected conclusions emerge from an
inspection of the Tables.

It must be remembered, however, that these conclusions
only apply strictly for the relatlvely simple amplifier
characteristic assumed. Cases where any discontinuity
occurs (e.g. where grid current is present) can only be
treated by entirely different analytical methods, involving
Fourier series.

1. 1In all cases, even with only a single input (V, = 0),
the amount of n'® harmonic produced by the term in V™
in the characteristic is much less than the amounts of lower
harmonics produced by the same term.

For example, if the coefficient (f) of the term in V° is
sufficient to produce 1 per cent of 6th harmonic with a
single input, this term will produce 6 per cent of 4th har-
monic and 15 per cent of 2nd harmonic. It is seen from
Table 3 that these figures for relative amplitude form a
series identical to the binominal coefficients of the same
order.

2. Where there are two inputs, the amplitudes of the
inter-modulation products originating from a term in V*
are much larger than the amplitude of the n* harmonic.

For example, if V, V, and the term in V*® produces
0.1 per cent of 6th harmonic, it will produce also 30 per
cent, 6 per cent, 18 per cent, 2 per cent, 1.2 per cent and
3.0 per cent respectively of the six types of intermodulation
product (actually 18 different frequencies in all). Note,
however, that the sum of the amplitudes of the inter-
modulation products originating from a term in ¥V is. not
much larger than the sum of the harmonics originating
from the same term (e.g., 22 per cent of 2nd and 3.6 per cent
of 4th harmonic are produced in the case quoted).

3. When a second input ¥V, is’ added to an amplifier
already supplied with V,, the output of the lower har-
monics of ¥, is in general greatly altered if the charac-
teristic has high power terms of any appreciable magni-
tude.
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{or these, see Table la.

For example, if the term fV® produced 0.1 per cent of
6th harmonic with ¥, only applied, an extra 3 per cent of
4th and 21 per cent of 2nd harmonic will appear in the
output when the other input V, is switched on, in the case
where V, = V,. A similar increase in harmonics is, of
course, also produced by an increase of V,.

4. Provided that the amplifier characteristics is free
from discontinuities (e.g. as sometimes caused by grid cur-
rent), and is describable by a power series whose
coefficients converge with reasonable rapidity, it is
evident from 1, 2 and 3 above that lower harmonics will
in general be much larger than higher ones. Conversely,
we may say, that any at all large percentage of higher
harmonics can only be caused by a virtual discontinuity in
the characteristic.

Thus, the amount of 8th harmonic from a single tone
applied to a characteristic not having any 10th or higher
order terms cannot much exceed 1 per cent, since the
amplitude of 2nd harmonic generated from a single tone
is 56 times that of the 8th harmonic.

This can also be seen by considering relative magnitudes
of the terms in the amplifier characteristic: the term AV*
is unlikely to be greater than the term aV, and this corre-

TABLE 3.—OUTPUT FOR SPECIAL CASE WHERE V,=0 V, =V

Term\ D.C. | Cos 6, 'CosZ 6, ‘Cos39,,Cos49 ,|/Cos 56,|Cos 68,/ Cos70,/Cos86,
aV ' | Va ' ‘ | !
e [ vep | [ i
bV | |
2 |2 [ | |
| | ] ;‘
‘ 3 Vic| RE: ’
c V3 S \ |
| 4 | 4 !
| { I | i
|3 v 4vid Vid ' .
ave| — e | — ‘ !
| 8 8 8 | | .
| . ' '
f 10 Ve 513 | voe |
e VS! . | - = — |
16 ‘ 16 | 1
| | |
10 vsf \ 15 ver! 6| yer| |
fve = = |=|
32 | | 32 32 | 32 | |
|35 17| 2ivg g | Vg
' |
gV’ = | S— I
‘ 64 | | 64 64 |64 |
35 V3h 56 Vh | 28V 8 Vo) Veh
hVs| — — — = |
128 128 | 128 | 128 | 128
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sponds (see Table 3) to a limit of 0.8 per cent for 8th
harmonic.  Corresponding likely maxima for other har-
monics are 1.6 per cent of 7th, 3.2 per cent of 6th and
SO on.

S. If a mixer is to be used, as normally, to provide a
wanted output of first order difference (or sum) frequency
(f. £ f.), the unwanted output of harmonics and inter-
modulation frequencies of higher order can be reduced by—

(a) using a characteristic as nearly square law as
possible.

(b) reducing both inputs.

6. As regards audio distortion, if the first order sum
or difference tone (f, * f,) only is measured, this will not
take into account the distorting effect of odd power terms
in the characteristic: this test would, for instance, show
zero distortion for a well balanced push-pull stage. It
does not even necessarily take any more account of the
presence of high order terms in the characteristic than does
a measurement of second harmonic; from Table IV we
see that high order curvature notably affects the per cent
of the sum tone only when ¥, and V, are of the same
order, and that a very similar effect occurs with the 2nd
harmonic with rwo inputs.

However, it remains true that a measurement of the
(f, = f,) and the (f, = 2f,) tones, with V, = V,, will show
up high order distortion much better than the conventional
test for 2nd and 3rd (or for total) harmonic with a single
input.

TABLE 4, OUTPUT OF 2nd HARMONIC AND OF SIMPLE SUM

ASSUMING

(OR DIFFERENCE) FREQUENCIES COMPARED
TOTAL PEAK VOLTS APPLIED — ¥, IN ALL CASES

| 2nd HARMONIC SUM FREQUENCY (H)
TERM OF | ! - i
ORIGIN For i For For I For
Ve V,, Va=0 V=¥, =050 1 Vi=09Vy, |y,—y =05V,
i V,=0.097,
bve: | bW, bV,? 2
by k b
2 2 2 2
4dV, 4dV,y Sd Vet 3d Vv,
dv 1. +- 4.
8 8 8 8
15V, 14/V,5 201 V8 10/ V,®
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A New Industrial Application Showroom

INDUSTRIAL machinery and. "manufacturing processes
are so closely linked in modern industry that it has
become essential for the industrialist not only to know that
a machine can perform a certain function, but also that the
process it-employs is the most favourable for the manu-
facture of his particular commodity.

A mere display centre of machinery, especially if it is
only concerned in putting over one system of approach, is
therefore of little avail to him, and will neither show him
the best way to overcome his production difficulty nor
physically demonstrate why a certain process or machine is
the most suitable.

The Philips Application Showroom, opened at Brixton
on April 10, 1951, is conceived and realized on a much
wider and more important basis. It is part of a compact
and many sided team-work of laboratories and specialists
all grouped around the site of, and in close liaison with, the
showroom,

The industrialist can bring drawings or samples of the
work he wants to do, discuss his problem with our design,
research and production engineers, metallurgists and
draughtsmen on the premises, and is then able to see his
work carried out by a large number of different machines
employing entirely different methods of treatment.

As an example, let us take the industrialist wishing to
join a number of metal components in a certain manner.
Metal can be joined by Arc Welding, Resistance Welding
and H.F. Heating—and in most cases only one of these
methods will prove to be the most efficient and economical.

He takes to the Philips Industrial Showroom drawings,
and samples of the metal he wishes to use, and with a
view to the many factors involved, i.c., the kmd thickness
and proportions of the metal, factory space, economical
rate of producing the article, etc., discusses with our
specialist personnel the various machines and methods that
can be used. He then proceeds into the showroom, where
machines and methods can be arranged as closely as
possible to conform with conditions existing in his own
plant and is able to see the work carried out for him and
is in many cases even able to time the processes. Since
Philips are equally interested in all their sections and have
represented them fully in their showroom, advice can be
given without prejudice.

The 1mportance of this service to Industry cannot be over
emphasized. - Constantly new needs demand new manu-
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facturing methods or, with rising labour costs, old systems
of processing work become uneconomical unless a better
way can be found.

Philips would like to stress that their application show-
room intends in no way to infringe on facilities already
offered by various learned societies and official organiza-
tions, but aims to work in close co-operation with such
bodies, extending their assistance to all irrespective of sales
consideration.

Another Important Service of the Philips Application
Shewroom

Apart from helping those who are commencing new
processes or improving their old ones, the showroom is
able to render considerable service in the investigation
of breakdowns, and other difficulties encountered in
manufacture. ’ g

Weld cracking, filtration difficulties, testing or measuring
metallurgical or chemical qualities, power factor and supply,
weld timing or control and many other problems
encountered in manufacture can be investigated and solved
with the aid of the showroom, working in collaboration
with Philips field engineers.

Another important section attached to the Philips
Application Showroom is the Philips Arc Welding school
where a capable instructor provides specialized and indivi-
dual training for welders—whether they are apprentices
or skilled welders wanting to learn new methods and weld-
ing processes such as the application of Contact Electrodes
and Low Hydrogen Electrodes.

The Application Showrcom Depends on its Users

Philips would like to point out that the showroom is very
much a co-operative effort, and will not be successful
unless the industry takes a direct interest in the utilization
of the facilities offered.

New Equipment Displayed at the Showroom

Included among the items of Philips’ manufacture dis-
played are:

HLF. Dielectric Loss-Heating Equipment DF6/1.

High Frequency Induction Generator, type F18.

Ignition Contactor Units.

Double Gun Mobile Resistance Welding Unit.

Closed Circuit Television Equipment GM4900.
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Measurement of Arc
Voltage Drop in Mercury
Rectifiers o

By G. Ratcliff, B.Sc., Grad.l.LE.E.
and R. G. Isaacs, M.Sc., M.1.LE.E.

IN rectifier operation knowledge of the drop of volts from
anode to cathode is important, for not only is this
quantity responsible for the largest of the losses, but also
its variation from instant to instant often provides the clue
to any anomalous behaviour. Direct measurement of the
arc volts is difficult; it has a value of about 17 to 30 volts,
but at the end of each conducting period the anode-
cathode space has to withstand an inverse voltage which
will rise to a peak valuc of 20 or more times this amount
and apy measuring apparatus connected between anode
and cathode will be subjected to this.

Wattmeter Methods

The usual method of measuring the arc loss and hence

the mean voltage drop is the wattmeter method. In this
the current coil of the wattmeter is connected between the
transformer and the anode, the potential coil being between
the anode and the cathode. The average value of the arc
volts is then found from the wattmeter reading divided by
the average value of the anode current, as read by a moving
coil ammeter connected in series with the current coil of
the wattmeter. There are two difficulties connected with
this measurement. The potential coil resistance must be
high enough to limit the current to a safe value during the
reverse voltage periods. In the case of a six-phase recti-
fier this voltage will have a peak value equal to twice the
peak value of the phase volts, and the high resistance re-
quired reduces the wattmeter reading (which is, of course,
due to the current and the low arc volts during the con-
ducting period) to a small fraction of the full scale read-
ing. This reduces the accuracy of the measurement and
rules the method out for low values of the current. Further,
calculation of the correction required due to the loss in
the wattmeter is complicated, whether the volt coil is on
the anode side or the transformer side of the current coil,
since neither the current nor the voltage is sinusoidal.

Fig. 1. Circuit diagram of amplifier and balancing arrangement
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The wattmeter method can be considerably improved
il the volt coil, with its series resistance set for a compara-
tively low voltage, is shunted by a diode which conducts
when the anode to cathode volts become negative.* This
parallel circuit is then put in series with a high dissipation
resistance capable of carrying the current due to the in-
verse voltage. With this modification it is possible to
increase the fraction of the full-scale wattmeter reading
which is used. Further, if the diode has a resistance in the
conducting direction which is low compared with the voit
coil resistance, the correction for the loss in the coil be-
comes small and can be found with sufficient accuracy if
a wattmeter reading is obtained with the rectifier under
no-load conditions. If the quantity to be measured is the
power loss in the arc this method is satisfactory for com-
paratively small rectifiers.

For rectifiers of large output, wattmeters of the required
rating are unobtainable, and a current transformer of
normal design cannot be used owing to the saturation of
the core by the p.c. component of the current. This diffi-
culty has been ingeniously overcome by Read,' using a
shunt in series with the primary of the current transformer,
the shunt being of the correct value for the injection of a
D.c. component into the secondary circuit to neutralize the
D.c. component in the primary. With this method, as
with the previous methods, for low values of the current
the voltmeter reading becomes too small for an accurate
calculation of arc volts to be ebtained.

It will be appreciated that with any wattmeter method
all that can be obtained is the average arc voltage during
the conducting period. If a knowledge of the striking
volts or the variation of arc voltage during the conduct-
ing period is required, some other method must be sought.

Oscillographic Methods

A straightforward application of the anode-cathode
volts to an oscillograph has been used as a method of
arc volts measurement.? This has the advantage of show-
ing the arc volts at every instant, but obviously a high
degree of accuracy cannot be obtained since the low arc
volts will only produce a displacement of the trace by a
few millimetres, and in a cathode-ray oscillograph there
is uncertainty about the position of the zero level, due to
the self-centring action of the waveform when the deflect-
ing plates are supplied with a highly unsymmetrical volt-
age. This method has been improved -by applying the
anode-cathode voltage to an amplifier with heavy negative
feedback' having a gain of about five for positive input
volts.® A double-beam oscillograph is required, the out-
put of the amplifier being fed to one pair of plates, the
other beam being shorted to earth and used as a marker
to indicate the zero-level.

An extension of this circuit has been evolved by the
authors, which dispenses with the need for a double-beam
oscillograph and further, since the method to be described
provides its own zero level indication, it is possible to make
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adjustments to the time base, brilliance and focus controls,
etc., without disturbing the zero setting. 1t also becomes
permissible to dispense with direct coupling to the oscillo-
graph plates with the result that all the shift controls
remain fully operative.

The circuit used is shown in Fig. 1. The anode-cathode
voltage of the mercury arc rectifier is applied to the input
terminals of a conventional amplifier employing a triode
type 6J5. Heavy negative feedback is provided by the
cathode lead resistors. The application of negative feed-
back provides a convenient control of gain and improves
the response and stability of the arrangement.

The output is taken from the anode of the valve through
a diode and a coupling capacitor to the deflecting plates
of the oscillograph.

The anode of the diode is connected to a potential
divider placed across the H.T. supply. In this way the
‘diode behaves as an on-off switch, allowing the anode
voltage variations to be passed on to the oscillograph only
so long as the anode voltage lies below the potential to
which the slider of the potentiometer is adjusted. At
other times the diode is non-conducting and the oscillo-
graph undeflected.

In order to set up the apparatus for measurement the
input terminals of the amplifier are first short-circuited—
a condition corresponding to zero input voltage. The
potentiometer slider is now adjusted until there is zero
difference of potential across the diode. This will be
indicated by connecting across the diode a centre-zero
micro-ammeter which may be made increasingly sensi-
tive as balance is approached.

When the adjustment is complete, the short-circuit at
the amplifier is removed and the anode-cathode voltage
of the rectifier is applied to the amplifier so that the anode
of the rectifier is connected to the grid of the amplifier.

If now the input voltage applied to the amplifier is at
zero level the diode is on the point of non-conduction.
On the rectifier anode becoming positive with respect to
the cathode, a negative-going wave appears at the anode
of the triode and is communicated through the diode to
the oscillograph. For the period when the input voltage
is reversed the diode becomes non-conducting and the
waveform is not applied to the oscillograph.

The zero input level thus represents the demarcation
between that which is applied to the oscillograph and that
which is not. The waveform seen on the oscillograph is
therefore an amplified picture of that part of the input
voltage for which the anode of the Tectifier is positive with
respect to its cathode, ie., that part for which an arc may
exist.

A typical oscillogram for a mercury arc rectifier under

Fig. 2. A (ypical oscillogram of arc voltage in a 10kW mercury poot
reclifier under load conditions
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load conditions is shown in Fig. 2. The arc voltage is
represented by the height of the "oscillograph deflexion
above the base line. This height may, of course, be
measured by applying a variable known sinusoidal voltage
to the .input of the amplifier and drawing a calibration
curve of the whole apparatus.

A more convenient method is to add a variable D.c.
bias to the voltage from the rectifier before connecting
it to the amplifier as shown in Fig. 3. If the polarities are
correctly chosen then increasing the p.c. bias voltage will
cause a reduction in the height of the oscillogram. The
D.c. voltage necessary to cause the flat top of the oscillo-
gram to just disappear into the base line will be equal
to the arc voltage.

It will be seen that the setting of the 100k{2 potentio-
meter slider is highly critical, since it is this setting which
fixed the zero line of the oscillogram. Obviously no long-
term stability can be expectéd from such an arrangement,
and it is desirable that a push-button or two-way switch
arrangement be provided which will simultaneously dis-
connect the rectifier, short-circuit the input terminals and
connect the balance indicator across .the diode. Thus
frequent checks of the set zero may be made during
measurements. .

In practice it was found that, provided the amplifier
was allowed a sufficient warming period, the zero set
required adjustment only at very infrequent intervals.

ANODE O QA @]
RECTIFIER AMPLIFIER QUTPUT
CATHODE O— —O8B (o]
+
_'_l I,__| ’__
Fig. 3. Connexions for arc vollage measurement

The choice of valves to be used in this circuit will be
a matter for consideration, having regard to the particular
conditions in which the circuit is to be used. Thus the
triode must be chosen so that the grid-cathode space will
be capable of withstanding the inverse voltage of the mer-
cury arc rectifier.

Reference to the circuit diagram will show that a series
resistance has been included in the grid input lead as a
safety measure. :

The voltage which the diode must support may be
readily calculated from a knowledge of the gain of the
amplifier, the arc voltage and the cut-off voltage of the
amplifying triode. 1f the gain of the amplifier is approxi-
mately five then the variations of voltage at the anode of
the triode will be of the order of =100 volts, and will be
very little affected by the type of mercury arc rectifier to
be tested. This is due to the way in which the triode fails
to reproduce the inverse voltage swing beyond its cut-off
point.

It is advisable to use separate heater windings for the
triode and diode.

In addition to measurements on the mercury pool type
rectifier, the method has been successfully applied to
measurements of the voltage drops across hot-cathode
rectifiers and thyratrons during conduction and to general
investigations of their behaviour under various conditions.
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Notes from the Industry

The Festival Convention of the British
Institution of Radio Engineers will open
on July 3 at University College, London,
with a session on “ Electronic Instrumen-
tation in Nucleonics.” A programme and
a synopsis of seven papers to be presented
at this session under the chairmanship
of Dr. Dennis Taylor, M.Sc, Ph.D., of
A.E.R.E. Harwell, are available from the
General Secretary of the Brit. IL.R.E.

Among the important subjects covered
by these papers is the detection of
radiation produced by atomic materials
having both peace and war applications.
In another paper the application to
industry of a Beta-Ray thickness gauge
capable of measuring and controlling a
large number of manufactured. materials
is also discussed. In a third paper the
important subject of radioactive tracers
in industry and medicine will come under
discussion.

Time will be given for amT)Te discus-
sion of each paper and full details will
shortly be available of all the arrange-
ments to be made for those who wish to
attend this session.

Application to attend the first session
should be sent to the General Secretary,
British Institution of Radio Engineers,
9 Bedford Square, London, W.C.1,
accompanied by a registration fee of
10s. 6d. The ticket for each session
(registration fee 10s. 6d. in each case),
will cover the cost of the Convention
badge and literature, as well as afternoon
refreshments.

The British Plastics Convention is to
_be held from June 6-16, in the National
Hall, Olympia, London, W.14, in con-
junction with the British Plastics Exhibi-
tion. It has been planned to appeal to
technologists in the industry, users of
plastics, and to the general public. For
the plastics technologist, the Convention
will take the form of a report on pro-
gress. A programme of papers and
summaries, as well as tickets, may be
obtained from “ British Plastics,” Dorset
House, Stamford Street, London, S.E.l.

The Industrial Radiology Group of
the Institute of Physics.—The Group’s
Summer Meeting will take place at the
Institute’s House, 47 Belgrave Square,
London, S.W.1, from Monday, July 23 to
Wednesday, July 25, ie., in the week
following the International Welding Con-
gress. Further particulars may be
obtained from the Honorary Secretary of
the Group, Mr. B. N. Clack, Radio-
chemical Centre, Amersham, Bucks.

Patent Office Library—Extended Hours
of Opening—From May 7 the Patent
Office Library at 25 Southampton Build-
ings, Chancery Lane, London, W.C.2,
was open to the public from 10 a.m. until
9 p.m., Mondays to Fridays inclusive,
instead of closing at 6 p.m. as previously.
Saturday opening, however, continues to
be from 10 am. to 5 p.m.

JUNE 1951

The Faraday Medal for 1951 (259th
Award) was presented to Mr. Thomas
Lydwell Eckersiey, B.A., B.Sc., Ph.D,
F.R.S, M.IEE., at a private ceremony
held recently at the Chelmsford Works
of Marconi's Wireless Telegraph Co.,
Ltd. The Medal was bhanded to Dr.
Eckersley by Sir Archibald Gill,
B.Sc.(Eng.), President of the Institution,
who said that the Council of the Institu-
tion had awarded the Medal to Dr.
Eckersley for his achievements in the field
of radio research and, in particular, for
his outstanding contributions to the
theory and practice of radio-wave propa-
gation.

The President was accompanied by
Professor E. B. Moullin, M.A., Sc.D., and
Sir Noel Ashbridge, B.Sc.(Eng.), Past-
Presidents of the Institution and Mr.

K. Brasher, M.A., Secretary of the
Institution.

A New ASLIB Service.—In order to
assist industrialists and scientific research
workers to keep themselves informed of
developments in research in foreign
countries the Association of Special
Libraries and Information Bureaux is
preparing a central index of translations.
The index will include scientific papers,
reports and published articles which
appear in foreign journals.

The usefulness of the index will
depend on its comprehensiveness and to
make this as wide as possible the co-
operation of organizations at present in
possession of translations is sought. All
organizations holding translations and
willing to take part in the scheme are
invited to get in touch with ASLIB.

A limited number of translations has
already been indexed and inquiries con-
cerning the existence or location of
translations are being dealt with.
Inquiries can be made by telephone,
letter or personal call. The name of the
author or of the journal in which the
paper sought for appeared should be
quoted. There is no charge for the use
of the index service.

All inquiries, and all offers of co-
operation in the preparing of the index
should be made to ASLIB, 4 Palace Gate,
London, W.8 (Tel. WEStern 6321-3).

A Simple Frequency Comparison Cir-
cuit. We regret that an error occurred
on page 197 of the May issue of
ELECTRONIC ENGINEERING, under this
heading. In the second paragraph in the
centre column, the second sentence should
read: “Thus if f, approaches f. the
‘eye’ will begin to flicker and zero beat

.can easily be observed when f,=nf, when

n is an integer.”

Dawe Strobotorch was described on
page 187 of the May issue, but not the
Frequency Meter and Photo-electric
Pick-up, which is, however, included on
page 238 of this issue. The Strobotorch’s
speed range is 120 to 14,000 r.p.m., not
14,400 as printed.
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PUBLICATIONS RECEIVED

EDWARDS VACUUM GAUGES: THE “VACU-
STAT.” This four page leaflet describes what is
claimed to be the ‘‘most popular gauge used
today,” and gives several new patterns, including
a simplified version of the standard model. W.
Edwards & Co. (London) Ltd., Worsley Bridge
Road, Lower Sydenham, London, S.E.26.

EVERSHED INSTRUMENTS. For over 50 years
Evershed & Vignoles Ltd., have been engaged in
the manufacture of electrical instruments, naval
control gear and apparatus for distant indication
and control. This beautifully produced catalogue
depicts their modern products including Megger
insulation testers, bridge-Megger testers, ohm-
meters, earth testers, recorders, tachometers, etc.,
and incorporates very brief descriptions. The
illustrations are of a very_high standard. Evershed
& Vigno'es Ltd., Acton Lane Works. Chiswick,
London, W.4.

THE HYDRACLAMP is a brochure describing
hydraulically operated work-holding equipment
marketed by Spencer, Franklin Ltd., of 292 High
Holborn, London, W.C.1. The brochure is well
presented, and gives full details of many types.
of ‘“Hydraclamp™ available.

VALVE AND CIRCUIT NOISE. This booklet
is the D.S.J.R.’s Special Report No. 20 and is
a survey of existing knowledge and outstanding
probems. This publication, in addition to dealing
with valve noise and thermal noise in electronic
circuits, covers noise in_photo-electric cells, semi-
conductors, crystal rectifiers, gas discharges and
from His.

magnetic field devices.  Available

Majesty’s Stationery Office, Kingsway, London,
w.C.2, price 9d., by post 10d.

CONTINUOUS CONVEYOR FURNACES

describes some of the many types of conveyor
furnaces manufactured by Birlec Lid., Tyburn
Road, Erdington, Birmingham, 24. To meet the
increasing demand for continuous and identical
heat treatment of both ferrous and non-ferrous.
charges this firm specializes in developing this.
equipment. The brochure describes only the
major types of conveyor furnaces and  the-
illustrations represent a small percentuge of the
equipments instalted.

ALKLUM is another well produced and illustrated
brochure, this time on the Alklum nickel-cadmiumnr
alkaline batteries for marine service. The booklet
fully describes the properties, performance and
installation of these batteries. Copies are obtain-
able from Britannia Batteries Ltd., 6¢ Victoria
Street, London, S.W.1,

LANCASHIRE DYNAMO HOLDINGS LTD.
1950 ANNUAL REPORT. This is an informative
report about the various companies in the Lan-
cashire Dynamo Holdings group, and includes.
some details of their individual activities. Obtain-
able from L.D. Group Publicity, 25 Shaftesbury
Avenue. London, W.1.

G.E.C. QUARTZ CRYSTAL UNITS is a new
edition of the list of these units, and in intended
as a general guide to the range of quartz crystals.
available. They can now be supplied for any
frequency in the range from 400 cycles per second
to 16 megacycles per second for fundamental
operation. Salford Electrical . Instruments Ltd.,
Peel Works, Silk Street, Salford, 3.

ALUMINIUM ALLOY CASTINGS CONTAIN-
ING NICKEL is a booklet based on the paper
presented by Frank Hudson, F.I.M., to the con-
gress of The American Foundrymen's Society in
May, 1950. It deals with all aspects of castings-
in these alloys, including early developments,
recent metallurgical practice and modern produc-
tion methods. It also contains a tabulated sum-
mary of the many alloys available. Copies may
be obtained, free of charge, from the Mobnd
Nickel Co. Ltd.. Sunderland House. Curzon
Street, London, W.1.

RADIO FOR MERCHANT SHIPS is a specifica-
tion issued by the G.P.O. to cover the minimunmr
performance of a combined radio-telegraph trans-
mitter/receiver for use in lifeboats, and, as such,
may be taken as forming the basis for type-
approval tests. It may be obtained from His
Majesty's Stationery Office, price 4d. :
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[ etters to the Editor

(We do not hold ourselves responsible for the opinions of our correspondents)

Microwave Lenses

DEAR Sir,—Your very interesting series
on " Microwave Lenses " by J. Brown and
S. S. D. Jones was marred by the section
* A Comparison of Lenses and Mirrors,”
in the October issue. At this time, some
years after the introduction of metal plate
lénses, it is quite generally recognized in
this country that lenses are not the “ cure
all” for microwave antenna problems.
1 would like to indicate some of the
teasons behind this attitude by consider-
ing the points raised in your publication.

Iif we pass over Kock’s quite natural
enthusiasm for lenses, we reach the
argument that lenses are essential for very
narrow beams. The authors gave as an
example a 480 wavelength lens con-
structed in this country. I personally do
not believe that such a lens exists.
Perhaps the 480 wavelength reflector here
at the Naval Research Laboratory is the
antenna to which the authors refer. This
mirror was found to be well within the
1/32in. tolerance permitted at X-band.
The differential heating has been con-
sidered and it is felt that with uniform
distribution of heat over the surface, no
great errors will be introduced. A lens
‘with its correspondingly longer local
length is entirely impractical for this pro-
ject.

For Naval radar application, it appears

that a lens will in general weigh at least
twice as much as the comparable reflector,
not counting the extra weight required to
support the feed structure at a greater dis-
tance from the reflector. (See N.R.L.
Report 3412).
1 will freely admit that a lens indicates
better scanning properties for a wide
angle of scan. However, notwithstanding
the work done on lenses by Dr. Spencer’s
group in this country, the problem of
wide angle scanning has not been solved
by lenses. and there is considerable doubt
whether it ever will be solved in this
_manner.

The arguments on the basis of feed
obstruction have worn thin with the
years., One fundamental point is missed
entirely by the lens adherents. The
increase in side lobe level and decrease
in gain are directly related to the ratio
between the .area of the reflector
obstructed by the feed to the total area
-of the reflector. For an ordinary mirror
with a beam width of 2° at half power
point the ratio is about .002 which intro-
duces a gain loss of less than .01db.
Since the side lobe level at 30db would
only be increased by 0.6db, there appears
to be little trouble with obstruction of a
mirror. These figures are based on the
standard discussion of feed obstruction
such as given in Cutler’s article in the
November, 1947, I.R.E. Proceedings. This
general information has been verified
experimentally in the work abstracted by
Adams and Kelleher in the September,
1950 L.R.E. Proceedings.

In regard to the point of using an offset
feed, ¥ can think of no reason why the
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gain should
mental that

be reduced. It is funda-
the gain of reflector, half
reflector or lens depends only on the
illumination over the aperture of the
system. Therefore, for a fixed illumina-
tion the only loss in gain is due to spill-
over or in the case of the lens due to
reflexions and to the difficuity of ‘obtain-
ing the desired aperture illumination.

Neither the lens nor the mirror can be
considered superior as regards side lobe
level, since side lobes depend only on the
distribution of energy over an aperture.
Some information on this appeared in the
Marconi Review of October-December,
1947. The work of Adams and Kelleher
covered both analytical and experimental
results using a mirror. No difficulty was
experienced in obtaining verification of
the side lobe level predicted by the
theory. The lenses built to date appear
to have poor phase characteristics parti-
cularly when stepped lenses are employed,
and so higher lobes might be expected in
this case.

The mismatch of the feed due to the
reflector is always negligible for any
system of reasonable f/A ratio. I do not
know of any recent programme using re-
flectors which attempts to compensate for
this mismatch by use of a zone plate or
otherwise. Measured and calculated
values of this reflexion coefficient for a
typical antenna are given in N.R.L.
Report 3412.

The back-to-front ratio of "the shielded
lens is superior to that of a reflector.
However, this advantage applies only to
repeater links, in which the crosstalk
problem makes the extra lens expense
feasible. In discussing repeater links, it
is well to note that at the recent Scanning
Antenna Symposium at N.R.L. a Bell
Telephone  Laboratory  representative
stated that the lens corrected horns, or
shielded lenses, possessed the same 3db
loss typical of the ordinary metal plate
lenses.

In conclusion, it is agreed that the lens
may have wide angle properties and when
used with a shield does have low back
radiation. However, for gain, side lobe
suppression. and simplicity, the reflector
has proven superior.

Yours faithfully,
KENNETH S. KELLEHER,
Naval Research Laboratory,
Washington D.C., U.S.A.

The authors’ reply :

DEearR SiR,—Mr. Kelleher has raised a
number of interesting points and has pro-
vided additional information which was
not
articles. This does not, however, affect
our main conclusions which are in most
respects the same as Mr. Kelleher’s. We
have never believed that lenses are the
answer to every aerial problem and it was
made clear in the section to which Mr.
Kelleher takes exception that reflectors
are to be preferred when gain is the
primary consideration. :

The major point on which we disagtee
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available when we prepared our

with Mr. Kelleher is side lobe suppres-
sion. There is no question that the side
lobe level depends on the aperture dis-
tribution and our contention is that it is
easier to obtain the distributions required
if a lens is used. The amplitude distribu-
tion over the aperture of a reflector is
determined by the radiation charac-
teristics of the primary feed and the con-
trol of the distribution is relatively crude.
In a lens, on the other hand, a further
control of the distribution results from
the possibility of curving both surfaces.
One relation between the two surfaces is
sufficient to satisfy the phase requirement
and the other may be used to eontrol
the amplitude distribution. A much finer
variation of amplitude distribution is
therefore possible. Much work remains
to be done on this problem and this was
one of the points we had in mind when
we predicted further advances in lens
techniques.

On the much vexed question of feed
obscuration, the first point we should like
to make is that the effect becomes less
marked the larger the aerial aperture.
By considering a relatively large aerial,
Mr. Kelleher has shown that the effect
may be slight. On the other hand, there
are many applications in which the effect
is far from slight. A most important
practical case has been considered in
detail by Kiely, Collins and Evans,' viz.,
the cheese aerial used in the majority
of marine navigational radars. They
have found an increase in the level of the
first side lobe equal to over 2 per cent of
the amplitude of the main beam from
feed obscuration. In addition, they have
shown that the dimensions of the feed in
the direction of propagation also has an
effect—by no means pegligible—on the
side lobe level. As a result of these
effects Kiely et al. claim that the side lobe
level of a normal cheese cannot be better
than 25db down on the main beam. Lack
of space prevented us from giving a full
discussion of feed obscuration in our
articles, but we trust that it is clear that it
is still a practical problem to be con-
sidered in the design of reflectors.

We would like to reply briefly to the
other points raised by Mr. Kelleher.
The 480 wavelength lens to which we re-
ferred is described by Kock in his original
paper on metal-plate lenses.® The aper-
ture is only 480 wavelengths in one direc-
tion: Kock claims that the performance
is in good agreement with theoretical pre-
dictions. We think that the construction
of large aerial systems is made simpler
by the use of lenses, and that it will be
possible with the development of manu-
facturing techniques to keep the weight
about equal to that of a reflector of cor-
responding aperture dimensions.

If a reflector is fed by an off-set feed
the amplitude distribution will be
assymetric and there will be a loss of
gain. It is possible to correct some of
this assymetry by a suitable cheice of
feed, but this choice is restricted by the
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necessity of keeping the side lob:s result-
ing from spili-over below the required
level. This point is also discussed in
Reference 1.

We wish we could agree with Mr.
Kelleher that zone plates are no longar
in use. We have had occasion recently
to match a cheese over a large range of
wavelengths and the use of a zone plant
was found to be essential. The deteriora-
tion in side lobe performance was con-
siderable.

The side lobes produced as the result
of phase distortion in the vicinity of steps
will be far removed from the main beam
and will usually be of smaller amplitude
than the first side lobe. A particularly
severe case, in which these far-out side
lobes do exceed the first, is shown by
Ruze:? the number of steps in the lens
involved is not stated, but must have
been around nine. With a smaller num-
ber of steps the effect is much less severe.

Lens corrected horns are free from
spill-over loss and the reflected energy
will not be scattered in the form of diffuse
backward radiation but will be concen-
trated back into the waveguide feed. An
iris placed at the horn throat will cause
this reflected energy to be again propa-
gated through the horn. and hence it will
be focused by the lens. It would there-
fore appear that the gain of a lens cor-
rected horn should exceed that of the
corresponding unshielded lens by the
amount of the spill-over and reflexion
losses. Qur own measurement of the gain
of a lens corrected horn gave a value of
about 80 per cent for the efficiency. The
lens involved had only one step and an
increase in the number of steps would
reduce the efficiency : it is therefore worth
making the lens in a horn thicker than
necessary in order to reduce the number
of steps.

The authors are indebted to the Chief
Scientist, Ministry of Supply and the Con-
troller of H.M. Stationery Office for
permission to publish this reply.

Yours faithfully,
J. BRowN and S. S. D. JoNEs,
Radar Research and
Development Establishment.
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A Three State Flip-Flop

Dear SiR,—I1 was very interested to
read the note in the April 1951 issue of
ELECTRONIC ENGINEERING on a flip-flop
circuit showing three stable states. So
far as 1 know this effect is novel and
it should certainly prove useful in many
applications, such as in computing
machines and as a scale of three counter.

The explanation of the phenomenon
puzzles me, though. Surely all Nyquist’s
criterion can show, under the conditions
mentioned, is that the symmetrical con-
dition is metastable ? In practice, of
course, there is always some reactive
effect present and surely a state “ meta
stable at a first approximation” would
in fact be unstable ?

Is is not true that the real explanation
lies in the fact of grid current? The
authors quote the grids as being 0.15V
below the cathode potential, and it is

Antennas.””
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surely well known that in a valve with
a cathode at 7-800°C the peak emission
energy is of the order of one volt or
even more, so that electrons can easily
reach a grid at —0.15V. When grid
current is flowing, of course, the loop-
gain of the circuit is vastly reduced due
to the low input resistance of the grid
replacing the lower half of the resistance
network from the anode.

22k §22k

33k b —— 33k

150 v

33k 4k 33k

Modified Three State Flip-Flop

This theory is confirmed in theory
with the use of the published curves for
the 6J6 in the R.C.A. Handbook. For
if the voltages in the symmetrical steady
state are considered in the absence of
grid current we find, from the curves,
that (assuming for the moment Vg = 0)
the valve drops 32.5V when passing
3.25mA. In this case the cathode resis-
tance (4k at 2 x 3.25mA) has 26 volts
across it, and the anode voltage of 58.5
agrees well with your value of 56V.
Moreover, the current in the anode load
agrees, in the case I have taken, with an
H.T. line at 154 volts, so that the anode
voltage agreement is even better than it
seems at first.

The whole point of this complicated
calculation is to show that jn the absence
of grid current theory predicts a grid
voltage of (58.5/2 =)29.25 above earth,
or 3.25 volts above the cathode. Hence
it seems reasonable that grid current
does, in fact, flow and that the grids are
pulled down to the voltage you have
measured in experiment.

Moreover, the amplification of each
valve under these conditions cannot be
greater than 20, whereas the grid input
resistance with a 6J6 should certainly be
less than 1.5k, so that with 33k resis-
tances between anodes and grids the net
loop-gain is less than unity and conse-
quently the system is entirely stable. You
will notice some approximations in this
argument, but I think it is true to say
that more careful consideration will only
strengthen the final conclusion.

The problem now seems to be to
explain the original two stable states, for
if both valves are “bottomed " it seems
that it will be impossible to drive one
harder so that the other can be cut oft
But this is not so: as soon as either of
the grids goes far enough negative to
stop taking current the loop gain rises
sharply to a value greater than unity,
and that valve is driven to cut off. The
common cathode resistance, to my sur-
prise, appears to have no part in the
action and is quite unnecessary except as
a means of adjusting the cathode voltage
to a critical range.

According to my calculations the grid
current in the conducting valve rises
from 0.2mA in the symmetrical state to
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-
nearly 2mA in the asymmetrical state.
This causes the anode-cathode voltage in
that valve to fall from over 30 volts
down to 10, with scarcely any change in
the total cathode current, and conse-
quently the grid voltage in the other
valve is driven down to cut off quite
easily.

The effect of adding cross-coupling
capacitances to such a system is to in-
crease the loop gain at high frequencies.
Presumably with the circuit constants
concerned, one such coupling was in-
sufficient to raise the loop gain above .
unity in the symmetrical state (remember
the Miller capacitance at the other grid).
With two capacitances, however, pre-
sumably the gain was raised far enough
for instability, even in the symmetrical
position, so that the circuit showed only
the usual pair of stable positions.

It is not easy, though, to see why the
single capacitance circuit should make a
reliable scale-of-three counter and I am
certainly interested to hear that it does.
1t seems fortuitous that the voltage
established across the capacitor in each
state should be just right for it to move
to the next on triggering, in a cyclic pro-
gression.

I hope that this letter may be of some
help in clearing up the theory of this
interesting device, and 1 hope that you
will be encouraged to publish any further
developments of the circuit.

Yours faithfully,
K. C. JOHNSON,
Radio Group, Cavendish
Laboratory. Cambridge.

Dr. Booth and Mr. Ringrose reply : .

Dear Sir,—We have no disagreement
with the explanation of the action of the
three stable state flip-flop put forward
in the letter of Mr. Johnson.

We are afraid that the original ex-
planation given in our article was perhaps
misleading since we in fact meant that
the loop gain of the system is less than
unity. The absence of reactive elements
in the, circuit, at any rate to a first
approximation, is, however, necessary to
avoid the violation of this condition at
high frequencies.

Since the original note was written we
have made measurements of loop gain
which confirm not only that this is less
than unity, as suggested by Mr. Johnson,
but also that grid conduction occurs in
both valves.

Yours faithfully.
A. D. BootH and J. RINGROSE,
Birkbeck College Research
Laboratory, London. W.C.1.

High-Speed Waveform Monitor

Dpar Sir,—On page 60 of the Febru-
ary issue of ELECTRONIC ENGINEERING we
were interested to note a reference to the
E.M.I. Waveform Monitor Type 3794B.

There was, however, an error in the
first sentence in that it attributed the
design and development of this equipment
to A.E.R.E. Harwell.

In point of fact E.M.L Research
Laboratories, Ltd., were solely respon-
sible for the design and development of
this Monitor which is now manufactured
and marketed by E.M.I. Factories, Ltd.

Yours faithfully,
P. O. WYMER,
Press Relations Officer.
E.M.IL. Sales & Service, Ltd.
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ELECTRONIC EQUIPMENT

A selection of the more interesting apparatus, components and accessories complled from mformatlon

Magnetic Tane Recerding Head
({Hlustrated above)
ESSRS. Phidelity Magnetic Pro-
ducts, Ltd., have started production
on a range of magnetic tape recording
heads which are suitable for a require-
ment of the recorder manufacturer and
the home constructor.
The heads are made up of laminations
of magnetic steel, worked to close pre-
cision limits. The gap depth is held to
the minimum figure possible, and the
windings are specially designed for maxi-
mum flux density at the smallest audio
currents. All heads are mounted in non-
‘magnetic holders designed for single screw
fixing, and are available in the following
types: Type SA which is a dual purpose
record and playback head with a gap of
.001 inch; Type SE is a supersonic erase
head suitable for low coercivity tape,
with a gap of .0005 inch; Type SR is a
recording head with separate audio and
bias windings. with a gap of .001 inch.
and Type SP is a very high fidelity play-
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supplied by the manufacturers

back head, with a gap of .00025 inch.
All four types have low impedance wind-
ing. All heads are for full § inch track.
but half track heads to the same specifi-
cation can be supplied.

Phidelity Magnetic Products, Ltd..
65-66 Chancery Lane,

London, W.C.2..

Dawe’s New Krequency Meter
Ullustrated below left)

The Frequencv Meter and Photo-
Electric. Pick-up Type 714 are designed to
provide a means of measuring rotational
speeds without imposing any toad on the
machine being tested. The meter has a
range of 5c¢/s to 15,000c,s.

Features are: wide speed range—up to
900,000 r.P.M., which is well beyond the
rotational velocities of practical machines;
no load is imposed on machines being
tested; it is suitable for measurement of
varying speeds such as are encountered on
small centrifugal gyroscopes and rotors;
readings are reliable within 41 per cent;
it incorporates a direct reading frequency
meter, and an A.c. mains frequency check
1s included.

The apparatus consists of a lamp which
is focused on the rotating mechanism
marked with contrasting sections and a
photo cell whose current is modulated by
the reflexions from these sectors. The
modulation output, after passing through
a pre-amplifier in the pick-up unit, is fed
to a frequency meter. By using a suitable
number of sectors, speeds from below
100 r.P.M. to 900,000 R.PM. can be
measured.

Dawe Instruments, Ltd.,
130 Uxbridge Road,
Hanwell, London, W.7.
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New T.C.C. Capacitors
LLUSTRATED above is the

“ Plimo-

seal ” protected ceramic and mica
capacitors. Each capacitor is mounted in
a moulded casing which is then filled
with a specially developed plastic im-
mersion sealing called * Plimoseal.”
This method, claim the makers, enables
the 100 per cent humidity 100°C require-
ments of Category A Ministry specifica-
tions to be met.

Illustrated below is the “ Platapack ”
plastic film dielectric capacitors, for use
in counting circuits and allied computing
devices, and under other stringent con-
ditions, which have had their working
voltage stepped up to 350V bp.c. The
tubular construction now employs an
outer tube of -silvered copper sealed by
P T.F.E. bungs. The range has been
extended, both in the rectangular metal
and tubular constructions.

Telegraph Condenser Co., Ltd,,
Wales Farm Road

North Acton,

London, W.3.

Model 69 High-Gain Stacked Television
Aerial

THIS development by Aerialite, Ltd..

actually consists of two Model 64
television aerials each having a power
gain of 10.6 dbs., the total output being
Jpprox1ma!ely 20 times that of a plain
half-wave dipole, and cight times that of
an “H?” aerial. The aerial is normally
supplied with a 16 foot mast having
chimney brackets, but the aerial may be
fixed to a wall or guyed mast.as desired.

The special features of this aerial are:
unidirectional pick-up since the accept-
ance angle is only 68°, reducing inter-

ference from all other dxrectxons with a
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high fromt/back ratio; high forward gain
of approximately 13 decibels; wide band-
width due to large diameter folded dipole
and wide spacing of elements; good
vertical pattern giving good discrimina-
tion against ignition interference; matches
702 downlead by two “Q7” sections
transforming the impedance to give cor-
rect operation; rugged construction is
achieved by using steel booms and mast,
with large folded dipole and strong cast-
ings where possible; erection is made
easy by using U-bolts throughout which
allow quicker adjustment, and the cables
are fixed by detachable plug assemblies.

The model 69 is a stacked array con-
sisting of twin 4-element Yagi aerials
each having parasitic reflectors and two
directors widely spaced to give high gain,
without heavily loading the dipole or
reducing the bandwidth.

The actual impedance at the dipoles on
each side would be in the region of
13 ohms, were a plain dipole to be used.
However, this is transformed by the
folded dipole of unequal diameters to 70
ohms and by the 100 ohm *“ Q" section
to 140 ohms. The two “Q ” sections in
parallel then give a 70 ohm feed point
tor the downlead.

Either twin or co-axial feeder may be
employed, and any unbalance is reduced
by the 3-wave balancing-lines acting as
“ Q7 sections.

Aerialite, Ltd.,
Castle Works,
Stalybridge,
Cheshire.

36 E.H.T. Range of * Westalite ”
Tubular Rectifiers

ILLUSTRATED above is a range of

36 E.H.T. “ Westalite” tubular recti-
fiers by the Westinghouse Brake & Signal
Co., Ltd. This range has been manu-
factured for providing E.H.T. when the
current demand is unlikely to exceed
about 2mA bD.c, and incorporates the
recently developed high-voltage “* Westa-
lite” elements. and to withstand peak in-
verse voltages of about 1200-1300 per
inch length of rectifier.

These units are particularly suitable for
voltage multiplier circuits such as volt-
age doublers, triplers, etc., owing to their
small size and low forward resistance, and
they will operate effectively as pulse
rectifiers to derive E.H.T. from the fly-
back pulse, which occurs at the line
scanning output transformer of a tele-
vision receiver.

Westinghouse Brake & Signal Co., Ltd.,

82 York Way,
King’s Cross, London, N.1,
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; 05 iNPUT  MILLIVOLTER guTRuT

Peak to Peak Millivolter L.S.158
(Lllustrated above)

HE British El'ectronic Industries

Millivolter 1..S.158 gives the follow-
ing facilities: a reasonably low voltage
output on the lowest scale; one per cent
accurady of output; low source impedance
so that circuits normally met will not
cause a shunt loss of more than one per
cent; a sufficiently high voltage for direct
calibration of cathode ray oscilloscope
tubes; balanced and unbalanced outputs;
A.C. mains or oscillator tone input, and
readings made by circuits responding to
peak to peak voltage instead of rR.M.S.
volts.

Ranges are in ten steps from 1mV
with a source impedance of 1.2-0-1.2
ohms to 100V with a source impedance
of 500-0-500 ohms.

British Electronic Industries,
28 Upper Richmond Road,
Putney, London, S.W.15.

Voltage Reference Tube on Miniature
B76 Base
N order to meet the demand for an

extremely compact and stable source of
voltage reference for direct use in elec-
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tronic circuits, Mullard Electronic Pro-
ducts Ltd. have recently introduced a
miniature Voltage Reference Tube,
85A2. This new tube, which is of robust
construction, is built up on a B7G base,
and should prove of particular value in
the design of scientific and industrial
clectronic instruments in which the
demand is for extremely accurate and
reliable performance, combined with the
maximum conservation of space.
Working in a constant current circuit,
the 85A2 provides a voltage source
having a short-term stability of better
than 0.1 per cent and a long-term
stability of better than 0.2 per cent. It
also has the advantage that this high
stability is maintained even under inter-
mittent switching conditions.
Mullard Electronic Products Ltd.,
Century House,
Shaftesbury Avenue,
London, W.C.2.

Kabi-Austinlite D.P. Rotary Switch
({llustrated below)
EVELOPED for meter switching
duty, the Kabi-Austinlite D.P. Rotary
Switch was designed to overcome incon-
sistant contact resistance, inaccessibility
and double tier terminations.

The chief cause of variation in con-
tract resistance is the presence of dirt on
fixed contacts, but raised air-spaced
contacts prevent this. The construction
is such as to make dismantling easy, and
give an unimpaired view of the switch
action and contact condition. All ter-
minals are arranged in a single plane near
the panel. Slotted hexagon-headed screws
are used.

The switch can be employed as a
tapping switch on a non-inductive circuit,
or can be arranged as a 10-way and off
double pole, or else as a 20-way single
pole with two off positions. The maxi-
mum rating is 5 amps. 230 volts D.C.

The switch has a slow make and break
action. Balanced loading is achieved by
two  spring-loaded  plastic plungers
arranged diametrically opposite.

The standard switch is arranged for
alternative mounting on } in. metal or up
to 1 in. thick insulation withoeut modifi-

‘cation.

Precision Components (Barnet), Ltd.,
3 Byng Road,
Barnet, Herts.
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MAGNETIC
RECORDING

By S. J. BEGUN

Vice President and Chief Engineer,
The Brush Development Company.

The  first comprehensive
book on magnetic recording
to bring together full and
accurate information on this
fast-growing electronic
development in all of its
design, engineering, applica-
tion and experimental phases.

A thorough engineering
treatment of what is known
today of magnetic recording
—the theory, various types
and makes of recorders, their
applications and performance
measurements. The book is
detailed and authoritative in
its discussion of the funda-

mentals and components of
efficient magnetic recording
devices, and includes a chapter
on the important research
problems still facing this new
industry.

The book contains a wealth
of material not readily avail-
able from any other source,
and presents it in a clear
manner, with more than 130
diagrams and illustrations.

25/

from Booksellers or 25/6
post free from

THERMIONIC PRODUCTS LTD.,
HYTHE, SOUTHAMPTON.

London Office:
Morris House, Jermyn St., S.W.I
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Encyclopaedia on Cathode Ray
Oscilloscopes and Their Uses

By J. F. Rider and S. D. Uslan. 992 pp. 3,000
figs. approx. John F. Rider Publisher Inc., 1950.
Price $9.
THE task of giving a fair, objective
review in a few paragraphs of a book
containing a thousand large pages and
probably a million words, together with
several thousand diagrams and photo-
graphs, is obviously virtually impossible.

This work is a remarkable production
even if its size were its only merit, and
one can only marvel at the immense
labour represented by its compilation. It
is indeed an encyclopzdia in all senses
of the word. There are twenty-two
chapters, three appendices, a comprehen-
sive bibliography, and an index.

In general the work is addressed- to
technicians rather than to professional
engineers. The style is straightforward
and factual, but one feels that the work
could have been greatly condensed with-
out loss of clarity. This is especially
true of the early chapters and applies,
with particular force, to Chapter 8 on
“Spot Displacement.” Surely it would
be possible to condense this into not
more than a page. The reviewer finds it
rather difficult to visualize the type of
person who would wish to buy a book
containing so much detail and who would

yet find need of the lengthy and rather -

elementary descriptions which abound.
There is also much repetition.

It is a pity that it has this defect, for
there is imbedded in it the whole science
of oscillography, and the work is a mine
of information.  Certainly there is no
other publication containing, in one
volume, so much on this subject.

There are a few statements which
would worry a specialist and would
mislead the beginner. There is a mis-
leading idea on page 42, for example,
dealing with the effect of baffles on cross-
over size. Figure 2.23 shows a long
delay period before the electron beam is
deflected. There are peculiar statements
on page !11—for instance, “ It has been
found that the position of the focus coil
tends to affect the spot dimension.” Is
the reader supposed to be surprised by
this obvious fact ? This section entirely
fails to differentiate between the effect
of basic spot size change as a resuit of
changing the image/object ratio and the
disturbing influence (quite irrelevant in
a scientific sense) of spot size change due
to abberation caused by variation of
beam width in the focusing coil.

In about twelve hours conscientious
reading the reviewer has detected about
twenty such instances, but to see the
matter in proper perspective one must
note that the book contains about fifty
thousand sentences and that on the
whole the standard of accuracy and free-
dom from typographical error is very
high indeed. The work is illustrated
generously with illustrative photographs
of cathode-ray tube traces and there is
a particularly useful section classifying a
large variety of complex wave shapes.
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In brief, this is an immensely com-
prehensive work which will appeal to
the technician. The engineer will be
somewhat irritated by the very lengthy
style and by a general failure to link the
factual statements with basic physics.

HiLary Moss

Acoustic Measurements

By Leo L. Beranek. Pp. 914 and 550 illustra-
tions. John Wiley and Somns, Inc. and Chapman
and Hall, Ltd. 1949. Price 56s.

HIS book brings to the research

engineer and the student the ex-
perience of many years in the practical
field of acoustic measurement. Since the
measurements themselves are sufficiently
complex as to necessitate a knowledge
not only of the apparatus employed, but
also of the fundamental factors involved,
the author is at pains to present the
mathematical equations first, before
describing the method of measurement.
He states clearly what are the essential
features of a particular investigation and
compares the advantages and disadvan-
tages of the many techniques.

The early chapters are concerned with
the basic properties of the more common
mediums In which sound is transmitted
and conclude by discussing the propaga-
tion of sound waves of large amplitude
in ideal gases. Next the effect of
obstacles on the free field sound pres-
sures are examined and the information
presented, not only mathematically but
also in the form of graphs and curvcs.
Most of the recognized methods for the
calibration of microphones are described,
but the author concentrates rightly on
thc Rayleigh disk and reciprocity tech-
niques. This chapter and-that portion of
the book devoted to the measurement of
acoustic impedance are outstanding not
only for their treatment, but also for the
practical information collected from
many sources and made available for the
first time in one volume. There are also
some very interesting sections on the
characteristics of random noise, the test-
ing of loudspeakers, communication
systems, and studio microphones.

While the capacitor and piezoelectric
microphones receive adequate treatment,
scant attention is paid to the electro-
dynamic types, especially to the ribbon.
It is difficult to see why use is not inade
of the graphs of pressure and phase
change around obstacles (already avail-
able in Chapter 3) to discuss the be-
haviour of the ribbon microphone in
both plane and spherical sound fields.

One cannot do justice in an all too
brief review to a work of this size, but
there is no doubt that Dr. Beranek’s
admirable book is a worthwhile contri-
bution to the all too scanty literature on
the subject of acoustic measurement. It
can be recommended with every confi-
dence to the research physicist or the
psychologist interested in the mechanism
of human hearings, as well as to the
audio frequency engineer.

A. E. ROBERTSON
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Theory and Design of Electron
Beams and Travelling-wave Tubes

By J. R. Pierce. 197 and 260 pp. MacMillan
& Co. Ltd.. London. 1949 and 1950. Price 26s.
and 34s. respectively. R

HESE two volumes in the Bell Tele-

phone Laboratories Series of tech-
nical publications are to some extent
complementary. The first deals with the
methods of producing and controlling
electron beams, and their behaviour in
steady or slowly varying fields. The
second is concerned with the inter-
actions of electron beams and high fre-
quency electric fields. Both books deal
with subject-matter which has been
applied with remarkable success, during
the last decade or so, in the field of ultra-
high frequency amplifiers and oscillators.
The author, as one of the chief con-
tributors to this success, is extremely
well qualified to write on these subjects.
and he has produced two volumes which
will be of great value to anyone engaged
in the design of electron beams, or ultra-
high frequency valves.

The advent of klystrons and travelling-
wave tubes has forced the study of elec-
tron ontics upon the high frequency
valve designer. The problems are similar
to those in other fields, but the outlook
is rather different. It is in this respect
that Dr. Pierce’s book on electron beams
differs from other standard texts on
electron optics. The first four chapters
deal with the theory of electron motion
in electric and magnetic fields. In
chapter 5, empirical methods, such as
rubber models and electrolytic tanks, are
considered in connexion with some
spectal practical problems in valve
design, e.g., electron multipliers,
frequency changers and reflex
oscillators.  The next two chapters
decal with the theory and practice of
electron lenses. These are followed by
two chapters on the limitations imposed
by thermal velocities” and space charge
on the current density of beams. Finally
there is a chapter on electron guns.

The volume on travelling-wave tubes
covers, in some detail. most of the
known aspccts of the small signal theory
of these devices. An introductory chap-
ter discusses the unique properties of
the T.W.T. with regard to band width
and frequency range. The general rela-
tions for the propagation of waves in
the circuit-beam system are then estab-
lished, and it is shown theoretically that,
under certain conditions, a wave of in-
creasing amplitude may ke set up when

the wave velocity in the circuit is
approximately equal to the eleciron
velocity. Helices. loaded wave-guides

and series resonators are all considered
and compared as circuits for propagat-
ing slow waves. There follows further
treatment of the circuit-beam relation-
ships and the conditions for high gain.
Circuit  losses, discontinuities, space
charge effects and random noise are all
analysed with reference to the small
signal theory.  One chapter is devoted
to a qualitative discussion of large ampli-
tudes and power output. The book con-
cludes with two brief chapters on mag-
retron amplifiers and the intriguing
double stream amplifier.
consideration of the closely related sub-
ject of the linear accelerator.

In both books the author claims to
have dealt mainly with those parts of
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his subjects which are amenable to
analytical treatment. To some extent he
does himself an injustice. Both books
are full of numerous intimate practical
details which arise spontaneously from
the author’s deep fund of experience.
Some readers may consider these prac-
tical titbits of greater value than much
of the mathematical analysis, with all its
inherent: limitations. Intending readers
are recommended to begin with the brief
concluding chapter of the first volume.
There, the author puts the mathematical
treatment of electronic devices in its
proper perspective,

These two authoritative books can be
thoroughly recommended to anyone en-
gaged in the fields of electron optics or
ultra-high frequency electronics.

M. R. GaVIN

Principles and Practice of Radar

By H. E. Penrose and R. S. H. Boulding.
708 pp. 550 diagrams. 3rd Edition. George
Newnes Ltd. 1950. Price 42s.
THE appearance of a third edition of
this book so soon after the second is
a sign of the rapidity of the development
in the field of radar. In order to make
the third edition as up-to-date as possible
the authors have fully considered micro-
waves and the particular problems met
with at these wavelengths. Some new
developments, such as lenses and slot
aerials, have also been included.

A new chapter, dealing with examples
of marine radar installations are interest-
ing reading, and includes an illustrated
description of the harbour installation at
Liverpool.

Radio Laboratory Handbook
By M. G. Scroggic. 430 pp. 169 diagrams. S5th
Edition. Niffe and Sons Ltd., 1950. Price 15s.

HE principles of radio and electrical

measurements are fundamentally the
same whether the apparatus used is pro-
fessionally made or is merely an
amateur’s temporary ““ hook-up.” In this
handbook the author describes the
methods available for carrying out tests
and measurements, using either commer-
cial instruments or improvised equipment.

His subjects include the principle
sources of power and signals, the various

. types of measuring and acoustic instru-

ments, methods of comparison and their
application to receivers and amplifiers.
and the plotting and interpretation of
results.

There is also a special chapter on
laboratory technique for V.H.F. work.
constructional details of capacitance and
resistance and inductance bridges, and
much useful general information on such
varied subiects as musical scales, decibels,
wire gauges, filters, building one’s own
gear, etc.

The fifth edition has been revised and
new material added—in particular, the
more recent developments in valve oscil-
lator design.

Photons and Electrons

By K. H. Spring. 100 pp. 38 Figs. Methuen's
1Mol:&zraphs on Physical Subjects. 1950. Price
s. 6d.

ANY electronic engineers must
look back with a certain regret to
the days when particles were particles
and waves were waves. The impossible
task of explaining wave mechanics in 100
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CHAPMAN & HALL

Ready this month

THE
OXIDE-COATED
CATHODE

(Vol. I — MANUFACTURE)
by
G. Hermann, DR.ING
and

S. Wagener, DR.PHIL.

160 pages 78 figures 21s. net |

An English iranslation, by S. Wagener. of

a book which first appeared in Germany

in 1944. Each volume may be read quite
independently.

Just Out

RADIO
INSTALLATIONS

Their Design and Maintenance
by
W. E. Pannett, A M.LE.E.
Foreword by
G. M. Wright, C.B.E., B.RENG.,M.LE.E,
480 pages 244 figures 455. net

37 ESSEX STREET, LONDON, W.C.2.

* This bookiet fully describes the design and

CATHODE RAY TUBE TRACES
by H. MOSS, Ph.D.

Price [0s. 6d. Postage 6d.
This Monograph is based on a series of articles
published in Electronic Engineering and con-
tains the elementary theory of common
types, with notes on their production.
**This book has considerable general
educational interest,”'—Electrical Review.
** The photographs of c.r.-tube traces are
excellent and in both their quality and their
number they form an outstanding feature of
the book.”’—Wireless Engineer.

A HOME-BUILT TELEVISOR
For Sutton Coldfield Reception
by W. I. FLACK
Price 4s. 6d. Postage 3d.
construction of a high quality receiver for the
reception of the Sutton Coldfield trans-
mission.

Reprints of the article by W. [. Flack on
suitable pre-amplifiers for use with either the
Alexandra Palace or Sutton Coldfield models
of the Home-Built Televisor (originally
published in the April, 1950, issue of
'* Electronic Engineering ') are now avaii-

able on application to the Circulation
Department.
Price 9d. Post Free 10d.

PUBLISHED BY

28, ESSEX STREET, STRAND,
LONDON, W.C.2
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BOOK REVIEWS n(Continued)

pages has not been attempted by Mr.

Spring in his little book, but he has
made a most useful collection of the
theoretical formule with clear and con-
cise explanations of their physical mean-
ing, and descriptions of the supporting
experimental evidence. There are many
ways in which electrons and photons can
interact and all ways now known are
described and clearly distinguished. A
particularly good discussion of the
different types of vy-ray absorption is
given.

Many of the formule given are com-
plex, and when the book is used for
reference, a list of symbols at the end
would be useful, although great care has
been taken to define at some point in
the text all the symbols used. Some of
the formule will prove irritating to the
practical man who wishes to substitute
figures in them, as, after a series of
numerically known quantltles one .comes
for example upon an 1nconsp1cuous
little “ f(Tu:T)” where “f(ToT) is a
function of the variable given by Heitler.”
but references are -always given from
which such problems can be resolved.

In one or two places hurried reading
might leave a misleading impression, as
where it is stated that “ many true pairs
(of elcctrons) are found with different
energies ” (from those theoretically pre-
dicted). :

An outline of the Dirac theory of the
positron as a “hole” in a sea of nega-
tive-energy negative electrons is given
clearly and concisely, though without
throwmg more light than usual on such
points as the presumed density of such
a sea or on the effects .of the space-
charge resulting.

For a book published in 1950 the data
on mesons is rather out-of-date, but these
lie outside the book’s main field and in
spite of such minor points, this is a very
useful little book, giving a summary of
information obtainable otherwise only
with considerable effort.

J. H. FREMLIN

Ultrasonics 5

By P. Vigoureux. 163 pp

74 Figs. Ist Edition.
(‘hapm.m & Hall Ltd.

1950. Price 25s.

HE number of scientific textbooks on

the subject of uwltrasonics can be
numbered at present on two hands. It
is therefore very gratifying to sec that
the latest work on this subject is of
British origin and is actually the first to
be written by a British author. In the
past, American, German and French
authors have monopolized this field of
publication, and although many funda-
mental papers have appeared in this
country, Dr. Vigoureux is the first to
concentrate on the productlon of a com-
plete textbook

The book covers the generation and
theory of propagation of ultrasonics and
the clearness of presentation should be
an example to the writers of standard
textbooks in other fields. There arc
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three main chapters covering generation,
propagation and observation, together
with two further chapters on the pheno-
mena encountered when an ultrasonic
wave is propagated through liquids and
gases.

The chapter on generation is very brief
and contains some notable omissions.
For example, no mention is made of the
use of synthetic crystals such as barium
titanate, nor is the use of siren genera-

tors discussed for propagation in gases.’

Similarly, whistles of the resonant cavity
and lip reverberation type are dis-
claimed for use with liquids. Work on
such generators was carried out in
Germany during the war and more
recently in England, and there would
seem to be a number of possibilities for
this relatively simple method of genera-
tion.

In the last two chapters the author has
kept strictly to the study of absorption
and dispersion, and it is regretted that no
data has been included on the physical
effects produced in the medium. Cavita-
tion is briefly mentioned and the book
could have been infinitely more useful if
a further chapter had been added on this
very important aspect of ultrasonics.

Generally, the text is well presented
and the mathematics used in the com-
plex subjects of propagation and absorp-
tion are easily followed. A bibliography
is included and the author has not made
the common mistake of repeating refer-
ences already available in other text-
books and articles. With the increasing
interest that is now being shown in
ultrasonics. the book forms an excellent
bridge ktetween the electronic engineer
basically trained in electro-magnetic
propagation and the worker in acoustics
accustomed to thing in terms of particle
movement.

A. E. CRAWFORD

The Magnetic Amplifier

By }. H. Reyner. 119 pages.
Edition. Stuart and Richards,
Price 15s.

72 figures. st
London, 1950.

IRST impressions of this book arc

that it must be a little sketchy because
it does not contain much of the rather
tedious mathematical analysis which 1s
found in learned papers on the magnetic
amplifier. But reading shows that after
the first chapter, which gives the beginner
a qualitative idea of the construction and
characteristics of transductors, there is
an engineering treatment of all the points
which a designer needs to watch. This
is not to say that the book is compre-
hensive—for example three alternative
linear approximations to the magnetiza-
tion characteristic of iron are cited at the
beginning of Chapter 3 and then one is
used and the other discarded without
further discussion. However, the points
which are glossed over could on the
whole be called “academic,” and the
design information includes a discussion
of the relation between time-constant and
gain. The slow response of the parallel-
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connected magnetic amplifier in com-
parison with the series type (a point
which is often overlooked) is mentioned
on p. 46, though on p.19 it is stated that
“there is little to choose between these
two arrangements.”

A commendable feature is the use ot
graphical characteristics for the voltage/
current relationship in a transductor, and
the demonstration of a load-line tech-
nique for combining the characteristics
of amplifier and load. Load-line con-
structions have proved indispensable for
designing around the non-linear charac-
teristics of a thermionic valve, and they
ought to be equally applied to the non-
linear design problems of magnetic
amplifiers. The author also describes a -
fair selection of “technical tricks,” in-
cluding some polyphase circuits, and
makes the point that high induced
voltages in individual control windings
can be avoided by using constructions in
which a single control winding encircles
twc cores with opposite a.Cc. fluxes.

From the literary side, your reviewer
would prefer a clear convention that a
“transductor ™ is a current-current con-
version device, i.e., a more or less com-
plicated iron core with at least two wind-
ings on it, and a ‘“ magnetic amplifier ”
is the complete unit with rectifiers, feed-
back connexions, bias supply, etc.; and
the index to this book would be im-
proved by having more sub-headings to

such entries as “ power gain” (five page
numbcrs) and ‘“standing current” (six
page numbers).

D. A. BELL

Atoms and Atomic Energy

By R. W. Hallows. 196 pp.
Hall, Ltd. 1950. Pricc 10s. 6d

HIS book is a welcome addition to

the series by R. W. Hallows, and is a
~imple explanation of the development of
atomic energy. The author, in his pre-
face. likens the development of the atom
to a detective story. and the way in which
it is unravelled in lhlS book is equally
thrilling.

A useful appendix called “ Tools of the
Trade ” is included, and eight interesting
plates show various aspects of the
growth of atomic energy, and their appli-

Chapman and

_ cation in the atomlc bomb.

The book is well produced. and has
many clear diagrams. It should appeal
to a wide circle of readers. even thosc
with little or no technical knowledge. as
it is extremely readable.

16-mm Sound Motion Pictures

By W. H. Offenhauser. 592 pp., 123 illustrations,

30 tables. [Imterscience Publishers, Inc., New
York. 1949. Price $10.0.

HIS book presents a readable guide

of 16-mm Sound Motion Pictures,
through all phases and aspects, including
applications. Chapter headings include:
Making a 16-mm picture, 16-mm film
and its characteristics, emulsion protlems,
cameras and equipment, sound recording,
editing, storage. procession, projectton,
colour, industrial applications and tele-

.vision and film.

It is clearly presented, with good illus-
trations, and should make interesting
reading for all those concerned with this
type of film.
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YEARS OF
MAKING FRIENDS

We have just celebrated our Silver Jubilee, and can look back
with pride and pleasure over twenty-five years friendly association
with the Trade, and through them, with the public. :

We like making friends, and the fact that so many ‘“Stentorian”’
users take the trouble to write us is mnaturally very gratifying.

These extracts from letters received recently are typical:

‘“ This particular W/B 10” loudspeaker was purchased during 1928
and continues to give excellent service ”'.

“ If my Duplex Speaker gives me as good service as iny old W/B
36S model purchased about 14 years ago and still giving good
results 1 shall be more than satisfied *'.

‘... one of your Speakers which I purchased in 1931. After
20 years of continuous use it is today us fine in tone and per-
formance as the day I bought it ".

R g . ) 5 .
4 o ou‘go e Verb. sap!
' w A“‘ P
neproduced from “‘Wireless &

T The finest EXTRA Speaker for any set

WHITELEY ELECTRICAL RADIO CO. LTD - MANSFIELD NOTTS

Continuous
Production
ot Pressing‘s
& Stamping’s A

Quantiry Pressings and Stampings in Continuous
Production, including drawn work .in Brass and
other Copper Alloys. Aluminium and Steel, to
manufacturers’ requirements.

Capstan and Automatic Machined Brass Parts up to
I+" bar diameter,

Hot Brass Pressings up to |} Ibs, each.

Chrome and Nickel Plating, Polishing. Bronzing.
Coppering, and all metal finishing

Rolled Brass and Aluminium Strip in colls or n
lengths.

WRIGHT, BINDLEY & GELL LIMITED

PERCY ROAD. GREET

TELEPHONE: TELECRAMS

vicromia 229s/6/2(e8x)  BIRMINGHA M, I1. BINDLEY B'HAM.II
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More than interesting.. | BR/7/sx
more than inspiring.. | INSTRUMEM
INDUSTR/

it will be profitable to you ... because here you
will see the latest types of instruments designed
for producing maximum efficiency economically
in all spheres of production.

This is the first Exhibition devoted entirely to the
British Instrument Industry. You will see herz the
. latest products of over 150 of the leading British
manufacturers engaged in designing and making
instruments for use in industry, medicine and
education.

OPEN DAILY 11 am. to 8 p.m.,, EXCLUDING
SUNDAY. Closes 6 p.m. Saturday, 14th July, 1951

Be sure to wisit this Exhibition—and, remembering
the crowds that will be pouring into London for the
Festival of Britain, it will be as well to book your
hotel accommodation as early as possible.

HMPIA-LONDON
Y47 [

Organised by F. W. BRIDGES & SONS LTD.

GRAND BUILDINGS, TRAFALGAR S&Q., LONDON, W.c.2
Phone : Whitehall 0§68 Telegrams and Cables : Segdirb, Rand, London

: e This bridge not only measures balanced or
L\ unbalanced impedances with equal facility, but also
"\ has the merit of extremely low impedances looking
back into the términals and from the terminals to
‘\!\ground. 1t provides, at radio frequencies, the
\range, flexibility and stability of an audio-
\frequency impedance bridge and, having a
AN neutral terminal available, it permits the
, measurement of three-terminal networks.
\. A high degree of accuracy is maintained
throughout the full frequency range.

L g Wayne;
R.F. BRIDGE B 601 15 Kc/s. to 5 Mc/s. (&t/ Kerr‘

Capacity : 00l pf. to 20,000 of. in five ranges. 4

Resistance : 10 ohms to 10 megohms—6 ranges.-

Inductance values which will resonate the above

capacities between 15 Kc/s and 5 Mc/s. THE WAYNE KERR LABORATORIES LTD., NEW MALDEN, SURREY * MALDEN 2202
Direct reading accuracy is constant to within 19,
up to 3 Mc/s and may fall to 29 at 5 Mc/s.
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Condenser leadershsp
—rvom the /nside/

Moulded-in terminals in
high - grade material :
proof against humidity
and tracking.

Oil or petroleum jelly
impregnation and filling
giving safe performance
over wide temperature

range.

Uniform windings of
high - grade paper and
foil: non-inductive
assembly : conserva-

Rotled seamed and tively rated.

soldered joints com-
plete hermetic
sealing.

Robust fixing flanges
securely fastened to can:
for upright or inverted
mounting.

THESE are a development of the old green-cased types on which the T.C.C.
reputation was founded and embody the experience and improvements of almost
fifty years of condenser manufacture. Their features, pin-pointed above, add up
to reliability under all conditions of werking. The fitting of low-loss moulded
bushes extends up to the 5 kV. working range; whilst up to
20 kV., high-grade porcelain insulators, and the unique method
of case seaming, ensure a completely hermetic seal. Internal
construction follows the well-proved T.C.C. technique of
winding non-inductively two or more layers of paper
dielectric to each layer of solid aluminium foil, all petroleum
jelly or oil impregnated under vacuum.

TROPICAL PAPER CONDENSERS

THE TELEGRAPH CONDENSER CO. LTD * RADIO DIVISION - LONDON - W.3 - Tel: Acorn 0061 (9 lines)
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Yis o The funclion of «

FLexiLaNT MOUNTING

. TSR
R

For the protection from shock of
the most delicate of instruments
and of panels which are subject to wvibration, this range of
“ Flexilant ™ light mountings is at your service. Have you any
problems where we could help ?

R.B. 8!
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N
FESTIVAL CHOTCE

To represent the finest British work in precision electronic instrumentation
the Festival of Britain authorities have chosen for exhibition the Marconi
Universal Bridge, Output Power Meter and two Moisture Meters.

The Marconi organization’s 50 years of leadership in electronics is apparent
throughout the range of measuring instruments for industry, telecommuni-
cations and medicine.

“.

® TF 868 Universal Bridge (Dome of Discovery—Physics Section)

® TF 893 Output Power Meter (Transport Building—Communications Section)
@® TF 933 Moisture Meter (Festival Ship * Campania "—Export Section)

@® TF 874 Moisture Meter (Power & Production Building—Routine Testing)

MARCONI INSTRUMENTS

Marconi [nstruments Ltd., St. Albans, Herts.

Londen Office: Marconi House, Strand, London, W.C.2. Midland Office : 19 The Parade, Leamington Spa TF 933 MOISTURE METER
Northern Office: 30 Albion Street, Hull.

O /1< @ @) - @ —~uBN\\\

WL . 0T T

|

TRANSFORMERS  FOR  THE
? RADIO,  TELEVISION ~ AND
ELECTRONIC INDUSTRIES

| N Used wherever Quality is called )5
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Measurements can be made from
ImV to 100V with the Furzehill
SENSITIVE VALVE VOLTMETER

over the range 10¢/s to 500 Ke/s.
Logarithmic scale shape and
high input impedance are

other features.

by -

FURZEHILLLABORATORIES LIMITED
Boreham Wood, Herts. Tel.: ELStree 3940

The domestic immersion heater which provides hot baths,

+ and the thermostat of the large industrial furnace are both
reliably controlled as to temperature operation by BURGESS
Micro-Switches.

Thermal-control, however, is but one type of application
of the BURGESS Micro-Switch—and the truly remarkable
number of uses which industry generally has found for it
exemplifies the reliance placed on this fine-limit snap-action
switch by electrical and mechanical engineers and designers.

If you have an automatic on-off switching problem of any kind
let us have your enquiry.

BURGESS .
: already done so,
write for our new -

M I C RO-SW I T C H E S 30-page Catalogue

No. S0/E.E.
Iindustries’ Automatic Choice &
Burgess Products Co., Ltd. Sopcote, Leicestershire.
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\ EXRIBITION

Inside the transept of the Crystal Palace,
showing the * Sibthorp”’ elms.

RS
e S 3N

Telcon’s founder, The Gutta Percha Company, exhibited at the Crystal Palace
CON PLASTICS in Hyde Park and was awarded one of the coveted Council Medals of the
TEL Exhibition. In 1850 it had made the first submarine telegraph cable to be laid

between England and France, the centenary of which was celebrated last year.

1' E L c 0 N . From such adventurous beginnings has grown the present Telcon organisation,
L s the activities of which now cover a wide field in engineering and industry at home

M E T A and overseas. Again, in 1951, the Festival of Britain Exhibition includes some

examples of the outstanding Telcon developments of the present century.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE 0. LTD TELCON

Head Office: 22 Old Broad Street, London, E.C.2. Tel.: LONdon Wall 7104 {fy M

TELCON CABLES

&

Enquiries to: Telcon Works, Greenwich, S.E.10. Tel.: GREenwich 3291 \\L 7

<ARME:

BRIDGE
HETERODYNE

DETECTOR
TYPE 775

~THIS Airmec instrument, which operates on the heterodyne principle, enables bridge measurements to
be made over the frequency range 7.5—750 kc/s.

It consists of a beating oscillator, a frequency-changer, a tuned amplifier, and a detector.
A screened and balanced input transformer enables direct connection to be made to any bridge, and an out-
put meter and telephone jack are provided for indicating purposes.

Calibrated attenuators positioned between the input transformer and the frequency changer enable the
instrument to be employed within limits as a Wave Analyser.

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

AIBMEC HIGH WYCOMBE [ ] BUCKINGHAMSHIRE o ENGLAND
LABORATORIES LIMITED - Telephone : High Wycombe 2060 [ ] Cables : Airmec High Wycombe
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PERMANENT MAGNETS

A COMPLETE SERVICE—
ADVISORY AND SUPPLY—
FOR SPECIALISED

INDUSTRIES

" Hlustraticn shcws a ccmpact gramophone pick-up head
utili zing modern Alcomax Permanent Magnet.
(By courtesy of Collaro Limited)

TINSLEY - SHEFFIELD -

D27

Backed by 50 years manufacturing experiende Connollys

[: 0 N N I_. t range of winding wires are unsurpassed for quality.
[] I.I Y S Whether the insulation

consists of Enamel, Cotton,
Silk or Rayon, strict tech-
nical control over every
stage of manufacture—plus
the priceless fund of ex-
perience—ensures uni-
formity of quality of the
highest degree.

Send for free ledflets
describing these products

FOR ALL TYPES OF
WINDING WIRES

CONNOLLYS (BLACKLEY) LTD.
MANCHESTER 9 CHEetham Hill 1801

London Office : 34 Norfolk Street, London, W.C.2 TEMple Bar 5506
Birmingham Office : 19 Bent Avenue, Quinton, Birmingham, 32. WOOdgate 2212
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L/NKS
CAMERA s

5 kW vision transmitter suitable
for definitions up 1o the International
625 standard. Used by the British Broad-
casting Corporation at their Holme Moss
Television Transmitting Station.

S MARCONI c¢elevision

Made by MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX
—the only British firm to make complete equipment for television transmission

NAGARD OSCILLOSCOPE & WAVE FORM MONITOR

6" CR.T.
SIMPLE CONTROLS

Only 12 controls,”clearly marked
with their functions make this
Oscilloscope the simpiest of ‘any
o operate.

ACCURACY :—

FREQUENCY ... . 2%
TIME ... e 5%,
YOLTAGE .. . 5%

Continuous variation of sweep
speeds, with triggering and
single stroxe operation from
signals as small as 0.3 volts.

CALIBRATED IN TIME,
FREQUENCY AND VOLTAGE

NAGARD

S LT D

245, BRIXTON ROAD, LONDON, S.W.9.

Phone : BRIxton 3550

JUNE 1951

D.C. AMPLIFIERS in three ranges and
TIME BASES in two ranges enable the accurate
display of an infinite variety of WAVE FORMS.

HIGH SPEED MODEL comprises :—
SWEEP SPEEDS up to 55 m.m. per p sec.
RISE TIMES up to 0.04 y sec.

LOW SPEED MODEL comprises :(—

SWEEPS from 50 m.m. per sec. to 50 m.m, per
10 ¢ sec.

Y AXIS SENSITIVITIES of—
15 m.m. per mV up to 2 Mcfs, or
75 m.m. per mV up to 20 Kc/s.

-
D.C. AMPLIFIERS of simitar performance are
available as separate instruments complete with
power supply stabilisers and voltage measuring
facilities.

SINGLE SHOT CAMERA with quick
attachment for calibrated oscillograms with ease
and certainty

Grams : Intertel, Claproad, London.

SEE TRULY
what you measure !
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The same skill and quality that is demanded for B.B.C.
FADERS goes into the construction of all Painton

products.

Wherever trouble-free, noiseless variation of level is

required, either by fading or attenuation to pre-

determined settings, you can, with confidence, rely upon

MISEION OF THE B4,

PAINTON |

i ; f 2

%
|
a
|

L o

L ar

. in the extensive Redifon range of communications radio is
the R.93—a fixed frequency, single channel, receiver covering 2 to 20 -
Mc/s. Its crystal controlled oscillator and other special features make
this the ideal unattended receiver for point-to-point and ground-to-air
channels and it has full remote control facilities. Specialised applica-
tions of the R.93 include monitoring, diversity reception or frequency
shift working.

The Redifon range includes MF, HF and VHF transmitters, receivers
radio telephones, navigational aids, AF amplifiying systems and other
electronic equipment. Enquiries for single units or complete networks
including aerials, masts, power supply, land line amplifiers, remote controls

AN
IMPORTANT
REGEIVER...

and other apparatus are welcome. The R.93 is designed to the specification of
International Aeradio Limited.

Aviation Communications Division

REDIFON LIMITED, BROOMHILL fROAD, {(WANDSWORTH, S.W.18

DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT. Phone: VANdyke 7281
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HIGH VACUUM PROCESSING

with *SPEEDIVAC® Pumps

Vital products, but recently evolved from the laboratory, are -

under production with ‘* Speedivac '’ pumps . . . Coated optics
. . . Electronic devices e.g. Valves and lamps . . . Cathode Ray
Tubes . . . etc.

Wherever vacuum pumps are required in laboratory or factory
either exhausting at individual points, general pipe-line systems,
backing diffusion pumps, etc., Edwards pumps will be found.

RANGE OF ROTARY PUMPS
| SINGLE-STAGE | TWO-STAGE
ISP30* | IS50 | IS150| 1S450A | 2520 | 2550 | 25150

Ult, vacuum—|

mm. Hg 0.02 | 0.005 0.005] 0.005 | 0.000! | 0.00005 | 0.00005
|

Normal 1

running speed |

—r.p.m. 700 450 450 | 350 I 450 I 450 450

Alternative i | |

speed—r.p.m. | 450 700 700

Displacement I | i
—litres/min. at | | |
normalspeedt | 32 48 144 | 450 | 22 48 144

Motor HP. | 1! 1} N EEETYE 3 1

* This pump can also be used as a compressor for pressure up to 10 /b, per square inch
t Displacement at high speeds pro rata.

e S0 YEARS VACUUM EXPERIENCE

Telephone: SYDanham 7026 {8 lines) Tetegrams : Edcohivac, Souphone, London.

spun molybdenum cups

fabricated by MUREX
Murex also manufacture: TUNGSTEN, MOLYBDENUM,

TANTALUM and ZIRCONIUM rod, wire and sheet, and fabricated
‘components made from these metals.

MUREX L!MITED (Powder Metallurgy Divisiony RAINHAM » ESSEX '+ Telephone: Rainham, Essex 240

LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I. Telephone: EUSton 8265
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CERAMICS

UNITED INSULATOR COMPANY LTD - TOLWORTH - SURBITON - SURREY - ENGLAND

Cab'es: Calanel, Surbiton TelepHone: Elmbridge 5241

——— ALL-POWER ——
CONSTANT VOLTAGE LABORATORY SUPPLIES

We can supply Standard, Semi-standard and Special Power Supply Units
to meet any requirements. These Units provide an exceptionally
constant and stable power source for use in Meter Calibration and
Standardizing Laboratories, and for accurate Research work of all types.

MODEL 102-A

OUTPUT - - 220-320 VOLTS, 0-250mA.
STABILIZATION RATIO- - - > 20,000.
INTERNAL RESISTANCE - < 0.05 OHM.
OUTPUT RIPPLE - - - - = ImV.RMS.

ALL-POWER TRANSFORMERS LTD.

CHERTSEY ROAD, BYFLEET, SURREY.

TEL, BYFLEET 3224, 3215,
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NILO ALLOYS

The pins illustrated in
the seal on this elec-
tron gun assembly are
made of Nilo K. The
pins are sealed through
a boro-silicate glass.
which will be joined
1o the Pyrex envelope
of a cathode ray tube.

/. /_/#/,. %
b il b

GLASS-TO-METAL SEALS

Single and multiple seals for a wide variety of
purposes can be readily produced with the Nilo
Series of alloys with controlled coefficients of
thermal expansion.

Nilo K has a coefficient of thermal expansion
closely matching that of medium hard
boro-silicate glasses over the range
20-500°C. These glasses are used in the
construction of electronic equipment.

Nilo 42 is the alloy used for cores of
copper-covered wires for vacuum seals in Jamps
and radio valves.

Nilo 48 and Nilo 50 are employed for seals with the
softer glasses.

Another alloy, marketed under the name B.T.H.
No. 12 Alloy, is designed for use with soft lead
and lime glasses.

For further information write for free copies of our

publications “Glass-to-metal Seals” and *‘The Nilo
Series of Low-Expansion Alloys”.

HENRY WIGGIN & COMPANY LIMITED

WIGGIN STREET, BIRMINGHAM, 186.
Nilo is a registered trade mark.

the value of

dag/

COLLOIDAL GRAPHITE

to the eclectronic engineer

Because of their unusual properties ‘dag’ dispersions
of colloidal graphite are constantly finding new
applications in the electronics industry.

The films formed possess :—

Good electrical

and thermal conductivity and radiation.

Inertness to E.M. radiation and electron
bombardment.

Opacity, Diamagnetism, Chemical inertness.

Applied by brush, spray or dip, they may be used as —
Electrodes in Cathode Ray Tubes, Geiger counters,
radiation meters.

Conducting coatings for bleeding off static.

Screens on T.V. cabinets to suppress

E.H.T. radiation.

Resistors—printed and conventional types.

F POST THIS COUPON TO-DAY

T0: ACHESON COLLOIDS LIMITED
18, PALL MALL, LONDON, S.W.I

Please send me additional information on the above or other
applications for * dag* in the field of slscironics.

NAME
ADDRESS
o8 srs'.ara'siaug

A

e o o o o e o o e .  — — —— =]

as/nufs

JUNE 1951
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| \(\\WA

VALVE
BRITISH MADE

=

|
" BM\N\'AT::E
wMiNtA uR
...wherever and in whatever GETS
shape rubber or synthetic J MiD \ODES
compound of rubber is re- GAS R ME1ER7
quired, “ DAINITE * will do \—,_\_EC‘RO

the job well.

Dainite

MOULDED RUBBER COMPONENTS H |VAC LT D
THE HARBORO! RUBBER CO. LTO, GREENHILL CRESCENT, HARROW-ON-THE-HILL, MIDDK,

MARKET HARBOROUGH.
Telephone : HARrow 2655

VoNGL

OVAN ACCESSORIES—
RONIC
ACTURER !

DON
FOR THE ELECT

APPARATUS MANUF

R

i
5

oy 41 - -
MRABIIE g |
Coowain Grre
5 TERMINAL BLOFKS
15, 30 and 60 amp. sizes

TYPE J.9
Made in

Quantity production of small automatically made pieces in
Steatite, I"’orcelam! and Rutile materials for electric cooking
and heating an 1 icati us.

| AL POWER

TON UNIT
o with N.O-

" qype Al
RELAY.— 4-P°!
or N.C. contacts-

Type .30 PUSH BuT '
arranged for mountin -
customers’ ow® cover]piateé-

gOn

- THE DONOVAN ELECTRICAL CO. LTD.
GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. .
Tel.: 20981/8. Grams.:'' Bray, Leeds 2’ ' Safuse Works - Stechford - Birmlngham 9
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THE 42, - .
CASTLE #5% ENGINEERING
COMPANY (NOT'P'INGHAM) LEIMITED

HASLAM STREET* CASTLE BOULEVARD - NOIF!MGHAM
Telephona” Nattingham #6068 (Iimes) Telegeoms: Capslan Nottingham

THE

BRITISH NATIONAL

RADIO SCHOOL

ESTD. 1940

Now in our eleventh year and still—

- NO B.N.R.S. STUDENT
HAS EVER FAILED

to pass his examination(s) after completing our appropriate
study course. Nothing succeeds like SUCCESS and what
we have done already for so many of your colleagues, we
can do again for YOU.

All our courses are conducted by correspondence, on
INDIVIDUAL lines and our Syllabus includes preparation
for the following examinations : A.M.Brit..R.E.; City
and Guilds, Radio, Telecommunications, Mathematics and
P.M.G. (theory only). Other courses include what we believe
to be the finest RADAR course available anywhere.

Free Booklet (please mention this advt.) from

STUDIES DIRECTOR

“BRITISH NATIONAL :RADIO SCHOOL
66 ADDISCOMBE ROAD, CROYDON
Phone Addiscombe 3341

FOR SOUND ENTHUSIASTS
AND MUSIC LOVERS

Author of

“ LOUDSPEAKERS >’ and
“ SOUND REPRODUCTION*
written in his usual breezy and
inimitable style.

190pp. printed Fine Art paper, sizé 8§ x 5%, bound
full rexine.

102 figures of which 27 contain 75 original
oscillograms of sound and piano tones.

Fighteen chapters including— Harmonic Analysis; Choice and
Pianos in General ; History and care of Instrument; Room

Construction of the Piano: Acoustics ; Recording and Re-
Action and Pedals; Strings; production ; The  Teaching
Uprights and Grands; Tone, Angle ; and a chapter on Pianists
Toning and Tunings; Touch including INTERVIEWS  WITH

and Tone; Vibration and SEVEN WELL-KNOWN ARTISTS.

AN INVALUABLE GUIDE TO ALL PIANISTS, STUDENTS
AND TEACHERS AND TO ALL INTERESTED IN SOUND
AND REPRODUCTION.

Published’ by

WHARFEDALE WIRELESS WORKS

BRADFORD ROAD, IDLE, BRADFORD, YORKS
'Phone : lIdle 461
0 A i |

JUNE 1951
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<mm][!) COMPOUND FILLED

wm €0. 11D

TRANSFORMERS X CHOKES
for

UTMOST
RELIABILITY

| Woden Compound Filled transform-
| ers have been developed for use
| In exacting industrial and climatic
conditions and have the following
features :—

@ Complete moisture-proof filling compound

@ Universol fixing for obova or below chassis wiring
@ Constont fixing cantres and overoll size
[ ]

Occupy minimum spoce and ensure clean
and compoct leyeut

Send for latest catalogue

|
'WODEN TRANSFORMER €0, LID.,

MOXLEY ROAD, BILSTON, STAFFS.

J.T.L.
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Manufacturers of all types of

SCIENTIFIC INSTRUMENT Voltade 3
CASES and CHASSIS oy 6 \ation rohlems

IN METAL ‘e “

Do power cuts upset
JOur produetigps

GENERAL A Variac infinitely variable voltage
SHEET METAL WORK regulating transformer will probably
for the Trade solve your problem. Write for 32 page

Catalogue V549 which gives full details
of the Varjac transformers and their

manifold applications.

27 PACKINGTON RD., SOUTH ACTON, W.: cLAUDE LYONS I-TD

Acorn 1153-4 180 Tottenham Court Road, London, W.1. Te: MUSewm s025,6
Northern Representative : F. E. WORFOLK,
26 Oakwood Avenue, Leeds, 8.  Tel. 59497.

and 76 Oldhall Street, Liverpool 3, Lancs.

ALWAYS “FIT” Select your castors from our range of over
6000 types and sizes. Use spring types for
carriage of delicate instruments.

CASTORS

Internal expanding braked types
and spring equalising types avail-
able. Ask for brochure pages 27, 37

Engineers, Patentees and Sole Manufacturers: &

AUTOSET (PRODUCTION) LTD.,

DEPT. O, STOUR ST., BIRMINGHAM 18. Phone EDG. 1143/4. Est. over 30 years.
PLEASE MENTION "“ELECTRONIC ENGINEERING"

ELECTRONIC ENGINEERING 38 JUNE 1951



Luminescent Marerias

FOR

ELECTRIC DISCHARGE LAMPS
CATHODE RAY TUBES
X-RAY SCREENS
INSTRUMENT DIALS
DECORATIVE DISPLAYS

SPECIAL PHOSPHORS MADE TO
CUSTOMERS’ SPECIFICATIONS

* % %
DERBY & COMPANY LTD.

Offices:
62-3 Cheapside, London, E.C.2.
Telephone : CITY 2633
Telegrams : PLATIVET, London

Works :

M|I|marsh Lane, Brimsdown, Middx. HOWard 2208

B.P.L. TEST SETS

NOW AVAILABLE

AT NET PRICES

B.P.L. UNIVERSAL TEST SET

£5-18-6

B.P.L. SUPER RANGER 1,000Q/v.
£13-10-0

B.P.L. SUPER RANGER 20,000Q/v.
£15-10-0

Prices include postage and packing,
and are applicable to Home Market
only.

Send your order direct to :
British Physical Laboratories

HOUSEBOAT WORKS, RADLETT, HERTS.
————= Tel.: Radlett 5674-5-6

The demand of Industry and
the Ministries for our trained
students is still far greater than we can supply—and
is likely to remain so for many years.

We offer
FULL TIME DAY COURSES
% Principles and Practice of Radio and Tele-
vision—1 year.

* Telecommumcatlons Engineering (including
one year's practical training in E.M.l. Factories)
—3 years.

(Next Courses Commence 27th August)

Write for FREE BROCHURES giving details of
the above and other courses,

E.M.I. INSTITUTES—the only college which is
part of a great industry.

Associated with

E.M.L INSTITUTES ez

H.M.V.”
Dept. 11 UMBIA
10 Pembridge Square, London, W.2. § VC,I:OLETC_

READY JUNE ISTH

Electronic
Applications

HENRY A. MILLER, AM.EE
37 lllust-ations 18s. net.

Specially written to meet the needs of electrical engineers,
while appealing to those engaged on electro-medicine and n
research. Contractors for the installation of the equip-
ment and other engineers will also be grateful for this ready
means of reference.

E. & F. N. SPON LTD.,
22, Henrietta Street, London, W.C.2 .

"

)

There are over a dozen new types of |

ACRU - NEON - INDICATOR LAMPS

5 of different shpes and sizes. Ask for Leaflet.

The ACRU Electric Tool Manufacturing Co., Ltd,,
123, Hyde Road, Ardwick, Manchester, 2.
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A.C./D.C.
Test Meters

By W. H. CAZALY and THOMAS RODDAM

This new book studies the principles, circuit
design and construction of multi-range test
instruments of workshop grade used for measur-
ing current, resistance and low-power at audio
frequencies. A valuable book for all radio
engineers, test-room assistants and laboratory
technicians.

Price 18/- net.

Echo Sounding
At Sea

By H. GALWAY
Another new book which deals with the under-
lying principles and modern techniques of
echo sounding at sea. It discusses the problems
and siting of the equipment in use to-day and
includes a detailed study of the Hughes and
& Marconi types. lllustrated.

Price 35/ nett.

Published by PITMAN
Parker St., Kingsway, London, W.C.2.

Miniaturised
Transformers

Primarily developed for hearing
aids, the miniature transformers
we manufacture have been found
eminently suitable for use in smali
portable radios, radio control
work, communications and model
making. Enquiries invited for
miniature transformers in small or
Transformer shown ; $” large quantities, also for other
X 7/16” x §" dia. bobbin, miniaturised components :

JOHN BELL & CROYDEN

117, HIGH STREET, OXFORD 'Phone 48362

The high efficiency of these
very small transformers is
due to the special lamina-
tions, hydrogen annealed

after stamping. Size of

Wire-wound and Composition
types. Single, Ganged, Tandem

Units. Characteristics : linear,
log., semi - log., non - inductive.
etc. Full details on request.

VAR AAYAAAAAYATAYA'AY
RELIANCE MNFG.,CO. (SOUTHWARK)}, LTD.,

SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.I7.
Telephone : Larkswood 3245

ELECTRONIC ENGINEERING

40

DEUTSCHE GLIMMLAMPEN GESELLSCHAFT
VAKUUMTECHNIK 6.m.b.H.

Have pleasure to present somz of the products which
they manufacture : '

PHOTO-CELLS—Original Pressler
List No, 501 List No, 503
Photographic Sound Recording Technic

NEON TUBES FOR SIGNAL PURPOSES
List No, 601 List No. 606
Miniature Tubes, Indnca:or Lamps Indicator Lamp Fittings

ELECTRCONICTUBES FOR CURRENT SUPPLY
List No. 602 List No. 654 List No. 655
Stabilisation Tubes Rectifier Tubes Reduction Tubes

MODULATION TUBES
List No. 652 List No. 653
Soundfilm & Stroboscope Oscillograph

RELAY and *“ KIPP ’-TUBES

List No. 504
Normat Types

List No. 611
Amplitude Tubes

List No. 658 List No. 753 List No. 651-

Glow Relays Counters Time-Base Discharge Tubes

SPECIAL ELECTRONIC TUBES

List No. 603 List No. 761

Overvoltage Circuit Breakers Spectral Tubes
List No. 714

High Tension and High Frequency

QUR UNITED KINGDOM AND BRIT. COMMONWEALTH
REPRESENTATIVES :

GRAFTON, KERSTEN & CO., LTD.,

77, SOUTH AUDLEY STREET, LONDON, W.I,

WILL BE PLEASED TO SERVE THE BRITISH INDUSTRY AND
INVITE YOUR ENQUIRIES

Technical 7’ g
Excellence

combines with beauty and _‘/
soundness of DESIGN in the o

OXLEY

DIFFERENTIAL AIR
DIELECTRIC TRIMMER

“r Width: 16.5 m/m Leagth: 25 mjm
Height:

OXLEY DEVELOPMENTS CO.,

ULVEASTON, N. LANCS. TEL.

LTD.,

ULVERSTON 2306

A MINIATURE MAGNETIC
LIGHTWEIGHT EARPHONE

Developed primarily for hearing
aid use, the Amplivox E3 ear-
phone is adaptable to many
purposes where a  highly
sensitive, lightweight receiver
of small size is needed.
Available in D.C. resistances
2-2000 ohms ; frequency 100«
4000 c.p.s.; diameter .8357,
depth .420” ; weight § oz,

aMPLIVOX .

2 Bentinck Street, London,
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MAGNETIC
- RELAYS

LARGEST STOCK IN
GREAT BRITAIN OF RELAYS,
KEY SWITCHES AND
UNISELECTORS

.l Government Contractors
RELAYS P.0O. 3000 - 600 — SIEMENS’ HIGH SPEED.

230v. A.C. 50cy. — 400v. A.C. 50cy.
ALL NEW EX-MINISTRY GOODS

JACK DAVIS (Relays) LTD. pEpr. E.E.
36 PERCY STREET, LONDON, W.1.

Phones : M USeumn 7950 LANzham 4321

WILKINSON’S OF CROYDON

SLOTTED LINE TEST EQUIPMENT Model TS/56A/AP.
For aerial matching, measurement of characteristics of
transmission lines and impedances. Range 360 to 675
Mc/s. Complete with 100 microammeter,instructionbook,
in metal carrying case £10.

SYNCHROSCOPE TEST UNIT with 34 valves and
3BP| Cathode Ray Tube. As new £35. 5
ELECTRONIC TEST METER Model 664 measures I/10
ohm to 1000 megohms in 6 ranges, also AC/DC Volts up to
1000, etc. Complete with instruction book £27. 10s.
TEST SET 205. Wavemeter range. 3.05 to 3.35 centi-
meters, built-in oscillator with 9 valves including Klystron
type CV.129, etc., in good condition £20.

THERMO COUPLE UNIT. Type 8. No. 10AB/4604 for
10cm TX equipment. Glass enclosed on octal base. 17s. éd.
We hold very large stocks of RELAYS, CONDENSERS,
RACKS FOR 19 PANELS, SLYDLOK FUSES, SANTON
AND ARROW SWITCHES, etc.

19, LANSDOWNE ROAD, CROYDON
CRO : 0839.

. THE ¢ }J.B. " SERVICE
5 MAYPLACE RD., WEST. BEXLEYHEATH.
OFFER

“RACON"'" EQUIPMENT NAVAL MODEL Y.l
This equipment is a two-channel automatic responding ** Racon ”’
for installation aboard ship or on shore. It will receive and answer
an interrogating signal at a frequency near 176 m/cs,, and receive
and answer another interrogating signal near 515 m/es. A plane
or ship equipped with suitable Radar on these bands can receive
a reply to its interrogating signal from Yl-1 ** Racon " within
range. Pulse Power at 400 pps is |5 watts on A Band and 75
watts on B Band. Power supply 115 or 230 volts 50 to 60 cps.
Brand new in packing case,

GALVONOMETERS MIRROR TYPE. Permanent magnet
field. Sensitivity 30 microamps per standard scale 20° sweep.
SLOTTED LINE TEST EQUIPMENT TYPE TS/56A/AP.
Frequency range 360-675 mes. Characteristic impedence 51 ohms,
Contains a fine 33”. Westinghouse 0-100 microammeter. Brand
new in robust metal carrying case with handbook of instruction.
Your specific Radar requirements are invited,

Lists sent on request.

KENT

Tape and Wire Recording Components

Write for latest price list of the following:—RECORD,

PLAYBACK AND ERASE HEADS. THE NEW TAMSA

HEAD RANGE ARE NOW AVAILABLE. RECORD PLAY-

BACK AMPLIFIERS OSCILLATOR COILS AND UNITS.
Tape Mechanisms, Tape and Spools.

We also specialise in
HIGH ACCURACY COUNTING DEVICES
Development of electronic applications to industry.
Manufactured by Telegrams :
Audigraph,
Birmingham

o

Telephone : sttt
NORthern 2084 'EJ’”LW“% .
e UDIGRA

PE
oy
i :

Dept. MR7, Gt. Hampton Street, Hockley, Birmingham, 18

Just published :—

The first two books of the new ¢ Electronic Engineering” monographs

t VOLTAGE STABILIZERS

By F. A. Benson, M.Eng., A.M.I.E.E., M.I.R.E.

(University of Sheffield) Price 12/6

2 ELECTROPHYSIOLOGICAL TECHNIQUE

By C.J. Dickinson, B.A., B.Sc.

(Magdalen College, Oxford) P rice ] 2 / 6,
Obtainable from all Bookstalls or from :—
Hlectronic Engineering
28 ESSEX STREET, STRAND; LONDON, W.C.2.
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Pullin industrial Bench type
Ohmmeter gives accurate
readings independent of
supply voltage variations
of plus or minus 20%

With its almost
Bench Ohmmeter
rapid production testi
resistance values.

A selector switch gives
4 range-scales on the

Calibration accuracy on
minus

MEASURING (NSTRUME
Electrin Works, Wincheste

PRODUCTION

linear
is the

0-100, 0-1,000, 0-10,000.

19, full scale deflection.

ULLIN

TESTING

8" scale the Pullin
ideal instrument for
ng of a wide range of

an immediate choice of
one instrument, 0-10,

all scales being plus or

BENCH TYPE
OHMMETER

NTS (PULLIN) LIMITED,
r Street, W.3. ACOrn 4651.

bel

d. Addl

Printed in Great Britain by The Press at C

, Led, , Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd., 28, Essex Street,
Strand, W.C. 2. Reglstered for Transmission by Canadian Magazine Post



No.1 Laboratory
Instruments

The experience gained from over 60

vears in the design and manufacture
of precision instruments is embodied

in Weston Laboratory Standards. End-

o less care in the selection and ageing

Ele Ctrlcal of materials and in the assembly and
calibration ef the instruments ensures

o the maintenance of the extremely high
Measurlng accuracy of 0-17%,. Features include
12" Vernier Scale, magnetic shielding

and self-contained thermometer. Full

I n S t r u m e n t S details of these instruments and of

the full Weston range of switchboard,

panel, first grade and sub-standard

instruments are available on request.

SANGAMO WESTON LIMITED

Enfield, Middlesex. Telephone : Enfield 3434 (6 lines) and 1242 (4 lines). Telegrams : Sanwest, Enfield.

Branches : Glasgow - Manchester * Nawcastle-on-Tyn: ° Leeds - Liverpool! * Wolverhampton ° Nottingham * Bristol Southampton - Brighton
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The core of the Motoris the
Electrical Stamping

'y

UGN ERHEVANK EYSESCINS R EY
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