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CLASSIFIED ANNOUNCEMENTS 
The charge or these advertisements at the LINE RATE (if under I" or 12 lines) is : Three lines or under 7/6, each additional Ii ne 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in " Situations Wanted," when it is added 
free of charge. At the INCH RATE (if over 1" or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company's 
Financial Reports fl 4 Os. Od. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 
to : " Electronic Engineering," 28, Essex Street, Strand, London, W.C.2. Advertisements must be received before the 14th of the 

month for insertion in the following issue. 

OFFICIAL APPOINTMENTS 

ADMIRALTY. Applications are invited from 
Engineering, Electrical and Ship Draughtsmen 
for temporary service in Admiralty Depart-
ments at Bath. Candidates must be British 
subjects of 21 years of age and upwards, who 
have had practical Workshop and Drawing 
Office experience. Salary will be assessed 
according to age, qualifications and experience 
within the range £320-1545 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 

APPLICATIONS are invited by the Ministry 
of Supply for the following posts at an R.A.F. 
Signals Experimental Establishment in Bedford-
shire. Senior Experimental Officer for the 
development of calibration procedure for radio 
test equipment and preparation of calibration 
publications. Duties will also include the cali-
bration of sub-standards (against N.P.L. 
approved standards), specialist advice to -Radio 
Equipment Calibration Centres and training of 
personnel for supervisory duties in these 
centres; liaison with the Radio Measurements 
Divisions in the Experimental Establishments of 
the Ministry of Supply. Ref. D 17 /52A. Experi-
mental Officer for the calibration of transfer 
standards involving output and attenuation 
measurements. Ref. D18 /52A. Assistant Experi-
mental Officers (2) for the calibration of 
transfer standards (a) involving frequency and 
pulse measurements, and maintenance of the 
frequency standard and (b) involving bridge 
and miscellaneous measurements. Ref. DI9/ 
52A. Candidates for these posts should have 
u Higher National Certificate or equivalent 
qualification in applied physics, radio or elec-
trical engineering. Experience in the duties 
outlined above is desirable. Salary will be 
assessed according to age and experience in 
the following ranges: Senior Experimental 
Officer (minimum age 35)-1742 to £960: 
Experimental Officer (minimum age 26)-1545 
to £695, Assistant Experimental Officer-1240 
tit age 18) to £505. Rates for women some-
what lower. The posts are unestablished. 
Application forms obtainable from Technical 
and Scientific Register (K), Almack House, 26 
King Street, S.W. I. quoting appropriate 
reference number. Closing date 14th March. 
1952. W 2472 

APPLICATIONS are invited by the Ministry 
of Supply for a post in the Experimental 
Officer grade at an R.A.F. Signals Experimen-
tal Station near London. Duties include (a) 
the reconstruction of a radar landing aid and 
organisation of associated experimental investi-
gation, (b) advice to R.A.F. and to contrac-
tors on associated problems. Candidates, who 
must be at least 26 years of age, should have 
a minimum qualification of Higher National 
Certificate in Electrical Engineering or equiva-
lent qualification with a sound knowledge of 
electronics. A knowledge of pulse systems 
and associated techniques is desirable and ex-
perience in current electronic practice and 
laboratory techniques is essential. Salary will 
be assessed according to age and experience 
within the range £545 to £695 p.a. Rates for 
women somewhat lovier. The post is un-
established. Application forms obtainable 
from Ministry of Labour and National Service 
Technical and Scientific Register, K. Almack 
House, 26 King Street, S.W.I, quoting 
D.6/52A. Closing date 14th March, 1952. 

W 2450 
B.B.C. requires Engineers (minimum age 21) 
of British Nationality for duty at transmitter, 
studio, recording and television centres any-
where in U.K. Essential qualifications include 
Degree, Higher National Certificate, or equiva-
lent, in Electrical Engineering. Promotion pros-
pects. Salary £500 with annual increments to 
maximum £685. Applications to Engineering 
Establishment Officer, Broadcasting House. 
London, W.1, within 7 days. W 2455 

CROWN AGENTS for the Colonies. Wireless 
Station Superintendent (Temporary) required 
by the Gold Coast Government Posts and 

Telegraphs Department for two tours of 18 to 
24 months in the first instance. Commencing 
salary (including Overseas Pay and Temporary 
Allowance) according to qualifications and ex-
perience in the scale £834 rising to £920 a year 
with gratuity of £25 for each complete period 
of three months' service. Outfit allowance £60. 
Free passages. Candidates must possess a 
Higher National Certificate in Electrical En-
gineering or equivalent, and have had practical 
experience in two or more of the following 
fields: V.H.F. link systems; H.F. communica-
tion network; Frequency shift keying and tele-
printer maintenance; V.H.F. and H.F. Direc-
tion finding systems: Aeronautical navigation 
aids (ground); Manufacture of light engineer-
ing equipment. Apply at once by letter. 
stating age, full names in block letters, and full 
particulars of qualifications and experience, and 
mentioning this paper to the Crown • Agents 
for the Colonies, 4 Millbank, London, S.W.1, 
quoting on letter M.29100.B. The Crown 
Agents cannot undertake to acknowledge all 
applications and will communicate only with 
applicants selected for further consideration. 

W 2477 

MINISTRY OF SUPPLY requires Engineer 
Technical Grade 11 in Malvern, Worcester-
shire. Qualifications, British, of British 
parentage, apprenticeship in radio or Elec-
trical Engineering with good experience of 
setting up and testing electronic or electrical 
instruments. Possession of Ordinary National 
Certificate or equivalent qualification desirable. 
Knowledge of Service technical requirements an 
advantage. Duties, preparation of develop-
ment and production test specifications for 
radar equipment. Salary, within range £540 
(linked to age 30)4645 p.a. Not established, 
periodical competitions for established pension-
able posts may arise. Written applications 
giving date of birth and education, full details 
of qualifications and experience of posts held 
(including dates) should be addressed to 
Appointments Officer, Ministry of Labour and 
National Service, 1-6 Tavistock Square, W.C.I, 
quoting reference number KI.25. In no cir-
cumstances should original testimonials be for-
warded. Only candidates selected for inter-
view will be advised. W 2482 

PHYSICISTS, RADIO ENGINEERS, Elec-
tronic Engineers. Positions for Senior and 
Junior Staff are available for Research and 
Development work on T.V., Electronics and 
Vacuum Physics. This company is one of the 
pioneers in the development of Television and 
is still in the forefront of Research and 
Development in this field. Our organisation is 
built up primarily to undertake Research and 
Development work, and we have a large 
Scientific and Technical Staff engaged on art 
increasing Government and Commercial pro-
gramme. Excellent opportunities exist for pro-
gressive work on new and interesting develop-
ments. Requirements for Senior Posts. A 
British University Degree, or its equiva'ent, in 
Physics, Electrical Engineering, or Communi-
cations Engineering. At least 5 years Post 
Graduate work on Research or Development. 
Successful applicants will be placed in charge 
of Research or Development projects being 
carried out by the Company. Requirements 
for certain Junior posts. A British University 
Degree or its equivalent, in Physics. Electrical 
Engineering or Communications Engineering. 
Practical experience not essential but an advan-
tage. Requirements for other Junior posts. 
Ordinary National Certificate or eouivalent, in 
Physics. Electrical Engineering or Communica-
tions Engineering. 3 to 5 years' experience on 
Research, Development or Design of Radio. 
Electronic or T.V. Equipment. Successful 
applicants for Junior posts will join groups 
working on Research or Development projects 
being carried out by the Company. Salary 
and facilities offered by the Company. Senior 
Engineers in range of 1650-£1.000 p.a. Junior 
Engineers in range of £380-£650 p.a., depend-
ing on age, qualifications and experience. 
Pensions scheme. 5-day week. Canteen facili-
ties. Write, giving all particulars of experi-
ence, qualifications, age. etc.. to Personnel 
Department, Cinema-Television Limited. 
Worsley Bridge Road, Lower Sydenham. 
London, S.E.26. W 2483 

RADIO TECHNICIAN required by The 
Bahrein Petroleum Co., Ltd., Persian Gulf. 
Capable of servicing add maintaining British 
and American short wave and ultra short wave 
radio telephone equipment both A.M. and 
F.M. Knowledge of electronics preferred. Age 
25 to 35 years. Commencing salary £660 to 
£720 p.a, according to qualifications. In addi-
tion to salary the Company provide free board, 
air conditioned living accommodation and 
medical attention, on successive two year 
agreements with paid local and home leave. 
Living costs are low and there is a kit allow-
ance and pension scheme. Write with full 
particulars of age, qualifications and experience 
to Box 5588 cio Charles Barker & Sons. Ltd., 
31 Budge Row, London, E.C.4. W 2466 

TECHNICAL ASSISTANTS. Applications are 
invited from Radar and Electronic Technicians 
for appointment as civilian Technical 
Assistants, Grade III, in Anti-Aircraft Com-
mand units situated throughout Great Britain. 
Applicants must have experience of the repair 
and maintenance of Radar and Electronic 
equipment and hold the Ordinary National 
Certificate in Electrical Engineering or its 
equivalent. Salary range is £460-1575 in the 
London area). Starting salary will be fixed 
according to age, qualifications and experience. 
Annual increases are. payable subject to satis-
factory service. Excellent opportunities for 
promotion to higher grades exist in all areas. 
Candidates should submit their applications in 
writing, stating age, qualifications, experience 
and area preferred, to Ministry of Labour and 
National Service, Milton Road, Wealdstone, 
Middlesex, quotinc Order No. 14. W 2456 

THE AUSTRALIAN NATIONAL UNIVER-
SITY, Canberra, A.C.T. The John Curtin 
School of Medical Research. Applications arc 
invited for the post of Technical Officer in the 
Department of Physiology. Candidates must 
be skilled in the following fields: (a) Electronics, 
both in the construction of precision apparatus 
and in its maintenance. (b) Accurate work 
with electrical measuring instruments. (c) Fine 
work in metals and plastics. The selected 
candidate will be required to supervise both 
male and female assistants, and will have the 
status of Head Technician in the Physiology 
Department. The salary will be £A690 rising 
to £A865 by annual increments of £A25, plus 
cost of living allowance, at present £A102 per 
annum. The appointee would be required to 
take up duty in Canberra in September 1952, 
and fare to Australia (including those of wife 
and family) will be paid. Superannuation 
privileges are available. Applications and 
further inquiries may be made at the following 
address: The Administrative Officer in the 
U K. The Australian National University, 27 
Russell Square, London, W.C.I. Applications 
should include an account of the applicant's 
experience and oualifications. Closing date 
March 24th, 1952. W 2494 

UNIVERSITY OF SYDNEY. Applications 
are invited for the following positions: Two 
Lectureships in Electrical Engineering (Power). 
Lectureship in Electrical Engineering (Elec-
tronics). The above vacancies mainly arise 
from a decision to establish permanent lecture-
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I. 

OFFICIAL APPOINTMENTS (Coned.)  

ships in place of temporary or part-time 
appointments. Salaries will be within the 
range of: £A650-£A50-£A1,000 with the addi-
tion in all cases of cost of living adjustment 
(at present £A159 males, £Al2 I females). 
Salaries will be subject to deductions under the 
State Superannuation Act. The commencing 
salaries will be fixed according to the qualifi-
cations and experience of the successful candi-
dates. Further particulars and information as 
to the method of application may be obtained 
from the Secretary, Association of Universi-
ties of the British Commonwealth, 5 Gordon 
Square, London, W.C.I. The closing date for 
the receipt of applications is 3rd March, 1952, 

W 2490 

SITUATIONS VACANT 

.4dvertisements under this heading are, where 
applicable, subject to the Notification of 
Vacancies Order 1952, with particular refer-
ence to Article 3 thereof. 

A JUNIOR ENGINEER is required for work 
on magnetic amplifiers and airborne electronic 
equipment. An engineering degree or Higher 
National Certificate would be preferred, but a 
young man studying for either of thesz 
examinations would be considered. Guildford 
area. Write, giving qualifications and experi-
ence to Box No, W 2500. 

A LARGE ENGINEERING firm in the London 
area has a number of vacancies for: (I) Senior 
Engineers, Ref. S.E.. (2) Junior Engineers. 
Ref. LE. (3) Draughtsmen of all grades. Ref. 
D. The posts are in connexion with both im-
portant defence projects and long term private 
venture development work and are permanent 
and pensionable. These are first class oppor-
tunities and very adequate salaries are avail-
able. Write, quoting the Reference " TE." 
and the category for which you wish to apply, 
to the Personnel Manager. Box No. 2473. 

A NEW DEFENCE PROJECT of National 
Importance being undertaken by a well known 
Aircraft Company located in the Northern 
Outskirts of London, offers highly paid and 
interesting posts for suitably qualified appli-
cants. Vacancies exist in Senior (salaried 
grades) and for Junior Engineers in various 
categories: (a) Physicists with experience in 
electronic problems. (b) Physicists with ex-
perience in optical work. (c) Electronic 
Engineers with Servo-Mechanism experience. 
(d) Electronic Engineers with experience of low 
frequency work and measuring systems. (e) 
Electrical Engineers with experience in small 
motor design and development. Applicants 
for Senior posts should possess a good Univer-
sity Degree and preferably should have some 
industrial experience. Applicants for Junior 
posts should have a good industrial experience, 
be qualified either by City & Guilds certificate 
or by Inter B.Sc. Write full details, qualifi-
cations. experience, age, salary sought to Box 
A.C. 65489 Samson Clarks, 57-61 Mortimer 
Street. W.I. W 2136. 
A PROJECT ENGINEER is required by a 
well known firm of instrument makers, to 
direct the work of a section responsible for the 
layout and installation of specialised electronic 
equipment in aircraft. Applicants should be 
qualified Electrical Engineers, having had ex-
perience in, and enthusiasm for, this kind of 
work. They are asked to send full particulars 
of experience and training, stating salary re-
quired, to reference PE. Box No. W 2501. 
A WELL-KNOWN Company invites applica-
tions for the following positions in its expand-
ing Industrial Electronics Department located 
in the Midlands. I. Product Engineers, to 
ensure that standard products are produced 
economically, and that design conforms to 
available processes. Applicants should have 
served an apprenticeship, hold H.N.C. (or 
equivalent) and have had several years' elec-
tronic production engineering experience. Draw-
ing Office experience will be considered an 
advantage. (Ref. I.E.H.). 2. An assistant 
Mechanical Engineer to associate himself with 
the mechanical design of Industrial Electronic 
Equipment. Applicants should have a H.N.C. 
(or equivalent) and experience of light 
mechanical or electro-mechanical equipment. 
(Ref. D.I.H.). Please write giving full details 
and quoting appropriate reference to Box No. 
W 2462. 

A WELL-KNOWN progressive Company has 
a vacancy in a rapidly expanding Commercial 
Department for a Technical Sales Executive 
for radio and radar apparatus. Candidates 
should have a good University Degree together 

with industrial and/or Government experience, 
a methodical nature with a flair for organisa-
tion and a genuine interest in the varied types 
of work undertaken by sales engineers. Im-
portance will be attached to the adaptability 
of applicants and to their suitability to handle 
both technically and commercially a variety of 
equipments and to deal with customers at al 
levels. The post is permanent and has very 
good prospects for advancement. Applications 
will be treated in strict confidence. Please 
forward detailed personal information and 
salary required to Box No. W 2487. 
A WELL-KNOWN progressive Company has a 
vacancy in a rapidly expanding Commercial 
Department for a Technical Sales Executive for 
Radio and Radar apparatus. Candidates should 
have a good University Degree together with 
industrial and/or Government experience, a 
methodical nature with a flair for organisation 
and a genuine interest in the varied types of 
work undertaken by sales engineers. Importance 
will be attached to the adaptability of appli-
cants and to their Suitability to handle both 
technically and commercially a variety of equip-
ment and to deal with customers at all levels. 
The post is permanent and has very good 
prospects for advancement. Applications will be 
treated in strict confidence. Please forward 
detailed personal information and salary re-
quired to Box No. W 2401. 

ACOUSTICS. Research and Developinent 
Engineers with good theoretical knowledge of 
acoustics. Design of high fidelity loudspeakers 
desirable but not essential. Good salaries right 
men. State age, qualifications, past experience 
and salary required. Goodmans Industries 
Limited, Axiom Works, Wembley, 1200. 

W 2452 

AIRBORNE RADIO Communication Develop-
ment Engineer. Marconi's Wireless Telegraph 
Company Ltd., have a number of vacancies 
for senior engineers possessing sound develop-
ment and design experience in aeronautical 
equipment. Degree not essential if the candi-
date has long experience and other qualifica-
tions. Salary £700-£1,000 per annum depend-
ing upon qualifications. The positions are 
permanent and good prospects are offered. 
Pensions scheme. Applicants should state 
whether they have specialised in development 
of aircraft aerial systems, transmitters or 
receivers, etc. Write giving full details, 
quoting Ref. 875, to Central Personnel Ser-
vices, English Electric Company, Ltd., 24/30 
Gillingham Street, London, S.W.1 W 2498 

AN INSTRUMENT MECHANIC is required 
for duties in the Electronics Section of the 
Research and Experimental Department. Appli-
cants should possess a high degree of mechani-
cal skill and be able to participate intelligently 
in both design and manufacture of small elec-
tro-mechanical devices. Experience in a similar 
capacity, whilst desirable is not essential. Write. 
stating age, experience and salary expected to 
the Personnel Officer, Saunders-Roe Limited, 
East Cowes, I.O.W. W 2323 

APPLICATIONS are invited for the follow-
ing posts in the Electronic Section of the Motor 
Industry Research Association—(1) Research 
Officer with Honours Degree, age 21 to 25 
(starting salary £450-£575) and (2) Research 
Assistant with Higher National Certificate, or 
equivalent, age 25 to 30 (starting salary £450-
£500), both to specialise in the study of—and 
construction of equipment for measuring Noise 
in Vehicles. Employment will be in the first 
instance at the Brentford Laboratory for about 
12 months and subsequently at the New 
Laboratory now under construction at Lindley, 
near Nuneaton, Warwickshire. Reply to The 
Director, Motor Industry Research Association, 
Great West Road, Brentford, Middlesex, 
stating age, qualifications and experience, on 
which initial salaries will depend. W 1406 

BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middlesex, require research 
assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. Applicants must be graduates 
of the I.E.E. or possess equivalent qualifica-
tions together with similar laboratory experi-
ence. Salary will be commensurate with pre-
vious experience. Applications must be 
detailed and concise, and will be treated as 
confidential. W 138 

BRITISH TELECOMMUNICATIONS Research 
Ltd., a company associated with Automatic 
Telephone & Electric Co. Ltd., and British 
Insulated Callender's Cables Ltd. require a well 
qualified development engineer for work on 
Transmission Networks and Wave Filters. 
Applicants should have had previous experience 
in this field. An attractive salary will be offered 
to suitably qualified candidates. The position 

will be permanent and is covered by the super-
annuation scheme. Application should be made 
to the Director of Research, B.T.R. Ltd., 
Taplow Court, Taplow, Bucks, giving full details 
of qualifications and experience. W 2435 

BERMUDA LABORATORY of Harries Ther-
mionics (Overseas) Ltd., requires a valve 
meçhanic, a junior physicist and a laboratory 
assistant. Salaries and fares on overseas con-
tract. Opportunity in British-American re-
search for first class men only. Box No. 
W 1418. 
BRITISH ELECTRONIC PRODUCTS (19481 
Ltd., have, at the present time, a number of 
vacancies for technical and administrative staff. 
The Company is a progressive organisation of 
moderate size, pleasantly situated, specialising 
in the development and manufacture of all types 
of industrial electronic equipment and in the 
application of electronic equipment to the 
needs of industry and the Services. It is asso-
ciated with a leading electrical group and the 
positions, which are permanent, offer an un-
usual opportunity to applicants of the right 
type. The vacant positions are as follows: A. 
Senior Application Engineers with electrical en-
gineering background and some knowledge of 
industrial electronic equipment, capable of dis-
cussing and interpreting the requirements of 
the customer and formulating complete 
schemes, involving electrical machines, contac-
tor gear and electronic equipment. Applicants. 
must be capable of preparing Specifications and 
conducting correspondence with the customer in 
relation to such projects. B. Application En-
gineers with electrical engineering background 
and interest in industrial electronic equipment 
to assist Senior Application Engineers and to 
deal on own initiative with more simple types 
of industrial application. Applicants must be 
capable of writing Specifications and conduct-
ing correspondence with customer. C. Design 
Engineers with electronic and/or electrical en-
gineering background, capable of interpreting 
equipment Specifications in terms of existing 
circuit techniques, and passing detailed circuit 
information to the Drawing Officer. specifying 
component requirements, supervising mechani-
cal design and preparing test specifications. D. 
Design Draughtsmen to prepare mechanical and 
electrical layouts and detailed drawings from 
design information in consultation with Design 
Engineers. E. Senior Development Engineers 
for Laboratory, to work on solution of specific 
industrial problems and in development of new 
circuit techniques. Applicants must he 
capable of original work and taking charge of 
development projects. Background on elec-
tronic circuit techniques and/or servo design 
essential. Junior Development Engineers for 
work in Laboratory under direction of Senior 
Development Engineers. Some knowledge of 
electronic circuit techniques and/or servo design. 
desirable. G. Senior Test Engineers capable 
of taking charge of testing and the inspection 
of comp'ex industrial electronic equipment with-
out detailed supervision. Each equipment is of 
a specialised nature, and repetition testing is 
not involved. H. Junior Test Engineers for 
test and inspection of many types of industrial 
electronic equipment in small scale production. 
I. Service engineers for commissioning and 
maintaining all types of industrial electronic 
equipment in the field. Experience of electrical 
and/or electronic equipment desirable, and 
applicants must be prepared to travel to all parts 
of Great Britain or Overseas for short 
periods if required. Possession of car, for 
which a liberal running allowance will be made, 
would be an advantage. A vacancy exists under 
this category for an engineer capable of pre-
paring Instruction Manuals from information-
supplied by Design and Development Engineers. 
J. Estimators for pre-costing of equipment under 
direction of Application Engineers. Knowledge 
of electrical or electronic engineering an advan-
tage but not essential. A certain amount of 
clerical work in connexion with customer 
liaison would be involved, and applicants should 
be capable of conducting correspondence with 
customers if required. A superannuation scheme 
applies to all positions advertised. Applicants 
should write, in the first instance, indicating 
experience and salary required, to British Elec-
tronic Products (1948) Ltd., Rugeley, Staffs, 
marking the envelope " TAS Application," and 
should indicate the position in which they are 
interested by means of the reference letters. 

W 1409' 

BUSH RADIO LTD. have vacancies for 
Engineers as follows: Chiswick Laboratory—for 
Television Development and Telecommunica-

CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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Quality Components for 

INDUSTRIAL ELECTRONICS 

VOLTAGE STABILISERS 

The B.P.T. single phase and three phase voltage stabilisers 

maintain a constant voltage from a fluctuating supply regardless 

of fluctuation in load, load power factor, and normal frequency 

variations. Standard models—air and oil cooled—available 

from 3 to 75 kVA. 

HERMETICALLY SEALED POTENTIOMETERS, 
MODEL R5 

Wire wound—ohmic value range covers from 5 to 5,000 ohms. 

Rating 5 watts. Dimensions d" diameter x it". Weight 3 oz. 

(without knob). Withstands tropical damp and humidity and 

arctic cold—salt, dust and chemical laden atmospheres. Com-

plies with inter-service standard specification RCL/t3t. 

VITREOUS ENAMELLED RESISTORS 

A wide range of vitreous enamelled resistors from 6 watt to 

18o watt on i6 standard tube sizes with more than 20 alternative 

mountings, terminations and fittings. Fully tropical. Exclusive 

Bercohm craze free, non-porous, vitreous enamél gives stress-

free winding and eliminates hot spots. Fully approved by 

R.C.S.C. 

Other BER CO products include fixed and variable wire wound resistances 
and potentiometers, "Regavolt" infinitely variable auto-transformers, 

rotary rheostat potentiometers, stud switches, control knobs, etc., for all 
laboratory and industrial purposes. 

THE BRITISH ELECTRIC RESISTANCE CO. LTD. 

Queensway, Ponders End, Middlesex 

Telephone: HO Ward 1492 Telegrams: "Vitrohm" Enfield 

,opeollg 

B.R.1071-13X 

e 
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SITUAnoNs VACANT (Coned.)  

tions Development. Plymouth Laboratory-A 
Senior Development Engineer for Telecom-
munications work; also a Transformer Designer 
for development of small power transformers, 
pulse transformers, etc., and power supplies. 
Write giving full details of qualifications, ex-
perience and salary required to: Chief Engineer, 
Bush Radio Ltd., Power Road, Chiswick, W.4. 

W 2467 
CHIEF INSPECTOR required by leading 
London Telecommunications Company. In 
addition to sound knowledge of modern line 
transmission and carrier practice applicants 
must have had wide experience of the testing 
of Components and electronic equipments by 
the latest methods. Initiative and the ability 
to lead and reorganise a fairly large depart-
ment are other essential qualifications. Write 
giving fullest details of theoretical training, 
experience, age and salary required to Box 
No. 2469. 
DESIGNER DRAUGHTSMAN aged 22/28, 
preferably with H.N.C. in mechanical engineer-
ing for old established firm of Precision Elec-
trical instrument makers, Beckenham area. 
Candidates should have knowledge of electro-
mechanical apparatus design and some work-
shop experience. Fullest details stating 
salary required to Box No. W 2488. 

DESIGN ENGINEER required to take charge 
of Audio Frequency Section of Development 
Department of large Wire Broadcasting Com-
pany. Work would be in South West London. 
Write giving particulars of qualifications. ex-
perience and salary required to Box No. W 2478. 

DEVELOPMENT ENGINEER experienced in 
design of Electrical Measuring Instruments and 
devices. Higher National Certificate essential. 
Write fully stating age, education and parti-
culars of posts held to Box E.E. 632 at 191, 
Gresham House, E.C.2. W 2367 

ELECTRONIC DEVELOPMENT ENGINEER 
required for work on Navigational Aids. Must 
be keen on flying duties. The position is per-
manent and pensionable. Apply in writing, 
giving details of age, qualifications, past experi-
ence and approximate salary required, to Per-
sonnel Officer, The Decca Navigator Com-
pany, Limited. Shannon Corner, Kingston-by-
Pass, New Malden, Surrey. W 2499 
ELECTRONIC ENGINEER with good 
academic qualifications and practical experience 
required for development work on vibration 
pick ups and associated equipment in South 
Bedfordshire area. Apply stating age, experi-
ence. qualifications and salary reouired, quoting 
reference S.4 to Box No W 2492. 
ELECTRONIC ENGINEER required by 
Instrument Manufacturing Company in South 
London, with 900 employees. Age 30-40 years. 
Must be qualified Engineer or hold Degree. 
Commencing salary not less than £1,250. 
Excellent opportunity for man with personality, 
initiative and drive. Please write in confidence 
to Box No. W 1423. 

ELECTRONIC ENGINEERS required for 
development work in the Gloucestershire area. 
Good academic qualifications and apprentice-
ship. Experience in one or more of the 
following desirable: Control systems. D.C. 
Amplifiers, Computing devices, Video Circuits. 
Microwave Techniques. Apply with full 
details of qualifications, age and salary required 
to Box A.C. 68965. Samson Clarks. 57-61 
Mortimer Street, W. I. W 2457 

ELECTRONIC ENGLNEERS are required for 
development of instruments in an Engineering 
Research Establishment on Tyneside. Appli-
cants should possess a Degree or equivalent and 
have experience on similar work. Salary 
according to qualifications. Write Box No. 
2465. 

ELECTRICAL AND RADIO DRAUGHTS-
MEN required. Apply Employment Manager, 
Vickers-Armstrongs Ltd. (Aircraft Section), 
Weybridge, Surrey. W 2350 
ENGINEERS with H.N.C. or equivalent re-
quired for work on industrial electronic instru-
ments. Salary £500 and upwards p.a. Age 
25-35. Box No. 1408. 

ENGINEERS REQUIRED for Development, 
Servicing, and Instruction on Electronic Equip-
ment. National Certificate Standard. Previous 
experience on Electronics or Radar desirable. 
Remuneration according to experience and 
qualifications. Apply: Construction Dept., The 
British Thomson-Houston Co., Ltd., Rugby. 

W 2463 
E. K. COLE LIMITED (Malmesbury Division), 
invite applications from Electronic Engineers 
for permanent posts in Development Labora-

tories engaged on long-term projects involving 
the following techniques: 1. Pulse Generations 
and Transmission. 2. Servo Mechanisms. 3. 
Centimetric and V.H.F. Systems. 4. Video and 
Feedback Amplifiers.. 5. V.H.F. Transmission 
and Reception. 6. Electronics as applied to 
Atomic Physics. There are vacancies in the 
Senior Engineer, Engineer and Junior Grades. 
Candidates should have at least 3 years' indus-
trial experience in the above types of work, 
together with educational qualifications equiva-
lent to A.M.I.E.E. examination standard. Com-
mencing salary and status will be commensurate 
with qualifications and experience. Excellent 
opportunities for advancement are offered with 
entry into Pension Scheme after a period of 
service. Forms of application may be 
obtained from Personnel Manager, Ekco Works, 
Malmesbury, Wilts. W 2321 

ENGLISH ELECTRIC VALVE CO., LTD., 
Chelmsford, have vacancies for young 
Engineers to work on radio valve design and 
development. Applicants should be of Degree 
standard. Whilst experience of this type of 
work is desirable, it is not essential and other-
wise suitable candidates will be considered. 
Write giving full details, quoting Ref. 497E 
to Central Personnel Services, English Electric 
Co.. Ltd., 24/30 Gillingham Street, London. 
S.W.1. W 2485 

FERRANTI LIMITED, Edinburgh, have staff 
vacancies for Engineers or Physicists to work 
on the development of special valves to operate 
at microwave frequencies. Experience in this 
type of work is not essential but applicants 
should have an Honours Degree in Physics or 
Engineering. (I) Senior Engineers, with ex-
perience in charge of a development group, 
salary range according to qualifications and ex-
perience £1,000 to £1,600 per annum. (2) 
Development Engineers, salary £500 upwards 
per annum according to qualifications and any 
previous responsibility in development work. 
These positions carry good prospects for 
advancement in an expanding organisation. 
Contributory Pension Scheme. Apply quoting 
" VPL LE," giving full details of training, quali-
fications and experience to the Personnel Officer, 
Ferranti Limited, Ferry Road, Edinburgh. 

W 2378 

FERRANTI LTD., EDINBURGH-Require 
additional Staff for their Engineering Division 
engaged on Electro/mechanical instruments and 
radar equipment. Duties involve (a) the en-
gineering and production design of new items 
to be put into production after the prototype 
has been evolved in the laboratories; and (b) 
the clearing of technical snags during the 
various stages of production. Applicants should 
be fully qualified Engineers and preferably have 
(a) Degree or Corporate Membership of one of 
the professional institutions; (b) several years' 
experience in production design of instrument 
or radar equipment; and (c) knowledge of 
production methods. Opportunity for initia-
tive: good prospects; staff pension scheme. 
Apply quoting reference " ED.," state salary 
expected and give full details of training and 
experience in chronological order to the Per-
sonnel Officer, Ferranti Ltd., Ferry Road. 
Edinburgh. W 2468 

GUIDED WEAPON PROJECTS at the Re-
search and Armament Development Division 
of the Fairey Aviation Company, Limited, 
offer work of exceptional interest and oppor-
tunity to the following: Electronic Engineers 
experienced in micro-wave, pulse or communi-
cation techniques. There are both senior and 
junior vacancies and although a Degree or 
equivalent is normally required, applicants who 
lack such a qualification but who have con-
siderable experience will also be considered. A 
Senior Electro-Mechanical Engineer for servo-
mechanism analysis and automatic control 
design: electro mechanical, hydraulic or 
pneumatic. Accommodation assistance will be 
given in selected cases. Pension scheme. Good 
salaries. British born applicants wishing to 
be interviewed should send full details to the 
Manager, Dept. E., The Fairey Aviation Com-
pany Limited, Research & Armament Develop-
ment Division, Heston Aerodrome, Hounslow, 
Middlesex. Engagements are subject to the 
Notification of Vacancies Order 1952. W 1426 

H.F. HEATING ENGINEERS are required by 
the English Electric Company for their Indus-
trial Electronics Department. These vacancies 
are for junior and senior Engineers with good 
experience of valve type H.F. Heaters. These 
are permanent and progressive appointments 
offering excellent opportunities for qualified 
engineers or those with sound practical ex-
perience of this class of work. Interviews can 
be arranged for Saturday mornings. Write 
giving full details and quoting Ref. 357C. to 

Central Personnel Services, English Electric 
Company, 24/30 Gillingham Street, London, 
S.W.1. W 2400 

INSTRUMENT DRAUGHTSMAN required for 
design work on small mechanical and electro-
mechanical devices. Interesting post for keen 
man with initiative. Apply, in writing, giving 
details of experience and qualifications, to 
K.D.G. Instruments, Ltd., Purley Way, Croy-
don, Surrey. W 2474 
JUNIOR ENGINEERS required to assist in 
Research Development and Design of Electronic 
Calculating Devices. Some experience of Elec-
tronic Pulses and Counting Technique desirable 
but not essential. Applicants must have some 
experience of Research Development of Design 
Works in the Technical field. Qualifications: 
Degree in Physics or Engineering, Higher 
National Certificate or equivalent. Apply giving 
full particulars to the Labour Manager, Messrs. 
Vickers-Armstrongs Limited, Crayford, Kent. 

W 2373 
JUNIOR INSTRUMENT ENGINEER. Higher 
National Certificate or equivalent. For elec-
trical instrumentation schemes including remote 
indication and control. Write fully stating age 
and particulars of posts held to Box E.E. 631. 
at 191 Gresham House, E.C.2. W 2368 
LADY TECHNOLOGIST or Graduate required 
for Engineering Test Department S.E. London, 
to be responsible for technical records. Ability 
to undertake technical investigations under 
guidance; knowledge of typing an advantage but 
not essential. A lady engineering student is also 
required. Write stating salary required, giving 
qualifications and previous experience, if any, 
to Box E.C.65I, at 191 Gresham House, E.C.2 

W 2374 

LEADING LONDON COMPANY producing 
electronic and radar equipment requires a 
Chief Draughtsman for the Drawing Office of 
their research Laboratories engaged on in-
teresting advanced work in this field. A man 
of first class experience with high design 
ability who has held a similar post success-
fully is required. A good salary and prospects 
are offered to suitable applicant having the 
necessary qualifications combined with initia-
tive and enthusiasm. Housing assistance will 
be given if necessary. Pensions scheme. Write 
in first instance full particulars and state 
salary to Ref. ST. Box No. W 2496. 

MeMICHAEL RADIO LTD., require Senior 
Project Engineers in their Equipment Division 
Development Laboratory at Slough. Training 
and experience in the field of Applied Elec-
tronics (including Communications) and ex-
perience of working with Government Depart-
ments are the chief qualifications required. 
Salary will be commensurate with ability. 
Write stating age and full details of training. 
qualifications and experience to The Chief 
Engineer, Equipment Division, McMichael 
Radio Ltd., Slough, Bucks. W 2454 

McMICHAEL RADIO LTD., require qualified 
Draughtsman with experience in the Mechani-
cal Design of Radio and Electronic Instruments 
for the Government Services. Salary will be 
commensurate with ability. Write stating age. 
training, experience and salary required to The 
Chief Engineer. Equipment Division, McMichael 
Radio Ltd., Slough, Bucks. W 2453 

MULLARD RESEARCH Laboratory in 
Surrey has a number of vacancies suitable for 
Honours Graduates in Physics, Electrical 
Engineering, Mathematics or for persons with 
other but similar qualifications for work on: 
I. Line Communications. 2. Radio Communi-
cations. 3. Radar. 4. Computors. 5. Elec-
tronic Measurement and Control Devices. 6. 
Metal Physics. 7. Electron Accelerators. 8. 
Television. 9. Ultrasonics. Previous experi-
ence in one or more of these fields is an advan-
tage but is not essential and equal significance 
is attached to the candidate's potential ability 
to apply himself to such work. In addition 
to these posts there are a number for which 
several years' experience in addition to acade-
mic qualifications is essential: 1. Development 
of carrier systems and filter design. 2. Com-
munication receiver and transmitter design. 3. 
Research and development associated with tele-
vision reception. Rates of pay are proportional 
to qualifications, experience and age. Publica-
tion of original work wherever possible is 
desirable and is encouraged. Successful candi-
dates are elegible for the superannuation 
scheme. Applications should be made in the 
first case to the Personnel Officer, Mullard 
Research Laboratory, Redhill, Surrey. W 2480 

CLASSIFIED ANNOUNCEMENTS 
continued on page 6 
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VilLGO rack tnounted equipeent 

For the neat and systematic housing of laboratory equipment 

for the measurement of radioactivity, Ekco can supply numerous combinations 

of units mounted in racks or cabinets, with interconnecting leads and mains 

supply cables cleated in position. Where necessary, cooling fans are incor-

porated. The equipment can be built up on the unit basis, blank panels being 

replaced with additional instruments when required. Such an installation has 

many advantages over the haphazard positioning of units with tangled leads 

and makeshift connections, which hardly inspire confidence in the results 

obtained. Ekco rack mounted equipment is indeed a most useful aid to speed and 

accuracy in research and routine work. Please write for further information. 

EKCO electronics Ekco Rack Mounted 
Proportional Counting 
Equipment 

E. K. COLE LTD. (Electronics Division), 5 VIGO STREET, LONDON, W.1 

ateete eta efi • e all«eimmÁGN,ET I t: 
When selecting stamping materials for the 
cores of small transformers, chokes, relays, etc., 
or shields and screening boxes to house them, 
it always pays to consult the acknowledged 
specialists. 
There's a world of difference between 
" transformer iron" and one of the Telcon 
high permeability nickel-iron alloys. The 
difference is chiefly a matter of magnetic 
performance. 

ALLOYS 
Each of the soft magnetic alloys of the Telcon 
Metals family is scientifically formulated and 
processed, under laboratory control, to 
possess a known combination of electrical and 
magnetic properties most suited to a particular 
range of operating conditions. The practical 
advantages are that by selecting the grade 
appropriate to a given application, useful 
savings in weight and bulk become possible 
with a worthwhile increase in efficiency. 

Manufacturers are invited to write for technical advice and details of design data. • 

TELCON METALS 
THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO., LTD. 
Head -Office: 22 Old Broad Street, London, E.C.2. 
Enquiries to:' Telcon Works, Greenwich, S.E.I0. 

Telephone: LONdon Wall 7104 

Telephone : GREenwich 3291 
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S11UATIONS VACANT (Coned.) 

MULLARD RESEARCH LABORATORY. 
Several Draughtsmen are required for work on 
electronic engineering projects. Some of the 
vacancies are for senior men of at least HNC 
standard who have spent a number of years in 
a Laboratory or Factory design department and 
are capable of original layout work. Other 
posts are for Detailing Draughtsmen capable of 
producing workshop drawings from such lay-
outs. Salaries will be at current levels accord-
ing to qualifications and experience. Prospects 
of promotion are good and the posts fall within 
the Company's Pension Scheme. Application 
forms Personnel Officer, MuIlard Research 
Laboratory, Cross Oak Lane, Salfords, Nr. 
Redhill. Surrey. W 2363 
MURPHY RADIO require Engineers with 
knowledge of Magnetic Amplifiers and Servo-
mechanisms. Applicants should have the 
mathematical and engineering knowledge neces-
sary to design systems and undertake original 
development work in this field. Apply giving 
full details to Personnel Manager, Murphy 
Radio, Ltd, Welwyn Garden City. W 2479 

MURPHY RADIO LTD., have a vacancy for 
an assistant Engineer to be responsible for 
designing, ordering and maintaining testing 
and measuring instruments in their Electronics 
Development Laboratory. Application giving 
full details of qualifications and experience 
should be made to Personnel Manager, 
Murphy Radio Ltd., Welwyn Garden City. 

W 2495 

MURPHY RADIO Ltd., offer the following 
vacancies in an expanding programme covering 
the field of domestic equipment and many 
branches of Electronic Development: (1) Senior 
Development Engineers having Degrees in 
Engineering or Physics with post graduate ex-
perience of equipment design who would be 
capable of leading a development team. (2) 
Development Engineers with similar academic 
qualifications having less or no industrial ex-
perience. (3) A Specialist Engineer with good 
academic qualifications having a sound know-
ledge of components and raw materials used in 
the Radio industry. This .vacancy is only suit-
able for an applicant who is experienced in Elec-
trical measurements and life testing of com-
ponents. These posts are permanent and pen-
sionable and offer good opportunities for 
advancement. Applications giving full details of 
experience and qualifications should be forwarded 
to the Personnel Manager, Murphy Radio, Ltd.. 
Welwyn-Garden-City. W 2439 

PHYSICISTS and Electrical Engineers. 
Interesting and varied work is available in a 
West London Research Department, for ver-
satile qualified Physicists and Electrical En-
gineers on applied measurements—electrical, 
acoustic and mechanical. Good salaries are 
offered. Applicants, who should have several 
years' industrial experience of this type of 
work, are asked to forward full details of 
education, qualifications, experience, salary 
required to Box A.E. 780, Central New, Ltd.. 
17 Moorgate, E.C.2. W 2476 

RADAR Research and Development Labora-
tories in London area require Senior Engineers 
and Physicists at all grades up to that of Pro-
jects Leaders at salary scales of up to £1,200 
per annum. Applications are invited from 
men with sound qualifications and extensive 
experience in the design of microwave radar 
systems and associated electronic apparatus. 
Assistance will be given in obtaining satisfac-
tory local housing. Removal expenses from any 
part of the United Kingdom will be met. Please 
write in the first instance Lull details of ex-
perience, qualifications, age and salary required 
to Ref. GX. G.C. Box No. 2451. 

RESEARCH and Development Engineers are 
required by British Telecommunications Re-
search Ltd.. a Company associated with The 
Automatic Telephone & Electric Co., Ltd., and 
British Insulated Callender's Cables Ltd., for 
work on long term development projects in the 
following fie'ds: (a) Wide-hand line communica-
tion. (b) V H.F. and U H.F. radio communi-
cation. (c) Electronic Switching and Computing. 
A number of posts with salaries in the range 
of £500-£1,000 per annum are available for 
suitably qualified engineers or physicists with 
experience in any of the above or allied fields. 
Further posts are available for technical 
assistants with salary in the range of £300-£600 
according to qualifications and experience. Appli-
cations are also invited horn Hons. Grads, in 
physics or electrical engineering who are con-

- sidering careers in the research and develop-
ment side of the telecommunications industry. 
There is a superannuation scheme and the com-
pany works a five-day week. Applicants join-

ELECTRONIC ENGINEERING 

ing early in the year will be eligible for full 
annual holidays. Application should be made 
to the Director of Research, British Telecom-
munications Research Ltd., Taplow Court, 
Taplow, Bucks, giving age and full details of 
" education, qualifications, experience and 
approximate salary required. W 2436 

SALES MANAGER required by large long-
established Engineering Company. Must have 
first-class technical knowledge, preferably with 
University Degree in Electrical Engineering. 
Extensive experience of Electronics essential. 
Position offers wide scope for really live man 
possessing initiative and sales ability of high 
order. Write giving full details of age, educa-
tion and positions held to Box EE.609, at 191 
Gresham House, E.C.2. W 2358 

SALES ENGINEER required to handle elec-
tronic equipment for the Metallurgical and 
Chemical Industries. Must possess University 
Degree or equivalent qualification. London 
area. Write giving full details as to age, pre-
vious expzrience, and qualifications to Box No. 
W 2470. 

SCUNTHORPE HOSPITAL Management Com-
mittee. Immediate vacancy for Technician in 
Physics Department of Radiotherapy Centre to 
assist in instrument making, laboratory work, 
darkroom work and X-ray plant maintenance 
particularly. Applicants with knowledge of 
building and servicing electronic equipment pre-
ferred. Electrical Engineering qua'ifications 
and experience in other aspects of the work 
advantageous. Some radiation work will have 
to be undertaken. Whitley Council terms and 
conditions of service, present salary scale £410 
by £15 (3) and £20 (1) to £475. N.H.S. Super-
annuation Scheme. App'y naming two 
referees to Secretary, The War Memorial 
Hospital, Scunthorpe, Lincs. W -2486 

SENIOR AND JUNIOR Electronic Engineers 
required for development of Guided Missiles and 
other work of national importance. Good 
academic qualifications, a thorough knowledge 
of low frequency electronic circuits including 
D.C. Amplifiers, and practical design experi-
ence of lightweight electronic equipment are 
desirable. The posts are pensionable, and offer 
good scope for a man to learn and develop new 
techniques and advance his position. Apply 
to Personnel Manager, Sperry Gyroscope Co., 
Ltd., Great West Road, Brentford, Middlesex, 
giving full details of age, qualifications and ex-
perience and salary required. W 2440 

SENIOR DESIGN Draughtsman required by 
manufacturers of electical and electronic 
equipment. A thorough knowledge of mate-
rias and production methods is essential. The 
salary will be commensurate with qualifications 
and experience. Box No. 2471. 

SERVICE ENGINEER required having good 
knowledge of reciprocating aircraft engines and 
reasonable know'edge of electronic p-actice. 
Preference will be given to applicants with ex-
perience of electronic engine perfo-mance 
analysis. Successful applicant wilt be required 
to travel in U.K. and Continent. Salary com-
mensurate with qualifications and experience, 
but not less than £450 p.a. Superannuation 
scheme. Apply with full details of age, ex-
perience and salary required to the Personnel 
Manager, Sperry Gyroscope Co., Ltd., Great 
West Road, Brentford, Middlesex. W 2489 

SORELL INDUSTRIES, LTD., Hirwaun, South 
Wales, require: I. Mechanical Designer 
Draughtsman. 2. Radio Television Deve'op-
ment Engineers. Write swing qualifications, 
experience and salary required to Personnel 
Dept. W 2502 

SPERRY GYROSCOPE Co., Ltd., Great West 
Road, Brentford, Midd'esex, require Electro-
Mechanical Engineers with good academic quali-
fications, apprenticeship, theoretical background 
and knowledge of production methods for 
development work. Experience in electrical 
methods of computation, servo theory and in-
strument design desirable. Apply with full 
details of age, experience and salary required to 
the Personnel Manager. W 2422 

SPERRY GYROSCOPE Co., Ltd., Great West 
Road, Brentford, Middlesex, require Electronic 
Engineers with good academic qualifications and 
apprenticeship for development work. Experi-
ence in one or more of the following desirable: 
control systems, D.C. amplifiers, computing 
devices, video circuits, microwave techniques. 
Apply with full details of age, experience and 
salary required to the Personnel Manager. 

W 2421 

SLTNVIC CONTROLS LTD., have vacancies 
at their Harlow factory for high grade labora-
tory personnel for development work on elec-
tronic and electromechanical process control 

equipment. Applicants should have H.N.C. or 
equivalent, and preferably some years' work-
shop experience. Houses will be allotted to 
successful applicants. Application in writing, 
giving full particulars, should be made to Chief 
Engineer, Sunvic Controls Ltd., No. 1 Standard 
Factory, Harlow, Essex. W 2458 

TECHNOLOGISTS, Mechanical Engineers, 
Higher National Certificate or Graduates, 20-30 
years, required for permanent appointments 
Mechanical Test Department, S.E. London. 
Must be capable of undertaking investigations 
into performance and analysing of test results 
of electro mechanical, mechanical and hydraulic 
mechanisms. Some test gear design from speci-
fication data and routine testing involved. Write 
stating salary required giving qualifications and 
previous experience to Box E.C.652, at 191 
Gresham House, E.C.2. W 2377 

TECHNICAL ASSISTANT required to study 
the performance of Geiger Counter Tubes and 
Cathode Ray Tubes, etc. Applicants should 
be of Intermediate standard. The post is open 
to young people of either sex and offers good 
opportunities on the technical side of an ex-
panding organisation in S.E. London. Staff 
Pension Scheme. Applicants should give age, 
experience and salary required. Box No. 1411. 
TECHNICAL ASSISTANTS required for in-
teresting work in connexion with High Fre-
quency Cable Testing. Previous experience not 
essential, but applicants should hold National 
Certificate or equivalent qualifications. Apply 
in writing to Siemens Brothers & Co., Limited, 
Ref. 423, Woolwich, London, S.E.18. W 2484 

TECHNICAL LIBRARIAN required by British 
Telecommunications Research Ltd., Taplow 
Court, Bucks. A know'edge of telecommuni-
cations, electrical engineering or physics 
approaching Degree standard is required with 
preferably some technical library and typing 
experience. Some know'edge of foreign 
languages useful. Salary initially £350-£550 per 
annum depending on qualifications and ex-
perience and subiect to annual review. Pension 
fund, 5-day week and canteen. App'ication 
forms may be obtained from the Director of 
Research. W 2464 

THE GENERAL ELECTRIC CO.. LTD.. 
Browns Lane, Coventry, have vacancies for 
Development Engineers, Senior Deve'opment 
Engineers, Mechanical and Electronic, for their 
Development Laboratories on work of National 
Importance. Fields include Microwave and 
Puise Applications. Sa'ary range £400-£1,250 
per annum. Vacancies also exist for Specialist 
Engineers in component design, valve app'ica-
[ions, electro-mechanical devices and small 
mechanisms. The Company's Laborwories pro-
vide excellent working conditions with Social 
and Welfare facilities. Superannuation Scheme. 
Assistance with housing in special cases. Apply 
by letter stating age and experience to The 
Personnel Manager (Ref. CHC). W 2491 

UNIVERSITY OF LONDON Postgraduate 
Med:cal School. ,Electronics Engineer required 
to develop Biophysics equipment for medical 
research. Applicant should hold the Higher 
National Certificate or eauivalent. Salary. 
depending on qualifications up to £580, with 
superannuation. Applications, age and details. 
to the Secretary, Postgraduate Medical School, 
Du Cane Road, W.12, by March 8th. W 2475 

YOUNG ELECTRONICS and Telecommuni-
cations Engineer required as Technical Assist-
ant in London Chartered Patent Agents' Office. 
£400 per annum to commence. Will be trained 
with view to qualifying in profession. Apply 
to Box No. W 1407. 

SITUATIONS WANTED 

Advertisements under this heading are, where 
applicable, subject to the Notification of 
Vacancies Order 1952. with particular refer-
ence to. Article 3 thereof. 

ADVERTISER, 24 years' experience in Radio 
Communication, Assoc. Brit. IRE., City and 
Guilds Final Radio Communication pins Tech-
nical Electricity, Final International Technical 
Certificate in Mathematics, Electrotechnics and 
Radio Communication (equivalent 3rd year 
B.Sc.) seeks post in design of, or other work, 
in Communication Apparatus of all types. Go 
anywhere p-eferab'y Southern Rhog'esia, South 
Africa, New Zealand or Australia. Fully willing 
undergo probationary period with confidence. 
Box No, W 1419, 

CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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A group of Tufnol Gears. Tufnol is 
suitable for most types of gears. 

•The 
Ski's 
the limit... 

Our four winter sports enthusiasts are in reality 
Tufnol bell insulators for overhead power lines. They 
help us to point to the unlimited potentialities of 
Tufnol in industry generally. 
By way of example: in the case of the moulded Tufnol 
bell insulators illustrated, absolute reliance can be 
placed on the impressive figures of its electrical strength 
and tensile breaking strain — and those figures hold 

good under the 
most adverse con-
ditions of exposure 
for many, many 
years. 
But Tufnol is also 
supplied in sheets, 
tubes, rods, bars, 
angles, channels, 
and other standard 
sections, to be drill-
ed, tapped, sawn, 
milled, turned, 

punched, or routed to your own specification — 
in your own workshops if required. 
Tufnol asks no favours—it can be machined accurately 

and as easily as hardwood without revealing any of 
the obvious defects of either wood or metal when 
subject to corrosive conditions, moisture, impact, or 
simple wear and tear. 
The only limit set to the uses of Tufnol is the limit of 
your own ingenuity in employing this very versatile 
material. 

HOW MUCH IS KNOWN 

ABOUT TUFNOL? 

We have prepared literature containing 
all the data relevant to Tufnol as a 
material and many authenticated instances 
of its application to engineering and 
industrial problems. Our own Technical 
Staff are always ready to co-operate in, 
and report factually on, any proposed new 
development. Why not write TODAY? 

TUFNOL 
leGrSTERED TAADE »IA« 

An ELLISON Product 

TUFNOL LTD • PERRY BARR • BIRMINGHAM • 22B 
248 

'MARCH 1952 7 ELECTRONIC ENGINEERING 



SITUATIONS WANTED (Coned.) 

ELECTRONIC ENGINEER, experienced tele-
vision, design, training, requires responsible 
post. AMIBE. Present salary £1,000. Will-
ing to settle overseas, particularly Australia. 
Box No. W 1402. 

ELECTRONICS ENGINEER, 35, married, re-
turning shortly from overseas contract, seeks 
interesting and remunerative position with pro-
gressive organisation, preferably in commercial 
or administrative capacity, experienced in 
UHF., and pulse techniques, etc., used to 
responsibility. Box No. W 1421. 

HONOURS ENGINEERING graduate with 
considerable Electronic experience will under-
take Technical Design, Investigation or 
Journalism on free-lance basis. Location 
London. Box No. W 1424. 

FOR SALE 

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

RESEARCH into the use of servo-control 
equipment in industry is rapidly expanding and 
it will be of interest to manufacturers to hear 
that we are in a position to offer for immediate 
delivery many types of Magslip and Selsyn 
elements at a considerable reduction on current 
prices. Among the many applications of Mag-
slips we may mention use as a flexible shaft, 
for remote indication, remote power control, 
remote handling (e.g. of radioactive materials) 
and electrical computation. Our large stocks 
include Magslip transmitters, receivers, resolvers, 
hunters, follow through transmitters and many 
other special types. Linear A.R.L. Ipots No. 1 
Mk. I are also available. All our equipment 
is guaranteed. Home and export enquiries in-
vited. Illustrated brochure and price list from: 
Servotronic Sales, Abbey Road, Belvedere, 
Kett Telephone Erith 2479. W 2447 

FOR DISPOSAL. Approx. 800 lbs. M.E.A. 
No. 8 Laminations 0.004 thick Radio Metal. 
Box No. 1410. 

MAGSLIPS at 1/10th to 1/20 of list prices. 
Huge stocks. Please state requirements. K. 
Logan, Westalley, Hitchin, Herts. W 116 

MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58 Commerce Road, 
Wood Green, London, N.22. 'Phone BOWes 
Park 7221-2. W 107 

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

PURE BERYLLIUM FOIL 0.005-in. thick: 
Elgar Trading Limited, 240 High Street, Lon-
don, N.W.10. W 141 

TOROIDAL COILS wound, and latest potted 
inductors to close limits. Bel Sound Products 
Co., Marlborough Yard, Archway, N.19. 

W 139 

WEBB'S 1948 Radio Map of the 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, ils. 6d., 
post 9d. W 102 

SERVICE 

CONSULTANTS offer their facilities for the 
experimental development of new manufactur-
ing projects, pilot-scale production, etc., relat-
ing to electronic components and materials, as 
well as electrical ceramics. Also advisory ser-
vices in these fields and on general electrical/ 
chemical problems. Box No. W 1425. 

GLASSBLOWING repetition and scientific, by 
Hall Drysdale .1 Co. Ltd., of 58 Commerce 
Road, Wood Green, London, N.22. 'Phone 
BOWes Park 7221-2. W 109 

TRANSFORMERS and all types of electrical 
winding to specification and highest standards, 
large or small quantities, good deliveries, quo-
tations by return. Willi° Products, 230-254 
Brand Street, Glasgow, S.W.1. W 2387 

EDUCATIONAL 
FREE Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 

A.M.Brit.I.R.E., City and Guilds, etc. Train 
with the Postal Training College operated by an 
Industrial Organisation. Moderate fees. E.M.I. 
Institutes, Postal Division, Dept. E.E.29, 43 
Grove Park Road, London, W.4. Chiswick 
4417 (Associate of H.M.V.). W 2338 

CITY & GUILDS (Electrical, etc.) on "No 
Pass—No Fee " terms. Over 95 per cent suc-
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—Free and post free. 
B.I.E.T. (Dept 337C), 17 Stratford Place, 
London, W.I. W 142 

BUSINESS OPPORTUNITIES 

DISTRIBUTORS of Industrial Electronic 
Equipment invite offers of Agencies for Expon 
and Midland Counties from Manufacturers. 
Collins & Co., 104 Soho Road, Birmingham, 
21. W 1422 

PATENTS 

THE PROPRIETOR of British Patent No. 
561,434 relating to Electric Relay Systems for 
the Automatic Control of variable Conditions, 
is desirous of arranging by licence or other-
wise on reasonable terms for the manufacture 
and commercial development of the invention. 
For particulars address in the first instance to 
Matthews, Haddan & Co., 31/32 Bedford 
Street, Strand, London, W.C.2. W 2459 

THE PROPRIETOR of British Patent No. 
564,193 relating to Electronic Translating 
Devices, is desirous of arranging by licence or 
otherwise on reasonable terms for the manufac-
ture and commercial development of the inven-
tion. For particulars address in the first in-
stance to Matthews, Haddan & Co., 31/32 
Bedford Street, Strand, London, W.C.2. 

W 2460 

THE PROPRIETORS of British Patent No. 
564,194 relating to Electronic Translating 
Devices, are desirous of arranging by licence 
or otherwise on reasonable terms for the manu-
facture and commercial development of the 
invention. For particulars address in the first 
instance to Matthews, Haddan & Co., 31/32 
Bedford Street, Strand, London, W.C.2. 

W 2461 

300 - 30,000 VOLT 

IONISATION .TEST SET 
OUTSTANDING FEATURES : 

Wide range output, 300-30,000 volts 

Quantitative ionisation indication 

Non-destructive high-voltage insulation 
tests 

D.C. leakage measurements 

Automatic trip circuits 

Time recorder for life tests 

High resistance measurement to 30,000 
megohms 

* .Relatively portable 

* Stabilized against mains variations 

A COMPREHENSIVE HIGH-VOLTAGE 

LABORATORY IN ONE EQUIPMENT 

MUM BIB 

34 POTTERY LANE, HOLLAND PARK, LO• NDON, W.II 
Telephone : Park 6955/5237 

'ELECTRONIC ENGINEERING 8 MARCH 1952 



\xv 

To all whose busi-
ness involves the study of 
" vibration phenomena" a 
Goodmans Vibration Generator 
is an essential piece of test gear. They 
provide controllable vibratory sinusoidal 
fdrces of frequency and amplitude by which 
specific anticipated vibratory conditions can 
be accurately simulated. In this way the behaviour 
of materials and structures under dynamic loading can 
be predicted and their resonant responses pre-détermined. 

117)e imposition of g". These vibrators simulate the 
vibration characteristics met with in modern aero-
nautical research, particularly in the sphere of 
guided missiles. Thus relays,valves, elec-
tronk equipment,and structural materials 
can he pre tested for the ability to with-
stand these destructive forces. 

VIBRATION GENERATORS 

Stroke ... 

Power Capacity Force factor 4.85 lb. per amp., z amps uncooled. 
cooled (continuous rating). 

Acceleration per amp. Armature frce=17.og ; with z lbs loading—z.ig. 

Range ... orio,Ooo c/s: 

BRIEF SPECIFICATION OF MODEL 390A 

in. total excursion (up to jir in. sinusoidal ware form). 

4 amps 

II 
II 

HAIRSPRING TORQUE TESTING 

CALIBRATION of ACCELEROMETERS 

FATIGUE TESTING 

REPEATED FLEXURE TESTING 

DYNAMIC RESPONSE 
DETERMINATION 

—and a wide variety of industrial 
uses where specific forms of 
agitation are required, such as 
sifting chemicals, powder separ-
ation, etc., etc. 

FULLEST TECHNICAL DETAILS 
AVAILABLE FROM "VIBRATOR 

DIVISION" 

GOODMANS INDUSTRIES LTD. 
AXIOM WORKS • WEMBLEY • MIDDX. 

Telephone : Wembley 1200 (8 lines) 

DESIGNERS AND PRODUCERS OF ELECTRO -DYNAMIC TRANSDUCERS FOR OVER 25 YEARS. 
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...used exclusively in the submerged repeaters 
on the Netherlands-Denmark coaxial 

submarine telephone cable link 

Standard Tdepholtes cold Cables Limited 
Reg,steted Oleo, Connaught House, Ndinych, London, W.C.2 

RADIO DIVISION, OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.I I 



Within the small compass of l4j" X 

12Ï" x 8", this generator provides 

facilities as are normally available 

only in instruments of much 
greater size and weight—and with 

an accuracy which suggests some-

thing far more cost/y. Outstand-
ing features include :— Fre-

Ip quency calibration I • 

Max. attenuation error at 
300 Mcs., ± 4 db. • 

Modulation 30% sine wave 
at 1,000 c/s. • Negligible 

stray field 

Fullest details contained in 
leaflet S6IL sent on request 

V.H.F. SIGNAL GENERATOR 

ADVANCE COMPONENTS LIMITED • 
BACK RD, SHERNHALL ST, WALTHAM STOW . E.I7. Phone: Larkswood 4366 
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'ENGLISH ELECTRIC" 
ele r lc îns.'tíoî teste 

L. 

LiSH, 
ELECTRONIC 

SULATION TESTER 
10 kV DC. 

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 10,0.00-volts. Rejection of surface leakage current. 

Measurement up to 250,000 megohms. Aural indication of ionisation. 

Price £55 • Size: l5x 10" x 6" • Weight : 23 lbs. 

The ENGLISH ELECTRIC Company Limited 

QUEENS HOUSE, KINGSVVAY, LONDON, VV.C.2 

Industrial Electronics Dept. Stafford 

Works: STAFFORD • PRESTON • RUGBY • BRADFORD • LIVERPOOL 

SIN. I. 
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VARIAC ., 
Regd Trade Mark 

infinitely variable 

voltage- regulating 

transformer 

TYPE 
LOAD 

 RATING 

SPECIFICATIONS 
No-LOAD 

LOSS 

NET 

L, S. 

4 

cl. 

INPUT 

VOLTAGE 

CURRENT 
OUTPUT  
VOLTAGE RATED MAXIMUM 

100-K 2000 va. 115 15 a. 17.5 a. 0-115 20 watts 17 17 0 

100-KM 2000 va. 115 15 a. 17.5 a. 0-115 20 watts 18 12 0 

100,L 2000 va. 230/115 '8 a. 9 a. 0-230 25 watts 17 17 0 

100-LM 2000 va. 230/115 8 a. 9 a. 0-230 25 watts 18 12 0 

100-Q .2000 va. 115 15 a. 17.5 a. 0-135 20 watts 18 9 0 

100-QM 20.00 va. 115 15 a. 17.5 a. 0-135 20 watts 19 4 0 

100-R 2000 va. 230/115 8 a. 9 a. 0-270 30 watts 18 9 0 

100-RM 2000 va. 230/115 8 a. 9 a. 0-270 30 watts 19 4 0 

100-L H IMO va. 480/240 2 a. 2.5 a. 0-480 25 watts 21 15 0 

5004 • 1450 va. 180 8 a. 9 a. 0-180 25 watts 17 17 0 

2000-K t 1000 va. 125 8 a. 9 a. 0-125 25 watts 17 17 0 

• For SOO cycles 

10 

e 
6 

4 

10 

10 

14 

11 

t For 2,000 cycle service All " VARIAC " prices p us 10% as frdm 1st June, 1951 

SERIES 100 "VARIAC" TRANSFORMERS 

With '`‘,(ARIAC:'voltages are instantly and 
minutely adjustable from 0-Line Voltage. 
On some patterns, such as 100-R, there is 
even an "over voltage" feature. This can 
provide over line voltage, or compensate 
for low lines. See curves and input and 
output connections, shown below. 

20 69 100 MO 180 220 260 
OUTPUT VOLTAGE 

PANEL 

I 4 o 0 
2 5 
o--o 
3 6 
o o 

OUTPUT CURRENT CHARACTERISTIC 
AND TERMINAL ARRANGEMENT FOR 

TYPE 100-R TRAN SFORMER 

• Mani other suggestions on the use of " VARIAC" 

Transformers are contained in Catalogue V549 which 

will gladly be sent on request. 

CL 3 

ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC. 
18o Tottenham Court Road, London, W.1, and 76 Old/tall Street, Liverpool, 3, .Lanes. 
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Ionisation Testers 

AIRMEC IONISATION TESTERS provide the only known method of ensuring that 
the life of an electrical component, cable or equipment is not shortened by ionisation 
currents occurring at or below the working voltage. These instruments enable the quality 

of insulating materials to be determined, and provide an excellent means of testing components 
for faulty impregnation and dampness. 

An important feature of the testers is their high source impedance which, by limiting 
the current to a low value, ensures the maximum safety for both operator and equipment 
under test. 

Further details of these or any other 

THE 5KV IONISATION TESTER, TYPE 732, illustrated above, 
has been in production for over three years, and has recently been 
modified to incorporate several improvements. Besides indicating 
the threshold voltage at which ionisation occurs between the limits 
250 and 5,000 volts, the instrument now gives a direct meter indica-
tion of leakage currents, and enables the value of insulation 
resistance to be determined. Furthermore, an output jack is provided 
so that ionisation may be detected by the use of headphones or an 
external meter. 

THE 20KV IONISATION TESTER, TYPE 755, which is 
illustrated on the left, operates on the same principle as the 5KV 
model but over a higher voltage range, a test voltage continuously 
variable between 3 and 25 KV being available from the H.T. Unit of 

the equipment. This unit is connected by a cable 
carrying low voltages only to an Indicator Unit which 
may be situated up to 12 yards away. The output 
current [4' limited to a very low value by its high source 
impedance, and as a further safety precaution, an 
interlocking circuit is provided to enable the H.T. Unit 
to be operated in a cage. 

The Indicator Unit besides providing audible indication 
of ionisation, incorporates both voltage and current meters 
to enable leakage current and insulation resistance 
measurements to be made. 

Airmec instruments will be forwarded gladly upon request 

AIRMEC LABORATORIES ILLurrEu 
HIGH WYCOMBE • BUCKINGHAMSHIRE • ENGLAND 

TEL.: HIGH WYCOMBE 2060 CABLES: AIRMEC HIGH WYCOMBE 
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Only by trouble-free radio communication can 

ships be kept safely on their courses, in constant 

touch with each other, receiving and passing on 

weather information and warnings. 

No wonder then, that so many insist on G.E.C. 

Quartz Crystal Units in their radio equipment— 

they know from experience that only the best 

is good enough for this critical component. 

Write for list. QC 5012 (R) 

SALFORD ELECTRICAL INSTRUMENTS LTD. SALFORD 3.LANCS 
A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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Frequentite is the most suitable insulating material for all high frequency 

applications. Seventeen years ago we introduced the first British-made 

low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 

STEATITE 81 PORCELAIN PRODUCTS LTD. 
Head Office : Stourport-on-Severn, Worcestershire. Telephone : Stourport Ill. Telegrams : Steatain, Stourport 

S P.72 
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INTRODUCE 

ROTARY SOLENOIDS 
& CIRCUIT SELECTORS 

THE N.S.F.-LEDEX ROTARY SOLENOID 
is a compact, robust and efficient electro-

mechanical device which provides a powerful 
snap-action rotary movement of substantially con-
stant torque over the whole of the angular stroke. 

The Rotary Solenoid was originally developed in • 
the United States during World War II as the result 
of an urgent demand for a dependable bomb release 
with a high speed action. In the course of long and 
extensive use in many types of American fighter and 
bomber aircraft, it proved itself capable of standing 
up to all the arduous working conditions imposed 
upon it. 

Evolution of the Rotary Solenoid was soon after-
wards followed by the development of the LEDEX 
CIRCUIT SELECTOR, which employs the Rotary 
Solenoid in conjunction with OAK Switch sections. 
Many thousands of these units have since been 
embodied in a wide range of equipment using 
remote control switching. 

In arriving at the decision to manufacture 
LEDEX ROTARY SOLENOIDS and CIRCUIT 
SELECTORS in Great Britain, N.S.F. were inspired 
by the fact that the large quantities that have been 
produced in the United States have been giving 
reliable and efficient service over an extensive period. 

Besides achieving success in bomb release 
mechanisms, the LEDEX ROTARY SOLENOID 
has subsequently been employed with great success 
in aircraft and automobile radio equipment; sports-

Sole Licensees of G. H. Leland, Inc., Dayton, Ohio, U.S.A. 

ground scoreboards; totalisators; accounting 
machines; machine tool controls; co-axial switch 
drives for television, tele-communications and radar; 
hydraulic valve operation; and auxiliary fuel tank 
release apparatus on jet fighter planes. 

We at N.S.F. are confident that these and 
all present applications of LEDEX ROTARY 
SOLENOIDS and CIRCUIT SELECTORS repre-
sent a very small percentage of the total potential 
uses in both the mechanical and electronic fields. 
We therefore earnestly invite all Engineers who feel 
they could make use of these devices in any project 
they may have under development to contact us, 
in order that they may have full benefit of our 
accumulated experience. 

N.S.F. LIMITED • KEIGHLEY • YORKS 

Phone: KEIGHLEYA221/S. Grams: ENESEF, Keighlef 

London Office: 9 Stratford Place, W.I. Phone: Mayfair 4234 
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An Analyser for all Waveforms 

The Muirhead—Pametrada 
Wave Analyser 
Type D-489 

Whatever the waveform, whether a simple 

electrical oscillation consisting of a funda-

mental and a few harmonics, or the most 

complex vibration waveform, made up of 

many unrelated frequencies, the Muirhead-

Pametrada Wave Analyser can be relied 

upon to select each component quickly 

and accurately — quickly because the 

flat-topped variable band-width response 

curve simplifies tuning (especially when 

the frequency is fluctuating) — accurately 

because the stable resistance-capacitance 

tuned filter circuit ensures constant per-

centage accuracy at all frequencies. 

Features 

Wide frequency band — i9c/s to 2xkcis in 

3 overlapping ranges 

Frequency accuracy constant over entire range 

Response substantially flat over entire range 

Flat-topped response curve — narrow or wide 

bandwidth selected at will 

For Full Details Write 

Off-peak response proportional to percentage 

mistúning 

Output frequency is that indicated by tuning 

dial and is available for oscilloscope viewing 

Octave discrimination better than 7odb 

Mains operated from a separate supply unit 

for Bulletin B— 663 

MUIRHEAD & Co. LTD. 
PRECISION ELECTRICAL INSTRUMENT MAKERS 

BECKENHAM • KENT • ENGLAND 
Telephone : BECkenham 0041 

PRECISON 

MUIRHEAD 
ELECTRICAL INSTRUMENTS 

Telegrams & Cables: MUIRHEADS ELMERS-END 62K 
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The Metrovick 
• 

MAGNETIC 

AMPLIFIER/THYRATRON 

CONTROL SCHEME 

Electronic control gear has been used in indus-
try for some time to give high performance 

and to deal with difficult automatic control 
problems. Performance of fully electronic gear 

is often much higher than is necessary; the 

magnetic amplifier thyratron combination re-

tains the advantages of electronic control 
technique, at the expense of slightly reduced 

performance, but adequate for the majority of 

industrial drives. Coupled with this are the 
advantages of greatly simplified circuitry ano 
improved reliability. 

The illustration shows a standard 5 h.p. unit as 

used for small printing presses, machine tool 

drives, or dancing roller systems of control in 

continuous processes such as paper and rubber 

manufacture. 

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

METROVICK for simplification in electronics 
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• 

MARCONI 

serves 

mankind 

V e - 

..... --•__ ......................... ...... ....... 

Marconi came into a world in which 

communications were adolescent. 

When he left it, the marvels of radio 

were a commonplace. His name 

had achieved immortality; his work 

was established in the service 

of mankind. It is therefore 

no coincidence that the Company 

which he founded should 

supply communication and navigation 

equipment for aircraft like 

the Canberra and Comet, which 

are the most advanced 

of their class in the world. 

MARCONI'S WIRELESS TELEGRAPH COMPANY LTD • CHELMSFORD • 'ESSEX 
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CINEMA-TELEVISION LIMITED 

è 

—with the 

'CINTEL' 
UNIVERSAL VALVE TESTER 

This instrument will produce a family 

of eleven Anode Current/Anode Voltage 

curves on a cathode-ray tube screen and 

is suitable for testing any receiving type 

valve. A calibrated graticule enables 

direct comparison to be made with valve 

manufacturers' published curves and the 

optimum operating conditions for a valve 

in any circuit are easily obtained. 

Full technical information is available on application to :— 

A company within the J. Arthur Rank Organisation 

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

SALES AND SERVICING AGENTS 

F. C. Robinson & Partners Ltd., H. Hawnt & Co., Ltd., Atkins, Robertson & Whiteford Ltd., 

287, Deansgate, Manchester, 3 59, Moor St., Birmingham, .4 loo, Torrisdale Street, Glasgow, S.2 ti NIEL 
--••«101..."''.....--....GISTERED TRADE MARK 
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PHOTO-ELECTRIC RELAY 

for ' ON' or 'OFF ' control 

of ELECTRIC POWER 

The standard relay is extremely sensitive 

and responds to the incidence or inter-

ruption of a beam of light, the intensity 

of which may be as low as 1-foot candle 

and the duration as short as one-tenth 

of a second. 

Applications to industrial processes include:— Control of lighting, liquid level, 

register, side-lay, dimension, weighing, counting, etc; also alarm devices. 

THE 

BRITISH THOMSON-HOUSTON 
COMPANY LIMITED, RUGBY, ENGLAND 

Member of che AEI group of companies 
A4254 
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Intensive development of electrodes, 

dielectric and processing now provides 

a new and greatly improved Hunt-Ingram 

Capacitor —the MARK 51. 

In this latest type, the power factor has 

been reduced to a limit not exceeding 

0.1%; as a result the R.F. loadings can 

be increased by approximately 100%. 

Among the many applications are:— 
HF. Heating (blocking and bypass); 

High Altitude Airborne Service ; 

Delay Networks in Pulse Circuits ; 

Radio Transmission ; 

Voltage Dividers and Stabilising Units. 

They are particularly useful in 

High Voltage and Power R.F. 

equipment. Full information is 

freely available and enquiries are 

invited from designers. 

...reduce power 

fctor by 5 a 0010 

• „increased ee. 
loading 100°10 

TYPE M20 13" x 61" 

5000-10000 pf. 

1000-3000 pf. 

TYPE M 10 61" x61" 

500-2000 pf. 

TYPE M5 61" x 31" 

I 50 —500 pf. 

REGISTERED 

R.F. loading 140 kVA. 

10 kV. Pk. Wkg. 

15 kV. Pk. Wkg. 

R.F. loading 70 kVA. 

15 kV. Pk. Wkg. 

R.F. loading 35 kVA. 

15 kV. Pk. Wkg. 

R.F. loading ratings are at 
room temperature (15-20°C.) 

CAPACITORS. 
THE TRADE MARK OF RELIABILITY 

A. H. HUNT (Capacitors) Ltd., Wandsworth, London, S.W.18, BATtersea 3131. Estd. 1901. 
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DUREX ABRASIVES LTD. wish to announce 
that as from June 14th, 1951, the name of the 
Company has been changed and is now the 
MINNESOTA MINING & MANUFACTURING 
COMPANY LTD. Identification will be as 
before, except that the words " Scotch Boy " 
will be used instead of " DUREX " as a prefix 
to the name of the material, e.g., " Scotch Boy " 
Magnetic Recording Tape instead of " Durex " 
Magnetic Recording Tape. 

Existing high standards in the quality of 
the products will be maintained the 

change is in name only. 

%SCOTCH BOY' 
Areefeeereefie 

TAPE 

ANOTHER PRODUCT 

Manufactured by :— 

MINNESOTA MINING & MANUFACTURING COMPANY LTD 
167, STRAND, LONDON, W.C.2, and SLOUGH 
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NEW DEVELOPMENT IN FASTENERS 
For Holding Machine Parts Together 

TRUARC RETAINING RINGS 
---

ràb' 
iS 

et4G 
lit‘) e‘leC ‘i til 'i 

? 0 S 

iA/ e  
\  i• 09. 

yg72/2,Ye > iiiti * 

For bearings with large 
corner radii, uniform 
shoulder for curved 
• abutting surfaces. 

..., 

,I, 

get4ike,ding 

2-piece ring takes heavy 
thrusts, gives positive 
lock, secure against high 
RPMs. , 

t-,,,, ... • ...„., . , 

, ,e, - 
,. 

\,... e.f. 

' ..• 
, '," ----\'' 

" J 

,/../.›-

,.....,• 
'C'be.-scenl 
naps on radially where 

axial assembly is irn- 
poss bl ie. No special 
tools needed. n S 

, 

' 

.--

. 
eoreed* 
Takes up end-play 
resiliently, accomrno-
dates accumulated 
tolerances. 

0 Co 

Meted/eel* 
Takes up end-play 
rigidly. accommodat es 
accumulated tolerances. 

-----

.: 

Weicithet 

Economical whereholds shf rust 
is moderate—ast, 
yet shaft requires 
no groove. ,.. 0 

1 

> 
, 

_. 

si,,....,./. 
:e9::::: 820:::Clftetyr sors 

t 
shafting m erials, re-
quires no groove, \\ 

vibration. 

) 

- 

et44, .4,,,,e 
Bowed ring body flattens 
as nut is tightened. Inner 
thread lockthread. s securely with 

I / 

4 

Wherever machine parts must be held together with 
strength and dependability, Truarc Retaining Rings have 
proved themselves superior in performance to other types 
of retainers—machined shoulders, nuts, bolts, cotter pins 
and ordinary snap rings. Quick and easy to assemble. 
Truarc rings fit securely in grooves. Self-locking types 

SEND FOR NEW CATALOGUE 

REG. BRITISH PAT. OFFICE. TR. M. REGISTRY 

RETAINING RINGS 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, 

* Available for both internal and external application 

require no groove. They simplify designs ... save 
materials . . . minimise skilled labour operations .. . 
facilitate maintenance of the finished product. Find out 
what Truarc Rings can do for you. Send us your problem. 
We will be glad to suggest a design solution using Truarc 
Rings, and to send sample rings. 

NEW YORK, U.S.A. 

TRUARC RETAINING RINGS ARE COVERED BY ONE OR MORE OF THE FOLLOWING BRITISH PATENTS. 
618,8S1. 619,000. 621,122; 623,184, 617.019, 610,841 AND OTHER PATENTS PENDING. 

o.. 

Geo. Salter & Co. Ltd. 

West Bromwich 

D Please send catalogue on Truarc Retaining Rings 

fl Please send information about obtaining samples 

Name   

Position held   

Company   

Business Address   

EE I 
 à 

m-w.316 
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RESOLVE YOUR PROBLEM 

into FIGURES with the aid of 

the NAGARD TYPE 103 

OSCILLOSCOPE 

A wide range calibrated instrument for the faithful 

display of electrical potentials against time, and the 

measurement of all essential data. 

• TRUE REPRODUCTION of rise times of the order 
of 0.05 je sec. 

• CALIBRATED SWEEP VELOCITIES up to 
55 rnm./p, sec. or down to 50 mm./sec. 

• SYNCHRONISATION by internal or external 
means from or — signals to better standard than usual. 

LARGE TRACES easily viewed and measured on new 
6-in. FLAT FACED C.R.T. 

HIGH GAIN D.C. AMPLIFIERS give sensitivities 
up to 75 mm./mV pip. 

FULLY STABILISED against mains changes. 

CONVENIENT FLOOR MOUNTING TROLLEY 
with adjustable viewing angle. 

USED BY THE LEADING RESEARCH and 
DEVELOPMENT ORGANISATIONS. 

NA Rem 
18, AVENUE ROAD, BELMONT, SURREY. 

Phone : VIGILANT 0345 

Electronic 
Engineering 

Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD 

Managing Editor, H. G. Foster, M.Sc., M.I.E.E. 
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A Range of 

Thyratrons for 

Static and 

Mobile 

Applications The Mu?lard range of thyratrons now includes 
types suitable for use in both static and mobile 
applications. 

For static power and motor control 
applications a group of mercury-vapour valves is 
available, with anode current ratings ranging 
from 0.5 to 6.4 amperes. 

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

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

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

TYPE DESCRIPTION BASE va (Pk) 
max. (KY) 

PIV max. (KV) ia (Pk) 
max. (A) 

la (ay) 
max. (A) 

MERCURY-VAPOUR . 
MTI7 Triode 4-pin UX 2.5 5.0 2.0 0.5 

MT57 Triode 4-pin UX 1.0 1.0 15 2.5 

MTIOS Tetrode I B4D 2.5 2.5 40 6.4 

XENON-FILLED 
21221 Tetrode B7G 0.65 1.3 0.5 0.1 
MT5544* Triode B4D 1.5 1.5 40 3.2 
MT5545* Triode B4D 1.5 1.5 80 6.4 

HYDROGEN-FILLED 
MEI503 Triode B4D 8.0 8.0 60 0.015 

Supplies temporarily I restricted to Government Contractors only. 

MULLARD 

ullardD 
Mollard 

• 
LTD., I COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, W.0 2 

MVT 113 
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Commentary 

TN the middle of January this year, the Royal Commission on 
-1-Awards to Inventors announced its recommendations to the 
Treasury " in respect of claims in connexion with the invention 
and development of radar." 
As is now known, awards totalling £94,600 were made to 

21 claimants of whom Sir Robert Watson-Watt, FRS., received 
the largest individual award of £50,000 for his " initiation of 
radar and his contribution to the development of radar 
installations." 

After reading the early history of the radar development 
prior to the war it seems to us that there is a remarkable 
similarity between Sir Robert Watson-Watt's memorandum of 
February 1935 and the now famous letter to " Nature" of 
Cunpbell Swinton in 1908. 
Campbell Swinton's suggestions of course had to wait a 

number of years before they could be brought to fruition, but 
once Sir Robert Watson-Watt's suggestions had been accepted 
he was able to collect together a team of scientists and 
demonstrate his theories with scarcely a day's delay: 
There were of course earlier attempts to utilize the reflexions 

of radio waves and in 1928 a scientist at the Signal School at 
Portsmouth put forward a scheme for the detection of distant 
objects by observing the radio waves reflected from them 
using either frequency modulated or " periodically interrupted 
waves." This was followed in 1931 by a suggestion made by 
two of the recipients of the recent awards—W. A. S. Butement 
and P. E. Pollard—then at the Army Signals Experimental 
Establishment at Woolwich, that ships at sea might be located 
by the use of interrupted radio waves, but neither of these 
schemes was investigated and the whole subject was allowed 
to drop, presumably for lack of suitable techniques. 
The principle of echo detection was, of course, well estab-

lished, and was the basis of the " Asdic" detectors used in 
anti-submarine warfare. It is 
interesting to recall that at about 
this time a short-wave instal-
lation was fitted to the S.S. 
"Normandie" which gave an 
indication of the presence and 
rough bearing of neigh- . 
bouring ships, but the essential 
measurement—that of range— 
still proved elusive. 
However, by 1934 the Ger-

man Air Force was growing at 
an alarming rate and consider-
able apprehension was being 
felt in this country about our 
lack of suitable methods of 
defence. This apprehension was 
not confined to our military 
advisers and there was a good 
deal of clamour in the 

National Press. There had been some vague talk, and still 
vaguer statements about the performance, of death-dealing rays 
as a means of combating air attacks which needed investiga-
tion, and in January 1935 Dr. H. E. Wimperis, then the Director 
of Scientific Research at the Air Ministry, asked Watson-Watt 
whether radio-destruction was even remotely possible. The 
discussion was quite informal, for the matter was very secret, 
but in a short time Watson-Watt, in collaboration with A. F. 
Wilkins, produced an answer. They showed that the amount of 
energy required to damage an aircraft engine or injure its crew 
was far too great to be produced by any known method and 
they added more or less as a postscript, the comment that "the 
difficult but much more promising problem of location by 
radio might be worth pursuing." 
Watson-Watt was asked to elaborate this suggestion and on 

February 27, 1935 produced a 2,000 word specification of the 
requirements for an effective radar system based on the radio-
echo method. Among other things he discussed the measure-
ment of range, bearing and elevation, (i.e., location in the 
strict sense of the word) from a single station. 
A demonstration was hurriedly arranged and a van con-

taining suitable radio receivers was driven to within a few miles 
of Daventry. A pilot was instructed, without being told of the 
object of the flight, to fly on a prescribed course near the 
station when strong indications of the reflexion of waves from 
Daventry were observed. 

In May of the same.year a small team of scientists moved 
to an isolated site near Orfordness and, working on a wave-
length of 50 metres, they demonstrated within a month 
that detection of aircraft up to 15 miles was possible utilizing 
the techniques they had developed for the pulse work 
in connexion with Sir Edward Appleton's work on the explora-
tion of the ionosphere. 

From then onwards the rest 
is history, a fascinating history 
of events leading to the mag-
netron, the thousand bomber 
raid on Cologne and the 
methods of dealing with sub-
marines. Looking back at the 
perilous days through which 
we passed we are tempted to 
speculate on what might have 
happened had the postscript 
been shelved. "Never in the 
field of human conflict etc." 
may without hesitation be 
applied to Sir Robert Watson-
Watt and his original team, 
and we should like to offer 
our congratulations to the 
recipients of these well merited 
awards. 

At this period of national sorrow we should 

like to express our grief at the sudden passing 

of His Majesty King George VI, and to join 

with all our readers in offering our sympathy 

to the members of the Royal Family. 

To our new Sovereign, Queen Elizabeth II, 

and to her husband, the Duke of Edinburgh, 

we send our loyal greetings with prayers for 

a long and peaceful reign. 

God Save the Queen 
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The Theory and Design of Television 

Frame Output Stages 
By Edward T. Emms,* B.Sc., A.R.C.S. 

THE object of the frame output stage is to deliver to 
the frame deflector coils a current which changes sub-

stantially linearly with respect to time during the scan 
period. The deflector coils may be high impedance 
requiring a small peak-to-peak current to scan, or low 
impedance requiring a large peak-to-peak current to scan. 
The output valve is rarely capable of delivering the 

current swing necessary to directly drive the frame 
deflector coils so that it is usual practice to employ a 
frame transformer. 

If the transformer inductances (primary and secondary) 
are very large, the input cur-
rent to the transformer is   
approximately sawtooth in 
form, this sawtooth current 
being obtained by an appro-
priate drive waveform on the 
grid of the output valve. This 
mode of operation has been 
favoured in the past. 
However, if the peak valve 

current is limited (at a given 
anode voltage) more efficient 
modes of operation may be 
used by appropriately choos-
ing the value of the trans-
former secondary inductance. 
By appropriate choice of 
this secondary inductance, the 
energy stored in the trans-
former shunt inductance may 
be made to contribute to 
the deflecting current at the 
commencement of scan. In 
particular, two modes may be 
distinguished: 

(a) the Minimum Mean 
Anode Current (m.m.A.c.) con-
dition; 

(b) the Zero Initial Slope (z.i.s.) condition. 
It will be appreciated that these two modes are purely 

mathematical modes and that a design may yield opera-
tion approaching either (a) or (b) and still yield some 
advantages over the sawtooth drive condition previously 
mentioned. These modes of operation lead to anode 
current waveforms of the general form shown in Fig. 1. 
The load-lines on the 1,, — Va. characteristics take the 
forms shown in Fig. 2. 

Fig. 3 gives a diagrammatic representation of some of 
the terminology used in this article. 

General Analysis 

For the purpose of a general analysis of the trans-
former circuit it is convenient to express the diagram in its 
equivalent form as shown in its equivalent form as shown 

In this diagram L, is the shunt inductance of the trans-

NOMENCLATURE 

= 
Rp =-
Ls = 
rs = 
L, = 
r, = 
r. = 

former; L, represents the sum of the leakage inductance 
L,(1 — k2)/k2 and the deflector coil inductance transferred 
to the primary nzLy I k2. 
Thus: 

R, represents 

L,(I — k')  

k2 

the total 

inductance of transformer primary. 
resistance of transformer primary. 
inductance of transformer secondary. 
resistance of transformer secondary. 
inductance of deflector coils. 
resistance of deflector coils. 

L, = {1 + L,(1 — k2)/L2 

k 
/99 — 

coefficient of coupling = MI V Lpt, 
peak-peak current required in deflector 
coils to scan 
k2L,I nzr,T 
k2LpIn2r,T 
y I x = L7/L2 
current in shunt primary. 
output valve anode current. 
mean output valve anode current. 
trace time. 
magnetic length of transformer core. 
minimum output valve anode current. 

Mullard Research Laboratories. 

we obtain 

n2L, 
k2 (I + L8(1 —k2)/L2) 

resistance of the secondary 
(rs ry) referred to the 
primary so that 

R, = 112(r a+ ry) I k2 

We shall assume the de-
flector coil current to be linear 
during the scan period, having 
a peak-peak value I. Thus 
referred to the primary we 
have 

i2(t)  {t/T — 1 /2} 
Opp 

  (1) 
We have two expressions 

for the voltage existing across 
the shunt inductance L9 
namely 

Tio(t) = Lp dipldt 

= R,i, + L„ 

k1pp 
  t/T — 1/2 + x} 

  (2) 

where x = L,IR,T 

Integrating expression (2) 

kl,„ 
i(t) = 2ny {(1 T)2 — (I —2x)(1 I T)) 

A klp„ 

where A is a constant. 

The output valve anode 
i,, so 

mt) 

2n 
  (3) 

current 1 „ is the sum of i, and 

= (r T)' ,ux +(t I T)(2x(1 I } 171x 
kl 991 2n 

+ (A — l) . . . (4) 
where fi= ylx = L9/L2. 

It will be noted that in general the anode current wave-
form is parabolic in form. 

Inserting the expressions for u. x and y we find that 
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expression (4) may be written 

Li(i)r2T r2T ( 2Ls 
Ly — 

kl 211 = (117)2 + k-2Lsi „T (I+ 1 Ls) 1} !IT) 

+ (A — 1)   (5) 

We may first observe that if ic2/4r2T 1 the linear term 
in time will predominate and so if the secondary inductance 
is made sufficiently large the anode current waveform tends 
to become linear. Usually this means a comparatively un-
economic design. lf we made the secondary inductance 

Anode 
Current 

(o) Sawtooth Current Drive 

(b)Zero Initial Slope Condition 

(c)linimum Mean Anode 
Current Condition 

Fig. I. The modes of operation 

infinite (i.e., the transformer becomes an " ideal" trans-
former) the anode current would be truly linear and we 
should have 

Is(T) = I(0) + I ps 1 kn   (6) 

As the secondary inductance is reduced from infinity 
the parabolic term becomes more and more predominant. 
The minimum of the parabola which at high values of Ls is 
well to the left of t = 0 moves in towards t = 0 (Fig. 5). 
The actual position of the minimum may be found by 
differentiating Equation (5) with respect to 1 and equating 
dial dt to zero. We find that the minimum of the parabola 
occurs at a time given by 

r s + L s.  
1 = -. — T/2)   (7) 

r, 

Thus if we reduce Ls until Ls = r,T 12 — Ly the mini-
mum of the parabola then coincides with the start of scan. 
(Zero Initial Slope Condition). The minimum anode cur-
rent then occurs at the start of scan (Fig. 5). 

If the secondary inductance is reduced still further the 
minimum of the parabola moves to the right of the start of 

Sowtooth Condition 

z n S. Condition 

Aim Az Condition 

o vu 
Fig. 2. Loadlines corresponding to the various modes 

scan (Fig. 5). It will be shown later that with an appro-
priate choice of secondary inductance the average anode 
current may be minimized. (Minimum Mean Anode 
Current Condition). 
The voltage V, across the primary terminals is given by 

• V1(t) Rif a(t) + s(t)   (8) 

Zero Initial Slope Condition 

By appropriate choice of the transformer constants the 

anode current waveform may be made to have zero initial 
slope. As we have seen, the condition for this is 

Ls = r,T 12 — Ls.   (9) 
This equation implies that given the deflector coil induct-

ance and the total secondary resistance, the secondary 
inductance of the transformer is fixed. This only leave& 
the transformer ratio to be fixed which may be done by 
consideration of the available peak anode current and the 
voltage to which the anode may be swung at time t = T. 

In the case of z.i.s.c. Equatioh (4) reduces to 

I(t) — 2(t/T)2(1 + Ly 1 Ls)1 k2 + (A — 1) .. (10) 
kl pp 12n 

The minimum anode current occurs at t = 0 so that 

a(0) _ (A — I)   (11) 

Fig. 3. Representation of nomenclature 

Fig. 4. Equivalent transformer circuit 

L, 

(T) 

Ideal 

R2 = n2 (n+ 

Combining Equations (10) and (11) we have 

Ipp 

la(t) = MO) Ly 1 Ls)(t 1 T)2   (12) 
kn 

and in particular the anode current at the end of scan is 
given by 

1 pp  
I0(T) = Is(0) + (1 + L5)   (13) 

kn 

The mean anode current during scan Is may be found 
by integrating expression (12) between the limits t = 0 and 
t = T. We find 

= 1.(0) + I" (I +LyIL.)   (14) 
3kn 
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In the case where the minimum current /a(0) is very 
small it may be noted that the peak anode current is 
approximately three times the mean current. 
The voltage waveform at the transformer input terminals 

is given by 
k2  

V1(i) -= Rpla(t) +  (ti T - . . (15) 
2(1 + Ly/L,) 

and in particular 
nkr.21,„  

V1(0) -= Rpla(0) - 
2(1 1-LyILs) 

and 
nr2Ipp   lc'  

V i. (T) --= Rpla(T) + ti. k - 2(1 +L2/L)} •• (17).. 

The anode wattage dissipation is given by 

Wa _ 1 T + Tr 1 r T I MO E - V ,(t)(11 .. (18) 
o 

T r 7., 
T + I 1 E +  nr,k1w, 2(1 + Ly I L) ) t   (19) 

7., I_ ,  

nr1 - 
- Rp/ 5{ 9/a-2 + 4/9,2(0) - 81a" L I 4k "'' - le)} 

The preceding equations are sufficient to enable a com-
plete design to be essayed. The procedure will be 
demonstrated in a later section. 

  (16) 

1,i(t) 

44 
11 r 

r' 
r 

l'a(t) 

' 

40' 
\ 

,.. 

7-

- 1411 
le) ‘ , 

r 

, 

Minimum 

Ls Infinite 

Anode Current Linear 

Ls Finite but large 

Anode Current Parabolic 
with minimum to left of 

start of scan 

L, f-7"-Ly 
2 

Anode Current Parabolic 
with minimum coinciding 
with the start of scan 

r2T 
Ls< — —Ly 

2 

Anode Current Parabolic 
with minimun to right of 

start of scan 

Fig. 5. Anode current waveforms 

Mean Anode Current Condition 

By appropriate choice of the transformer constants the 
mean anode current may be minimized. The minimum 
mean anode current condition occurs with the minimum 
of the anode current parabola to the right of t = O (Fig. 5). 
The position of the anode current minimum is given by 

Ls 
—1 = --1 - (I I Ls)   (20) 

2 r,T 

so that combining this equation with equation (5) gives 
as the minimum anode current 

la min r,T  
- A - 1 - 4k"'Ls{ kl,p12n 1 - 2/..(1+Ly1/41r,q 

  (21) 

Thus combining equations (5) and (21) we find i(t) _ la min t 1 { 
1 -2Ls(1 + 1 Ls)I r,T)] 

kl,p12n k2L, T 2 
  (22) 

We may now integrate this expression between t = 
and t = T to find an expression for the mean anode 
current during scan. 

la - /a mi. r21- 
 = [1/12+La2(1+Ly1L9)21t,2T2 
kIppl 2n K-1-' 

  (23) 

Now we are in a position to differentiate -ia with respect 
to Ls to find the condition for minimum mean anode 
current. On putting dial dLs = 0 we find the condition 
to be 

Ls' r„2 T2112 + L22   (24) 

This equation implies that given the deflector coil in-
ductance and the total secondary resistance, the secondary 
inductance of the transformer is fixed. This only leaves 
the transformer ratio to be fixed which may be done by 
consideration of the available peak anode current and the 
voltage to which the anode may be swung at time t = T. 

In practice Ly is very much smaller than r2T and the 
author prefers to use the condition 

Ls = I V12 - Ly   (25) 

which leads to far more attractive expressions for the peak 
current, mean current, etc. In all practical cases the con-
dition expressed by (25) results in a practically identical 
design to that obtained when the condition expressed by 
(24) is used. 
Employing the condition expressed in (25) we find 

- la, min = 1732 1—P1' (Ï L 2/L,) T - 0-211 ) 
kn 

  (26) 

We see that the minimum of the anode current parabola 
occurs about 21 per cent of the way through the scan. 

In particular, at the start of scan we have:— 

/,(0) = la min ± 0-077 /,, (1 +Ly/L,)/kti   (27) 

while at the end of scan 

!a(T) -= la min + 1.077 Ipp (1+ Ly I Ls)I kn   (28) 

The mean anode current is given by 

= /a min + 0-289 /pi, (I + Ly I Ls)I kn   (29) 
Equations (28) and (29) yield the useful relationship 

MT) = 3.73 /a - 2-73 la MIN   (30) 
while equations (27) and (29) give 

/a(0) = 0-267 + 0-733 la MIN   (31) 

In the case where la min is very small, i.e., the minimum 
anode current approximates to zero, Equations (30) and 
(31) give the rough rules. 

(a) the average anode current is approximately 27 per 
cent of the peak current. 

(b) the current at the start of scan is approximately 7 
per cent of the peak current. 

(c) the current at the start of scan is approximately 27 
per cent of the mean current. 

The voltage waveform at the transformer input terminals 
is given by 

0.289  k2 
V1(t) = Rpl 0.(I) + nr,l,„{r1T - -0-21111 k. 

1 + Lyi Ls 

  (32) 
and in particular 

V,(0) = Rpla(0) - nr21,,(0.211 + 0.289 k2 1 + L31 Ls ) k.. (33) 
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}I k .... = Rpla(T) nr,1 pp {0.789 — 0.289  k2 (34) 
1 +LylLs 

The anode dissipation may be found by multiplying 
la(t) by (E— V i(T)), integrating with respect to t from 
1=0 to t= T and then dividing the result by the total frame 
period. This procedure leads to an unwieldy result but 
if the assumption is made that the anode voltage swing 
during scan is linear with time, balanced about-the H.T. 
line (which is well approximated in practice) we find:— 

We = J,mink + 0-089V 1(T)} + 0.29 /pp (1 + Ly I Ls) x 

{2E — V i(T)} I kn   (35) 

FRAME TRANSFORMER DESIGN CONSIDERATIONS 
As have been seen, once the scanning coil inductance 

and the total resistance of the secondary are known, the 
inductance of the transformer secondary is specified by 
expression (9) or (25) depending on the mode of operation 
required. However, this implies that we must know the 
resistance of the secondary before we know its inductance! 
This difficulty may be overcome as follows:— 

Suppose we wind n turns of wire in a given volume 
to have an inductance L and resistance r. Now suppose 
we wind 2n turns of wire of half the diameter. This will 
occupy approximately the same volume (unless the gauge 
is greater than 40 S.W.G. when the space factor drops 
away due to insulation) and both the resistance and induc-
tance are quadrupled. Thus we may say that with the 
wire gauges commonly used to a very high degree of 
approximation the ratio of inductance to resistance of 
windings occupying the same volume on a given core (with 
a given gap) is constant. With this knowledge we may 
use our past experience to design the required secondary. 
Thus suppose we know from previous experience that 
with a given core (and gap) a 60mH coil may be wound 
having a resistance of 1.8 ohms; in general we may say 
that for any winding occupying the same winding space. 

ru = 1.8/0.06 = 30L, 

This expression may be used in conjunction with ex-
pression (9) or (25) to calculate both the secondary induc-
tance and resistance. For example, suppose the resistance 
and inductance of the deflector coils are 7.5 ohms and 
6.3mH respectively and that it is desired to operate in the 
zero Initial Slope Condition. Then from (9) 

Ls+ Ly = (ru+ ry)T 12 
and putting T=19mS and using rs=30Ls we have 

Ls + 6.3 x 10' = (30L, + 7.5) 9.5 x 10" 

Ls -= 91mH 
whence 

.{ rs = 2-7311 

Thus using previous knowledge, a complete transformer 
secondary design may be achieved. Similarly, the trans-
former primary may be designed using the knowledge 
gained by previous experience. Examples of complete 
design procedures will be given in succeeding sections. 
The final design must, of course, be checked to ensure 

that magnetic saturation of the core does not occur. Such 
saturation will lead to severe distortion which manifests 
itself as a severe non-linearity at the end of scan. 

It is simple to show that the peak magnetizing field 
occurs at the end of scan and has a value 

=- (47r1V,1101){nla(T) — kl "I 2n}   (36) 

Using this value of peak magnetizing field, the peak flux 
density may be calculated for a given gap; consultation of 
the B — H characteristic of the core material will indicate 
whether core saturation is being approached. 

Finally the economic considerations of frame trans-

formers must be considered. As a general rule it may 
be stated that the cost of a winding depends on the amount 
of copper used rather than the number of turns. The 
most economical gauges are those in the region of 30 S.W.G. 

An Example of a Design in the Zero Initial Slope Condition 

We shall take a deflector coil having inductance Ly= 
6.3mH, resistance ry=7.5e, and requiring 600mA peak-
peak swing to scan. We shall assume the coefficient of 
coupling in the transformer to be 0.99. lf from previous 
experience we know that we may wind a secondary having 
an inductance of 70mH and a resistance of 2.5n, on a 
given core (with a given gap) we have in general for a 
winding occupying the same volume rs=36L, so that 
substituting is expression (9) we obtain:— • 

Ls+ Ly = (ru+ ry)T 12   (37) 
whence 

Ls = 98mH 

rs = 3.52.Ç2 
Thus: 

1 Ly I Ls = 1.064 
./amA 

60  

5 o 

,40 

30 

20 
38 

10 

32 r . 

150 

  V, T 210VOlti 

10 volts allowed for bias 

,(r) (Volt 
100 50 

do /a(7)(friA 

o 
o so 100 150 200 

t 

Fig. 6. Example of Z.I.S. design 

-  

20. 

8 

Vie - 10 

i 12 
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250 300 
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If we take the minimum anode current as 3mA we have 
from expression (13) 

I a(T) = 3 + 648/n (mA)   (38) 

The mean anode current is found to be (using ex-
pression (14) 

1. = 3 + 216/n (mA)   (39) 

The primary resistance may be estimated using previous 
knowledge. Thus, if in the remaining winding space (when 
the secondary has been wound) it is known that a winding 
may be constructed having an inductance of 33H, and a 
resistance of 650e, we have for windings occupying the 
same volume: 

R, = 650L,/33 = 650n2Ls/33 = 1•93n2(ohms) 

Thus expression (17) becomes 
Vi(T) = 4.85n + 5.79 x 10 n2   (40) 
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Using expressions (38), (39) and (40) the following table 
may be constructed. 

Lp. 
n (Henries) 

Rp Is(T) 
(cn) (mA) 

.1 
(mA) 

Vi(T) 
(Volts) 

20 39.2 0.723 35-4 13-8 99-3 
22 47.4 0.935 32-5 1.9 109.6 
24 56.5 1.11 30.0 12.0 119-5 
26 66,2 1.30 27.9 11-3 129.9 
28 76.8 1-52 26.1 10.7 140-3 
30 88-3 1-74 24.6 10.2 150-7 
32 100 1.93 23.3 9.7 161.1 
34 113 2-23 22.1 9.3 171-5 
36 127 2.50 21-0 9-0 182-0 
38 I 142 2-79 ,20-1. 'I 8.7 192.6 

It is convenient to plot 1 a (T) against V, (T) the latter 
coordinates reading from right to left. If this graph is 
plotted on transparent paper it may be moved across the 
/a- Va characteristic of the output valve and the best ratio 
chosen from the point of 'view of 

(a) not exceeding the peak current available from a low 
limit valve at the end of life. 

(b) not entering the knee region and causing non-
linearity at the end of scan. 

(c) cheapness of transformer compatible with (a) and (b). 
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Fig. 7. Example of 111.M.A.C. design 
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This procedure is illustrated in Fig. 6. • A transformer 
ratio of 23:1 appears reasonable. Larger ratios have 
their terminal points of the load line entering the knee 
region while smaller ratios lead to higher peak currents. 
With the 23.1 ratio the peak current required is 31mA and 
occurs (with Vn.T. = 200 volts) at Va = 88 volts. The 
load line for the 23:1 ratio transformer has been con-
structed in Fig. 6. 

It remains to check that the core does .not saturate and 
that the anode dissipation is not exceeded. The Teak 
magnetizing field may be calculated using expression (36). 

HmAx = 0-736 Nall Oersteds. 
so that if the number of secondary turns is known H is 

known, and BMAX may be calculated. It remains to check 
this figure against the B-H curves of the core material to 
ensure saturation is not approached. 
The anode dissipation may be calculated using expres-

sion (6). In the example illustrated in Fig. 6 since the load 
line always lies within the W. = 3.5 watts limit it is clear 
that the anode dissipation rating is not exceeded. 

An Example of a Design in the Minimum Mean Anode 
Current Condition 

We shall take a deflector coil having inductance Ly = 
6.3mH resistance ry = 7.5e, and requiring 600mA peak-
peak swing to scan. We shall assume the coefficient of 
coupling of the transformer to be 0-99. If from previous 
experience we know that we may wind a secondary having 
an inductance of 70mH and a resistance of 2.5n on a 
given core (with a given gap) we have in general for a 
winding occupying the same volume" rs = 36 Ls so that 
substituting in expression (25) we obtain: 

Ls Ly = (rs ry)T I V 12   (41) 
whence 

Ls = 56.8mH 
rs = 1-70, 

Thus 1 Ly I Ls = 1.111. 
If we take the minimum anode current as 3mA we have 

from expression (28) 

!a(T) =- 3 + 724/n (mA)   (42) 

The mean anode current is found to be (using expres-
sion (29) 

= 3 + 193/n (mA)   (43) 

The primary resistance may be estimated using previous 
knowledge. Thus, if in the remaining winding space (when 
the secondary has been wound) it is known that a winding 
may be constructed having an inductance of 33 Henries, 
and a resistance of 650 ohms, we have for windings 
occupying the same volume. 

Rp 650 Lp/33 = 650n2Ls/33 = 1.93n2 (ohms) 
Thus expression (34) becomes 

V ,(T) = 3.79n + 3.36 x 10-3 n'   (441 
Using expressions (42) (43) and (44) the following table 

may be constructed. 

n 
Lp 

(Henries) 
Rp 

(1r.S.) 
la(T) 
(mA) 

¡a- 

(mA) 
Vi(T) 

(Volts) 

20 218 0-448 39.2 12.7 77.1 
22 27.5 0.543 35.9 11-8 84-9 
24 32-8 0.646 33-2 11.0 92-9 
26 38-4 0-757 30-9 10.4 100-9 
28 44.6 0-878 28-8 9.9 108-6 
30 51.2 1-02 27.1 9.4 116.7 
32 58.3 1-15 25-6 9-0 124-6 
34 65-7 1-30 ' 24.3 • 8-7 132-6 
36 73.7 1-45 23-1 8-4 140-6 
38 82-2 l -62 22-0 8.1 148-9 

It is convtnient to plot !a(T) against V,(T) the latter 
coordinates reading from right to left. If this graph is 
plotted on transparent paper it may be moved across the 
/a - Va characteristic and the best ratio chosen from the 
point of view of 

(a) not exceeding the peak current available from 'a 
low limit valve at the end of life. 

(b) not entering the knee region and causing non-
linearity at the end of scan, 

(c) cheapness of transformer compatible with (a) and (b). 
This procedure is illustrated in Fig. 7. A transformer 

ratio of 26:1 appears reasonable. Larger ratios have the 
terminal points of their load lines entering the knee region 
while smaller ratios lead to higher peak currents. With 
the 26:1 ratio the peak current required is 31mA and 
occurs (with VH.T. =. 200 volts) at Vs. = 98 volts. The load-
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line for the 26:1 ratio transformer has been constructed 
in Fig. 7. 

It remains to check that the core does not saturate and 
the anode dissipation rating is not exceeded. The peak 
magnetizing field may be calculated using expression 5.1. 

HmAx. = 0997N/1 0:steds 
so that if the number of secondary turns is known HM.A.X. 
is known and BMAX. may be calculated. It remains to 
cheol this figure against the B-H curves of the core 
material to ensure saturation is not approached. 
The anode dissipation may be calculated using expression 

(35). In the example illustrated in Fig. 7 since the load 
line always lies within the W„ = 3-5 watts limit it is clear 
that the anode dissipation rating is not exceeded. 

A Comparison of the Zero Initial Slope Condition and the 
Minimum Mean Anode Current Condition 

Such a comparison is best carried out using the results 
previously obtained. If we choose designs to have a peak 
current of 35.5mA we have 

n 
Lp I 

(Henries) 
1,1 

(mH) (mA) 
Vi(T) 

(Volts) 

M.M.A.C. Condition 

z.i.s. Condition.. 

22 27.5 56-8 11.8 84.9 

20 39-2 98.0 13.8 95.3 

while if a peak anode current of 24.4mA is chosen we have 

M.M.A.C. Condition 34 65-7 

zi.s. Condition .. 30 83.3 

56.8 8.7 

98-0 I 10.2 

132.6 

144.7 

It will be seen that the Zero Initial Slope Condition leads 

(a) larger transformer inductances 
(b) larger mean anode current 
(c) larger voltage swing 

compared with a Minimum Mean Anode Current having 
the same peak anode current. These points will be 
examined in turn. 

(a) The designs have been made such that in all cases 
the same winding volume is assumed. However, it may 
be noted that the peak magnetizing field will be the same 
and so the only point to be considered in the comparison 
is the ease of winding. Clearly if the primary inductance 
is very high, to enclose it within the available spàce will 
necessitate a fine gauge. If perchance the wire gauge 
exceeds 40 S.W.G. the space-factor falls away and so in 
this case the z.t.s. condition will result in a less satisfac-
tory solution than the M.M.A.C. condition. 

to 

Fig. 8. The feed hack network 

(b) In general the limitation which settles the design is 
the usually available peak anode current. However, the 
smaller the mean anode current the smaller the anocie dis-
sipation, so that in the case where anode dissipation is a 
limitation the M.M.A.C. condition is superior. 

(e) The larger voltage swing exhibited by the zi.s. condi-
tion implies that in this design the peak current must be 
available at a lower anode voltage. This point may pro-
vide a limitation, but in general the increase in voltage 
swing over the corresponding M.M.A.C. condition is rarely 
serious. 
As against these disadvantages of the z.t.s. condition 

compared with the M.M.A.C. condition it must be noted that 
the required drive waveform to the output valve is much 
more easily obtained in the case of the z.t.s. condition. 

The Feedback Network 

It has been seen that if operation in the z.t.s. condition 
or the M.M.A.C. condition is required the anode current 
must contain a parabolic component. In the case of the 
z.).s. condition the origin of this parabola should occur at 
the commencement of scan, while for the m.m.A.c. condi-
tion the minimum of the parabolic component should 
occur at approximately 21 per cent of the way through the 
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Fig. 9. Circuit of frame time-base 

scan. The grid drive to the output valve must be such 
that the desired parabolic anode current waveform is 
obtai:-.:d. This parabolic component is most conveniently 
obtained by a network attached to the output valve anode 
and Wed to the exponential waveform provided by the 
scann:ng generator. 
The waveform obtaining at the anode of the output 

pentode falls approximately linearly during the scan period 
and then consists of a positive-going pulse (approximately 
a h:'1-sinusoid) during flyback. The desired parabolic 
component may be obtained by connecting the network 
s1 own in Fig. 8 to the anode and connecting the output 
terminals to the grid circuit of the output valve. A prac-
tical arrangement is shown in Fig. 9. A detailed analysis 
of 'his network is not to be recommended since the non-
linearity of the /a, — V, characteristic of the valve must be 
taken into account in such an analysis. A practical deter-
mination of the components to be used is far quicker, and 
more revealing. 
Such a negative feedback system in frame-base output 

stages is of very great importance Insofar as the effects of 
hum and microphony are both reduced enormously. The 
usual type of frame output valve is usually akin to the type 
used fir sound output (in fact usually the same type of 
valve servos both purposes in a television receiver). 
Although care is exercised in producing sound output 
valves in which the hum level and microphony are 
negligible when the valve is used in a conventional audio 
output stage, such valves may give rise to considerable 
trouble if used in the frame output stage. This follows 
primarily since the eye is capable of detecting hum 
modulation and microphonic disturbance in the picture 
long before the ear could detect such components in the 
audio stage. Thus it is highly desirable always to employ 
negative feedback in frame output stages. 
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A Heart-Rate Recorder 
for Biological Experiments 

By W. E. Boyd,* M.A., M.D., M.Brit.I.R.E. and W. R. Eadie* 

An electronic heart-rate recorder is described for tse on decerebraied or anaesthetized animals. The 
rate is shown as a continuous graph on a recording milliameter and can be based at will on the 
auricular or ventricular action potentials. Wide variations in the shape of the E.C.G. do not intro-
duce error. The range of 10 to 60 beats per minute can be readily extended. 

SEVERAL workers"'' have described instruments for the production of a continuous record of the rate of the 
human heart. Broadly speaking these operate on a com-
mon principle. The electrical output of the heart, which 
when recorded is termed the electrocardiogram or E.C.G., is 
suitably amplified and triggers a circuit which produces, 
for each heart-beat, an impulse of constant amplitude and 
duration. On integration these give a deflexion on a meter 
proportional to the rate of the heart. 

Early attempts in these laboratories to make use of 
similar instruments for recording the rate of a frog heart, 
during tests on drug action for instance, showed them to 
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possess many disadvantages for this work. The main faults 
were :— 

(1) Changes in waveform of the E.C.G. throughout the 
course of a test frequently caused the triggering circuit to 
miss beats or to operate more than once on each beat. 

(2) When the amplitude of the background interference 
became comparable with that of the E.C.G. (circumstances 
which occurred all too frequently), there was a tendency to 
trigger on peaks of the interference as well as on the heart 
impulse. This condition was aggravated by the amount 
of 50c/s interference induced when the operator touched 
or even approached the frog to apply drugs. 

(3) No distinction could be made between the rate based 
on the auricular beat as denoted by the P-wave (see inset 
in Fig. 2) and one based on the ventricular beat as denoted 
by the R-wave. Cases of A-V heart block could not there-
fore be distinguished. 

(4) In some designs no provision was made to remove 
the " heart rhythm " from the recording meter. This was 
particularly troublesome at low rates and caused the meter 
to give a broad band on the record instead of a line. 
The instrument to be described was developed to over-
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come these defects as far as possible and to have an 
accuracy, excluding the ink-writer error, of better than 
1 per cent over long periods. Although primarily designed 
for use in research on the action of drugs on frog hearts, 
little modification is required to make it equally suitable for 
recording the speed of various types of mechanism. It 
can, moreover, be used for the human heart; but if much 
serious work in this field is contemplated it will be found 
preferable to adopt a more elaborate design incorporating 
additional features which permit greater freedom of the 
subject and a wider choice of electrode positions. This 
will be described in a later paper. The present design is 
therefore most suitable for anœsthetized or decerebrated 
animals. 

• - 
Method of Operation 

The heart potentials received from the subject by the 
electrodes are amplified and passed to a frequency selector 
stage giving a damped oscillatory wave output. A selected 
portion of this triggers two univibrators in cascade. The 
output of the second univibrator is integrated and the 
voltage developed controls a valve-voltmeter, which 
operates a recording milliameter. 

Apparatus 

For convenience in construction and maintenance the 
equipment has been divided into seven units. 

(1) pre-amplifier. 
(2) Cathode-ray oscilloscope and camera. 
(3) Frequency selector and clipper. 
(4) Pulse shaper and delay circuit. 
(5) Valve-voltmeter and monitor speaker amplifier. 
(6) Calibrator. 
(7) Stabilized power supply. 

Pre-amplifier 

The average peak voltage to be expected from a frog 
heart under the special conditions of this research was in 
the region of 0.3mV to 1.0mV. The pre-amplifier had 
therefore to be sufficiently free from self generated noise 
to keep the background well below the amplitude of the 
smallest part of the wave likely to be used. The P-wave 
may, for example, be as low as 50,aV peak. As it was also 
experimentally necessary to record simultaneously the E.C.G. 
without visible distortion, it was convenient to employ the 
same pre-amplifier for both purposes. A much lower stan-
dard of performance, particularly in frequency response, 
would otherwise have been permissible. 

In early experiments a two-stage single ended amplifier 
was used with both H.T. and L.T. supplied from batteries. 
The inconvenience of maintenance, however, and the un-
certainty of stage gain due to falling battery voltages led 
to the adoption of the all-mains version shown in Fig. 1. 
To reduce interference it would have been preferable to 
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Fig. 2. Frequency selector and clipper stages 

The large inset shows a typical frog E.C.G. with the standard method of 
designating the respective parts. (It should be noted that in this inset 
upwards represents a negative potential as is conventiónal in electro-
cardiography while in the small insets showing the wave-form at various 

points upwards represents a positive potential.) 

use a balanced input with a long-tailed pair, but the idea 
had to be discarded as it was found that unless one elec-
trode was maintained at earth potential any attempt to 
apply drugs produced large disturbances in the amplifier. 
With the single ended input 50c/ s interference was very 
marked. This was overcome by enclosing the frog in an 
earthed cage with an open front, sufficiently large to permit 
of easy manipulation. The design of the amplifier follows 
standard practice at these frequencies, the required per-
formance being achieved without difficulty. The response 
is sensibly flat from 0.3c/ s to 100c/ s with a measured over-
all gain of 9,400. Total noise level is under 15,uV and is 
therefore below both the resolution of the cathode-ray tube 
trace (lcm for 0.5mV input) and any P-wave likely to be 
encountered. The heaters are supplied from a separate 
6V winding with the customary " humdinger." 

Cathode-ray Oscilloscope and Camera 

The oscilloscope was originally installed to enable the 
E.C.G. to be photographed. It has, however, been found a 
very convenient aid in setting up the heart-rate recorder. 
In cases of A-V heart block, for example, one part of the 
heart can beat at a different rate from the other, i.e., a rate 
based on the P-wave could differ from one based on the 
R-wave. One must therefore know whether the recorder 
is triggering on the P-wave or the 
R-wave, or even that it is actually 
the heart potential and not some 
spurious signal which is actuating 
it. 
To this end Z-axis modulation 

was tried using the output of one 
of the univibrators. This gave a 
bright spot on the E.C.G. at the 
point where the univibrator 
triggered. The system, however, 
did not find such favour with 
the biological staff as did a loud-
speaker actuated from the same 
source. The latter method was 
therefore adopted as it has the 
additional advantage that the 
operation of the instrument can 
be monitored continuously while 
other work is in progress. Where 
the oscilloscope is not required 
an electron tuning indicator com-
bined with a loudspeaker would 
serve equally well. 

The oscilloscope used is a Cossor model 
339 double beam. The internal amplifier of 
this model was never intended for E.C.G. work 
and is quite unsuitable. It was therefore 
converted to a single stage balanced type 
and the general performance is now com-
parable with that of the pre-amplifier. The 
second beam is available for other data, such 
as the mechanical pull of the heart and is fed 
from a separate external amplifier. 

Frequency Selector and Clipper 

As already stated, two of the major prob-
lems were to keep the P-wave above the 
general noise level and to differentiate con-
tinuously between the P-wave and the R-
wave in triggering ,of the univibrator. The 
overall noise originates from three main 
sources. 

(a) Normal amplifier noise such as thermal, 
flicker and partition noise and mains ripple 
from the heater and H.T. supply. 

(b) Noise originating within the specimen, 
such as nerve, muscle and electro-chemical 
potentials. 

(c) Spurious potentials induced in the specimen and the 
connecting leads, such as 50c/s interference, from nearby 
wiring or via the operator. 

Unless care is exercised this background can assume con-
siderable proportions. 
The obvious plan was to adjust the level of a " gate " 

circuit to accept above some particular voltage. In some 
cases this did work quite well, but in all too many frogs 
it was found that either the P-wave was lost in the back-
ground noise or the voltage difference between the P- and 
R- and even the T-waves was much too small for reliable 
differentiation between them over a period. An added 
complication was the tremendous variations which can take 
place in the shàpe of the E.C.G. in a matter of minutes 
during certain experiments. 
Many ideas were tried, but it was not until a frequency 

analysis was made of the E.C.G. of a number of frogs that 
a solution presented itself. It was found that the harmonic 
content of the R-wave around 15c/s was, in the majority 
of cases, much larger than that of the P-wave, while that 
of the T-wave was, in comparison, generally negligible. 
Moreover, this difference appeared to hold at this fre-
quency, for wide variations in the shape of the E.C.G. A 
selective stage, resonating at 15c/s was therefore included 
in the amplifier chain. As a result it is seldom that a work-

Fig. 3. Pulse shaping and delay stages 
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able difference cannot be maintained between the P- and 
R-waves. In addition, P-waves which hitherto have been 
too small to be used for triggering can now be raised suffi-
ciently far above the background noise. 
A variety of circuits were available for this selective 

stage, but there seemed no point in choosing anything more 
complex than the single-valve phase-shift type (see VGA. 
Fig. 2). It is essential to avoid overloading in this stage 
by keeping the input down and not adjusting to a higher 
gain than is necessary. Overloading will produce a limit-
ing action which may bring us back to where we started. 
The pre-set potentiometer R5,1 controls the amount of 
feedback. The best method of setting up the stage has 
been found to be that of connecting an oscilloscope to the 
anode of V B and adjusting R„ until a waveshape similar 
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each point, it will be noted that the E.C.G. is the reverse of 
the normally accepted convention in electrocardiography, 
wherein a negative potential is, shown upwards. This was 
done to avoid confusion with the remaining waveforms 
which adhere to the normally accepted convention of up-
wards being positive. 

Pulse Shaping and Delay 

The theory of the counting ratemeter, as used for 
example in nuclear physics, is now well known.' An 
important point, however, is that the duration of the 
impulse passed to the integrating circuit must be very 
much shorter than the time interval between each impulse. 

If now we examine the waveform of the output of Vs 
(Fig. 2) we find that it consists of a slice of a damped 
oscillatory wave and is in effect a series of short duration 
square waves. If we applied these impulses to a uni-
vibrator having a time cycle sufficiently short to meet the 
above requirement, it would trigger on each of these square 
impulses. It was therefore necessary to interpose some 
form of delayed circuit which, on being opened by the 
first impulse, would remain open throughout the remainder 
of the heart-beat. 
The choice of a suitable circuit for this stage was found 

to be more difficult than at first appeared. The main 
criteria were that the delay period should be adjustable and 
constant, irrespective of succeeding impulses and that re-
initiation be possible immediately on the completion of 

0  9. 5S IN4STROPH 1  

08 

06 

04 

•-0 H.T  R 72 4-300V 0.2 

O S2 10k a 

V R I 50 

  s a 

o 
Counter 

To Pre-amplifier 

to that shown in the inset is obtained from the normal 
E.C.G. The adjustment is not critical •and can usually be 
locked in position. 
The gate consists of a series diode V sA with a positive 

bias on the cathode adjustable by R„. The point at which 
V sA starts to conduct can thus be set to include or reject 
the P-wave. The univibrator will trigger on the first signal 
of each group received, so by setting the height of the gate 
we can trigger it on either the P-wave or the R-wave. 

Since the amplitude of the. R-wave might be sufficiently 
large to cause undesirable surges in the succeeding stages 
it is clipped by the diode V sB. The signal passed to V9 
(Fig. 5) is thus of constant amplitude. 

It will be observed that the time-constant of the input 
circuit C,R„ is kept small. This was found essential, as 
very low frequency potentials from the frog, of electro-
chemical or other origin tended to block Vsk with a con-
sequent •artefact on the recorded trace. 

In the small insets (Fig. 2) showing the waveform at 
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Fig. 6. Tno-hour section of a typical heart-rate record 

This shows how a 1 in 4 dilution of Strophanthus has stopped the heart 
action. The vertical lines represent 5 minute intervals while each 

horizontal line represents two beats per minute. 

each cycle. The univibrator held out the most promise 
and of the many variations tried, that shown was by far 
the best. The use of the suppressor grid for the triggering 
impulse (V„) is due to Puckle5 and the early re-initiation 
diode (V 125) to Allan.' 

Since the length of the delay period in use, as set by 
R„ governs the maximum rate which can be recorded it 
should be adjusted to cover only that part of the waveform 
which threatens to cause premature triggering. Higher 
rates of count can be obtained by reducing C„. 
The phase reversal stage V sA is inserted to provide V„ 

with the required negative triggering impulse. 

Valve-Voltmeter and Monitor Sneaker Amplifier 

In recorders for the low rates we are considering, one 
of the problems is to eliminate from the meter the surges 
of " heart rhythm" produced in the integrating circuit by 
the arrival of each impulse. The time interval between 
each is sufficiently long for the meter to follow and the 
recorded graph becomes a broad band instead of a line. 
A number of solutions are available, such as that due to 

F. Henry.' In this a balanced valve-voltmeter as in V i8A 

and V isB (Fig. 4) has the two grids coupled together by a 
large capacitor (not shown). The surge voltage is thus fed 
in phase to the two valves and cancels out in the meter. 
The D.C. component on the other hand affects only the 
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grid of the first valve and so registers on the meter. 
Although the method is simple and effective it was not 
incorporated in the design as it was desirable to make use 
of the grid of V1813 for another purpose. 

In conducting drug tests, it is essential to record on the 
graph the exact moment when the drug is applied. By 
means of a switch held in the operator's hand the contacts 
shown as " Marker Switch" (Fig. 4) are closed at the 
correct moment and produce a deflexion of the meter. 
The time-constant of this grid circuit (V„B) being low, the 
recording meter returns to its original position imme-
diately, so giving a thin transverse line on the graph. In 
the grid circuit of V„), on the other hand the presence 
of the integrating capacitor C2, causes the meter to return 
in an exponential curve. The " marker signal" is there-
fore distinctive and cannot be confused with anything 
else appearing on the graph. It follows, however, that we 
cannot use any system of eliminating the surge which will 
materially increase the time-constant of the grid circuit 
of V. The method finally adopted is the simple one of, 

able. The double triode V,,,A and V20B produces a square 
wave of frequehcy governed by C2, to C27.8 By differen-
tiating it through C„ and suppressing the positive peak 
by V„ we have a spiked waveform not unlike the QRS 
of the electrocardiogram. The long-term stability of the 
calibrator has been found to be surprisingly good (within 
one beat per minute over several months) but in any case 
the rate is sufficiently low to check with a stop-watch if 
required. 

Stabilized Power Supply 

The power supply is a conventional series-valve stabilized 
type providing 85mA at 300V. In view of severe mains 
fluctuations preference has been given in the design to 
reducing these rather than to low internal impedance. 
A constant voltage transformer provides heater current 

for all valves. 
The indicating meter in use is an Evershed and Vignoles 

0-1mA recording milliameter run normally at a paper 
speed of 3in. per hour. 

Fig. 7. General view of the heart-rate recorder in use 

The screening cage housing the frog and the pre-amplifier can be seen 
on the right. The two lower panels in the rack on the left house the other 
stages. The remaining panels contain amplifiers and power supplies for 
displaying information concerning the mechanical action of the frog 

heart. 

filtering out .the surge by means of R5, and C„. It has, 
of course, the disadvantage that although the beginning 
of a change is always .shown immediately, the larger the 
time-constant of the filter the longer it will take for the 
meter to show the full extent of any change in rate. The 
values chosen are a compromise suited to the work for 
which the design was intended. For abrupt changes in 
rate and including lag caused by the pen of the recorder, 
the indicated rate shows 95 per cent of the true value in 
30 seconds. Use has also been made of the grid of V„B 
to introduce a small amount of 50c/s from the heater supply 
to reduce pen to paper friction.' 
The monitor speaker and its amplifier require no com-

ment. Reference has already been made to their use. 

Calibrator 

It is a great advantage in equipment of this nature to 
have a self contained means of checking the calibration. 
This is provided by the circuit of Fig. 5, wherein any one 
of three frequencies between 20 and 60 pet-4minute is avail-

A two hour section of the record of a frog heart is 
shown in Fig. 6, while Fig. 7 gives the experimental lay-
out of the complete apparatus. 
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Proposed Test Procedure for F.M. Broadcast 
Receivers 

By D. Maurice,* Ing.E.S.E., A.M.I.E.E., G. F. Newell* and J. G. Spencer* 

IN connexion with the high-power tests, using both 
amplitude modulation and frequency modulation, that 

are being made with the B.B.C. V.H.F. transmitter at 
Wrotham, it has been found desirable to decide on a 
standardized procedure for testing F.M. receivers. Should 
it be decided that F.M. is to be employed in the future for 
nation-wide sound broadcasting, it will be important to 
be able to compare the performance of different receivers. 
A further reason for attempting to detail methods of test 
at this early stage is the necessity of discovering the 
limitations of existing test equipment and the requirements 
which such equipment as may be developed in the future 
should fulfil. 
The present article describes a procedure that has been 

found convenient for testing F.M. receivers; it does not 
attempt to specify what their performance ought to be. 
but gives, by way of illustration, results obtained on three 
actual receivers. 
The novel instruments required for the tests are des-

cribed and the test conditions and parameters are detailed. 
Test procedure is dealt with and as examples the test 
results on three receivers are given. 
The test conditions and parameters and the procedure 

described were finally decided upon only after careful 
study of the lnterservice Radio and Electronic Measure-
ments Committee document " Interservice Standard Defini-
tions of Radio-Receiver Characteristics" and the Institu-
tion of Radio Engineers " Standards on Radio Receivers, 
Methods of Testing 'Frequency-Modulation Broadcast 
Receivers ". 

Examination of the test equipment and procedures 
described hereafter will reveal many departures from what 
may be described as normal medium-wave broadcast 
receiver measurement practice. While many of these 
departures are necessitated by V.H.F. F.M. conditions, some 
are not, and are put forward for consideration now because 
they seem better adapted to the purpose of performance 
(as against " designer" type) testing than some methods 
used hitherto. • 
The purposes of testing the performance of broadcast 

receivers include the measurement in objective terms of 
the subjective assessment which would be given in words 
by a listener, or the attempt to allocate numbers. to the 
subjective criteria (descriptive words) which the listener 
would use. Another purpose is to compare receivers 
between which the subjective performance differences are 
not very great. Yet another reason lies in considerations 
of design for which it is desirable to correlate the objective 
effects of certain methods or circuits adopted by the 
'designer. The tests described hereafter are not intended 
to include the last reason given, unless this object is 
achieved fortuitously. 
A first example of departure from previous practice is 

that of the output power noise meter which, it is suggested, 
should really measure either mean-square voltages or root-
mean-square voltages. The reason for this is that it has 
been found' that R.M.S. voltage is a satisfactory parameter 
of electrical noise of either the random fluctuation or 
impulsive types in that the annoyance caused by, them is 
closely approximated by their R.M.S. values. An aural 

* Research:Department, B.B.C. 

weighting network was found to be desirable when 
measuring noise' and the one giving rise to the curve in 
Fig. 1 was chosen. 
A second example is the adoption of 40 per cent rather 

than 30 per cent modulation for standard modulation 
depth. This is merely because it is thought that 40 per 
cent is nearer to average programme modulation depth 
than is 30 per cent. 

It may be asked why, if the aural weighting curve is 
adopted for noise measurement, it has not been suggested 
for the measurement of distortion. The reason is simply 
that the weighting network has been tried and found 
satisfactory for noise measurement, but so far no experi-
ments have been undertaken with it with regard to dis-
tortion, and in the absence of practical evidence it would 
not be permissible to put it forward. . 
The choice of 2kc/s as the standard modulation 'fre-

quency is because this is near the frequency at which the 
curve in Fig. 1 presents a maximum and thus variations 
in response due to errors in modulating frequency will be 
minimized. 
The choice of 40db as the standard ratio of signal to 

unwanted response (noise or interference) is because this 
ratio corresponds very roughly to a " slightly disturbing" 
level of undesired response. 
The choice of total R.M.S. distortiori,.unweighted, as being 

a measure of the subjective effect of non-linearity is 
admittedly a poor one, but until more work has been 
published on the subjective effect of distortion it was 
thought advisable to use a very simple measure. 

Test Equipment 

STANDARD SIGNAL GENERATOR (S.S.G.) 
The procedure described in this report necessitates the 

availability of two signal generators each having the 
following performance features. 
Frequency Coverage 

This shall consist of at least the frequency band or bands 
which may be allocated to the broadcasting of frequency 
modulation and also the intermediate frequencies which 
may be chosen by designers as well as the image fre-
quencies which would result. A signal generator coverage 
of 7Mc/s to 133Mc/s is tentatively suggested. This range 
of frequency will not permit tests at oscillator second 
harmonic --L. intermediate frequency. 
Frequency Stability (Short Term) 

This must be of sufficiently high order to reduce fre-
quency drift during a measurement to within ±- lkc/s. 
Accuracy of Frequency Setting 
The frequency calibration must enable the frequency to 

be adjusted in not more than 30kc/s steps. A crystal check 
method should be used to " spot align" the interpolating 
variable frequency oscillator to an accuracy of not worse 
than ±-0.030 per cent. 
Freedom from Hum and Noise Modulation 
The unwanted R.M.S. amplitude modulation of the carrier 

measured after passage through a C.C.I.F. aural sensitivity 
network (Fig. 1) should be less than 0.1 per cent of that 
due to 100 per cent sinusoidal amplitude modulation at 
2kc/s. 
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The frequency modulation caused by hum or noise 
measured after passage through a C.C.I.F. network should 
produce an R.M.S. output not exceeding that due to sinu-
soidal deviation of -±-5c/s at 2kc/s modulation frequency. 
Frequency Modulation 

This must be calibrated in steps of deviation, by a sinu-
soidal modulation, of at most 5kc/s up to a deviation of 
±-100kcis and at most 20kc/s steps up to ±-300kc/s. The 
change of mean frequency due to the application of sinu-
soidal modulation shall not exceed lkc/s. The unwanted 
amplitude modulation caused by a sinusoidal deviation of 
±-75kc/s shall not exceed 1 per cent, for deviations up to 
-±300kcis it shall not exceed 5 per cent. 
Sinusoidal Anzplitude Modulation 

This must be calibrated in steps of at most 10 per cent 
modulation to a depth of 50 per cent and this depth of 
amplitude modulation must not cause a peak frequency 
deviation in excess of -±100c/s. 
Modulation Frequency 

If internal modulation is to be available, then a 2kc/s 
frequency must be provided and it would be desirable to 
have 400c/s and 10kc/s as well. Provision for modulation 
by an external source should exist and be uniform to within 

ldb from. 30c/s to 15kc/s. 

/ •  
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Fig. 1. C.C.I.F. aural weighting curve 
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Modulation Distortion (Harmonic) 
The total R.M.S. harmonic content of the response due 

to sinusoidal frequency modulation having any maximum 
deviation up to .--f---75kc/s and any frequency between 30c/s 
and 15kc/s should not exceed 1 per cent of the R.M.S. 
modulation. The R.F. bandwidth of the receiver for measur-
ing this must exceed 180kc/s (±90kc/s). 
Spurious Outputs 
Any carrier output other than that indicated by the 

frequency calibration must be at least 60db below the level 
of the required carrier. 
Output Voltage 
The open circuit output voltage shall be variable in steps 

not greater than 2db from 100mV to 1,uV. The internal 
output impedance shall be not greater than 751-/ substan-
tially resistive. The accuracy of voltage calibration shall 
be not worse than -±-1db ±1µV. 

OUTPITF POWER NOISE METER 
This meter must be capable of measuring the power in 

waveforms of at least 30db crest factor, and must indicate 
either the R.M.S. or mean square value of the waveform. 
The meter should be capable of having a frequency 
response restricted to that of the C.C.I.F. aural network (see 
Fig. 1). The meter must be capable of giving a full-scale 
reading for an input power of 5 microwatts. The indicating 
instrument, which must be critically damped, should have 
a time-constant of about 0.5 second. 

IMPULSE GENERATOR 
In order to investigate the performance. of a receiver 

when receiving impulsive interference it is essential to have 
a generator of such interference with definite control of 
the waveform. 
The Output Waveform 

This shall consist of discrete pulses of short duration 
and variable pulse repetition rate covering at least the range 
from 10c/s to 500c/s. If the P.R.F. (pulse repetition fre-
quency) is adjustable by switching to fixed repetition rates 
one rate shall be 500c/s. 
The pulse shape is relatively unimportant provided the 

pulses are unidirectional and the pulse duration sufficiently 
short to produce a frequency spectrum consisting of 
uniformly spaced spectral lines having amplitudes uniform 
to within ±-1db over the frequency range from 100kc/s 
to 133Mc/s. 
Output Voltage 
With a P.R.F. of 50c/s this shall be not less than 17.5 

R.M.S. it.tV per square root " integral bandwidth" measured 
in kc/s and chosen anywhere within the range of 100kc/s 
to 133Mc/s. 
The value of 17.5,0.V R.M.S. corresponds approximately to 

100 peak ,uV per kc/s of— integral bandwidth" for a pair 
of bandpass coupled circuits •having a coupling parameter 
KQ = 1/2 
The frequency limits defining "integral bandwidth" 

shall be those frequencies at which the steady state response 
has fallen by 20db from the nominal mid-frequency steady 
state response. In a numerical example, if the "'integral 
bandwith" of a receiver R.F. circuit is Bkc/s the impulses 
will produce 17-5 VB R.M.S. ,uV or approximately 100 ,B 
peak V. 
The Output Attenuation 
This shall be in steps of not greater than 2db to 60db below 
maximum output with a further 20db obtainable by a 
switch controlling the waveform amplitude before the 
variable attenuator. 
The Output Impedance • 

This shall be not greater than 75 ohms and shall be 
substantially resistive. , 

Test Standards 

STANDARD INPUT IMPEDANCE 
The tests should all be carried out with the S.S.G. 

matched to the nominal input impedance of the receiver. 
This should be ,taken as 75 ohms unless otherwise stated. 

STANDARD LOAD RESISTANCE 
The output test load should be a resistance of value 

equal to the D.c..resistance of the loudspeaker speech coil. 
While it is admitted that this definition does not accord 
with actual conditions at all audio frequencies, it is none 
the less a convenient means of comparison between 
receivers and is very easily, determinable, 

STANDARD OUTPUT POWER 
This shall be measured in the standard output resistance 

and shall be 50mW for all types of receivers unless other-
wise stated. 

STANDARD MODULATION FREQUENCY 
This shall be 2kc/s. The reason for this choice is that 

the C.C.I.F. aural weighting curve (see Fig. 1) presents a 
maximum at this frequency. In addition, the shape of this 
curve is such that errors in frequency around 2kc/s give 
rise to smaller errors in response than at any other con-
venient frequency. 

STANDARD MODULATION DEPTH 
This shall be 40 per cent of the maximum nominal 

depth permitted by the system of modulation in 'use. In 
the case of F.M. with pre- and de-emphasis it may be 
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desirable to increase the modulation depth by an amount 
which will account for the necessary pre-emphasis at 
2kc/s. For example, a 50,usec pre-emphasis requires that 
the modulation depth be increased from 40 per cent to 
47.5 per cent at 2kc/s modulation frequency. 

STANDARD RATIO OF SIGNAL TO UNWANTED RESPONSE 
This shall be taken as a C.C.I.F. weighted 40db ratio 

between A.F. signal and unwanted response, both being 
measured with the standard output noise power meter. 
For this test, standard modulation frequency and depth 
shall be used, and the A.F. gain control adjusted to obtain 
standard output. 

Test, Procedures 

Many of the following tests may require to be repeated 
near the edges of the radio frequency coverage as well 
as in the centre. 

SENSITIVITY 
The sensitivity of an F.M. receiver can be expressed as 

the smallest input signal required to satisfy all the 
following three conditions:— 

(a) a satisfactory listening level [standard output] 

(b) satisfactory programme quality [10 per cent dis-
tortion for 100 per cent modulation] 

(c) a satisfactorily low hum and background noise 
level [ — 40db]. 

Absolute Sensitivity 
This is the S.S.G. " open circuit voltage" required to 

produce standard output power. Standard modulation 
frequency should be used, and at standard modulation 
depth. The receiver gain,contiols should be at maximum 
gain for this test. 
Maximum Deviation Sensitivity for 10 per cent Harmonic 
Distortion 

This is the S.S.G. "open circuit voltage" which, 
modulated to a depth of 100 per cent at a frequency of 
400c/s, unless otherwise specified, gives rise to an audio 
output distortion of 10 per cent. The bandwidth of the 
measuring device shall not restrict that of the receiver. 
This percentage distortion shall be the product of 100 and 
the ratio: R.M.S. distortion/R.m:s. (fundamental + distor-
tion). The receiver A.F. gain control should be so adjusted 
that the total output is equal to the standard output. If 
the distortion is less than 10 per cent at the .absolute 
sensitivity input, then the percentage distortion at this 
input should luir measured. 
Sensitivity for Standard Ratio of Signal-to-Noise 

This is the S.S.G. " open circuit voltage" required to 
produce the standard ratio of signal-to-noise. 
Signal-to-Hum Ratio 

This is the deviation as a percentage of the system's 
maximum, necessary to produce . the standard ratio of 
signal-to-hum. The carrier input should be 10 millivolts 
and the standard modulation frequency should be used. 

FiDELITY 
These tests are intended to measure the performance 

of the receiver in reproducing the received intelligence 
or modulation without distortion. 
Harmonic Distortion, Variation with Modulation Depth 
By suitable adjustment of the receiver A.F. gain control 

standard ''output power shall be obtained with standard 
modulation- depth and at a frequency of 400c/s. The R.F. 
input carrier shall be 10mV. A graph of percentage 
R.M.S. harmonic distortion against percentage modulation 
shall be drawn for modulation percentages varying from 
0 to 100. The bandwidth of the harmonic measuring device 
shall riot restrict that of the receiver. It may be desirable 
to repeat this test with a linV input. 

Maximum Output Power for 10 per cent Harmonic 
Distortion 
With an R.F. input carrier of 10mV modulated to a 

depth of 100 per cent at 400c/s, adjust the A.F. gain control 
to obtain the maximum output power giving rise to 10 
per cent distortion. 
Modulation Frequency Characteristic 

This is a curve of audio amplitude plotted against 
modulation frequency at constant modulation depth when 
the former is varied from 30c/s to 12kc/s. The carrier 
input shall be 10mV and the audio gain adjusted to 
produce standard output power with standard modulation 
depth and frequen'cy. It should be remembered that a 
uniform curve will not be obtained if the receiver employs 
de-emphasis. ' • 
Audio Frequency Input-Output Characteristic 

This test is applicable when the receiver 
with gramophone pick-up terminals. 
With A.F. gain control at maximum plot the curve 

showing output voltage across the standard load resistance 
against A.F. input voltage at a frequency of 2kc/s. 

SELECTIVITY 
The purpose of these tests is to ascertain the capability 

of the receiver to reject all transmitted signals other than 
the one to which it is tuned. 
Adjacent Channel Suppression Ratio 
For this test the receiver shall be adjusted to produce 

standard output power when tuned to a carrier of lmV 
with standard modulation frequency and depth. This 
modulation shall then be switched off and a second carrier 
(with standard modulation frequency and depth) tuned 
to one of the adjacent channel frequencies (-±200kc/s 
from required channel unless otherwise' stated). The 
amplitude of the adjacent channel carrier shall be adjusted 
until the audio output of the receiver is 40db below 
standard output power, that is until standard ratio of 
signal to unwanted response is obtained. The ratio of the 
adjacent carrier amplitude to required carrier amplitude 
(1mV) is noted. This test is repeated for both adjacent 
channels. 
Second and Third Channel Suppression Ratios 

These are measured as above, but with the frequency 
separations of -±-400kcis for second channel and 
±600kc/s for third channel. 
Image Channel Ratio 

This is measured as described above with the excep-
tion that the second carrier (interfering carrier) is 
separated from the required carrier by twice the inter-
mediate frequency. 
Intermediate Frequency Suppression Ratio 
The procedure described above is repeated with the 

frequency of the interfering carrier adjusted to the inter-
mediate frequency of the receiver. 
Spurious Frequencies Suppression Ratios 
The procedure described above is repeated with the fre-

quency of the interfering carrier adjusted to any frequency 
liable to give rise to spurious response. Such frequencies 
include integral multiples of the intermediate frequency, 
and various combinations of receiver superheterodyne 
local oscillator harmonics and the intermediate frequency 
and multiples of it. 

FREQUENCY STABILITY 
These measurements are required as a guide to the 

manual tuning necessary to keep the receiver tuned to a 
wanted carrier. They are based on the assumption that 
circuits operating at intermediate frequency will not 
materially affect the issue. 
Oscillator Drift 

This test is to ascertain how much the local oscillator 
frequency changes with temperature increase from first 

is provided 
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switching on the receiver. The receiver should be switched 
on and tuned to a stable frequency carrier of lmV 
strength. The local oscillator frequency should be 
measured and changes of this frequency plotted against 
time until the rate of frequency change with time becomes 
negligible. Steps should be taken to maintain stable mains 
voltage. 
Dependence of Oscillator Frequency upon Mains Voltage 

This test is to ascertain within what limits of mains 
voltage variation the receiver may conveniently be used. 
The receiver should be switched on and a sufficient lapse 
of time allowed for the frequency drift with temperature 
rise to have become negligible. Tune receiver to a stable 
frequency carrier of 1 mV strength. The mains supply 
voltage is then varied in 5 or 10 volt steps over such a 
voltage range as will cause the receiver local oscillator 
to change appreciably. 
From a graph of frequency against mains voltage it is 

then possible to state within what limits of voltage varia-
tion the receiver must be operated. 

CO-CHANNEL SUPPRESSION RATIO 
This is to test the receiver performance when receiving 

a wanted carrier and an unwanted (distant station) carrier 
on the same frequency. 
The receiver should be tuned to a carrier of 1 mV with 

standard modulation frequency and depth. The audio gain 
control shall be adjusted to produce the standard output 
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power as measured with the standard output power noise 
meter. The modulation shall then be switched off. 
A second carrier having standard modulation frequency 

and depth shall then be connected to the receiver input 
in parallel with the first (unmodulated carrier) and tuned 
to within 1 Ice's of the same frequency. The amplitude of 
this modulated carrier shall be adjusted until the standard 
ratio of signal to unwanted response is obtained. The 
ratio of this carrier amplitude to 1 mV is the required sup-
pression ratio. It may be necessary to re-adjust the 
receiver tuning for minimum interference in the presence 
of both carriers. 

AMPLITUDE MODULATION SUPPRESSION 
The purpose of this test is to measure the efficiency of 

the amplitude limiting circuits of the receiver. 
The receiver should be tuned to a carrier of 1 mV fre-

quency modulated to the standard depth and at standard 
frequency. The audio gain should be adjusted to produce 
standard output power. A band-pass filter attenuating 
frequencies outside the band 250c/s to 8kc/s should be 
interposed between the receiver audio output -and the 

zo  

standard output power noise meter with the C.C.I.F. net-
work in circuit. The frequency of the modulation should 
then be changed to 10kc/s so that the audio output at 
this frequency will not be read on the standard output 
power noise meter. The carrier should then be simul-
taneously amplitude modulated to standard depth and at 
standard frequency. The meter will then read the un-
wanted output due to amplitude modulation while not 
reading the output due to frequency modulation. The 
ratio of the standard output power due to frequency 
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modulation to the output power due to amplitude modu-
lation should be recorded. 

This measurement may be repeated with the wanted 
carrier increased to 10mV. 

IMPULSIVE INTERFERENCE PERFORMANCE 
This test is intended to show the performance of the 

receiver when receiving a carrier and impulsive interfer-
ence. The resulting curve should show this performance 
for conditions including the improvement threshold of 
the frequency modulation receiver for impulsive inter-
ference. 
The receiver should be tuned to a carrier of 0.5mV 

having standard modulation depth and frequency and 
adjusted to produce the standard output power. A band-
pass filter attenuating frequencies outside the band 250c/s 
to 8 kc/s shall be interposed between the receiver audio 
output and the standard output power noise meter. The 
modulation frequency shall be changed to 10kc/s. 
A source of impulsive interference shall then be con-

nected to the receiver input in parallel with the source of 
frequency modulated carrier. 
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The impulsive interference repetition frequency shall be 
adjusted to 500c/s unless otherwise stated. A curve is 
then plotted of C.C.I.F. weighted output power (in the pass 
band obtained with the band-pass filter) against impulse 
amplitude in peak ,uV/kc/s. The impulse amplitude shall 
be varied from the maximum obtainable down to such a 
value that further reduction does not affect the receiver 
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output noise level. This test should be repeated with the 
frequency modulation of the signal generator switched off. 

Performance Tests on Three Receivers 

Three different types of frequency modulation receiver 
were tested at a frequency of 90Mc/s according to the 
procedure described above and the results are reproduced 
here as typical examples:— 

Receiver A. This is a high grade frequency modula-
tion receiver using thirteen valves plus a rectifier. 

Receiver B. This is a receiver designed for simplicity 
compatible with a reasonable performance and uses six 
valves plus a rectifier. 

Receiver C. This is a super-regenerative two valve 
adaptor intended to supply an audio output to the pick-up 
terminals of a normal broadcast receiver. 

SENSITIVITY 

Absolute Sensitivity 

Receiver A 

Receiver B 

Receiver C 

+ 20 

52p.V 

60,1N 

Not applicable. 

VER A 

RECEIVER B 

190 200 20 220 230 240 
MAINS VOLTAGE 

250 260 

Fig. 5. Dependence of oscillator frequency on mains voltage 

Maximum Deviation Sensitivity for 10 per cent Harmonic 
Distortion 

Receiver A less than 52,uV 

Receiver B 604uV 

Receiver C With an input of 10mV the distor-
tion is 14 per cent and is greater for 
all other inputs. 

Sensitivity for Standard Ratio of Signal-to-Noise 

Receiver A 

Receiver B 

Receiver C 

Signal-to-Hum Ratio 

Receiver A 

Receiver B 

Receiver C 

FIDELITY 

Harmonic 

28,aV 

25,uV 

1.0mV 

2.0 per 

2.0 per 

4F0 per 

cent 

cent 

cent 

Distortion, Variation with Modulation Depth 
See Fig. 2. 

Maximum Output for 10 per cent Harmonic Distortion 

Receiver A Maximum output power was 3 watts 
at which the distortion was 3.0 per 
cent. 

Receiver B 2.1 watts 

Receiver C Not applicable but distortion was 
greater than 10 per cent at all out-
put levels. 

Modulation Frequency Characteristic 

See Fig. 3. 

SELECTIVITY 

Adjacent Channel Suppression Ratio 
-200kc/s. +200 ke/s. 

Receiver A 9.0db — 6.0db 

Receiver B 11.0db — 1.0db 

Receiver C —35.0db —24.0db 

Second and Third Channel Suppression Ratios 
-600 kc/s. -400 kcfs. +400 kc/s. +600 kcis. 

Receiver A 

Receiver B 

Receiver C 

10 

o 

>34 db >34 db 30 db >34 db 

>34 db 31 db 29 db >34 db 

— 1.8db — 4.1db — 9.1db — 6.0db 

NOTE I. These curves were measure:fat 
intermediate frequency at he mixer vid 

  NOTE 2.This test was not performed on recenerC. 

0 4 8 12 16 20 24 28 32 
INPUT IMPULSE AMPLITUDE INdb BELOW ARBITRARY REFERENCE VAWE 

Fig. 6. Impulsive interference performance 

Image Channel Ratio 

Receiver A 

Receiver B 

Receiver C 

21.8db 

12.7db 

Not applicable. 

Intermediate Frequency Suppression Ratio 

Receiver A 32db 

Receiver B >34db 

Receiver C Not applicable 

Spurious Frequencies Suppression Ratios 

Receiver A 31.6Mc/s 21db 

Receiver B 100Mc/s 14db 

Receiver C None 

FREQUENCY STABILITY 

Oscillator Drift 
See Fig. 4 

Dependence of Oscillator on Mains Voltage 

See Fig. 5. 

CO-CHANNEL SUPPRESSION RATIO 

, Receiver A -6db 
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Receiver B —12-5db 

Receiver C —35db 

AMPLITUDE MODULATION SUPPRESSION RATIO 

Receiver A 

Receiver B 

Receiver C 

38db 

27db 

lldb 

IMPULSIVE INTERFERENCE PERFORMANCE 

See Fig. 6 

Conclusions 

From the tests on the three example receivers one may 
say that as regards sensitivity Receiver A is suitable for 

the reception of signals greater than 52,ctV while B 
requires 600/ or more. Receiver C is inferior to the other 
two for all values of signal strength. As far as fidelity and 
selectivity are concerned it can be seen that Receivers A 
and B are comparable, whereas Receiver C is much 
inferior. As regards susceptibility to impulsive inter-
ference, Receiver A is definitely superior to B, but it was 
not possible to test Receiver C because of the lack of a 
suitable impulse generator. 
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Temperature/Resistance Chart for Electrical Copper 
By A. E. Maine 
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Average value for a taken as 0.00428 

THE chart is constructed for determining rapidly the 
change of resistance with temperature of a unit wound 

with copper wire alternatively, the new temperature may be 
foünd from knowledge of the original temperature and the 
ratio of resistance change. 
To use the chart a straight-edge is laid across the chart, 

cutting the temperature and resistance ratio scales at the 
required points. If a fall of temperature is involved, the 
scale "A" must be used, whereas scale "B" is employed 
for a temperature rise. The higher and lower temperature 
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points must be located on the appropriate scales-, other-
wise the straight edge will not align with scales A 
and B. 
Example 

A coil whose resistance is 351 at 22°C is heated to 
85°C, what is its new value of resistance? 
Lay a rule between 22°C on scale "C" and 85°C on 

scale "D". Read the resistance ratio where the rule cuts 
scale "B", viz.: I•248. The new resistance is therefore 
1.248 x 35 = 43.68n. 
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A Recording and Integrating 
Flowmeter 

By D. C. Pressey wB.Sc. 

An instrument is described whereby rapidly varying flow-rates may be measured or recorded 
together with the volume which has passed. It comprises a simple flow resistance transforming 
flow rates to pressures, an electrical capacitance tnanometer of variable sensitivity, and an 
electrical integrator to give volume readings. 
The ranges of flow-rates, pressures, and volumes, for which full output is obtained are:-

1. Flow-rates. 0.05-3 litre I sec. Accuracy :1-- 3.5 per cent 
2. Pressures. 1-50mm of water. fe ±— 2-5 per cent 
3. Volumes. 0.1-75 litres. ,, normally better than -± 6.5 per cent. 

These accuracies are obtained if the internal calibration is used. The instrument has been 
designed primarily for respiration studies. 

j N order to investigate the effect of anœsthetics on human 

I respiration, an instrument for instantaneous recording of 

respiratory flow-rate and inspired volume was required. 

It was essential that it be safe for use in the presence of 

explosive anœsthetic mixtures. Further desiderata were 

stability, mobility, simplicity of operation, and ruggedness. 

For the present application, it was thought that measure-

ment of flow-rates up to 2 litres/sec would be adequate, 

and that a resistance of 40mm of water—at this peak flow-

rate—could be tolerated by the patient for short periods. 

Air Flow 

CATHODE-

FOLLOWER 

CALI BRATION 

CIRCUIT 

cuit was chosen for the capacitance manometer which is 

best suited for a linear relation between pressure signal and 

final voltage output. No discussion of suitable transducers 

causing a pressure loss approximately proportional to the 

flow-rate is intended at present (e.g., Fleisch'). 

One of the transducers used in preliminary experiments 

with the flow-rate recorder consists of a closely packed 

layer of fibrous material, fin. thick and with a cross sec-

tion of 12sq.in. The pressure loss of this unit was 

measured for constant air flows at room conditions up to 

R. 

AMPLIFIER 

DETECTOR 

(Flow 

RELAY.:+  

*Rate) iControl 
Voltage 

INTEGRATING 

AMPLIFIER 

Fig. I. The complete system 

The unit A consists of a flowratelpressure transducer and a capacitance pressure gauge 

Method 

An instantaneous recording in the frequency range 

0-100c/s is given only by an electrically driven pen-writer, 

so an electrical method is used. As all anemometers using 

hot wires are unsatisfactory because of the explosion risk, 

it was decided to convert variations in flow into varia-

tions in pressure, and to measure these with a capacitance 

manometer. A block diagram of the system is given in 

Fig. 1. Flow-rates are indicated on meter M 1; volumes 

on meter M.2. Both may be recorded. 

In normal use inspirations only are recorded and 

integrated. A non-return valve ensures that the patient 

only inspires through the resistance, hence all pressure 

signals are one way. 

The components of the system will now be considered in 
order. 

Flow-rate Transducer - 

Previous experience with an optical flow-rate recorder 

(1940 unpublished) would have favoured a flow-rate pressure 

difference transducer based on the Venturi tube. However, 

for reasons discussed in the next section an electrical cir-

" Formerly Nuffield Department of Anaesthetics, University of Oxford. 

PEN 

AMPLIFIER 

(Vol u me 

2.51it./sec (see Fig. 2). The pressure loss p rises more 
steeply than linear with the flow-rate F and the charac-
teristics can be approximated by a parabolic expression: 

p = 17.1 F 1-16 F'• the unit for the pressure loss is 

millimetres of water, for the flow-rate lit./sec. For quiet 

breathing during anesthesia the peak flow-rate is of the 

order Ilit./sec and the pressure loss in this transducer 

8.8mm of water, a value which deviates by only 3 per cent 

from a strictly linear relation. The corresponding values 

for F =-- llit./sec are p = 18.3mm of water and a devia-
tion of less than 7 per cent from a linear relation between 

F and p. 

Capacitance Manometer 
HISTORICAL REVIEW 
Many capacitance manometer circuits have been 

described and have been considered. Only those which 

could be used for the present application will be mentioned. 

The early resonance-curve circuits" being direct-coupled 

throughout, are unlikely to be very stable. 

Various systems incorporating variable frequency oscil-

lators have been described,"." but the attainment of long-

term stability with two or more tuned circuits is difficult." .9 

However, the stability inherent with fixed frequency 
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oscillators has been utilized, and several recent 
circuits', 11,12,13,14 have the further advantage that lead 
capacitance changes can be overcome. From the litera-
ture it would appear that Walker's' modification of 
Frommer's" circuit is the most stable and satisfactory. 
The earlier circuit of Békésy" overcomes lead capacitance 
changes by the same principle, and may be better for some 
applications. In the circuits of references 11 '4 the signal 
is the out-of-balance voltage from a bridge. 
The advantages of a system comprising a fixed-frequency 

(crystal) oscillator, bridge-modulator, and carrier frequency 
amplifier, are: 

(1) High-stability. 
(2) Low-level D.C. amplifiers are eliminated. 
(3) Lead capacitance changes can be overcome by the 

choice of a suitable bridge. 
(4) Calibration simple. 
(5) Wide frequency response—from zero to c. 1/5 of 

the carrier frequency. 
(6) Linear output versus pressure relationship obtainable. 
(7) High sensitivity obtainable. 

THE M ETHOD USED 
The circuit used,* Fig. 3, like that of Goodall and 

Smith," is a 4-arm capacitance bridge, and advantage (31 
is not realized. Capacitances only are used in the bridge 
network, as they are cheaply obtainable, of small size, and 
of low temperature coefficient. Wire wound resistances, 
though of low temperature coefficient, produce " current 
noise ". 

The Oscillator 
A frequency and amplitude stable oscillator is essential, 

and frequency stability is achieved by the use of a Miller 
crystal oscillator." Amplitude stability is obtained by 
using a constant voltage transformer T„ stabilized H.T., 
and high-stability carbon, or wire-wound, resistors. The 
alternative would be automatic amplitude control.'" 7 A 
small " noise" amplitude modulation (A.m.) is detectable, 
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Fig. 2. Calibration of flowrate/pressure transducer 

2 25 

this is minimized by valve selection and by the use of 
" noise-free" resistors in the voltage supplies. The valve 
is anti-microphonically mounted to reduce A.M. by micro-
phony. 
The choice of frequency is a compromise, the relevant 

factors are that: (a) R.F. is preferable to an A.F. because 
compact high gain R.F. amplifiers can be made, and because 
bandwidth increases with frequency. (b) Because of 
physical limitations, the capacitance of the gauge is most 

• The circuits given in references (10, 11, 12) seem eminently satisfactory, but 
were not known to the author when this instrument was built. Freedom from zero 
drift is not claimed for the circuits of references (13, 14). 

likely to be 10-100pF. An upper limit is thus set on the fre-
quency, which determines the bridge impedances, by the 
requirement that the unbalance voltage produced by the 
bridge is large enough to give a good signal-to-noise ratio. 
An oscillator supplying 4V R.M.S. at 164kc/s has been 
found satisfactory—though a greater voltage would be 
preferable. 
A monitor valve-voltmeter is provided for convenience 

(V, and M„ etc). 

The complete instrument. 

The Bridge 

In this, the components are all of high stability. 
Capacitance balancing is done with C„ and phase balanc-

ing with the smallest possible wire-wound potentiometer, 
P„ (20 ohms). 
The bridge arms are each of 100pF. This value of capa-

citance is large compared with the " strays ", yet it permits 
the gauge to be of reasonably small dimensions. 
A fully screened toroidal dust-cored transformer is used 

for T„ otherwise the stray coupling between the windings 
produces a phase-unbalance, and the larger phase balance 
potentiometer needed causes temperature drift. 
The ratio of output (i.e., unbalance) voltage, to input 

voltage, is given by 
AC  

Vo/V= 1/2 
2C + 2CD + AC (1 + 3CD/C) 

where C, = C2= C3= C,= C, AC is any change in C, 
due to pressure, and CD is the input capacitance of the 
first stage. (V,). 
An experimental voltage/incremental capacitance AC 

curve for the bridge is given in Fig. 4, together with the 
AC versus pressure curve for the gauge. The former rela-
tionship is such that the overall pressure y output charac-
teristic for both -±AC becomes less non-linear. 

The Carrier Amplifier 

This is conventional, and linear. Sensitivity control is 
provided by VR, and switch SW,. The maximum gain is 
c.5000. 

Diode Detector 

Diode detectors are inherently non-linear for small sig-
nals. Non-linearity can be overcome by operating the 
bridge in an unbalanced condition, but this has the dis-
advantage that the balance has to be altered when the 
sensitivity is changed. Since, in this application, the capa-
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citance changes AC are of one sign, the voltage signals are 
of one phase. The origin distortion can thus be overcome 
by applying to the suppressor grid of the final R.F.„amplifier 
V, a fraction of the oscillator voltage to produce about 
3V R.M.S. at the diode anode. The phase is selected by 
switch SW„ Linear detection of signals is thus achieved. 
Output from the detector, for the integrator or an oscil-
loscope, is taken from socket S. The signal required to 
drive the pen amplifier is 11.9 volts; the noise is c.10mV 
peak-to-peak—mainly hum from the diode. 

The Pen Driver Amplifier 

This is economical in H.T. consumption, and gives an 
output of 120V (across un anode-to-anode) from an 
input of 11-9V. This gives a deflexion of 1 1 mm. The 
output would be 125V (and deflexion 11.4mm) if it were 
perfectly linear. The accuracy of reading, expressed as a 
percentage of the maximum, is c. ± 5 per cent from the 

0.5oF; 

220.T 

Fig. 3. The capacitance manome er 
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records, and better than ±- 1 per cent from the meter Mi• 

OPERATION AS MANOMETER OR FLOWMETER 

For pressure measurement greater sensitivity is obtained 
if the gauge is connected so that AC is positive. (Fig. 5). 
Greater linearity could be obtained by feedback over the 
R.F. amplifier.* For flow measurement the gauge is con-
nected so that AC is negative. The manometer non-
linearity then opposes that of the flow transducer. (See 
Figs. 2, 5, and 6). In operation the bridge is normally 
balanced (with C4 and P1) but for alternating pressures 
or flows the pen (or meter M,), set to one side with the 
shift control P„, is centred by adjusting C„ 
The resistive load R2,, R2,, enables the instrument to 

be used without the pen writer. 
Once the instrument has been calibrated, it may be reset 

to any desired sensitivity by means of the internal calibra-
tion voltages provided by switch SW„ etc., and applied to 
the R.F. amplifier through SW,. The voltages are adjusted 
so that the setting accuracy in the range 1-50mm of water 
is never worse than ± 2.5 per cent. 

The Integrator and Associated Relays. Fig. 7 
Only a brief description of the circuit and its working 

This is done by Hagendoorn and Reynst., but the circuit is not given. The 
usage is like that of A.V.C. in a radio receiver. 

C17 

50D,F 

R 
91d1 

CV 

pz 2-58n 

c  20 

100 

2080 

2458n 
.45C/V 

1,fre 

15 

detector voltage 

will be given. The first stage V, 
is a cathode follower. Stage V, is 
a linear amplifier" of gain (x 20) 
such that the output from the 
detector produces maximum per-
missible anode swing, c.200V. 
Stage V, is a Miller integrator. 
Two time-constants, giving two 
ranges, are provided. The capa-
citors C, and C, have leakage 
resistances of i,000mn and 
5,000mn respectively. The pheno-
menon of " soaking " is experienced 
slightly, and polystyrene dielectric 
capacitors for C„ C„ would be 
preferable. Switch SW„ which has 
three contacts used in the manner 
of guard rings, and the relay con-
tacts A1, 13„ are tested for leakage 
resistances greater than 10,000Mn. 
The " Miller jump" is eliminated by 
returning the grid of Vi to —3.7V 
(= zero signal) for resetting. This 
produces a voltage drop of 3.7V 
across the anode load. The anode 
current is 80duA and the meter 
(0-5mA) is set to read zero with this 
current. 
The screens V, and V, are fed 

from series stabilizers V„ V„ as 
decoupling capacitors are impracticable at respiration 
frequencies (c.10 respirations per minute). 
The signal from V, is RC coupled to a limiting amplifier 

V,, V„ V„ the output of which is differentiated and fed 
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Fig. 6. Output/flowrate relationship at 1 lit/sec sensitivity 

1.0 

to a Schmitt trigger pair" V„ V„. The anode current of 
V, o controls the relay A, which controls the relays B, and 
D, in turn. The trigger pair operates from a 60mV input, 
i.e. per cent of maximum signal. 

In operation, the inspirations produce negative-going 
input signals, so that relay A becomes energized. After 
about 20msec the relay cycle is 
complete and integration corn-
mences. The error introduced 
by this delay is negligible with 
normal breathing. At the end 
of the breath the signal ampli-
fier is disconnected from the in-
tegrator grid, and the reading 
of M, will remain sensibly con-
stant for five minutes, or until 
another signal arrives. (With 
switch SW, open.) Due to the 
finite time-constant of the coup-
ling C„ R,„ (19 seconds), inte-
gration ceases before the erid 
of a breath—which lasts 1-3 
seconds. The error introduced 
is normally less than 4 per cent. 
When switch SW, is closed the 
integrator will reset to zero 
automatically: The times re-
quired for resetting are: Range 
I 120msec. Range II 1.4sec, but 
in order to permit good reading 
or recording of the volume, the 
onset of the resetting process is 
delayed by 0.8sec. (Relay con-
tacts B,, B,, and C, and R,,.) 
Reading accuracy from meter 

M, is ±-• 1 per cent. Provision 
is made to record volumes 
during the expiration periods. 
(Relay D and contacts.) 
For integration of constant 

flow-rates, and to facilitate zero 
setting, push-buttons PB„ PB, 
are incorporated which operate 
the Schmitt trigger, giving a 
manual, integrator on/off con-
trol. 
The relays are constructed 

from standard P.O. type relays. 
Stabilized power supplies of 
50mA at 300V and 4mA at 
—150V are required. 

Results 

The sensitivity of the gauge is 0-23pF/mm of water, and 
the maximum sensitivity of the manometer circuit is 480 
volts/pF. Full output, 120V or 1 1 mm deflexion, can be 
. obtained from pressures in the range 1-50mm of water. 
The non-linearity at lOmm is 3 per cent, and at 50mm 
is 15 per cent. 
With the present transducer, the corresponding flow-

rates and volumes are tabulated below:— 

p (mm of water) F (1Isec) Volume (litres) 

Range I. I II. 

1-43 0-083 0.167 2.5 

50.3 2.5 5 I 75 

The non-linearities at 1 lit/sec and 2-5 lit/sec are < 1 per 
cent and < 4 per cent respectively. 
The integrator is linear within the accuracy of the meter 

M, (c. ±: 3 per cent) for input signal voltages between 0 to 
14V, and for times of, Range (I) 0-8sec, Range (II) 0-120sec, 
where these times refer to integrating time and not to total 
duration of the measurements. 

For quiet breathing the peak respiratory flow-rate does 
not exceed 1 lit/sec. At this sensitivity the volume meter M, 
reads, (I) 2 litres, and (1I) 30 litres, full scale. These 
ranges are thus suitable for measuring breaths—from 0-3-
1 litre, and minute volumes-6-15 litres. 

Fig. 7. The integrating amplifier and associated relays shown in " integrate " position 

High stability carbon 
\T selected for low grid current 

Fig. 8. Typical recordings 
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External and internal temperature changes affect the 
bridge components, causing zero drift, and as the chassis 
is massive a warm-up time of one hour is required, during 
which time the gain falls by about 10 per cent, also 
because of temperature changes. Drift at 1 lit/sec sensi-
tivity does not exceed 1V (on M 1) per °C so that in suit-
able surroundings the controls do not need adjustment 
from day to day. 

Mains fluctuations (±: 10 per cent) have negligible effect. 
The instrument is believed to be of wide application. 

In addition to respiration studies, flow (or resistance) 
characteristics of valves, anœsthesia machines, etc., can be 
studied. A few typical recordings are shown in Fig. 8. 
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Fig. 9. Pendriver amplifier 

As shown this provides ± 150V across the pen coils. Where this voltage is not 
required the current in the KT66's can be reduced 

Records (a), (b), (c) were made with a pump providing a 
sinusoidally-varying flow, and a non-return valve. The 
time base runs from left to right. The volume of the stroke 
is 464cc in all cases. Record (a), Speed is 10.7 respirations 
per minute, and peak flowrate 15.4 lit/min. (b) Speed 
28.8 R.P.M., peak flowrate 40 lit/min. (c) As (b) but with 
the volume recorded. It is indicated by the height of the 
horizontal line above the base line during the delay period. 
At the end of the delay the integrator resets to zero. (d) and 

(e) Examples of the many breathing patterns. Inspirations 
only are shown. It can be seen that the non-return valve 
used was not closing properly. Peak inspiratory flowrate 
is c.50 lit/min in both cases. Average inspired volume is 
1 litre in (d), and 680cc in (e). 

Suggested applications include recording of low fre-
quency heart sounds, or barometric fluctuations. 

Further Developments 

As described, the instrument is propërly suited for use 
only in the laboratory, having a number of disadvantages: 

(1) The lead used to connect the gauge into the bridge 
is sensitive to temperature changes and mechanical 
displacements. It iA also short c.4ft. 

(2) Large bulk. 

(3) The pen is not heavily damped at its resonant fre-
quency (c.80c/s) nor can it be fully driven. 

Since this paper was first accepted a new instrument 
has been constructed in which these are overcome. 
The manometer has been rebuilt as a unit 7in. by 6in. 

by Sin. The frequency has been changed to 500kc/s so 
that miniature intermediate frequency transformers could 
be used. The gauge is attached to the side eliminating the 
lead troubles. 
The pen amplifier (Fig. 9) is linear, of low output 

impedance, and supplies the 5-5W peak power needed to 
fully deflect the pen (71-- 12mm). Conventional power 
supplies and time markers are built in with it. The 
amplifier gain is sufficient to permit the differential of the 
flow-rate to be recorded. The photograph shows the rebuilt 
instrument. 
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Proportional 
Temperature Control 

By R. Scott, B.Sc., Ph.D. 

CONTROL of thermostat heating by a simple on/off 
‘,..,method often leads to considerable temperature oscilla-
tion.' This can be avoided by a proportioning arrange-
ment which, under equilibrium conditions, controls the 
power dissipation in the heater so that thermal losses are 
accurately balanced. Saturable inductors have been 
recommended for proportional control of heating" but 
these require a fairly large saturating current with a 
correspondingly large final valve and power pack. In 
addition, when the system is far from the equilibrium tem-
perature the final valve may be damaged by excessive 
current unless protected by a limiting device.' Saturable 
inductors, being somewhat insensitive, require an appre-
ciable potential swing in the grid of the final valve. If, 

Fig. 1. 

V,, V,, V,—Mullard EF50 
Ni, N,.-0.5W 230-240V 

neon indicator lamps. 
R, 4MO 
R. smon 
R. son (preset) 
R. 60,0000 
R. 10,000S1 (preset) 
R. 25,0000 
R, soon 

Osglim 

Control Potential 

The control circuit 

value dependent on timing 
interval (0.1 1.1.F for about 10 
secs, in the present circuit). 

C, 0.01 juF. 
Relay 1.—I,000O, minimum opera-

ting current I2.5mA. 
Relay 2.-10,0000, minimum opera-

ting current 3mA, current 
under operating conditions 
10mA. 

therefore, thermal losses change in the controlled system, 
the new equilibrium temperature may differ considerably 
from that previously set. 
As an alternative to the use of saturable inductors, a 

means of controlling power dissipation can be envisaged 
employing the switching of the heater for various fractions 
of a continuously repeated timing interval whose repetition 
rate is sufficiently rapid for the instantaneous power fluc-
tuations to be absorbed mainly by the thermal capacity 
of the heater. In the sensitive proportional device to be 
described, the temperature-dependent control potential can 
be derived from a temperature-sensitive resistor in a 
Wheatstone network." To suit the following description, 
this potential is assumed to become less negative with 
respect to " earth" as the thermostat warms to operating 
temperature. 
With reference to Fig. 1, V, and its associated circuit 

form a slow time-base. The potential drop across Rz + 

R, charges C, through R„ the anode current and cathode 
potential of V, rising meanwhile.' Eventually, when relay 
1 operates, C, is momentarily short-circuited and the anode 
current reduced again to a small value. By virtue of R„ 
the cathode and anode potentials of V, rise during the 
charging of C„ At th ç end of the cycle, during the rapid 
reductión of current in V„ C, transmits a negative pulse, 
whose object is to reset the trigger circuit forward by V,, 
and V,. 

This trigger circuit has two very stable states. If the 
anode potential of V, is too low to permit N, to strike, 
V, is cut off by the potentiometer action of R, and R,. The 
high anode potential of V, allows N, to supply screen 
current to V,. Under the action of the time-base valve 
Vi, the anode potential of V2 normally rises until NI 
strikes. The trigger circuit then attains its other stable 
state with V, taking a large current (adjustable by R,) and 
operating the relay in its anode circuit. N, being cut off, 
denies screen current to V, which has no further control 
over V,. Once in this state, the trigger circuit could not 
revert to its former condition, were it not for the negative 
pulse via C, which cuts off V, on the time-base fly-back 
and allows V, to regain control. 

If the control potential is very negative when the ther-
mostat is cold, N, remains lit while relay 2 maintains the 
heater permanently on. As the thermostat warms up, the 
control potential is so reduced that N, does not initially 
strike. This is accomplished after a portion of the timing 
cycle has elapsed, i.e., when the anode potential of V, 
has been raised sufficiently by the action of V,. Relay 2 
switches on the heating for this remaining portion only of 
the total time. Should the thermostat overheat, the con-

10 

r(e 8 
hi 
'•-•' 6 

o 
» 4 
_J 

cc 2 

I 2 
NEGATIVE 

1.3 1-4 
CONTROL POTENTIAL 

I 
(VOLTS) 

} TOTAL 
TIMING 
INTERVAL 

Fig. 2. Operating time/control potential 

trol potential becomes so low that, despite the action of 
the time-base valve, N, does not strike. All possible ratios 
of " on" to " off " time are obtained by a small control 
potential swing determined by the setting of R,. For R, 
equal to 20 ohms, a potential swing of about 0.3 volts can 
give all possible ratios as shown in Fig. 2. 
From the practical viewpoint, since correct operation 

of the circuit can be ascertained from the discharges in 
N, and Nz, these lamps can be mounted in a convenient 
position on the complete controller. For stable operation, 
R, must be adjusted so that the voltage drop across the 
coil of relay 2 is large enough with N, lit to extinguish 
N„. If necessary, a resistor can be added in series with the 
relay coil to eliminate sustained oscillations from this 
cause. 

Although not so far attempted, temperature variation 
in a predetermined manner should be possible with this 
circuit provided the corresponding control potential could 
be derived. For this application, the high tension supply 
woüld require to be stabilized and the input control 
potential preferably increased by changing the setting of 
R,. 
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The Design of 

Series - Parallel Valve Voltage Stabilizers 
By F. A. Benson,* M.Eng., A.M.I.E.E., M.I.R.E. 

MHE simple series-parallel valve voltage stabilizing cir-
cuit of Fig. 1 is well known and has recently been 

described in some detail by the author,1•2 by 'Seely' and by 
Elmore and Sands.' Scroggie5 has also published several 
articles discussing the practical design of this type of 
stabilizer. It has also been explained, by the author, how 
additional devices may be included to obtain better 
stabilization and the improved circuit of Fig. 2 results. 
It should be remembered that variations in output voltage 
V. are produced chiefly by changes in input voltage and 
load current. In Fig. 2 these latter changes are used to 
give additional correction factors. If the input voltage 
changes a variation is produced in the grid voltage of valve 
V, by way of R„ the 
potentiometer chain 
R,R,R,R, and the 
amplifier valve V,. In 
this way the voltage 
drop across V, changes 
to oppose the change 
in input voltage and a 
variation of ' output 
voltage is prevented. 
Again, a change in load 
current produces a 
change in the voltage 
drop across R, which 
is applied to the grid of 
V, via the potentio-
meter and the amplifier 
valve V,. The output 
voltage change can thus 
be counteracted. 
This type of stabi-

lizer, either with or 
without the additional 
correcting devices, is 
now widely used. There 
still appear to be many, 
however, who do not 
fully understand or 
appreciate all the prob-
lems involved in the 
design and it is felt that 
a general discussion of 
those parts of the sub-
ject which are not so well known will be of considerable 
value. 

Input 

Voltage 

p, Out put 

Voltage 
vo 

Fig 1. Simple series-parallel stabilizer 

Fig. 2. Series-parallel stabilizer with 
correcting devices 

The Additional Correcting Devices 

The correcting device described above in which R. is 
added to provide stabilization against input-voltage varia-
tions will be seen to be imperfect because it will vary as 
the load current changes. This imperfection is usually not 
very serious and the correction is generally adequate. It 
might be pointed out, however, that a correction which 
approaches perfection can be obtained, if so desired, by 
taking the top end of R, (Fig. 2) to a separate rectifier 
which is not supplying a varying load current but which is 
fed from the same mains supply. 

Both the additional correcting devices depend on the 

* University of Sheffield. 

gain of the amplifier valve V,. The importance of this 
has been determined by checking the stability of a typical 
circuit for 12 different amplifier valves of the same type 
(in this case the EF50). The circuit tested was one pro-
viding 300V at 0 to 200mA. 
Table 1 gives the figures obtained for the various valves 

with R3 set to its optimum position in each case. It will 
be noticed that there are considerable variations in these 
figures and hence, for some purposes, it may be found 
desirable to choose a good valve. On the other hand, 
even the largest variation recorded will not be serious for 
most applications. It is probably reasonable to assume 
that other types of amplifier valve will give similar results. 
A pentode is commonly used as the amplifier valve 

although triodes are shown in Figs. 1 and 2. Some 
correCtion for mains input variations may, in this case, 
be obtained by supplying the screen grid of the pentode 
from a suitable potentiometer across the unstabilized out-

VALVE 
SAMPLE 

Voltage Variations (V) 

LOAD C URRENT VARIED.,LOAD 
- -,,,, FRO 0-200mA. INPUT 
VOLTAGE CONSTANT 

CURRENT 
,-ONSTANT. INPUT 
VOLTAGE VARIED BY 
± I 5 PER CENT. 

1 0.8 0.5 
2 0.78 0.22 
3 1.34 0.32 
4 1.72 0.84 
5 1.4 0.3 
6 0.54 0.98 
7 0.9 0.54 
8 0.94 0.4 
9 0.9 0.5 

10 0.82 0.35 
11 0.85 0.5 
12 1.02 0.46 

*Hea et voltages of valves kept constant in this feet. 

Table 1. Variation of stability of a typical stabilizing circuit with change 
of amplifier valve 

put voltage from the rectifier. It should be remembered, 
however, that screen-grid voltage/anode-current charac-
terestics of any particular type of valve may vary 
considerably from valve to valve or with life. 

It has been suggested that a capacitor from the positive 
side of the output voltage to the grid of V, might be fitted 
to reduce hum. This is frequently done and the value of 
the capacitor is not critical; 0-1 to 0.2./uF is generally quite 
satisfactory. If this capacitor is fitted, however, the cor-
recting circuit involving R, must be used with caution as 
the regulation of the circuit will be better at hum fre-
quencies than at lower ones. In cases where a very low 
output impedance is required for frequencies below about 
30c/s it may be necessary to remove this capacitor at the 
expense of increased hum. 

The Choice of Rectifier Unit and Series Valve 

In designing the rectifier unit and choosing the series 
valve two conditions must be satisfied. First, the rectifier 
unit must be capable of delivering a voltage equal to the 
sum of the maximum output voltage and the voltage drop 
in the series valve, at minimum mains supply voltage and 
at maximum load current. Secondly, the specified anode 
power rating of the series valve must not be exceeded. 

Consider the equivalent circuit of the stabilizer shown 
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in Fig. 3(a). Since V, and Vo remain constant for all 
values of 1], the circuit can be simplified to the one shown 
in Fig. 3(b) if it is also assumed that II is large compared 
with the current through the controlling element. 
The power dissipated in the series valve (W) is thus 

= (V1 — Vo)2 . R3/(R, R,•)2. 
This is a maximum when dW = 0, i.e. when R.= 

R. Thus the power dissipated in the series valve is a 
maximum when II is of such a value that the D.C. anode 
resistance of the valve equals the total resistance of the 
rectifier unit. If II is never large enough to give this con-
dition then, of course, maximum power is dissipated in 
the series valve when I is at its maximum value. It is 
generally advantageous to employ a pentode for the series 
valve rather than a triode, as the anode voltage can then 
be made lower than the screen voltage by including a suit-
able dropping resistor and will be less than for an equiva-
lent triode. Having fitted such a dropping resistor it can 
be used as an element in a resistor-capacitor filter for 
reducing hum. A dropping resistor is often needed, in 
any case, unless transformers are specially designed for 
the particular stabilizer in mind, because if any standard, 
or easily-available transformer is used it will generally 
provide more than the necessary secondary voltage. 

If the current requirement is too high for a single series 
valve, two valves may be connected in parallel."'" It 
might be pointed out that there is now a high-current 
valve available which is classed as a power amplifier in 
specifications. This is the CV34-5 (12E1) which has been 
found, by the author, to be admirably suitable for load 
currents around 200mA. 

The Amplifier Design 

Adequate stabilization can generally be obtained by 
using a single amplifier valve although Seely' and Elmore 
and Sands' have shown how a second stage of D.C. ampli-

Resistance of Resistance of 
rectifier unit series valve 

Rectifier R 
Voltage 

(9) 

Fig. 3. Equivalent circuits of stabilizer 

(b) 

fication may be added to the stabilizer circuit. They have 
described a variety of such regulators containing two-
stage resistor-coupled amplifiers, or difference amplifiers, 
or " cascade " amplifiers. 

In the case of the conventional circuit using a single 
amplifier valve there are several possible connexions for 
the anode-load resistor R1 and these have been compared 
employing circuits without the additional correcting 
devices already described. The best-known one is the case 
where R1 is taken to the stabilized supply. This possesses 
the limitation, however, that at small grid/cathode voltages 
in the series valve there must be a very small current in 
R1 giving a low working mutual conductance for the 
amplifier valve. This has led to an alternative improved 
arrangement where the anode load is returned to a de-
coupled supply obtained from the unstabilized rectifier 
output voltage. 
A better arrangement still is to return the anode load 

to a separate unloaded supply at a fixed voltage above the 
stabilized output voltage. This latter arrangement gives 
the most perfect stabilization of the three methods, but 
due to its greater complexity it is generally replaced by the 
second one, since adequate correction can be obtained by 
using the additional-correcting devices already discussed. 

Other Factors Affecting Stability 

The length of time over which a specified performance 

can ne maintained from a stabilizer of this type is a further 
factor to be considered. Large variations in output 
voltage will occur if the current through the amplifier 
valve changes or if the reference voltage changes. The 
amplifier valve is generally run at quite a small percentage 
of its maximum specified rating (of the order of 5-20 
per cent) and thus changes of the characteristics with age 
are found to be not very important. Major troubles may 
arise if the heater voltages of the valves are not constant 
and it may be necessary to stabilize these separately. 
The amount of variation to be expected in the reference 

voltage when glow-discharge tubes are used has been 
studied in great detail by Kirkpatrick', Titterton', Cain, 
Clucas and the author." In cases where a very high 
degree of stability is required a battery is generally used 
to give the reference voltage, but even this has to be used 
with care." -". 

It is also essential for best results that the components 
used for constructing the potentiometer across the output, 
which supplies the grid of the amplifier valve, are of high 
stability. 

Performance for High-Frequency Components of Load 
Current 

It is found that for the circuits described there is a 
maximum frequency which is fully amplified by the 
amplifier valve. This may be as low as 10kc/s. Thus, any 
components of the load current having frequencies greater 
than this maximum will not be fully regulated. The output 
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Fig. 4. Typical output impedance/frequency curves for various values of 
capacitance across the output 

impedance is no longer the normal few ohms for these 
high frequencies but increases as illustrated by the typical 
curve of Fig. 4. Sudden changes in load present a similar 
problem. The trouble can be overcome by placing a 
capacitor across the output as can also be seen from Fig. 4. 
This capacitor usually needs to have a fairly high capaci-
tance (4-16/LF), the actual size depending on the maximum 
output impedance allowable. The impedance of the 
capacitor decreases with frequency and is in parallel with 
the output impedance of the stabilizer itself. 

No capaci tor 
across output 

Direct ion of 
i nc rea sing 

ca paci lance 

across output 
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The Activities and Equipment of 

an Industrial Electronics Laboratory 
(Part 3) 

By G. H. Hickling,* B.Sc., A.M.I.E.E. 

I 
N this, and part of the final section of the series, attention 
will be devoted to reviewing some of the circuit techniques 

and design features which it has been found useful to 
incorporate in industrial electronic laboratory equipment 
and measuring devices. In the present section, standard 
general purpose equipment—A.C. and D.C. amplifiers of 
various types, wave analysers and oscillators—will be con-
sidered, with reference particularly to the requirements of 
accuracy in measurement. 

A.C. Amplifiers 

It is logical first of all to consider the requirements of a 
simple " straight " A.C. amplifier for general laboratory use, 
since this will form à basic part also of many other instru-
ments. Such an amplifier may be used, for example, to 
measure the steady output of A.C. polarized position 
indicator devices or A.C. bridge circuits, or to display on a 
cathode-ray tube the output of a vibration pick-up—pro-
vided that no modification of its response characteristic is 
desired. 
For many such applications the requirements are much 

more onerous than for normal sound amplification."'" 
Amplitude response must be linear up to full output. Fre-
quency response characteristics, to cover all likely uses, 
must be flat from one or two cycles per second up to the 
radio-frequency region—beyond which ranges either D.C. 

or R.F. amplifiers would be employed. Substantially zero 
phase shift must obtain, also, over the whole of the effec-
tive working range: but since wide-band response brings 
attendant disadvantages in the form of " blocking" effects 
and accentuation of unwanted low frequency fluctuations 
or high frequency " mush " (either internally or externally 
generated) provision for controlled cut-off at either end 
of the frequency range is also useful. Suggested response 
curves are given in Fig. 23, to be discussed later. 
RC coupled circuits must almost, invariably be used in 

wide-band A.C. amplifiers since transformers are responsible 
for excessive phase shift and amplitude errors at both ends 
of the_ frequency range. To obtain satisfactory stability 
with really low-frequency response—and also to linearize 
the response—the use of balanced push-pull amplification 
throughout the circuit, in conjunction with stabilized 
supplies (in mains operated equipment) is often necessary. 
Stabilized laboratory " power units" are now readily avail-
able for this purpose.. The use of a saturable choke 
stabilizer for valve heater supplies has recently been pro-
posed also, in order to take fuller advantage of improved 
H.T. stability. 

In all electronic measuring instrument work the general 
principles of feedback amplifiers are, as we shall see, 
widely used in order to up-grade amplifier response"'" 
and to minimize the effects of valve ageing and replace-
ment. In any universal laboratory amplifier, also, an 
adequate range of gain control, by means of a calibrated 
stepped attenuator, should be provided for. These two 
requirements may conveniently be met by means of a gain 
control which is arranged to adjust one or more negative 
feedback circuit, so that stability actually improves as the 

• C. A. Parsons & Co.. Ltd. 

gain is reduced. An internal 50 cycle " check " signal may 
be provided so that the gain can be checked at any time 
against a built-in voltage divider. 
A practical general purpose laboratory amplifier should 

provide all of these features, at least, have a voltage gain 
of 104 or preferably 105, and should include an output 
meter calibrated, with suitable range factors, in term of 
input voltage. A suggested output level is about 20 volts 
R.M.S. into, say, 5,000 ohms—sufficient for operating an 
indicating meter or recorder, or for supplying the separate 
driver amplifier of a cathode-ray oscillograph. A cathode 
follower input stage further increases the usefulness of an 
amplifier, by permitting its use with extra high impedance 
sources without undue loading effects," while for many 
applications also, cathode-follower output is advantageous. 

Selective Amplifiers and Wave Analysers 

Amplifiers are sometimes required which will respond 
selectively at one frequency only. Applications which arise, 
in the industrial field, include sensitive detector circuits for 
use in carrier frequency systems, where very high gains 
are required and low values of signal-to-noise ratio have 
to be contended with: a case in point is the spectrometer 
amplifier to which reference was made in Part II of this 
series. By this technique interrupted D.C. signals of l0-
volt have been detected." Another common use is for 
frequency analysis in noise or vibration study, in which 
case variable frequency selective amplifiers (wave-
analysers) must be used. 

While inductance-capacitance type filters may r-x 
employed satisfactorily at the higher audio frequencies, 
and electro-mechanical filters have also been used success-
fully to give high selectivity in this frequency range (e.g., 
in a heterodyne wave analyser), current practice is to make 
use of resistance-capacitance frequency selective networks 
for the audio and lower frequency range generally. With 
proper design these will give both excellent selectivity and 
good stability. 
There are various RC bridges which may be used," of 

which the parallel-T circuit is the most popular. Here again 
the negative feedback principle is employed. Fig. 17 shows, 
in heavy lines, the basic parallel-T bridge network, the 
appropriate values of R and C for any tune frequency 
being indicated. This circuit must be used in a negative 
feedback loop of an amplifier, one of the simplest methods 
of connexion being as shown in the diagram. The charac-
terestic feature of this filter is that the voltage at the output 
point (P) has zero value for some unique frequency f— 
the " balance " frequency of the bridge—the output being 
positive (i.e., having a component in phase with the input) 
at all other frequencies. In the vector diagram, Fig. 17(b), 
the locus of the voltage at (P) is shown for variation of 
frequency from zero to infinity. 
With the amplifier connected as shown, negative feed-

back occurs, with reduction of gain to near unity, at all 
except the balance frequency of the bridge. Full amplifier 
gain is attained at this frequency only. The magnification 
factor of the tuned circuit (with a correctly balanced 
bridge) is thus equal to the inherent amplifier gain. It 
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will further be noted from Fig. 17(b) that at frequencies 
close to resonance the feedback signal is very nearly in 
quadrature. Hence as the frequency passes through this 
value the amplifier output swings rapidly, relative to the 
input, from 90° lagging to 90° leading. The response near 
to the tune frequency is, in fact, exactly that of an ordinary 
LC tuned circuit. 

Fig. 17(b) also shows (in broken lines) how the locus 
of the feedback signal may be changed by unbalancing the 
bridge, to give either a positive or a negative feedback at 

input 

'Balance" Frequency 

21TRC 
(a) 

Fig. 11. (a) Selective amplifier stage using parallel-T filter. (b) Vector 
diagram for filter response 

Lod of voltage at Pwith 
variable frequency 
. (Dotted for unbalanced 

circuit) 

(b) 

tune. Judicious use of the former effect can be made to 
increase the amplifier gain at resonance, and hence to 
increase the effective selectivity—or even, if desired, to 
render the circuit oscillatory. 

Since the parallel-T circuit comprises only resistors and 
capacitors, it lends itself to the construction of very com-
pact fixed frequency filters which may conveniently be 
made up as plug-in units, thereby enabling a standard 
amplifier to be used, when required, for selective response 
at any desired frequency. 

Wave Analysers 

The frequency law of the RC frequency selective 

filters f — 1 27rRC — is well suited, to their use in vari-

able-tuned amplifiers, or wave analysers. Either R or C 
may be varied (or both) and the direct reciprocal relation-
ship results in a much greater proportionate frequency 
change for a given change in capacitance, say, than occurs 
in an LC tuned circuit for which the inverse square-root 
law applies. In a wave analyser using the parallel-T cir-
cuit a 3-gang resistance unit may be used for normal fine 
adjustment of frequency, while range changing is effected 
by capacitance switching. This arrangement permits a 
wide total range of frequency variation with only a limited 
variation of load impedance on the amplifier. A wave 
analyser of this type has the considerable advantages over 
the heterodyne type that selectivity remains constant 
(though adjustable) for all frequencies, and also that an 
output is available at the tuned frequency so that it can be 
used to give audible indication by means of a loudspeaker. 

In order to obtain still better selectivity, a worth-while 
refinement of the parallel-T filter circuit is available in the 
8-element modified Scott bridge." In this circuit, Fig. 18, 
the centre arm is split into two parallel portions, together 
having the same impedance as in the original bridge, but 
with the C and R components in one case interchanged.. 
Since the impedance between points Q and S remains un-
altered, and as the elements in the arm QPS have the 
same relative values as before, the terminal P still gives 
a null output at the balance frequency, with an in-phase 
signal for negative feedback at all other frequencies. The 
mid-point T of the second branch, however, gives a 
maximum output at the tune frequency (Fig. 18(c)) falling 

to zero at frequencies remote from this value. Thus by 
taking the output signal from this latter point the overall 
selectivity of the analyser is enhanced. Actual relative 
response curves are given in Fig. 18(b). Fig. 19 shows, in 
somewhat simplified form, a practical circuit in which the 
advantages of this type of filter may be realized. The 
use of cathode-followers both to feed into the comparatively 
low impedance of the filter network, and to take _output 
signals from the terminals P and T without loading, will 
be noted. A further feature of the circuit is that the 
number of CR couplings round the feedback loop is 
restricted to two, this condition being necessary in order 
to preclude any possibility of low frequency oscillation or 
" motor-boating" when using a high overall gain. 
A different type of wave filter, it may be noted here, 

has been found useful for the purpose of making noise 
surveys, where, it is desired not so much to determine the 
precise source of the noise—which may be unavoidable— 
as to devise measures for reducing it by external absorbers, 
etc. This comprises a series of wide-band-pass filters 
which, when used with a standard sound-level meter 
(having itself an appropriately " weighted " response cor-
responding to that of the human ear), will enable the dis-
tribution of total noise to be measured in, say, eight bands 
covering the audio spectrum. Such a unit may conveniently 
be made in portable form, using RC feedback filters" 
designed to give high-pass and low-pass response with 
appropriate cut-off frequencies. 

RC Oscillators 

It has already been hinted that RC filter networks lend 
themselves to the design of low frequency oscillators. For 
this specific application, however, the somewhat simpler 
Wien Bridge circuit (Fig. 20) has found greater popularity 
than the parallel-T, since only two variable elements are 
needed. This circuit gives a positive (in phase) signal at 
balance, from the output point P, which may thus be 
connected to the input grid of a 2-stage amplifier, as 
shown. This signal falls to zero at high or low fre-
quencies. Constant negative feedback is provided by the 
resistance divider R,R, constituting the second half of 
the bridge, this ratio being adjusted so that just sufficient 
positive feedback occurs at tune to maintain oscillation. 
Resistance R, may consist of a low wattage filament lamp 
as a non-Enear element for the purpose of providing 
automatic amplitude control. Alternatively a resistor of 

(0) (c) 

Fig. 18. (a) 8-Element bridge circuit. (b) Relative response curves. 
(c) Vector diagram 

the thermistor type can be used for the same purpose in 
position R, with the advantage that a lower power dis-
sipation is required. 

It may be noted in passing that the Wien Bridge circuit 
lends itself equally well to the design of analysers. One 
recent instrument makes use of two such filters in cascade 
to give good selectivity, the alignment of the two being 
adjustable to provide a measure of band-pass response 
combined with a very high maximum selectivity. 
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Decade Tuned Oscillators 

The principle of the decade tuned oscillator, in which 
the desired frequency can be directly set on dials in a 
manner analogous to that of adjusting an ordinary decade 
resistance box, is basically simple, being dependent on the 
fundamental frequency law of the RC tuned oscillator: 

1 
f - 27; RC 

Either resistance or capacitance switching may be used for 
frequency adjustment, the former being generally prefer-
able. Considering this case first, it follows from the 
elementary expression for parallel connected resistors: 

1/R = 1/R, + 1/R, + 1/R, . 

that if several paralleled resistors (or banks of switched 
resistors) are used to make up each "R " in a frequency-
selective bridge network the resulting frequency will be: 

1 1  
f — 

RC R,C 

Hence if any one of the paralleled resistance units is varied 
the incremental frequency change will be independent of 
the value of any of the others. It is thus clearly possible 
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Fig. 21. Decade oscillator frequency control circuits 
(a) Resistance switching. (b) Capacitance switching. 

7 

Fig. 19. Practical wave analyser circuit (simplified) 

to make one switched resistance bank vary the frequency 
in, say, hundreds of cycles per second, while a second 
parallel connected bank is arranged to give frequency 
variation in tens, and a third in units. The individual 
resistance values in each bank, in reciprocal relationship to 
the digital values of the steps, are readily calculated from 
the general frequency expression given. In any one bank, 
as a matter of convenience, resistance values are normally 
built up by connecting suitable elements in series, but it 
should be noted that the correct result would be obtained 

Fig. 20. Wien bridge frequency-selective filter as oscillator circuit 

4 

6 

 oOutput 
r 0 (to LS) 

 ()Output 
• .0(Phones) 

if from one to ten resistors of equal value, in any one 
decade, were switched into circuit in parallel. Zero on 
each dial corresponds, of course, to an open circuit. 
Corresponding resistors in successive decades are in 10:1 
ratio. 

Fig. 21(a) shows the detailed circuit arrangement re-
quired for a 3-dial resistance tuned decade oscillator. The 
third dial (comprising the highest value resistances) may 
consist of decade switched banks, as for the first two, or 
may be a suitable two-gang continuously variable potentio-
meter in order to give smooth control of frequency 
between steps on the second dial. A further useful device 
which can be employed, as shown in this diagram, is to 
switch the capacitors in the circuit also, in 10:1 ratio 
steps, so as to give "scale factors" of unity, ten, a 
hundred, etc., on the frequency values shown by the resist-
ance dials: thus the same circuit will give I — 1,110 cycles 
in 1c/s steps, 10 — 11,100 cycles in 10c/s steps, and so on. 
The corresponding circuit arrangement for a switched 

capacitance decade oscillator would be as shown in Fig. 
21(b). In this case the banks of capacitors are connected 
in series since the resultant value of series connected capa-
citors (as for parallel resistors) is: 

1/C 1/C, + 1/C, + 1/C, . 
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(a) 

In this case, also, it would be convenient to make up each 
individual decade from 10 equal capacitors in series, the 
selector switch being arranged to contact each inter-
connexion point in turn. The main disadvantage of the 
capacitance tuned arrangement, apart from the difficulty 
of procuring the necessary numbers of accurately adjusted 
capacitors, is that the decade which influences the fre-
quency to the greatest extent comprises the smallest value 
capacitors, in which_accuracy is most difficult to attain. 
By the same token, incidentally, the most important bank 
in a resistance switched decade oscillator comprises the 
lowest value resistors which can therefore be of the preci-
sion wire-wound type. 

It is necessary to insert here a warning that, if accuracy 
of calibration is to be achieved in a decade oscillator, 
special attention must be paid to the design of the ampli-
fier—particularly as regards phase shifts and matching to 
the RC filter. It may be noted, too, that although only 
the parallel-T and Wien bridge circuits have been 
described, these are not the only RC networks available 
for use in oscillators. The simple " phase shift" circuit 
is widely used and the bridged-T network (a simplified 
variant on the parallel-T) has also been made the basis of 
a wide frequency range oscillator.' 

Integrating Amplifiers 

The processes of integration and differentiation with 
respect to time—together with other mathematical trans-
formations—occur in various automatic computing 
problems."." More everyday instances of the use of 
integrating amplifiers occur, however, in connexion with 
vibration detectors of the velocity or acceleration response 
types, when it is desired to convert the indication to dis-
placement or (in the latter case) to velocity response. The 
moving-coil vibration pick-up with a heavy, low natural 
frequency, suspension system comes into the former cate-
gory, while the usual type of inertia operated piezo-crystal 
pick-up is of the latter type. 
True integration down to zero frequency in any elec-

tronic amplifier is, from a practical standpoint, impossible, 
since to obtain the integral of any D.C. input quantity 
over a period of time would, in effect, require infinite D.C. 
output from the amplifier. In the A.C. range, above any 
specified minimum frequency, however, integration can be 
effectively obtained—most simply by the introduction of 
a simple RC lagging exponential time-constant into the 
circuit—Fig. 22(a). Theoretically we have: 

E . sin wt = —E/ca . cos wt 

i.e., the required output for a given constant amplitude 

Vo= 

(b) 

Fig. 22. Integrating RC networks 

(c) 

(a) Simple RC circuit. (b) Vector diagram for (a). (e) Miller integrator. 

sinewave input signal should be inversely proportional to 
frequency while phase shift remains constant at 90° lag-
ging. This holds true, sufficiently for most practical pur-
. poses, in the case of the simple RC circuit, provided that 
the voltage attenuation at minimum frequency is not less 
than about 10:1 (see Fig. 22(b). 
A disadvantage which follows from this last condition is 

that, for an RC integrator to operate over a wide range 

of frequencies, the output signal level at the maximum 
frequency limit is necessarily very small and difficulties 
arise in avoiding spurious pick-up or noise voltages—input 
signal level being limited by the previous amplifier stage. 
Here, however, the negative feedback principle again 
comes to our assistance, in the form of the Miller inte-
grator" (Fig. 22(c)) which comprises an amplifier with 
simple negative capacitance-feedback. The theory is simply 
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explained on the assumptions that ig = 0 and that v5 
is small relative to both V; and V.. On this assumption, 
since the currents in R and C must be equal: 

VijR = — jwCV0, 

Vi  
or V. —  —jcoRC 

The response thus complies with the conditions for true 
integration provided that the valve gain is high, and so 
long as the inequality 1,5 V, remains true: but at very 
low frequencies, when C becomes ineffective, Vg 
approaches the value V, and the relation therefore no 
longer holds. In this respect the response of the Miller 
and the simple RC integrators is the same. 
The converse process of differentiation, which finds 

useful practical application in pulse sharpening circuits, 
etc., is very simply obtained by shortening the time-constant 
of the normal CR coupling in an amplifier so as to give 
the required discrimination against low frequencies. 

It is not always appreciated that integration and 
differentiation characteristics are equivalent simply to high 
and low frequency cut-off, respectively, in the frequency 
response characteristic of the amplifier, as produced by 
simple RC time-constants.'" It is consequently unneces-
sary to regard these as characteristics of special purpose 
amplifiers; they should rather be built in to any general 
purpose laboratory amplifier, suitable switching arrange-
ments being incorporated, as previously suggested, to 
enable any desired time-constant—integrating or differen-
tiating—to be selected, as indicated in Fig. 23. 

Applications requiring double integration (i.e., a voltage 
attenuation of two decades per decade of frequency), as 
for conversion from acceleration to displacement response, 
can be met either by including two integrating amplifiers 
in the same unit, or by cascading two separate single inte-
grating amplifiers. A special vibration amplifier providing 
the former facility is shown in Fig. 24. 

Since any integrating amplifier inherently gives increased 
gain at frequencies somewhat below its working range, the 
requirements of low frequency stability, as discussed under 
" A.C. Amplifiers ", are especially necessary. Where double 
integration is provided this assumes still greater importance. 

Phase Discriminators 

Rectification of the output of an A.c. amplifier, to give 
a demodulated or D.C. output signal, is a common require-
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ment when using A.C. excited bridge circuits or A.C. 

polarized detector devices. In such cases the ability of an 
amplifier to give phase discrimination—or reversal of out-
put polarity with reversal of phase of the input signal—has 
marked advantages, particularly as regards zero stability. 
Such an amplifier may be used as a true nul detector and 
gives unambiguous indication of the sense of unbalance 
in an A.C. bridge circuit. In a strain gauge bridge " zeroed " 
at zero strain, for example, tensile and compressive strains 
are reproduced with appropriately reversed polarity. The 
bridge or detector device may be in balance at the mid-
point of the range of measurement (the reference zero 
position) with zero signal in the amplifier, so that zero 
drift due to changes of A.c. voltage or amplifier gain is 
eliminated, while response up to the full sigtial capacity 
of the amplifier may be obtained on either side of zero. 

Several possible forms of discriminator circuit are avail-
able, of which that shown in Fig. 25(a) is one which well 
illustrates the principle. The A.c. voltages applied to the 
two rectifiers forming the demodulator proper are equal 
to the vector sum and difference of the amplified signal 
voltage (V1) and the constant amplitude reference voltage 
(I/2). The output, being the difference between the two 
rectified voltages, thus reverses in polarity as the signal 
reverses from in-phase to out-of-phase with respect to the 

Fig. 24. Vibration amplifier (double integrating) 

(Direct reading in "inches x 10'","inchesIsecond" or "inches/second/second") 

reference signal. Its amplitude is proportional to the in-
phase (or anti-phase) component of the input signal; but 
the circuit has the further advantage, for some applica-
tions, that it discriminates strongly against any quadra-
ture component of the input, since the voltages applied to 
the two rectifiers are equal and cancel out when + V, and 
— V, are at 90° to V,. This feature is particularly useful 
for example in A.c. bridge networks involving complex 
impedances (of which an instance will be given later) where 
the capacitance balance, say, must be unaffected by the 
resistance balance. 

Another phase discriminating amplifier circuit shown 
in Fig. 25(b), in which the reference signal is supplied as 
an A.c. anode voltage (to valves V, and V2), has been 
usefully applied to a velodyne servo system. In this case 
the servo motor speed is controlled by applying a D.C. 
feedback voltage, derived from a tacho-generator, across 
the valve cathodes. A similar principle is employed in the 
electronic temperature controller referred to in Part I. 

In measurement circuits where the demodulated output 
is itself an A.c. signal it will generally be applied to the 
deflecting terminals of a cathode-ray or other oscillograph, 
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while outputs which are substantially D.C. will usually be 
supplied to an indicating meter or chart recorder. Final 
output stages will consequently vary somewhat to meet 
these requirements. 

D.C. Amplifiers 
So far only circuits involving A.C. amplification have 

been considered. There are, however, a number of impor-
tant applications in the field of measurements calling for 
the use of D.C. amplifiers. Measurements with thermo-
couples or thermopiles, photocells and, if D.C. energized, 
resistance strain gauges fall into this category, whenever 
the limitations of the simple galvanometer are inacceptable. 
They are used, too, in various " carrier " type equipments 
and also play an important part in the design of D.C. 

voltage stabilizers, although probably the most onerous 
requirements—which have greatly stimulated development 
work in this field—arise in electro-medical research. Direct 
coupled driver amplifiers for cathode-ray oscillographs, 
also, are desirable—to be used with either D.C. or A.C. pre-
amplifier units as required. 
The over-riding difficulty in the design of high gain D.C. 
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Fig. 25. Phase discriminating amplifier circuits 
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Vo 

amplifiers—apart from the inconvenience of the progres-
sive rise in D.C. potential normally incurred in successive 
stages—is that of zero drift, and the main features 
of all successful D.C. amplifier designs are the outcome of 
attempts to minimize this effect. 
From the practical standpoint D.C. amplifiers fall into 

two categories (with one design which may be said to be 
a hybrid between the two). These are the purely thermionic 
amplifier, with the same upper frequency limits as 
the normal RC coupled amplifier, and the electro-
mechanical type in which some mechanical device—either 
an interrupter, a vibrating capacitor, or a galvanometer 
element—is employed in the input stage as a comparator 
or error-detector in a feedback circuit. Fundamental con-
siderations affecting the performance of valves appear to 
limit the ultimate stability of the thermionic class to a 
little better than 100 microvolts at the input. Drifts of this 
order over any reasonably long time interval are unavoid-
able owing to changes of grid-cathode potential analogous 
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to those causing " noise" in A.C. amplifiers.* Feedback, 
while effective in overcoming drifts occurring in later 
stages of amplification, provides no complete cure since a 
thermionic valve must be used as the ultimate means of 
comparison between the input and feedback signals. 
An entirely different order of performance is obtainable 

from the "electro-mechanical " class of D.C. amplifier—at 
the expense, unfortunately, of A.C. response above a few 
cycles per second—since the foregoing limitation is 
removed. Any of the three main types in this latter 
category may be represented functionally by the block 
diagram given in Fig. 26. A large measure of negative 
feedback is employed, the comparator devicé being used 
to detect the error signal only, between the feedbaçk and 
input voltages. In the interrupter type of amplifier a high 
speed carpenter relay, operating at say 50c/s, is used to 
convert this error signal to A.C. Transformer coupling is 
used to feed this signal into a normal A.C. amplifier—pre-
ferably selective to the " chopper" frequency. The output 
is then phase-sensitively rectified and fed as D.C. through 
the load and the feedback resistance, in series. The polarity 
is such that the drop in the latter opposes the input volt-
age, so tending to eliminate the error signal. Although the 
actual input impedance of the comparator device may be 
fairly low, the apparent D.C. input impedance of the 
amplifier is thus much higher, increasing with the amount 
of feedback to some 50,000 ohms. The effects of valve 
noise in this type of amplifier are effectively eliminated 
by restricting its response to a single frequency. Stabilities 
attained in an actual commercial instrument, over long 
periods, are under 1 microvolt. 

Comparator 
Stage 

.-Load r i=-11 (Nearly) 

P.m R. V, 

[ :.Gain. Air 

Fig. 26. Schematic diagram of D.C. amplifier with feedback 

Where the input impedance of this last type of amplifier, 
notwithstanding feedback, is too low, a similar principle 
may be used in the vibrating reed electrometer amplifier 
which has been applied to the measurement of ionization 
chamber potentials and also in biological work." In this 
case again the D.C. error voltage applied to the vibrating 
capacitor generates an A.C. signal for amplification. 
The " galvanometer-photocell" type of amplifier" is also 

functionally identical to those just described. The com-
parator device comprises a robust reflecting galvanometer 
arranged to control the relative intensity of illumination 
of two photocells, the differential output from these being 
fed to a D.C. amplifier controlling the current in the load. 
Negative feedback is used to stabilize the response in 
precisely the same manner as already described. 
The hybrid type referred to above combines a direct 

coupled thermionic amplifier, having a good frequency 
response, with an auxiliary feedback amplifier of the inter-
ruptor type to correct continuously for any drift of zero. 

In the design of purely thermionic D.C. amplifiers the 
principal methods used to avoid zero drift are:-

1. The use of balanced circuits. 

2. Stabilized supplies. 

3. Specially selected valves—(both types and where 
necessary individual valves). 

So far as circuits are concerned the methods used to 
obtain stability are closely connected with the method of 
stepping up the cathode potential, as is normally required, 

(Attempts to differentiate between " drift" and " noise" have, in fact, led to the 
conclusion" that it is preferable to regard these two effects, from whatever cause they 
arise, as synonymous.) 

between stages. Current practice generally favours the 
completely balanced circuit as illustrated in Fig. 27(a). 
The common cathode resistance for the two valves (or 
half valves) comprising each stage results in a high degree 
of discrimination against unbalanced signals, thereby 
giving the circuit a large measure of immunity from 
drifts due to supply voltage changes. Phase splitting, with 
unbalanced input occurs automatically. At the same time, 
by suitable choice of cathode resistor values, the appro-
priate D.C. potentials for each stage are obtained, without, 
of course, any loss of gain due to negative feedback. 
Furthermore, as the signal components of the two anode 
currents cancel one another out, no variation in total 
H.T. current occurs with change of signal voltage, so 
removing a possible cause of instability. 
A number of other D.C. amplifier circuits have been 

published from time to time," three, which are of some 
interest, being included in Fig. 27(b) to (d). That shown 
in simplified form in Fig. 27(b) provides the basis of a 
convenient C.R.O. driver amplifier." The metered variable 
voltage supply to g, affords a calibrated shift control, 
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(c) (d) 
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Fig. 27. Basic D.C. amplifier circuits 

(a) Balanced circuit. (b) Direct coupled C.R.O. driver amplifier. (c,,1 Pitase 
invertor double triode stage. (d) Cathode coupled double triode stage. 

giving a measure of the D.C. level of the voltage under 
investigation (for zero oscillograph deflexion) at the same 
time enabling the scale value on the screen to be deter-
mined. In this way waveforms greater than full screen 
amplitude may be investigated in considerable detail.' 
The "phase invertor double triode stage "" shown in 

Fig. 27(c) provides a convenient means of coupling from 
an unbalanced input stage to give balanced output, with 
the advantage (as compared with the previous circuit) of 
maintaining the full stage gain available from the valve. 
The requisite input voltage for g, (in anti-phase to g,) 
is derived from the anode circuit of the first half valve: 
suitable choice of the ratios RJR, and R3112, enables 
both the mean D.C. and the A.C. or signal potentials of the 
two grids to be balanced so that balanced anode currents 
are obtained, with no A.c. potential on the cathode. 

Fig. 27(d) shows a further variation on the same theme 
in the " cathode coupled double triode stage."" Here the 
second grid of the double triode is held at a fixed D.C. 

potential, this half of the valve being used as a cathode-
follower so that it effectively fixes the cathode potential 
at a value to suit the desired operating potential of the 
previous stage. Here the loss of gain due to feedback is 
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actually equivalent to doubling the anode impedance of a 
normal single triode with decoupled cathode. The 
arrangement has been made use of in a D.C. voltage 
stabilizer. It has the incidental advantage that when 
required, by simply interchanging the grid connexions to 
the amplifier and cathode-follower sections of the valve, 
the normal 180° phase reversal can be avoided, the stage 
then giving an output signal in phase with the input. 
By economizing in anode to cathode drops in the early 

stages, it is possible to employ several direct coupled 
stages, with any of the methods just described, using only 
a limited H.T. supply voltage. Nevertheless it is a material 
advantage in designing such an amplifier to be able to 
drop the D.C. potential between successive stages. This 
may be done (without recourse to batteries) by the use 
of the screen-coupled cathode follower stage in which the 
screen to cathode drop of a tetrode or pentode valve 
is utilized." Low values of anode and screen current 
must be used to avoid excessive load on the preceding 
stage, but with a suitable valve a drop of about 250 volts 
between stages can be obtained in this manner. Using 
this technique it is possible to design a satisfactory 3-stage 
D.C. amplifier having the same quiescent potential at input 
and output terminals. 
The principle of converting D.C. signals to A.C. for the 

purpose of amplification (other than by -electro-mechanical 
methods) has also been widely exploited," although where 
this is done by electronic valve circuits, the previously 
noted limitation on zero stability remains. 
The circuits which we have so far considered are those 

of general-purpose instruments which may be said to form 
the backbone of our laboratory equipment. In the 
following and final section some more specialized instru-
ments will be referred to, and in particular a number of 
circuits used for measurements with capacitance type 
detector devices will be described. The more general 
requirements of laboratory equipment—construction and 
standardization—will also be considered. 
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A New Radar Approach System 

Details have now been released by E. K. Cole, Ltd., of a 
new simplified radar approach the basis of which is the com-
bination of a 3 centimetre radar installation with a V.H.F., D.F. 
receiver, the radar dish being mounted on a common rotatplo 
shaft with the D.F. aerial. The radar dish is independently 
controllable in elevation but it is permanently coupled to the 
D.F. aerial in azimuth. The radar display is a simple "A" 
scope presentation calibrated in nautical miles. Two scales 
are arranged to show the elevation angle of the radar dish 
and the azimuth angle of the D.F. aerial and radar dish. A 
series of adjustable contacts, operated by cams on the scale-
drives illuminate lamps mounted adjacent to the " A" scope 
to indicate when the aircraft is within prescribed narrow limits 
of the desired course while, if the limits are exceeded, the 
appropriate instruction such as " Aircraft Turn Left/Turn 
Right" is illuminated. The necessary approach instructions 
are conveyed to the pilot by means of a separate V.H.F. instal-
lation. A visual indication of the D.F. aerial null position is 
provided in the form of an audio meter mounted beside the 
azimuth scale. 
The equipment is designed for installation in either a per-

manent building or a trailer. A metal framework bolts to the 
floor to support the radar installation and the D.F. receiver, 
this framework also supports the bottom bearing of the aerial 
shaft and carries the azimuth and elevation controls. 
The radar transmitter has a peak power output of 10kW 

and operates in the " X" band. It has a circular beam width 
of 3° at half-power points. The D.F. receiver is crystal con-
trolled and operates between 100-156Mc/s. 
A pilot using the approach aid is told to fly at 2,500ft. and 

brought to within radar contact by means of the V.H.F.. D.F. 

equipment. The aircraft is then turned through 90° for identi-
fication and given a new course to bring it on to the down 
wind leg of the approach pattern, the pilot is then told to 
reduce height to 1,500ft. A further 90° turn then brings the 
aircraft on to the base leg, this is followed by a 40° turn which 
brings the aircraft to a point from which the final approach 
is made. From this point the pilot is " talked down" to a 
" gate" at a height of 250ft. and half a mile from touch-
down, he is then given a new heading for the runway and told 
to make a visual landing. 

The controls of the latest version of the Ekco radar approach. 
The azimuth control is in the form of a large hand-wheel while 

the foot-pedals control the elevation of the radar dish. 
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Two Bridges for Measuring Valve. 
Parameters 

By G. Smith,* B.Sc. 

THE calculation of valve circuits requires a knowledge 
of the valve parameters; anode impedance (Ta), mutual 

conductance (gm) and amplification factor (u). These para-
meters can be obtained from the static characteristics of 
the valve, measured as the change of current or voltage as 
another voltage is varied, or measured by a bridge. The 
author has had occasion to use the parameters in con-
nexion with calculation of amplitude in phase-shift oscil-
lators, in which the variation of parameters is important, 
and has found bridges are the only satisfactory method of 
measuring them. The first two methods give only an 
average value over the range and do not give accurate 
results when the parameters are varying rapidly. More-
over, provided the design is good and the effects of stray 
capacitances are small or can be calculated, the accuracy 
of the bridge is improved to the limit of the components 
or to its sensitivity. The bridges described here permit 
the use of a power pack without having to consider its 

Fig. 1. Bridge for measuring it and ra 

impedance or its capacitance to earth, and measure gm, Ta 
and u. They represent a practical advance on the usual 
valve bridges by permitting the use of a power pack instead 
of batteries. 

The Valve Equation 

Although the valve is essentially a non linear device, 
only the first order terms of the Taylor expansion need be 
considered if the A.C. voltages applied to the valve elec-
trodes are small, and the equation can be written 

aia = lira (aVa — ,uaVg)   (1) 

That the two constants are Ta and u follows from the 
definitions 

aialava, = lira the anode conductance   (2) 

aialaVg = gm mutual conductance   

avtjavg = +,u amplification factor   (4) 

It follows from the definitions that knowing two para-
meters the third is obtained from the relation 

gmra, = (5) 

* Formerly William Siemens laboratory, King's College, London. 

The Bridges and their Balance Equations 

Valve bridges are complicated by the need for D.C. sup-
plies. In most bridges the impedance of a power pack 
and its high capacitance to earth would upset the balance 
equation and so batteries are used. Two bridges here 
described are so designed that a power pack can be used. 
In addition they give a common earth to the A.C. and D.C. 
supplies and the valve cathode; only one resistance box 
carries D.C.,*. and the two bridges together measure gm, Ta 
and ,u and are easily derived from each other. 
The circuits of the bridges are shown in Figs. 1 and 2. 

In calculating the balance equation the valve is replaced 
by a voltage V. From Equation (1) 

Va = raj. + µVg and taking the direction of the current 

through R in Fig. 1 as positive 

-= rain — ,uiR where i is the total current in R. 

Fig. 2. Bridge for gm 

The balance equations for Fig. 1 are 

ra (Q + R) — to,c,1c,2   (7) 

S (Q + R(1 — ,u)) = raP — raSCc,2   (8) 

Substituting for C, in (8) 

S (Q+R (1 + wacia(Q1 R)) — raP   (9) 

If w = 27r x 10', C, = 2,uF and Q + R > 1,000S2 

r„,P = S (Q + R (1 —   (10) 
to within 1 per cent. 

If R = 
ra-=Q'SIP   (11) 

If R 0 

R (1 — raPIS — Q = Q' — Q 

— 11 — Q 1   (12) 
R 

S can be fixed at 1,000 ohms and this will cover most 
measurements. Q and C2 are varied to obtain balance. 

'MARCH 1952 127 ELECTRONIC ENGINEERING 



The essential condition to use the simplified Equations (11) 
and (12). is that Q must be greater than 1,000 ohms when 
the frequency is 1,000c/s. 

Fig. 1 will measure ra and p. but the most important 
region of the pentode has very large values of each and 
the resulting quotient gu, is not accurate. Fig. 2 measures 
g.0 directly and the balance condition implies that aria = 0. 
The balance equations are 

(P Q R)S = 1/w2C,C,   (13) 

g.RS -= P Q ±S — SC,IC,   (14) 

Substituting for C, in (14) 

gm = + Q + R)I RS   (15) 

to within 1 per cent provided P + Q R> 1,000 ohms, 
If P Q = 1,000 ohms and S = 1,000 ohms, then the 
range g.> 1,000,umhos is covered. 

The Effect of Stray Capacitance 

The stray capacitances that concern us are 

(a) Anode-cathode capacitance, 
(b) Anode-grid capacitance, 
(c) Detector-earth capacitance. 

(a) In Fig. 1, provided it is not too large it is added to C2. 
If it is larger than C. given by the Equation (7) then a 
capacitor is needed across S, but this may modify the 
equation seriously. In Fig. 2, it does not alter the 
balance equation. 

(b) The anode grid capacitance is never more than a 
few picafarads and as such has negligible effect on 
the equations. 

(c) Detector-earth capacitance exists on both sides of the 
detector. On one side it is added to the anode-cathode 
capacitance and the remarks of (a) apply; on the other 
side it can affect the balance by a few per cent if it 
is more than 100pF, in Fig. 1, but has no effect in 
Fig. 2. To minimize this capacitance a well screened 
transformer with low capacitance from primary to 
earth is required. 

Experiments with a CV1136 

The CV1136 is a H.F. pentode having a variation of ra 
between 21(1.-2 and 5Mft, of gm between 0.5 millimhos and 
10 millimhos and of ,u between 1 and 5,000. It is, there-
fore, suitable as a means of testing the bridge over wide 
limits. It is well nigh impossible to repeat the D.C. voltages 
on the valve electrodes with sufficient accuracy to expect 
every point to lie within the small margin of error; but 
by plotting the curves of 1/ra, = g. against V. and of gm 
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Fig. 3. Output conductance characteristics of the CV1136 

against V, and integrating with a planimeter the curves 
of la against V. and V, were predicted and were shown 
to agree closely with the static curves. 

The A.C. source was a B.F.O. connected to the bridge by 
a step-down transformer with a voltmeter connected across 
the primary. The blocking capacitors CB were each 2,uF 
and the choke L, introduced to prevent an A.C. short, was 
10 henries. The resistors P, Q, R and S were non-
inductive dial boxes. C, was a 2,uF capacitor and C2 was 
variable between 10pF, and 3,000pF. For Fig. 1, the 
input transformer ratio was 4:1 and the voltage applied 
was 0.1 volts at low V. up to 10 volts at high V. (where 
the percentage change in ra and ,u is small). The maximum 
A.C. voltage applied to the grid was 0.01V R.M.S. S was 
set to 1,000 ohms and in setting the D.C. voltage on the 
anode, allowance was made for the voltage drop in this 
resistor. All experiments were carried out with V„ -= 
200 volts. 
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Fig. 4. Mutual conductance characteristics of the CV1136 

Results of Experiments 

The curves plotted from these readings are of g. = 1/r„ 
against V. and show the way in which this method can 
follow rapid changes of the parameters. Integrating these 
curves give the values of i indicated by circles in Fig. 5. 

In the bridge of Fig. 2 the input transformer, ratio was 
10:1 and A.C. voltage less than 0.1 R.M.S. were used. C, 
was variable between 100pF, and 10,000pF. Other con-
ditions were 

P = 0 ohms 

Q = 1,000 ohms 

R is variable 

S = n x 1,000 ohms 

n = 1, 2, 3, etc. 

-= 2e x 1,000. 

The results were plotted as g. against V, and integration 
gave values of ia, indicated by crosses in Fig. 5. The values 
of gm were compared with µIra from the first experiment. 
Although the latter results were more erratic they gave 
smoothed curves almost identical with the former. Fig. 3 
gives the curves of ga, against Va. For a pentode in which 
the equivalent circuit is a current generator with the anode 
impedance in parallel with the load, the reciprocal of ra 
shows more clearly its effect. Fig. 4 is a graph of g. against 
V, for constant V.. It is apparent that the curve of g„, 
is not very different for Va between 40 volts and 200 volts. 
Fig. 5 is the ioVa, curve of the CV1136 for V,2 = 200 volts. 
The circles and crosses represent the values of la calculated 
from Figs. 3 and 4 respectively. Of the calculated values, 
67 in all, 4 are outside ±.3 per cent or 0.1 milliamps which-
ever is the greater and 4 on the V, = —3-0 volts line are 
in doubt because of reading the small currents which are 
less than 1.0 milliamp and of guessing the shape of the 
curves of Fig. 4 below —3.0 volts. 

Practical Details 

In making the measurements as much care must be 
taken in setting the D.C. voltages and using reliable instru-
ments as in any precautions taken with ,the bridge itself. 
It must also be remembered that above V, = —0.5 volts 
the input resistance of the valve falls and the resistance 
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R must be small compared with it. The two bridges can 
be easily changed to each other; a double pole two way 
switch will make the necessary alterations. A step down 
transformer is recommended for the input to the bridge 
because a mains operated B.F.O. will produce a high pro-
portion of 50c/s at the very small voltages required to 
operate the bridge, in this respect a tuned amplifier with 
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Fig. 5. Comparison of the anode characteristics with those computed from 
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a gain of about 10,000 at 1,000c/s has been found sufficient 
to give a sensitive balance and at the same time to reduce 
unwanted noise. 

Conclusion 

The two bridges are capable of measuring the three 
parameters of a triode or pentode to within 3 per cent. 
This has been checked by the experiments on a CV1136 
pentode by integrating the parameters and showing that 
they predict the static characteristics of the valve. Since 
D.C. passes through only one resistor and this can be fixed 
normally at 1,000 ohms, the voltage on the anode can be 
calculated and does not change as the bridge is balanced. 
This last is not true of the usual bridges where the D.C. 
passes through each resistor in the bridge. The small A.C. 
voltage applied to the grid is sufficiently close to the 
mathematical ideal for practical purposes. Several 
schemes for deriving grid bias from a power pack were 
considered but none was found so satisfactory as the 
battery bias. The type of power pack used and its im-
pedance is without consequence except if the smoothing is 
not good then the parameters will be subject to a 50c/s 
variation and the balance will not be sharp. The bridge 
supplies more information than is required in the calcula-
tion of valve gain, but in non-linear theory, a field of study 
which is rapidly gaining importance, the author believes 
that is will supply the data, with sufficient accuracy for 
the formulation of the non-linear equations. 
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Adhesive Tape Resistors 
By M. Lorant , 

AMAJOR disadvantage of printed circuits has been the 
difficulty of incorporating satisfactory resistors. This 

difficulty has been largely overcome by an adhesive tape 
resistor method recently devised by the U.S. National 
Bureau of Standards. 

in this technique, circuits are first printed in narrow 
metallic bands on insulating bases, leaving a small gap at 
each point where a resistor is required; one of the self-
adhesive resistors is then cut from a strip and pressed into 
position. Much better control of resistance value is pos-
sible than with previous printed resistor methods, and 
higher yields of acceptable assemblies are assured. The 
tape resistor has been developed to operate satisfactorily 
at temperatures up to 200°C; in other electrical charac-
teristics it is similar to present film-type carbon resistors. 
The resist& consists of a mixture of graphite or carbon 

black, resin, and solvent applied, in a thin layer, to a thin 
roll of asbestos paper tape. The resistive coating is suffi-
ciently adhesive to stick to an insulating base plate and to 
make satisfactory electrical contact with metallic terminals. 
When the resistor is in position, the resistance film is pro-
tected by its asbestos-tape backing. Resistor dimensions 
are kept constant; a variety of coating formulations give a 
range of values from about 100 ohms to 10 megohms 
(Fig. 1). 

Silicone resin is used for the binder-adhesive because of 
its suitability for high-temperature operation. Since the 
curing temperature of the silicone resin formulations is high 
(300°C), and since curing is done after the resistors have 
been positioned in the circuit, the tape resistor is at pre-
sent applicable only to glass or ceramic base materials. 
The possibility of varying resistor dimensions to obtain 

a range of values was considered, but rejected and resistor 
dimensions were standardized at a length of 0•5in. (0.3in. 
interelectrode distance) and a width of 0-13in. ± 0.02in. 

Both natural and synthetic graphites, as well as various 
carbon blacks, •are used in the resistor formulations. 

Values of resistors are varied by changing the ratio of 
carbon to resin in the mixture and by using different 
carbons. The proportion of carbon to resin ranges from 
10 to 50 per cent. 
Tape resistors made from graphite mixtures have proved 

remarkably stable at ambient temperatures of 200°C. 
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Fig. 1. Typical formulations 

Unfortunately, however, the useful upper limit of the 
graphite formulations seems to be about 5,000 ohms. 
Carbon blacks, which are less desirable at high tempera-
tures, give values from 5,000 ohms to 10 megohrns. For 
most resistance ranges, however, carbon-black tapes have 
been made which are satisfactory at 170°C. 
The curing process hardens the resistor, bonds it more 

firmly to the plate, and stabilizes its electrical charac-
teristics. Although the optimum cure for different formula-
tions differs considerably, a compromise cure of 4 hours 
at 300°C has proved satisfactory and has been adopted 
as standard. 
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Recording Low Frequency Phenomena 
on Magnetic Tape 

By L. Molyneux,* B.Sc. 

IN the field of medicine, it is often necessary to record 
information for long periods in order to observe a 

possible abnormality. If the abnormality does not occur, 
the information may be useless, so that pen or film record-
ing becomes expensive and wasteful. It would be very 
useful therefore, to be able to record on some medium 
from which abortive runs could be erased, the interesting 
pieces of information being stored either on the medium 
or transferred to one of the normal recording systems. 
Magnetic tape provides just such a system with the added 
advantages that the time scale of the stored information 
can be changed with ease, and if ink-writers are being 
used as a final presentation, they may have their effective 
frequency response increased. (Appendix 1.) 
The difficulty of using magnetic tape is the poor res-

ponse at low frequency of the conventional system. This 
difficulty may be approached in a fundamental manner as 
in the current RCA laboratory experiments,' or it may 
bé overcome by some modulation system. Of the possible 
systems, frequency modulation has been chosen as the 
most suitable, and it is proposed to describe a simple yet 
accurate method. 

Theory of Operation 

Fig. 1 is arranged so that whenever the voltage across 

Fig. 1. The basic principle 

the capacitor reaches a certain value, Vref, the capacitor is 
discharged. Let the capacitor voltage at any time, t, be y 
volts and let y = o when t = o, then if the voltage applied 
to the network is V volts 

• = V (1 — e-ticR) 

{1 — (1 — tICR (i/CR)' 

2! 
✓ -= V 

✓ V 
Ji/CR —  (i/CR)' 

2! 

If tICR < 1 then terms of second and higher orders 
may be neglected, so that y = VtICR 

The circuit is arranged so that whenever y reaches 
Vref, the capacitor is discharged putting t = 1/f 

V ref = V/ /CR therefore f = VIVrer CR 

That is to say, the number of times the capacitor discharges 
per second is directly proportional to V. Perhaps the 
simplest way of ensuring that the above inequality holds 
good while at the same time obtaining workable voltages, 
is to use the Miller integrator, defining V„f in the anode 
circuit. 
The Transitron Miller with the addition of one diode 

provides a convenient way of performing the necessary 
functions though more accurate ways could be devised. 
(Appendix 2.) 

* University of Durham 

Practical Circuits 

The input cathode-follower (Fig. 2) performs two func-
tions. 

(1) It provides a Bias Voltage so that V is always very 
much greater than the grid swing. 

(2) It ensures that the 100k(2 integrating resistor is fed 
from a constant impedance. 
As the circuit stands, the output is suitable for driving 

a high impedance recording head. (Appendix 3.) The 
negative rail may be dispensed with, if lower accuracy 
of modulation is allowable. In this case, the cathode 
follower is returned to H.T. — through a 3-9kû resistor. 
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Fig. 2. The audio-frequency modulator 

Fig. 3. The effect of modulation voltage on frequency 
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Performance 

Fig. 3 shows the plot of frequency/input voltage. It 
will be seen to be sensibly linear over an input voltage 
change of -± 9 volts. 

Demodulation 

The standard circuit used for direct reading frequency 
meters if used with a low-pass filter is an adequate de-
modulator. No originality for this circuit can be claimed,' 
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and it is given for the sake of completeness. (See Fig. 4.) 
Again, the negative rail may be dispensed with, this time 
at the inconvenience of having some 10 volts of D.C. 

superimposed on the output. 

Overall Performance 

Fig. 5 shows the frequency response of the complete 

Demodulator 

From 

Pre. Am 

IMfl 

o 

ôbki» SÇ4Okn 

350pF 

6SN7 6H6 6SL7 6H6 

iookn 

this it will be seen that the system has a voltage gain or 
approximately I/ 5. 
As a practical demonstration of the system, an electro-

cardiogram was .recorded simultaneously on paper and 
tape, then the tape reproduced back into the paper,, and 
the two traces printed one above the other, the upper 
being the original. (Fig. 7.) 
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Fig. 4. The demodulator 

system. It will be seen that it is sensibly flat from D.C. to 
50c/s and only 3db down at 100c/s. This' could be im-
proved with a well-designed low-pass filter. 

Fig. 6 shows a static plot of input against output. From 
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Fig. 5. Overall frequency response of the equipment 

Fig. 6. Overall amplitude response (D.C. conditions) 
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APPENDICES 

1. INCREASING THE EFFECTIVE FREQUENCY RESPONSE OF 

DIRECT WRITING PEN RECORDERS. If the modulation fre-
quency is made high, say, 20,000c/s, then the frequency 
response of the system can be increased to about 1,000c/s. 
The tape is played back at 1/10th of recording speed, so 
that the pen only has to deal with frequencies up to 
100c/s,' though the record will represent a frequency 
response of 1,000c/s. 

2. The use of a multia3 as a voltage comparator at the 
lower end.of the anode wave form instead of relying on 
the anode " Bottoming ". 

3. In the author's experiments a Wright & Weaire tape 
deck was used. 

Fig. 7. Comparison between input and output 

Upper trace input signal (electrocardiogram) recorded by conventional 
ink-writer direct. Lower trace—same signal, reproduced by same ink-

writer after " storage " on magnetic tape. 
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ADDENDUM: 
Since the preparation of this paper, information has Come 

to hand of a "Frequency Conversion Unit" made by 
Messrs. Kelvin & Hughes, which gives practical realization 
to Appendix 1. 
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A Single Valve Delayed Pulse Generator 
By P. A. V. Thomas,* B.Sc. 

TN multi-channel equipment it is often necessary to 
'generate a series of pulses for the purpose of gating of 
alternative signals into a common channel of the equip-
ment. It was for this reason that the circuit given was 
developed in order to keep the number of valves to a 
minimum for obvious reasons. 

Existing Methods 

There exist several arrangements for generating delayed 
pulses depending on the conditions and accuracy required, 
e.g. for fixed short pulses and delays of high precision, 
delay lines are ideal, and for longer times there are several 
circuits available such as the Phantastron, Bootstrap, etc." 
For medium precision a common arrangement is a multi-
vibrator driven from a strobe (see Appendix) as shown 
diagrammatically in Fig. 1, the method of operation being 
outlined below. 
At time t, a time-base B of duration T, is begun and, 

at time .t„ reaches the value V, selected by means of the 
potentiometer Pr; the output of the strobe is a pulse C of 
duration T. which is not constant. If, however, this pulse 
is differentiated by means of a short time-constant RC net-

Input OÀ- 1— TIME-BASE STROBE DIFFr 

Fig. 1. Medium precision delayed pulse generator 
used as basis for single valve pulse generator, and 

(right) the associated waveforms 

work and is used to trip a mono-
stable multivibrator, a constant width 
pulse D of duration T, is generated; 
thus a pulse is generated whose phase 
(relative to a fixed reference time t,) 
and duration are independently vari-
able as required. 

Unfortunately all these systems use 
several valves and a circuit was 
developed based on the scheme given 
in Fig. 1. In general a time-base will 
be available for displaying the signals 
on a cathode-ray tube, and the circuit 
shown in Fig. 2(a), together with the waveforms in Fig. 
2(b), requires a positive time-base; with a slight modifica-
tion it can be operated from a square wave input as 
detailed later. 

MULTI-
VIBRATOR 

A 

O 

O 
HT+ 

HT+ 

D 

Time-base Driven Square Wave Generator 

With reference to Fig. 2, and assuming C' and R' not 
to be connected, the sequence of events is as follows: 
At time t„ V, is cut-off due to the negative bias y, 

while V2 is in a state of full conduction due to the positive 
bias 3,2; thus V., is at H.T. + while Va„ is at a low voltage, 
dependent on the valve characteristics and the anode load. 
At time t,, Vg, reaches Vc.„ the cut-off voltage of V„ 

and the valve begins to conduct causing it's anode voltage 
to drive negative, this being transferred to the grid of V, 
by the coupling capacitor C; thus V. is driven beyond 
cut-off and V, becomes fully conducting with the respec-
tive anodes being at H.T.± and a low voltage. Vg, now 
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rises on an exponential determined by the values of C, R, 
and y,, until time t„ when this voltage reaches V,„„ the 
cut-off voltage of V2; this causes V, to conduct causing 
Va,, to fall while V., remains low. 
The two valves remain in this state 'of full conduction 

until time t„ the end of the time-base, when the conditions 
'return to those at time t, and the whole sequence of events 
is repeated. Thus the output obtained at 2 is a square 
pulse whose three dimensions* may be varied independently 

by means of the three controls 
provided, viz.: 

VR,—to vary the delay by alter-
ing the time at which V,, 
reaches V,„„ 

VR,—to vary the width of the 
pulse generated by altering 
the voltage to which the 
exponential rises and hence 
the time t, when V„ 
reaches V.,: alternatively 
C and/or Ri could be 
made variable, hence vary-

Fig. 2. Time-base driven delayed pulse 
venerator, and (left) the associated waveforms 

ing the time-constant of the discharge circuit. 
VR,—to vary the amplitude of the pulse generated. 
V, is provided to ensure that the time-base always starts 

from the same potential and R, is included to limit the 
value of grid current flowing when V, is conducting. 

Using Square Wave Drive 

As mentioned above, in the absence of a time-base a 
square wave drive may be used, the modification- being 
shown in Fig. 3, the circuit becoming virtually two timing 
networks R,r,' and R,C. When the square wave is 
applied, the front drives V, beyond cut-off and would 
remain there but for the short time-constant of R,"C„' 
which causes Vg, to rise towards y, but at time t, reaches 
the cut-off voltage of V, and allows it to reconduct The 
anode voltage is a square pulse as shown, being identical 
to Va, of Fig. 2(b) and thus the remainder of the operation 
is the same. 

* By dimensions are meant the " time delay," " time width " and " voltage 
height." 
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Fig. 3. Modification to Fig. 2 for square wave d ive 

The diode V,' is not essential but is incorpora ed in order 
to reduce the magnitude of the " pip " X of the Vg, wave-
form which causes a subsidiary short pulse to be generated 
at V,,g; in some cases this may not be important, in which 
case V,' may be omitted. 

Delayed Time-base Output 

If a small amplitude time-base output is required, instead. 
of a square pulse, a capacitor C' and resistance R' (instead of 
VR,) may be connected as shown dotted in Fig. 2(a), thus 
making C' R. into an exponential charging circuit giving 
an approximately linear time-base at 3, assuming C' R' r. 
If a larger output is required a linearizing circuit could 
be easily incorporated. 

Conclusion 

Both methods of driving have been tried successfully and 
oscillograms are shown in Fig. 4 when using a square wave 
drive and the Fig. 3 modification. The time-base drive 
gives slightly better results due to the constant slope of 
the Vg, waveform, at the point of reaching cut-off from 
the negative extremity, when varying the phase (or delay); 
this defect, when using a square wave drive, is noticeable 
in Fig. 4(f) but in general is not important. 

APPENDIX 

The Strobe Circuit 

The strobe circuit referred to in the text and shown in 
Fig. 5 is based on the Schmitt circuit.' 

Fig. 4. Waveforms obtained us:ng 5kc/s square wave drive 

(a) Grid of V,. (b) Grid of Nt,,, (c) Anode of y,. (d) Anode of V,: (e), (f) 
(g) Anode of V2, showing variation of VR„ VR,, VR, respectively,' (h) Grid of 
V,, showlng variation of VR,; (i) Anode of Y,, with C' and R'. 

(a) 

(c. 
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Fig. 5. The strobe circuit 
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Initially V, is conducting due to the positive bias V, 
provided by potentiometer Pr and, by it's cathode-follower 
action, causes V, to be cut-off. 

If a positive time-base is applied to the input so that 
Vg, can exceed Vk, V, begins to conduct when V,, reaches 
Ve,; this causes Vat to fall driving Vg.., negative through the 
coupling capacitor C, thereby cutting-off V. Due to the 
long time-constant of CR these conditions remain until 
the end of the time-base when the process is reversed by 
Vg, going negative cutting-off V, and driving V, into con-
duction. Thus positive and negative square pulses are 
generated at the anodes of V. •and V, respectively. 
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ELECTRONICS IN INDUSTRY 

Bound in with the April issue of Electronic 
Engineering will be a supplement entitled 

ELECTRONICS 
IN INDUSTRY 

This supplement, which will be printed on tinted paper, 
will contain a number of articles, by well qualified authors, 
which will, together, form a critical survey of the ways in 
which electronics can be utilized to increase productivity and 
make certain manufacturing processes more economical. 

We feel that this supplement, which will be followed by a 
second supplement on the same subject in November, will 
be of great value to our readers and all concern:NI with the 
planning of manufacturing processes. 

An Order Form is enclosed in this issue 
for the benefit of those readers who are not regular sub-
scribers and who want to ensure delivery of the April issue, 
or for regular readers who desire to older additional copies. 

The price of the April issue, complete with supplement, 
will remain at 2s. and all enquiries relating to copies should 
be addressed to :— 

Electronic Engineering 
Circulation Department 

28 Essex Street, Strand, London, W.C.2 
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Letters to the Editor 
(We do not hold ourselves responsible for the opinions of our correspondents) 

Are We Becoming Slaves to 
Standardization ? 

DEAR SIR,—The space you are allow-
ing for the discussion of standardization 
of terms, symbols, and abbreviations is, 
I am sure, fully justified, for uniform and 
logical practice is a valuable guard 
against error and misunderstanding, and 
betokens an orderly mind. 

Already considerable progress has been 
made, and you are to be congratulated 
on giving a lead in the drawing of circuit 
diagrams. The term "resistor" has become 
almost universal, although I remember 
when it. like " picofarad ", was considered 
a laughable affectation. So it is surely 
defeatism to argue that a silly and 
illogical term cannot be changed because 
it is too firmly rooted. 

J. Scott-Taggart (p. 64 in the February 
issue) considers the I.E.E. is puritanical 
in objecting to " A.C. current", but how 
they can be said to "impose long 
clumsy spelt-out alternatives " by prefer-
ring "A.c." is not clear. When people 
talk to me about " A.c. current" I ask 
them to say the whole thing out in full, 
and it sounds so foolish that it is a cure 
for the habit, if anything is ! I readily 
join Mr. O. S. Puckle (p. 87, February 
issue) and the I.E.E. in the puritan camp. 

K" instead of " k " for " kilo ", as 
advocated by Mr. Puckle, is certainly 
more logical, but I am sure nobody is 
misled by the small letter into supposing 
that it denotes a sub-multiple, and weight 
must be given to the fact that it is 
an established part of the metric system 
and universally used in continental 
countries. 
The only other point where I differ 

from Mr. Puckle is in his rule that units 
named after a person should have a 
capital letter whether written in full or 
abbreviated. I support Prof. G. W. O. 
Howe in holding that although the 
name of a unit may honour a person by 
its derivation from his name, it is never-
theless a new word in the dictionary— 
a common noun and not a proper noun 
—and this should be clearly recognized 
by applying the normal rules of English 
for the use of common nouns. 
" Ampère:' is the name of a man, and 
"ampere" is the name of a unit; and it is 
wrong to use the capital letter, as Mr. 
Puckle advocates, except where the rules 
of English require it; and it is also 
wrong to retain the accent. Would Mr. 
Puckle say, for example, " A resistance 
of several Ohms" (unless, of course, 
he were reporting the obstruction he 
experienced from members of that 
family)? I go farther and venture to 
say that even the B.S.I. is wrong in 
departing from the rule for the plural 
of common nouns ending in "y" by 
prescribing the outlandish " henrys ". 
These names must either be common 
nouns or proper nouns, not an illogical 
and hitherto unknown hybrid; and the 
B.S.I. ought not to tamper with estab-
lished English usage in order to create 
such a hybrid. 

Another wanton departure from 
English is the form reported by Mr. 
Scott-Taggart as the standard for plurals 
of abbreviations, e.g., " d.m.f.'s." The 
apostrophe in English denotes either the 
possessive or letter(s) omitted; never the 
plural. Nor is there the slightest need 
for such a breach; " E.M.FS " is perfectly 
clear. 

But I am at one with Mr. Scott-
Taggart in favouring the term 
" circuitry ". It is high time for the 
meaning of " circuit" to be more pre-
cisely defined, for it has spread far from 
its original significance in electrical con-
texts, and some of its remoter duties 
might well be transferred to " circuitry ". 
The " straight-across " non-connecting 

crossing in circuit diagrams may be satis-
factory if one can be quite sure every-
body sticks strictly to the rule of 
staggered junctions. But when inking-in 
a diagram it is quite common for a dot 
to form at a crossing, and can one be 
absolutely sure that every reader will 
understand that no junction is intended ? 

•Yours faithfully, 

M. G. SCROGGIE, 
Bromley, Kent. 

An Electronic Ultramicrometer 

DEAR SIR,—I read with considerable 
interest the article by W. Alexander in 
the December 1951 issue of ELECTRONIC 
ENGINEERING describing a use for an 
otherwise unwanted effect in octode fre-
quency changers. Shortly after reading 
Lukacs' article in Wireless World, I built 
up a unit to check the effect and subse-
quently used it for many purposes. 
One particular use which may be of 

interest to your readers is shown in the 
circuit diagram below (Fig. I). A par-
ticularly valuable feature is that the capa-
citor microphone may be some 20ft 
or so away from the main unit, the 
necessary connexion being made by a low 
loss coaxial cable. The maximum sensi-
tivity recorded was of the order of 200 
volts per pF at an oscillator frequency of 
10Mc/s when using a high Q coil and 
tuning capacitance of the order of 100pF 
in the control grid circuit. When coupled 
to a capacitor microphone, as shown in 

A 55 Cable 

ft 

AS.5 
Coble 

Fig. 1. An 

Microphone 

r-

the circuit, the sensitivity was reduced 
through cable losses, etc., to approxi-
mately 10 volts per pF. With a capacitor 
microphone having a lin. diameter back 
plate this is still enough to give sufficient 
output to feed a normal radiogram ampli-
fier. The original unit is still in existence 
and continues to perform as well as ever. 
The setting up procedure is to discon-

nect the capacitor microphone circuit and 
swing the tuning capacitor through 
resonance noting the highest and lowest 
values of the anode voltage or current. 
Then earth the control grid with a clip 
lead and adjust the cathode bias resist-
ance control until the anode voltage or 
current is the mean of the two previous 
readings. Next disconnect the clip lead 
and it will be found that the curve is now 
symmetrical. The tuning capacitor is then 
set to bring the anode voltage or current 
to the same mean reading in the most 
sensitive part of the curve. The micro-
phone cable and circuit is then recon-
nected and the microphone trimming 
capacitor adjusted to bring the voltage or 
current back to the middle point on the 
sensitive part of the curve. 
NOTE. It is quite easy with tuning 

capacitors of low minimum capacitance 
to tune the circuit to the second harmonic 
of the oscillator.' The amplitude and 
sensitivity of the second harmonic re-
sponse, will depend upon the valve and 
conditions of use. 
The Mullard FC4 valve was found to 

be the most suitable for this purpose, but 
most heptodes with the oscillator grid 
nearer the cathode will work satisfac-
torily. The 6K8 triode hexode is also 
quite suitable. 

Yours faithfully, 

S. W . HOBDAY, 

Senior Development Engineer, 
Southern Instruments, Ltd. 

The author replies: 

DEAR SIR,—I should like to add the 
following comments to Mr. S. W. 
Hobday's letter. 

Enquiries have been made as to the 
earliest records of the use of both the 
Widdington and the Octode form of ultra-

electronic uhramierometer 

¡Output 

R F C. 025,F 
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micrometer circuit, and the following 
information should be of interest. 
The possibilities of the latter form of 

circuit was first brought to the author's 
notice by Mr. Hobday, at that time with 
the B.E.A.I.R.A., early in 1938. 
Thc Widdington circuit is fairly well 

known, and was originally described in 
The Philosophical Magazine in 1920, 
Volume 40. page 634. 
The multi-grid valve circuit, when used 

as a capacitor microphone amplifier, has 
been patented by a Hungarian firm under 
Patent Specification No. 487913 (1936/ 
37/38). Its use as a frequency modulation 
discriminator, and many other applica-
tions, are covered by a patent, in the 
name of J. A. Sargrove, Patent Specifica-
tion No. 558036 (1942). 

Yours faithfully, 

W. ALEXANDER, 

Electrical Engineering Dept., 
The University of Nottingham. 

Electrical Computing 

DEAR SIR,—I was very interested to 
read Mr. Priestman's comments in his 
letter in the January 1952 issue on the use 
of the substitution (x + y)2 — (x — y)2 = 
4xy in price calculating petrol pumps. 
The same principle has been used with 

considerable success in a new electronic 
analogue computor now under develop-
ment at the Imperial College of Science 
and Technology. The computor is 
required to calculate the auto and cross 
correlation functions of signals whose fre-
quency spectra lie within the range 9 to 
9,000c/s. In the process it has to deter-
mine the product of the two functions to 
an accuracy of -±2 per cent. 
The method employed is to form the 

following combinations of the given 
signals x(t) and y(t — r):— 

e, = +x(t) + y(t — r) 
e, = —x(t) — y(t r) 
= +x(1) — y(t — r) 

e, = —x(1) + y(1 — 
These voltages are applied to the grids 

of four pentodes having the charac-
teristics 
E = R = R(a.,+aleg—azeg2 — asega) 
The pentodes produce four outputs E1, 

E,, E, and E,. These are combined in the 
following manner so as to yield the 
desired product and eliminate all un-
wanted terms:— 
E1 E2)— (E, + E4)=4Ra.,x(t)y (t — 7-) 
The basic substitution is identical to 

that mentioned by Mr. Priestman. The 
method is a little more extended, however, 
as no devices are available which will 
produce the square of (x + y) and (x — y) 
directly, without also producing first and 
third order terms. 
The complete multiplier employs four 

pentodes, three double triodes, and a 
handful of resistors and capacitors. In 
a simple computor required to form only 
one product (and thereafter one integral) 
this represents a considerable economy 
over any other analogue or digital system 
known to the writer. As it is hoped to 
publish complete details of the computor 
in the not too far distant future my 
remarks must be confined to a passing 
reference only. 

Yours faithfully, 

J. M. C. Dus, 

London, N.14. 

The Effect of Valve Impedance on Phase 
Shift Oscillators 

DEAR S1R,—The effect of valve imped-
ance on the frequency and attenuation 
in phase shift oscillators using uniform 
phase shift networks has been fairly 
adequately dealt with recently. In some 
circumstances, however, it may be prefer-
able to employ a graded network, because 
of its lower attenuation, in which each 
section of the phase shift network is made, 
say, 10 times the impedance of the pre-
vious section. When this is the case the 
shunting effect of each section on the 
previous one is negligible and each section 
provides the same phase shift, unlike the 
case of the uniform network where the 
phase shift in each section is different. 
Owing to this condition it is convenient 
to investigate the problem by a vector 
diagram, and a simple way of compensat-
ing for the valve impedance is shown. 

If the equivalent generator impedance 
of the valve and its anode load is repre-
sented by R, in Fig. 1, this appears in 
series with the first section of the network. 
Let the ratio of Rgl R be equal to K, 
where R is the resistance in the first sec-
tion of the network. 

lq R 1R 1R 

C E 

T  '00 ° o 

The vector diagram for the three 
section networks is shown in Figs. 2 and 
3. When K is zero, the three triangles 
ABO, BCO and CDO are similar as the 
ratio of reactance to resistance is the 
same in each section, the angles AOB, 
BOC, and COD are 60° and the fre-
quency is given by the equation below. 
3 section RC network. 

IR I Xi = fACR = V3 
V 3 

and f — 
21-1CR 

3 section CR network. 
1 

IX RI = = V3 
&JCR 
1  

and f — 
V3. 2HCR 

The attenuation coefficient I/Pig in both 
cases is 23 = 8, and the amplification 

factor of the valve p. must beRA R L . 8. 
RL 

Vector diagrams for three-section networks 
Fig. 2 Fig. 3 

A 

A 

G.) C 

The effect of valve impedance is to, 
alter the ratio AB : BO, but LABO, 
LBCO, and LCDO remain right angles. 
and triangles BOC and COD are still 
similar. It is somewhat difficult to calcu-
late this condition, but if instead the 
impedance of the capacitor in the first 
section is increased by a factor (1 + K), 
all three triangles are made similar again 
and the same formulœ for the frequency 
coefficient apply as before. The attenua-
tion is increased in the CR case to 
8 (1 + K), but is still 8 in the RC case. 

Generally only 3 section graded net-
works are used, as the ratio of the input 
and output impedances of the network 
are awkwardly large with a higher number 
of sections, but the same treatment can. 
of course, be used for these. 

Yours faithfully, 

R. TOWNSEND, 

The British Tabulating Machine Co., Ltd. 
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Fig. 1. The electro-mechanical voltage stabilizer 

Electro-Mechanical Voltage Stabilizer 

DEAR Snt,—Referring to the interesting 
article in the January 1952 issue of 
ELECTRONIC ENGINEERING on " A Simple 
Electro-Mechanical Voltage Stabilizer" 
by J. V. P. Long, describing a D.S.I.R.-
developed voltage stabilizer using a 
200CMH Variac (580VA) driven by a 24 
volt reversible motor, in 1945 1 designed 
a somewhat similar unit in association 
with Messrs. Sunvic Controls Ltd. 

This apparatus, the wiring diagram for 
which is illustrated above, used a 100L 
Variac (2kVA) driven ty a Drayton tvne 
" RQ " reversing geared motor, itself 
geared 10:1 reduction on to the Variac 
spindle. The unit supplied stabilized out-
put voltage for laboratory pilot plant 
heating and operated successfully for 
about six months before being dismantled 
on the completion of the work in hand. 

Yours faithfully, 

JAMES MCCASH, B.Sc. (Eng.), 
A.M.I.Mech.E., A.M.I.E.E. 

The Anglo-Iranian Oil Co., Ltd. 
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ELECTRONIC EQUIPMENT 
A description, compiled from information supplied by the manufacturers, of new components, 

accessories and test instruments. 

Self-Adhesive Tapes 

(Illustrated above) 

INDUSTRIAL TAPES, LTD., have 
produced a range of printed Speedfix 

self-adhesive tapes to meet the demand 
for labelling for identification purposes, 
instructional notices, specification data, 
etc., on components and cables. A large 
range of identification codes and 
numerals are available to provide a 
means of branding cables before they 
are passed through a main conduit. 
Speedfix tapes can be overprinted to any 
specification, and are applied without 
paste or water to any smooth surface. 

Bondex tape has been specially pro-
duced for labelling as it provides a 
complete protection to the written text, 
because it is placed between two layers of 
cellulose tape. The use of a trans-
parent covering such as ethyl cellulose 
makes the label waterproof and im-
pervious to oils, solvents or cold storage 
conditions. 
Where tapes possessing a high measure 

of electrical resistance are required, 
either acetate or ethyl tape will be 
found applicable, for acetate tape has a 
dielectric strength of 5,000 volts and an 
insulation resistance of 15,000 megohms, 
and ethyl tape has a dielectric strength 
of 5,000 volts and an insu'ation resistance 
of 30,000 megohms. Both these tapes 
are waterproof, and Speedfix cellulose 
tapes are coated with a neutral adhesive 
which will render them harmless to 
copper wire. 
Paper masking tapes are also avail-

able for holding applications, particu-
larly in the construction of coils. and 
so are cloth tapes having similar 
applications, but these are recommended 
where extra tensile strength and thickness 
of material are required. 

Industrial Tapes, Ltd., 
22 Dukes Road, 
London, W.C.1. 

Industrial Time Meter 

(Illustrated bottom centre) 

SSRS. ALLIED ELECTRONICS, 
LTD., have developed an industrial 

time meter which will measure time 
intervals from half a second to several 
minutes with an accuracy of 1/100 
second. 

A stop watch is built into the instru-
ment, and the operating circuit is so 
designed that the differential error due 
to the delay characteristic of the start-
stop mechanism is within the tolerance 
allowed by the N.P.L. on the accuracy 
of the watch. 
The stop watch has a 7-jewel pre-

cision movement, and the large hand 
revolves in three seconds, calibrated at 
1/100 second intervals. The small 
hand rotates in three minutes. The 
instrument has two terminals for con-
nexion of the control contacts, and a 
zero re-set button, as well as a mains 
on/off switch and a primary fuse. A 
neon pilot lamp indicator is also incor-
porated, and lamp and photocell switches 
can be provided. 
The power supply is for 200-240 volts 

A.C. at 50-100c/s, or by self-contained 
dry batteries. 
The instrument is housed in a heavy 

gauge steel case, measures 9in. by 
6in. by Sin., and weighs 101b. 

Allied Electronics, Ltd., 
28 Upper Richmond Road, 

Putney, London, S.W.15. 

Resistance Thermometer Controller 

(Illustrated top right) 

THE new Sunvic resistance thermometer 
controller type No. RT.2, has been 

designed to overcome the effect of wide 
variations of mains voltage and frequency 
on the temperature control of electrically 
heated furnaces. It incorporates the 
Sunvic energy regulator principle in the 
output circuit of the controller to com-
pensate for the change of control point 
which would otherwise accompany change 
of supply voltage. 
The measuring circuit consists of an 

A.C. resistance bridge containing the resist-
ance thermometer and ballast resistance 
in two adjacent arms. The resistance 
ratio of the other two arms is adjustable 
by means of a precision potentiometer, 
and is used to set the controller to the 
required temperature. 
Any out-of-balance signal from the 

bridge is amplified by a two-stage hard 
valve RC-coupled amplifier and gain is 
adjusted by means of a sensitivity control 
potentiometer connected across the grid 
of the input valve. The resistance of this 
potentiometer can be reduced to zero, 
permitting tests of the control unit under 
zero input signal conditions. 
The output stage of the controller con-

sists of a thermal cycling energy regulator 
unit operated by a double-triode. The 
cycling unit comprises two bimetal strips, 
one end of each being fixed. The free 
cnd of each strip carries a contact, and 
the strips are arranged to move in the 
same direction on increase of tempera-
ture. Each strip carries a heater winding 
which is in the anode circuit of one-half 
of the double-triode, whose anode sup-
plies are in anti-phase. Under zero 
signal conditions, therefore, the two 
strips will be parallel to each other, but, 
when a signal is applied to the double-
triode, the strips will move to or from 
each other depending upon the sense of 
the signal. This movement will vary the 
percentage "on " time of the thermal 
cycling unit, which is formed by the hot-
wire vacuum switch in series with a 
supply transformer and a second heater 
winding on one of the two bimetallic 
strips, thus providing the proportional 
action of the controller. A portion of 
the same Winding is connected directly 
to a secondary winding of the mains 
transformer and provides compensation 
for changes of mains voltage for that 
part of the load which is not controlled. 
Mains supplies to the amplifier stage are 
full-wave rectified A.C. It will be appre-
ciated that any 100-cycle ripple will have 
no effect on the thermal cycling output. 

Only two valves are used in the con-
troller and these are both industrial 
vacuum types. No electrorytic capacitors 
are used. 
The controller requires a supply of 
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200‘250 volts or 100,130 volts at 
40/100c/s. It has a range of 11.5 ohms 
to 48.0 ohms (30°C-1,100°C with 10 
ohms _platinum resistance thermometer) 
in six overlapping ranges selected • by 
soldered links easily accessible at the back 
of the instrument. 

Sunric Controls, Ltd.., 
10 Essex Street, 
London, W.C.2. 

Venner Process Timer Type P.T.B. 
(Illustrated above) 

DESIGNED for switching electrical 
apparatus either " on " or " off " 

after pre-set periods have expired, Venner 
process timers have numerous applica-
tions. They can also be fitted to a lamp, 
bell or buzzer circuit to give visible or 
audio warning of the end of a timing 
period, a feature which is particularly 
useful in industrial processes where 
machines switch off automatically, as they 
-give warning of the completion of a 
process. 

Both spring operated and synchronous 
motor driven models are available in 
various time ranges, and can be supplied 
for surface or panel mounting. On the 
spring-driven types, winding is accom-
plished automatically on setting the 
pointer to the pre-set time, so that the 
spring power is always set up. 
The Type P.T.B., illustrated above, 

is a spring operated process timer. 
It has a rating of 5 amps up to 250 volts 
A.C. or 24 volts o.c, and a timing range 
of 0-60 minutes in 2 minute divisions. 
Its contacts are silver button, single pole 
changeover, and it weighs 8oz. Types 
P.T.A. and P.T.C. are similar, but have 
timing ratings of 0-8 minutes in 20 
second divisions, and 0-90 seconds in 5 
second divisions, respectively. 

Venner Time Switches, Ltd., 
Kingston By-Pass, 

New Malden, Surrey. 

Low Voltage Focus Glass Cathode 
Ray Tube 

THE RCA 17HP4 is a 17 inch, all 
glass rectangular picture tube utiliz-

ing low voltage electrostatic focus, 
which makes it possible to obtain the 
voltage for the focusing electrode from 
the low voltage D.C. supply of the 
receiver. The required focusing elec-
trode voltage is only 0 to 2.5 per cent 
of the E.H.T. voltage. 
The focusing electrode in the 17HP4 

has its own base pin terminal so that 
designers can have a choice of focusing 
voltage for best results. This advantage 
is significant in view of the fact that the 
focusing voltage range within which a 
cathode ray tube gives optimum focus 
will change with different combinations 
of ultor and grid No. 2 voltages. 
Adjustment for this change is made pos-
sible by the separate .focusing electrode 
terminal. 

Using a design in which the cathode 
is not connected to any other electrode, 
the 17HP4 retains the advantage of low 
input capacitance when employed in a 
cathode drive circuit". Also, since the 
focusing electrode is not connected 
internally to grid No. 2 the 17HP4 has 
the advantage of permitting reduction in 
focusing voltage as grid No. 2 voltage 
is raised—a necessary relationship for 
optimum focus. 
The cathode-ray tube has a filter glass 

faceplate, and an external conductive 
bulb coating. It features an ion trap 
gun requiring an external single field 
magnet, and has a design, centre maxi-
mum E.H.T. voltage rating of 16,000 
volts. The picture size is 14¡in. by 
11÷in. 

RCA Photophone, Ltd., 
36 Woodstock Grove, 

London, W.12. 

Miniature Soldering Iron 

(Illustrated below) 

RECENTLY introduced by the Oryx 
Electrical Laboratories is a new 

miniature soldering iron, Model 9, which 
is for general use. It contains no screws, 
washers, ceramic formers or mica which 
can flake, etc., and weighs approximately 
only a quarter of an ounce, or half an 
ounce including lead. 

It is 6 inches long, and consumes less 
than 9 watts. It incorporates a 5132in. 
diameter removable bit, and takes only 
30 seconds to heat tin. It can be 
supplied for 6, 12 or 24:271 volts. 

Oryx Electrical Laboratories, 
BCM/ORYX, 

London, W.C.I. 

New Miniature Magnetic Earphone 

(Illustrated above) 
THE new Amplivox E5 earphone. 

which is only the diameter of a six-
pence, is light and comfortable to wear, 
yet has high sensitivity and a smooth and 
extended frequency response. The con-
struction is robust, and the unit will 
withstand considerable rough usage. 
The P.V.C. insulated tinsel cord is 

strong and oval in section to ensure 
flexibility. The earphone is available 
in D.C. resistances of 2-2000 ohms, with 
a frequency range from 100 to 4000c/s. It 
weighs /oz. The sensitivity, power 
handling capacity and frequency response 
can be adjusted, within limits, to meet 
individual requirements. 

Amplivox, Ltd.. 
2 Bentinck Street, 

London, W.1. 

Neon Voltage Indicators 
(Illustrated above, Type No. Q.5000) 

PHILIPS ELECTRICAL, LTD., have 
re-introduced two neon voltage in-

dicators for use in testing low and 
medium mains installations. 
The pencil type, No. Q.5000, can be 

used on A.C. or c.c. mains voltages 
between 110 and 500V. It is housed 
in a black insulating pencil-shaped case, 
The voltage and polarity indicator, 

No. Q.5005, is a much larger type suit-
able for 80-750V A.c. and 100-750V 
D.C., and for indicating polarity on 
p.c. It has two black "Philite" 
moulded insulated test prods, fitted with 
collars to prevent accidental hand con-
tact with the metal probes, joined by a 
39in. length of rubber covered cable. 
One prod houses a type 4017 indicator 
lamp, which can be replaced. 

Philips Electrical, Ltd., 
Century House, Shaftesbury Avenue. 

London, W.C.2. 
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Further Laboratory and Workshop 
Notes 

Edited by Ruth Lang, Ph.D.. A.Inst.P. for the 
Institute of Physics. 290 pp., 177 figs., VItI plates. 
Edward Arnold and Co. December, 1951. Price 
28s. 

THIS is the second selection of notes 
reprinted from The Journal of Scien-

tific Instruments by the Institute of 
Physics. Original publication was in 
general during or subsequent to 1946, 
and the techniques described are there-
fore applicable to problems likely to arise 
in present day laboratories. In all, some 
150 scientific and technical workers have 
set forth their solutions to practical diffi-
culties which have arisen in their own 
work. Many of these, though originally 
encountered in one field, are of interest 
to workers in others. 

Clearly a book of this nature can 
hardly be expected to have any kind of 
*logical development or homogeneity, and 
consequently its assessment is difficult. It 
would be both impertinent and invidious 
to select certain items as being of more 
value or greater elegance than others, but 
to give some idea of the scope and 
flavour of this book it is necessary to 
select quite arbitrarily some of these 
notes for comment. It must be empha-
sized that this choice is a purely personal 
one on the part of the reviewer and does 
not attempt to set any kind of order of 
merit on the notes. 

Dr. Lang has grouped the notes into 
seven sections: 1, Graphs and Drawings; 
2. Optical Devices and Techniques; 3, 
Devices for Liquids and Gases; 4, Heat, 
Thermometry and Furnaces; 5, Labora-
tory and Workshop Tools, Process and 
Devices; 6, Vacuum and Pressure Tech-
niques; and 7, Electrical Devices and 
Ancillary Equipment and Techniques. 

Probably all of these sections contain 
something of interest to engineers work-
ing in the electronics industry. 

In the first section, there is a most use-
ful and simple "Linear Scale for the 
Direct Measurement of Slopes of 
Curves," while further on a note concern-
ing " Resistance—watts Computer and 
Curve Plotter" has an immediate appeal 
to any engineer faced with the tedious 
computation of resistance and power 
from a series of pairs of values of current 
and voltage. A short note (No. 21) in 
the optical section on " General Illumina-
tion of Photographic Darkrooms" should 
be of interest to any worker using photo-
graphic aids. A "Constant Level Device 
for Liquid Air" utilizing a high negative 
temperature coefficient resistor as the 
temperature sensitive element is described 
by Box and Walker, while the " One-
Point " or " Full Level Indicator" using 
an exact gas analogy of the Wheatstone's 
bridge is very appealing in its simplicity. 
-There is a useful note (No. 37) on 
" The Care of Liquid in Glass Thermo-
meters" by J. G. Durham which sum-
marizes a great deal of practical know-
ledge on this subject, and a similar treat-
ment is followed in a comprehensive 
discussion on " The Construction of 
Laboratory Electric Furnaces and Avail-
able Material" by L. Walden. Besides 
discussing constructional details, there 
are five most useful tables: 1, Approxi-
mate temperature colours; 2, Heating 
element materials; 3, Furnace refrac-
tories; 4, Refractory cements, and 5, 
Furnace insulation materials. This "¡n-

BOOK REVIEWS 
tegrating" note is one of several, e.g. 
" The Design of Drills" (note 46), 
" Machining of Plastics" (note 49), " In-
strument Suspensions" (note 60), " Con-
trol of Humidity by Saturated Salt 
Solutions" (note 73), "Glass-to-metal 
Seal Design " (note 74). 

Dr. New (note 64) points out that the 
pattern-makers steel contraction rule can 
be used as the secondary scale of a 
vernier, and Garrod and Gross describe 
a " Universal Coupling for use in 
Vacuum Systems" which has probably 
wider utility than stated by the authors, 
and an ingenious "Pressure Divider" 
(L. Cohen note 94) enables one mano-
meter to be used over a considerable 
range of pressures. 
The final section, dealing with elec-

trical matters ranging from the design of 
solder tags to the recording of changes 
in radio activity seems, paradoxically 
enough, of least interest to the electronic 
engineer. This is probably due to the 
fact that it is concerned with matters 
immediately within his own sphere and 
his approach to the problem is therefore 
similar to that of the authors', while the 
problems solved in the rest of the book, 
though of interest and use to the elec-
tronic engineer are solved by specialists 
in other fields. 
The volume is well presented, illus-

trated and indexed, and it seems likely 
that any practising engineer would derive 
something of immediate value from 
studying it. 

K. G. LOCKYER 

The Measurement of Radio Isotopes 
By Denis Taylor, M.Sc., Ph.D., M.I.E.E., 
F.Inst.P. 118 pp.. 40 figs. Methuen and Co., Ltd., 
London. September, 1951. Price 6s. 6d. 

THIS little book is one of a series of 
monographs on physical subjects 

which, as the publishers emphasize, is 
intended to supply research workers and 
others without specialist knowledge with 
a compact statement of the up-to-date 
position in each of the subjects covered. 
Dr. Taylor has obviously taken careful 
note of his terms of reference, and, as a 
result, has produced a book which will be 
extremely useful to non-specialist users 
of radio isotopes. 

It will, of course, be appreciated that to 
an acknowledged master of his subject. 
as the author undoubtedly is, the chief 
problem with which he is faced when 
writing a book of this type is to decide 
on the extent of the knowledge he may 
reasonably assume his potential reader 
to possess. Moreover, since there are 
bound to be as many answers to this 
problem as there are readers of the book, 
no entirely satisfactory answer can ever 
be given. Such criticisms as this reviewer 
offers therefore arise in the main from the 
slightly different aspects from which he 
and the author regard the subject matter 
of this book. 

Turning now to the text—it will be 
found that in his Introduction Dr. Taylor 

gives a fascinating glimpse of some of 
the present known applications of radio 
isotopes in research, medicine and in-
dustry, which will tempt the reader to 
explore further in this interesting field. 
One felt, however, that it would have 
been useful to have included some brief 
information as to the chief isotopes at 
present available, together with their 
most important applications. There fol-
lows an excellent chapter on "Funda-
mentals." Then the author proceeds 
logically to Chapters III and IV on 
" Radioactivity Measuring Apparatus" 
and " Counting Systems," which contain 
much useful information, but in one of 
two places there would appear to be too 
detailed descriptions of specific equip-
ments. Such information in a swiftly 
moving field like the one covered, tends 
to grow out of date very quickly and, 
moreover, is not really appropriate to a 
book of this scope. Chapters V and VI 
—" Statistics" and "Source Geometry 
and Self-Absorption "—are first class, 
and packed with information which the 
reader will find invaluable. Chapter VII 
on "The Method of Measurement and 
Correction Factors" is also good, and 
contains some valuable data, but here - 
again there is an occasional tendency to 
become too detailed on particular points. 
In Chapter VIII, a number of additional 
counting systems are described in a very 
clear and concise manner. A minor 
point is that it seems that the correct 
position for this chapter would be 
at the end of Chapter IV on " Counting 
Systems." The final chapter on " Health 
Hazards and Radiation Monitors " is 
dealt with in a very practical manner. 
and the information it contains is. of 
course, essential to all those who wish to 
make use of radio isotopes—this new tool 
of which we shall undoubtedly see and 
hear more in the future. 

Finally the reviewer would like to pay 
tribute to the author by pointing out to 
those not already aware of the fact that. 
in no more than a decade, he has estab-
lished himself in the front rank of those 
who have been engaged in two entirely 
new scientific techniques—firstly radar, 
during the war years. and now nucleonics. 

L. OUR A 

Electronics 
By J. Millman and S. Seely. 598 pps. 2nd 
Edition. McGraw Hill Publishing Co. 1951. 
Price 66s. 

T N these days, when there are so many 
1 new books appearing on the subject of 
electronics, it is quite an event to have 
a new edition of a familiar text which 
has been one of the standards on the 
subject for the past decade. The first 
edition, published in 1941, dealt in a 
most effective manner with some of the 
fundamental aspects of vacuum tubes. 
The authors took as their main task the 
presentation of basic physical principles. 
and applications were used mainly as 
illustrations of these principles. During 
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the past ten years there has been rapid 
and spectacular change in the field of 
electronics, and the authors have been 
faced with the problem of deciding how 
much of the new material should be in-
cluded in a fresh edition. Wisely, they 
have made no radical changes in the 
general layout and, although much of 
the book has been re-written they have 
maintained the same fundamental 
approach. The chapters dealing with 
basic physics, particularly those on the 
electron theory of metals and the kinetic 
theory of gases, are very well done. They 
have been recast to give qualitative treat-
ment of broad principles prior to cover-
ing the more complicated quantitative 
theory. 
Some of the new types of tube, such as 

klystrons, betatrons and cyclotrons, are 
dealt with briefly in the section on the 
applications of the motion of charged 
particles in electric and magnetic fields. 
Strangely enough, the magnetron, in spite 
of its importance and extensive develop-
ment during recent years, has been dis-
missed in three pages, just half of the 
space devoted to it in the earlier edition. 
U.H.F. triodes and semi-conductors are 
also mentioned. The treatment of the 
newer parts of the subject is, on the 
whole, rather slight. 
• Those who are familiar with the first 
edition will share the authors' regret that 
the chapters on low frequency amplifiers 
have been omitted to keep the cost down. 
The omission has, to some extent, upset 
the balance of the book. Diodes, recti-
fiers and filters have almost twice the 
space given to triodes, multi-electrode 
valves and their applications. 

It will be noted that the above 
criticisms are concerned solely with allo-
cation of space to the different sections. 
The treatment of the subject matter is 
always beyond reproach, and this book 
will remain one of the few standard 
texts for those who are serious students 
of the phenomena occurring inside elec-
tronic tubes. It is strongly recommended 
to old and new readers, not so much for 
the new material as for the clear exposi-
tion of those fundamentals which will 
remain important, no matter what inno-
vations or inventions may have to be 
covered when the next edition is due. The 
ikt.x.s. system of units is used throughout. 

M. R. GAVIN 

Television and F.M. Antenna Guide 
By Edward M. Noll and Matthew Mandl. 311 pp., 
223 •figs. The Macmillan Co., New York, and 
Macmillan and Co. Ltd., London. October, 1951. 
Price 41s. 

BOTH the authors of this book have 
had considerable experience in radio 

and television and have been teaching 
the subject for a long time. This may 
be the reason for the clear, logical and 
interesting manner with which they deal 
with television and F.M. aerials. On the 
loose cover it states that " you can find 
everything you want to know about 
V.H.F. and U.H.F. antennas and allied 
equipment for television and F.M. recep-
tion in this most complete, practical 
book," and this is really a very fair sum-
mary. 
The book starts with an introduction 

to propagation which covers the basic 
facts of propagation of electromagnetic 

waves, polarization, field strength and 
directivity. It also contains some useful 
charts with which calculation of field 
strength at various distances at different 
frequencies may be made. 
Then follows a description of various 

transmission lines, their characteristic 
impedance, use as matching devices, and 
the importance of matching for maxi-
mum power transfer. This chapter is 
followed by a discussion on the dipole, 
folded dipole, balancing methods using 
lengths of coaxial cable, and V and circu-
lar aerials. The impedance of these 
aerials is also discussed. 

Chapter .4 covers more complicated 
aerials such as Collinear, End Fire, 
Stacked, Broadside Corner Reflector. 
Rhonbic and Yagi, and phasing and im-
pedance matching are described. The 
usefulness of the various arrays over all 
the channels is also dealt with in some 
detail, which is obviously an important 
feature to be considered when choosing 
an aerial. The next 60 pages consist of 
very practical information on aerials 
generally, such as siting, choice of type, 
how to erect one, including what tools 
and fitting to use and choice of trans-
mission line. The input system of 
several commercial television receivers is 
also shown and discussed. A neat valve 
voltmeter is shown which may be con-
nected to the output of the vision re-
ceiver, the meter itself being on a cable 
of sufficient length to enable the " instal-
lation technician to take the instrument 
up on the roof." By this means he is 
able to observe the effects of aerial move-
ment and can find the best position. 
This is probably a simpler method than 
use of Walkie Talkie sets which have 
been suggested and probably used! 
The next 100 pages, roughly one-third 

of the book, describes and illustrates 
typical commercial television aerials. 
Polar diagrams are shown, and in many 
cases the frequency response is also 
given. 

Finally, there is a short description of 
methods of reducing various forms of 
interference, such as multipath reflexions, 
unwanted signals and impulse noises. 

This book should be of great value to 
anyone interested in, or working with 
V.H.F. aerials, and gave pleasure and 
information to the reviewer. 

C. H. BANTHORPE. 

Principles of Alternating Currents 
By W. Sluckin. 320 pp., 165 .figs. Cleaver-flume 
Press Ltd. November, 1951. Price 10s. 6d. 

THIS is Book Four of the Cleaver-
 Hume Electrical Series, intended 

primarily for educational purposes. As 
claimed on the jacket flap, the author's 
style makes easy reading in the main, 
but from the technical viewpoint, there 
are several places where the presentation 
does not satisfy the claim "singularly 
lucid." Very few, if any, of the " well-
drawn diagrams" and photographs 
appear to be original, and many of them 
could have been replaced with different 
ones better suited to the purpose of the 
book. 
The ideal book on principles should 

give its reader a clear appreciation of 

' CHAPMAN 84 HALL 

Just out 

RADIO 
ASTRONOMY 

by 

Bernard Lovell 
0.B.E., PH.D., F.INST.P., F.R.A.S. 

and 

J. A. Clegg 
PH.D., F.INST.P., F.R.A.S. 

238 pages 120 figures I6s. net 

THE 
MAGNETRON 

by 

R. A. Latham, M.A., PH.D. 
Imperial College, London) 

A. H. King, M.A. 
(Clifton College, Bristol) 

L. Rushforth, B.SC., M.I.E.E. 
(B.T.H. Co., Ltd., Research Laboratory) 

152 pages 82 figures 18s. net 

37 ESSEX STREET, LONDON, W.C.2 

The First published design 
for B.B.C. F.M. Reception 

A HOME BUILT 

FREQUENCY 
MODULATED 
RECEIVER 

By K. R. Sturley, Ph.D., 

Price 4/6 (postage 3d.) 

Contains full details and wiring dia-
grams for the construction of a 
frequency-modulated receiver for 
reception of the B.B.C.'s new high-
fidelity F.M. transmitter at Wrotham 
(Kent). Included in the booklet is a 
design for a suitable aerial system and 
a simple modulated test oscillator for 
alignment of the I.F. stages. 

Obtainable from 

Electronic Engineering 
28 ESSEX STREET, STRAND, 

LONDON, W.C.2. 

MARCH 1952 139 ELECTRONIC . ENGINEERING 



BOOK REVIEWS (Continued) 

tundamentals that he can apply to prac-
tice, and incidentally, to the answering of ' 
examination questions. The author of 
this book acknowledges " facilities" pro-
vided by various B.I.E.T. personnel; 
maybe this explains the presentation, 
which would appear to be aimed at 
answering some likely examination ques-
tions, rather than giving fundamentally a 
comprehensible treatise. A number of 
practical applications are introduced, 
often rather inadequately, giving the im-
pression that the book was prepared 
around a list of things that must be 
included. 
The early chapters, dealing with alter-

nating currents, vector representation, 
alternating current circuits, electrical 
resonance and polyphase working, are 
quite well, but not outstandingly, pre-
sented. 
The next two, on transformers, go into 

constructional details, including three 
phase types, before principles are pro-
perly introduced. Dealing with prin-
ciples, the ideal transformer defined does 
not conform with the generally accepted 
conception, so the student is likely to 
become confused later. In one place the 
impression is given that a physical wind-
ing may have zero resistance. The giving 
of an empirical relationship between VA 
rating and volts per turn, right at the 
start, is considered ill-advised, there being 
enough fundamentals to tackle in the 
conception of a transformer without that. 

Chapters on power transmission and 
distribution, and power factor improve-
ment follow a more logical sequence, but 
the differentiation between impulse or 
velocity type turbines is vague—if neces-
sary at all, it should be clarified; and the 
impression is given that a synchronous 
motor must always have a leading power 
factor. 
The remaining chapters, on A.C. 

measurements, electronics, and some A.C. 
appliances, are very sketchy. The prin-
ciples involved are often inadequately 
explained, and applications sometimes 
confused. In describing induction meters, 
the reader is simply told that " currents 
flow in such a way that the resulting 
forces drive the disk in a clockwise 
direction." The average housewife, with-
out any technical knowledge at all, knows 
that current makes it go round ! The 
reader of a book on principles wants to 
find out why certain actions take place. 
The book frequently lacks concise 

definition of terms, and the author 
appears to use an unusual mode of ex-
pression for this purpose: when intro-
ducing a new term, he refers to it as " so-
called," and the reader must infer its 
meaning from the context. For example, 
"According to the so-called Steinmetz 
coefficient this loss is proportional to 

but in practice it is safer to take 

Quantitatively, this book is un-
doubtedly good value for money, and, as 
many students have little to spend on 
textbooks with today's rising costs, it 
will appeal for its relatively low price. 

N. H. CROWHURST 

A.C./D.C. Test Meters 
By W. H. Cazaly and Thomas Roddam. 180 pp.. 
112 figs. Sir Isaac Pianan & Sons Ltd. 1951. 
Price 18s. 

THIS book deals with the principles, 
circuit design and practical construc-

tion of multi-range testmeters of work-
shop grade, a 0-1mA moving-coil move-
ment being used, in most cases, as the 
basis of discussion. 
Although this book is essentially prac-

tical in nature, sufficient facts and theore-
tical considerations and, where necessary, 
formulae are given to enable the efficient 
designing of any type of multi-range 
meter to cover the measurement of alter-
nating or direct voltage or current, re-
sistance and capacitance. It is, in fact, a 
collection of facts that, although normally 
well known, have been usefully com-
bined together and well presented. 

Foundations of Wireless 
By, M. G. Scroggie, B.Sc., M.I.E.E. Fifth 
edition. 328 pp., 236 figs. Iliffe and Sons Ltd. 
November, 1951. Price 12s. 6d. 

MHE fifth edition of this popular book 
on the basic principles of radio trans-

mission and reception has been entirely 
rewritten and illustrated with new dia-
grams. 
The early chapters of the book are 

devoted to the most elementary principles 
of radio theory, and it is assumed that 
the reader has no technical knowledge of 
the subject. Mathematics are avoided 
as much as possible, and under the head-
ing " Into the Shorthand of Wireless" 
the use of algebraic symbols, graphs and 
circuit diagrams are explained for the 
beginner. 
Apart from the fundamental laws of 

electricity and radio, and the associated 
equipment, there is an elementary intro-
duction to the techniques of television 
and radar. 
The book is written in Mr. Scroggie's 

usual clear and readable style, and is well 
produced. 

F.B.I. Register of British Manu-
facturers 1951/52 

24.11 Edition. 882 pp. Published for the Federa-
tion of British Industries by Kelly s Directories 
Ltd. and Iliffe and Sons Ltd. November, 1951. 
Price 42s. 

THE F.B.I. Register for 1951/52 corn-
prises seven sections as last year, in-

cluding a classified buyer's guide listing 
over 6,000 F.B.I. member firms under 
alphabetical trade headings, an alpha-
betical directory of members with their 
full addresses, telegraphic addresses, 
telephone numbers, lists of products. 
home and overseas branches, agencies, 
etc., and a list of trade associations, 
brands and trade names with an indica-
tion of thc, products and their manufac-
turers. 
The information is classfied for quick-

reference in English. French and Spanish. 
and all sections have reinforced guide 
tabs for reference purposes. 

Publications 

Received 
EKCO AIRBORNE SEARCH RADAR EQUIP-
MENT is a new handbook issued by E. K. Cole 
Ltd., of Ekco Works, Southend-on-Sea, Essex. 
This equipment is a 3cm radar system designed 
to: detect cumulo-nimbus clouds and hence areas 
of severe turbulence associated with such clouds; 
warn of high ground in the flight path of the 
aircraft, and navigate by map painting. The 
booklet covers the operational techniques and 
performance, and describes the units used. 

THE "MACHINE TOOL" APPROACH TO 
SURFACE HARDENING and THE "MACHINE 
TOOL" APPROACH TO LOCALIZED HEAT 
TREATMENT arc the first two brochures r.f a 
series describing all types of Birlec induction neat-
ing equipment. The approach used is to consider 
the hcat-treatment unit as a machine tool with 
the same characteristics and advantages as the 
other units in the mass production line with 
which it is associated. Robust construction and 
simplicity of operation are thereby added to the 
inherent advantages of induction heating. Surface 
hardening applications mainly occur in those in-
dustries manufacturing automobile engines and 
other types of machinery parts, but localized heat 
treatment covers a wider field of application such 
as hardening, tempering or annealing components 
at various stages of their production. Copies of 
both these leaflets are available from Birlec Ltd., 
Tyburn Road, Birmingham 24. 

NEGRETTI AND ZAMBRA 1850-1950. This 
delightful book has been produced as an historic 
account of the firm since its foundation in 1850. 
The book is printed on art paper, and attrac-
tively bound in cloth. The illustrations are of a 
high standard, and some of the reproductions 
from old prints of the company's early premises 
and the Crystal Palace are particularly interesting. 
Negretti and Zambra Ltd., 122 Regent Street, 
London, W.I. 

1952 EDITION—CASES BY IMHOF'S is a new 
catalogue describing the stock range of standard 
eases available from this firm, and includes a 
short note on the product;on of metal cases of 
any size or type to special specifications. Imhof's 
design and development departments, where a 
case can be designed for individual requirements, 
are also mentioned. Alfred Imhof Ltd., 112-116 
New Oxford Street, London, W.C.I. 

TELEVISION DOWNLEAD CABLES is a leaflet 
published by British Insulated Callender's Cables 
Ltd., of Norfolk House, Norfolk Street, London, 
W.C.2, to describe their cable for te:evision 
aerials, Coaxial, unscreened twin and screened 
twin are dealt with, their different constructions 
being briefly outlined, and alternative designs for 
each type are included. 

ELECTRONIC MEASURING INSTRUMENTS 
FOR SCIENCE AND INDUSTRY is a 6-page 
illustrated brochure summarizing the wide range 
of e'ectronic measuring equipment manufactured 
by the Instrument Division of Dawe Instruments 
Ltd., 130 Uxbridge Road, Hanwell, London, W.7, 
from whom a free copy is available on request. 

LAB TESTED HIGH RESISTANCE PRODUCTS 
is an eight-page leaflet describing resistors, volume 
controls, fuse links, interference suppressors, 
potentiometers, etc., manufactured by the Radio 
Resistor rn Ltd., of 50 Abbey Gardens, 
London, N.W.8. 

Errata. We apologize for the mis-
spelling of the name of the author of 
" Basic Electron Tubes", which was re-
viewed on page 90 of the February, 1952, 
issue. It should have been D. V. 
Geppert, not Gepput. Mr. R. D. Watts, 
the reviewer of " The Oxide-Coated 
Cathode ", on page 43 of the January 
issue, asks us to apologize for a mistake 
he made in the third paragraph of his 
review. In the second sentence, "and 
the statement that the maximum satura-
tion current increases . . . " shou'd read 
"and the statement that the time to 
reach maximum saturation current in-
creases . 

• 
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NOTES FROM THE INDUSTRY 
The R.E.C.M.F. Exhibition. The 

ninth annual private exhibition of the 
Radio and Electronic Components 
Manufacturers Federation will be held 
in the Great Hall, Grosvenor House. 
Park Lane, London, W.1, from Monday, 
April 7 to Wednesday. April 9. 
ELECTRONIC ENGINEERING Will be 

.exhibiting on Stand 90, where readers 
will be welcome. Copies of the journal, 
monographs and reprints will be on sale. 

Admission to the exhibition will he by 
invitation only. Further details may be 
obtained from the Secretary, the 
R.E.C.M.F., 22 Surrey .Street, Strand, 
London. W.( .2. 

Brit.I.R.E. Television Conference and 
Exhibition. The Scottish Section of the 
British Institution of Radio Engineers 
is holding a conference and exhibition 
in Glasgow on March 14 and 15 to 
mark the opening of the Kirk O'Shotts 
television transmitter. 
A programme of papers on many 

aspects of television will be presented, 
including an address by the President of 
the Institution. Mr. Paul Adorian, 
-M.Brit.I.R.E., on "The Future of 
Broadcasting." Many manufacturers in 
the radio industry will co-operate by 
displaying receivers, aerials, test gear 
and other television equipment at the 
exhibition. 
A registration fee of 7s. 6d. will be 

payable by all taking part in the 
conference, which will be open to non-
members of the Brit.I.R.E. Further 
details may be obtained from Mr. R. H. 
Garner, B.Sc.(Eng.). A.M.Brit.I.R.E., 
66 Buchanan Drive. Cambuslang. 
Lanarkshire. 

A Convention on Electrical Contacts 
is being held at the East Midland Centre 
of the Institution of Electrical Engineers 
at Loughborough College from April 7-9. 
Dr. W. G. Radley. C.B.E.. Vice-President 
of the I.E.E., will open the Convention 
at 3 p.m. on April 7. A full programme 
of papers has been arranged, which will 
be divided into two parts on light duty 
contacts in theory and practice and 
heavy duty contacts, including con-
tactors and sliding contacts. 

There will be a registration fee of 
2s. 6d. for each part of the Convention. 
Accommodation is available for about 
80 men in the College Halls of Residence 
on April 7 and 8 for a guinea a day, 
including registration. Meals will also 
be provided at a reasonable charge, if 
booked in advance, for those not in 
residence at the Halls. 
The Centre would welcome the par-

ticipation of non-members of the Institu-
tion in the Convention, and further 
particulars can be obtained from the 
Honorary Secretary of the Centre, Mr. 
R. G. L. Ryan. c/o the Brush Electrical 
Engineering Co., Ltd., or from the 
programme organizers, Dr. J. H. 
Mitchell and Mr. R. C. Woods, Messrs. 
Ericsson Telephones, Ltd.. Beeston. 
Nottingham. 

Harwell Offers Course on Electronics. 
Physicists and engineers who wish to 
obtain specialized knowledge of elec-
tronic instruments used in nuclear 
physics, radiochemistry and work with 
radioisotopes, are being offered a 
course at the Atomic Energy Research 
Establishment, Harwell. 
The course starts on Monday, May 19, 

and ends on Friday, May 23, and will 
deal specifically with the use of elec-
tronic equipment for detection and 
measurement of radiation. The mornings 
will be devoted to lectures and the after-
noons to practical work. Design, use and 
maintenance of counters, D.C. pulse 
amplifiers, kicksorters, scalers and 
registers, and automatic equipment, will 
be included in the syllabus. Lecturers 
and demonstrators will be specialists 
from the Atomic Energy Research 
Establishment. 

Candidates for, the course will be 
expected to have a background know-
ledge equivalent to degree standard in 
physics or electronics. The number that 
can be accepted on the course is limited 
to 12, but if there is sufficient demand, 
further courses will be arranged. The 
building used will be the A.E.R.E. 
Isotope School, which is outside the 
security fence, and the subjects will be 
entirely unclassified. 
The fee for the course is 12gns. 

Living accommodation (at Buckland 
House. near Faringdon. one of the 
A.E.R.E. Senior Staff Hostels), transport 
and morning and evening meals will be 
provided at a charge of 6 gns. Applica-
tions for admission to the course should 
be made as soon as possible to the 
Electronics Division. A.E.R.E., Harwell. 
Dideot, Berks. 

Technical Writing. A series of ten 
lectures on " The Technique of Technical 
Writing" will be given by Mr. Geoffrey 
Parr, M.I.E.E., a director of Chapman 
and Hall, Ltd.. at Norwood Tech-
nical College, West Norwood. London, 
S.E.27. The lectures will be held 
on Tuesday evenings, from 7 to 9 
p.m., and will be divided into two parts, 
part one dealing with the subject of 
report writing, and part two concentrat-
ing on technical publication. Applica-
tion forms for admission may be obtained 
from the Secretary of the College, and 
should be returned by March 12. The 
fee for the complete course is 15s., for 
part one only 12s. 6d., and for part two 
only 7s. 6d. 

The Radio Communication and Elec-
tronic Engineering Association has 
elected Mr. K. S. Davies, B.Sc.. 
A.M.I.E.E., who is the director of 
engineering of Murphy Radio, Ltd., as 
their Chairman for this year. Mr. C. G. 
White, director and general manager of 
the. marine division of Kelvin and 
Hughes, Ltd., was elected Vice-Chairmcn. 
The 1951 Council of R.C.E.E.A. were re-
elected to serve again. 

Honorary Membership of the I.E.E. 
The Council of the Institution of Elec-
trical Engineers have elected to Honorary 
Membership Sir Arthur Fleming, C.B.E., 
D.Eng., for his work in electrical engi-
neering, and Sir Edward Appleton, 
K.C.B., G.B.E., M.A., D.Sc., LI.D., for 
his contributions to the field of pure and 
applied physics. 

The Northern Radio and Television 
Exhibition will be held at the City Hall, 
Manchester, from April 23 to May 3, 
and will be organized by the Rail° 
Industry Council. The B.B.C. Will 
have a television studio in the 
exhibition, from which will be trans-
mitted television performances, and 
arrangements are being made for the 
public • to view rehearsals and perfor-
mances. There will be a communal 
viewing gallery, where commercial tele-
vision receivers will be demonstrated, 
as well as on the manufacturers stands. 
About fifty manufacturers of radio and 
television receivers, their associated 
equipment and components will be 
exhibiting. 

The Engineering Centre, at 351 
Sauchiehall Street, Glasgow, C.2, has 
arranged office facilities for a limited 
number of engineering firms' agents or 
representatives. 
An area of about 1,000 square feet has 

been furnished with tables, desks, private 
lockers and telephone booths. The 
facilities offered include the use of the 
Centre's telephone numbers and address 
for the receipt of mail, messages, etc. 

New Companies. The Edison Swan 
Electric Co., Ltd., has acquired the 
General Accessories Co. and British 
Mechanical Productions, Ltd., and both 
these companies are now operating as 
subsidiaries of Ediswan. 

British Insulated Callender's Cables. 
Ltd. and the Loewy Engineering Co., 
Ltd. have formed a new company for 
development in the field of aluminium 
sheathed cables. The name of the new 
company is Alsheath, Ltd., and its 
offices are at Norfolk House, Norfolk 
Street, London. W.C.2. 

Errata. On page 41 of the January, 
1952 issue there appeared a misprint in 
Mr. Cutteridge's letter. Under "Inser-
tion transfer function " it should read 
" With 4-terminal network inserted (Fig. 

2). Load current = /, = Eg - — 
A 

etc." 
We have been asked by Messrs. 

Allied Electronics, Ltd., to point out that 
there was an error in the information 
they supplied for their advertisement on 
page 41 of the same issue. The instru-
ment advertised should have been 
described as a "peak to peak milli-
volter," not a ̀,` voltmeter." 
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MEETINGS THIS MONTH 

THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 

Date: March 27. Time: 6.30 p.m. 
Held at: the London School of Hygiene and 

Tropical Medicine, Keppel Street, London, 
W.C.I. 

Lecture: The Application of Magnetic Amplifiers 
to Industrial Measurement and Control. 

By: H. M. Gale, B.Sc. 

North-Eastern Section 
Date: March 12. Time: 6 p.m. 
Held at: Neville Hall, Westgate Road, Newcastle-
upon-Tyne. 

Lecture: details to be announced later. 
Scottish Section 

Date: March 13. Time: 7 p.m. 
Held at: the Natural Philosophy Department, The 

University, Drummond Street, Edinburgh. 
Lecture: Radar as an Aid to Navigation. 
By: N. J. Donald, B.Sc, 
Date: March 14. Time: 7 p.m. 
Held at: the Institute of Engineers and Ship-

builders, Glasgow. 
Lecture: The Future of Broadcasting. 
By: Paul Adorian, M.Brit.I.R.E. 
(This meeting was postponed from February 27.) 

South Midlands Section 
Date: March 19. Time: 7.15 p.m. 
Held at: the Exhibition Gallery, Public Library, 
Rugby. 

Lecture: The Application of Magnetic Amplifiers 
to Industrial Measurement and Control. 

By: H. M. Gale, B.Sc. 
West Midlands Section 

Date: March 25. Time: 7 p.m. 
Held at: Wolverhampton and Staffordshire Tech-

nical College, Wulfruna Street, Wolverhampton. 
Lecture: details to he announced later. 

THE BRITISH SOUND RECORDING 
ASSOCIATION 

Date: March 14. Time: 7 p.m. 
Held at: the Royal Society of Arts, John Adam 

Street, London, W.C.2. 
Lecture: Recording Characteristics. 
By: P. F. A. R. Terry. 

THE INSTITUTE OF PHYSICS 
Electronics Group 

Date: March 18. Time: 5.30 p.m 
Held at: the Institute's House, 47 Belgrave Square, 
London, S.W.I. 

Lecture: The Physics of Transistors. 
By: Dr. E. Billig. 

Industrial Radiology Group 
Date: March 21. 
Held at: the Institute's House, 47 Be!grave Square, 
S.W.I. 

Symposium: What is the Use of Standardization? 
Scottish Branch 

Date: March 11. Time: 7 p.m. 
Held at: The University, Glasgow. 
Lecture: Fundamental Standards. 
By: B. W. Robinson. 
Date: March 12. Time: 7 p.m. 
Held at: The University, Edinburgh. 
Lecture: as at Glasgow. 

Manchester Branch 
Date: March 21. Time: 7 p.m. 
Held at: The University, Manchester. 
Lecture: Spectroscopy at Centimetre Wavelengths, 
By: Dr. B. Bleaney. 

THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

All London meetings, unless otherwise stated, 
will be held at the institution, commencing at 

5.30 p.m. 
Date: March 6 
Lecture: Post-Graduate Activities in Electrical 

Engineering. 
By: W. .1. Gi6bs, M.Se.(Eng.), D. Edmundson, 

B.Sc., R. G. A. Dimmick, B.Sc., and G. S. C. 
Lucas, O.B.E. 

Date: March 10. 
Discussion: Remote Measurement and Instrumen-

tation. 
Opened by: H. Horwood. 
Date: March 13. 
Lecture: Electronic Telephone Exchanges. 
By: T. H. Flowers, M.B.E., B.Sc. 

Measurements Section 
Date: March 4. 
Discussion: Design of Control Panels including 

Instrument Scales and Pointers. 
Opened by: L. B. S. Golds and H. Murrell. 

Date: March 18. 
Lecture: The Application of Transductors as 

Relays to Protective Gear. 
By: R. K. Edgley, M.Sc.(Eng.), and F. L. 
Hamilton, B.Sc.(Eng.). 

Radio Section 
Date: March 12. 
Lecture: The Slot Aerial and its Applcation to 

Aircraft and A Survey of External and Sup-
pressed Aircraft Aerials for Use in the High-
Frequency Band. 

By: R. H. J. Cary. 
Date: March 24. 
Informal Lecture: Radio-Controlled Models. 

East Midland Centre 
Date: March H. Time: 6.30 p.m. 
Held at: the East Midland Electricity Board Ser-

vice Centre, Derby. 
Lecture: The Determination of Time and Fre-

quency. 
By: H. M. Smith, B.Sc, 

Cambridge Radio Group 
Date: March II. Time: 8.15 p.m. 
Held at: the Cavendish Laboratory, Cambridge. 
Lecture: An Investigation into the Mechanism of 
Magnetic-Tape Recording. 

fly: P. E. Aven, 0.B.E., M.Sc. 

Mersey and North *Wales Centre 
Date: March 17. Time: 6.45 p.m. 
Held at: the Philharmonic Hall, Liverpool. 
Faraday Lecture: Sound Recording-Home. Pro-

fessional, industrial and Scientific Applications. 
Dy: G. F. Dutton, Ph.D.. B.Sc.(Eng.). 

North-Eastern Centre 
Date: March 3. Time: 6.15 p.m. 
Held at: King's College, Newcastle-on-Tyne. 
Lecture: The Application of Transductors as 

Relays to Protective Gear. 
By: R. K. Edgley, M.Sc.(Eng.), and F. L. 
Hamilton. B.Sc.(Eng.). 

Date: March II. . Time: 7 p.m. 
Held at: the City Flail, Newcastle-on-Tync. 
Faraday Lecture: Sound Recording-Home. Pro-

fessional, Industrial and Scientific Applications. 
By: G. F. Dutton, Ph.D., B.Sc.(Eng.). 

North-Eastern Radio and Measurements Group 
Date: March 3. 
As in North-Eastern Centre, 
Date: March 17. Time: 6.15 p.m. 
Held at: King's College, Newcastle-on-Tyne. 
Informal Lecture and Discussion. 
By: G. A. V. Sow ter, Ph.D B.Sc.(Eng.). 
Date: March 31. Time: 6.15 p.m. 
Held at: King's College, Newcastle-upon-Tyne. 
Lecture: The Design and Testing of an Electronic 
Servo-Simulator for a Hydraulic Remote 
Position-Controller. 

By : F. J. U. Ritson. B.Sc.. and P. H. 
Hammond. B.Sc. 

North Midland Centre 
Date: March 13. Time: 7 p.m. 
Held at: the Town Hall, Leeds. 
Faraday Lecture: Sound Recording-Home. Pro-

fessional, Industrial and Scientific Applications. 
By: G. F. Dutton, Ph.D.. B.Sc.(Eng.). 
Date: March 25. Time: 6.30 p.m. 
Held at: the College of Technology, Leeds. 
Discussion: The Teaching of Fundamentals. 

North-Western Measurements Group 
Date: March IS. Time: 6.15 p.m. 
Held at: the Engineers' Club, Albert Square, 

Manchester. 
Lecture : A Survey of Modern Methods of 

Presentation of Instrument Readings and 
Recordings. 

By: L. B. S. Golds. 

North-Western Supply Group 
Date:. March 25. Time: 6.15 p.m. 
Held at: the Engineers' Club, Albert Square, 
Manchester. 

Lecture: The Design of High-Voltage High-Power 
Mercury-Arc Convertors. 

By: H. son Deride, Dr.Ing., DiptIng.. and R. 
Tucker. 

Northern Ireland Centre 
Date: March 20. ' Tinte: 6.45 p.m. 
Held at: the Sir William Whitla Hall. Belfast. 
Faraday Lecture: Sound Recording-Home, Pro-

fessional, Industrial and Scientific Applications 
By: G. F. Dutton, Ph.D., B.Sc.(Eng.). 

Scottish Centre 
Date: March 5. Time: 7 p.m. 
Held at: the Heriot-Watt College. Edinburgh. 
Lecture: Instruments for Use in the Microwave 

Band. 
By: A F. Harvey, D.Phil., B.Sc.(Eng.). 

South Midland Centre 
Date: March 5. Time: 6.30 p.m. 
Held at: the Rugby College of Technology and 

Arts, Rugby. 
Lecture: Technical Colleges and Education for the 

Electrical Industry. 
By: H. L. Haslegrave, M.A., Ph.D., M.Sc.(Eng.). 

South Midland Radio Group 
Date: March 24. Time: 6 p.m. 
Held at: the James Watt Memorial In.stitute, 
Great Charles Street, Birmingham. 

Informal lecture: Stereophonic Sound Reproduc-
tion. 

By: J. Moir and J. A. Leslie, B.Sc. 
Southern Centre 

Date: March 12. Time: 6.30 p.m. 
Held at: the South Eastern Electricity Board 
Showrooms, Brighton. 

Lecture: The Influence of Rectifier Harmonics in 
a Railway System on the Dielectric Stability of 
33kV Cables. 

By: S. B. Warder. E. Friedlander, Drin., and 
A. N. Arman, Ph.D. 

Date: March 26. Time: 7.30 p.m. 
Held at: the R.A.E. College, Farnborough, 
Lecture: Supertension Cables, 
By: J. Banks, M.Eng. 

Western Utilization Group 
Date: March 31. Time: 6 p.m. 
Held at: the South Western Electricity Board 

Offices, Colston Avenue, Bristol. 
Conference: Electricity as an Aid to Productivity. 

Irish Branch 
Date: March 20. Time: 6 p.m. 
Held at: Trinity College, Dublin. 
Lecture: Modulation-Sonic Fundamental Con-

siderations. 
By: T. P. Allen, M.Sc. 

District Meetings 
Date: March 3, Time: 7.30 p m. 
Held at: the New Inn, Sandling Road, Nfai,fitone. 
Film: Overhead Line Construction. 
Discussion to follow. 
Date: March 31. Time: 7.30 p.m. 
Held at: the Royal Hotel, Norwich. 
Informal lectme: The Nervous System as à Com-
munication Network. 

By: J. A. V. Bates, M.A., MB., 

THE INSTITUTION OF 
ELECTRONICS 

North-Western Branch 
Date: March 19. Time: 7 p.m. 
Held at: the College of Technology, Manchester. 
Lecture: Electroencephalography with particular 

reference to the Ferranti Equipment. 
By: W. Heaton. 

THE. INSTITUTION OF POST 
OFFICE ELECTRICAL ENGINEERS 
Date: March II. Time: 5 p.m. 
Held at: the T.E.E., Savoy Place, London, W'.C.2. 
Lecture: The Control of External Major Works. 
By: E. A. Scholey, B.Sc. 

Informal Meeting 
Date: March 26. Time: 5 p.m.. 
Held at: the Conference Room. 4th Floor. Water-

loo Bridge House, London, S.E.I. 
Lecture: The Provincial Exchange Area-Some 

Aspects of its Design and Development. 
By: R. Thornton. 

THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 

Date: March 25. Time: 7 p.m. 
Held at: the Royal Society of Tropical Medicine 
and Hygiene, Manson House. Portland Place, 
London, W. I. 

Lecture: The Design and Application of a Port-
able Electrostatic Watt Meter. 

By: F. R. Axworthy, A.M.I.E.E. 

THE 'TELEVISION SOCIETY 
Date: March 13. Time: 7 p.m. 
Held at: University College, London, W.C.I 
Lecture: The Fleming Memorial Lecture. 
BY: Professor H. M. Barlow. 

Leicester Centre 
Date: March 3. Time: 7 p.m. 
Held at: the Leicester College of Technology, The 
Newarkes, Leicester. 

Lecture: The Technique of Television Studio 
Lighting. 

By: H. O. Sampson. 
Date: March 31. Time: 7 p.m. , 
Held at: the Leicester College of Technology. 
Lecture: The Design and Application of Television 
Gear. 

By: R. Freeman and E. D. Groom. 

ELECTRONIC ENGINEERING 142 MARCH 1952 



Precision Resistance Wire 

... PRECISION PACKED 

MC precision-drawn resistance wires are despatched in a pack 

that has been developed to set a new standard of protection. A 

transparent, robust plastic capsule guards against mechanical 

damage, dust, frioisture and atmospheric fumes, and the wire is 

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

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

a .double assurance of dependability. 

A series of technical doto sheets descriptive 

of our materials and products for electronic 

engineering and instrument manufacture is 

available on request. 

Specialised Products of 

Johnson 
Mdithey 

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

Telephone : HOLborn 9277 

G D204 

Birmingham : Vittoria Street, Birmingham, I. 
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rectifiers 
fo the ad io indu stry 

WHEREVER a radio or television diagram shows a rectifier 
• operating at 0.5 Volts or higher, at a frequency below 5 mc/s, 
• there .is almost certain to be a SenTerCel Selenium Rectifier which 
• will do a better job because it : 

O Saves space and weight. 
O Reduces wiring. 
O Withstands an unlimited instantaneous overload. 
O Rèduces heat dissipation. 
,0 Needs no "warming-up" priod. 

O Saves the cost of a valveholder. 
O Is practically indestructible in service. 

O ImpoSes no limit on the size of the reservoir capacitor. 
Please O Is low in cost-
write 

for . leaflets 
/s, 

9a,10,11 

Standard Telephones oriel Cables Limited _ 
Registered Office: Connaught House, Aldwych, London, W.C.2 

RECTIFIER DIVISION : WARWICK ROAD : BOREHAM WOOD : HERTS 
Telephone: Elstree 2401 Telegrams: SenTerCel Borehamwood 
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ho wants switches? 

You sir? You couldn't have come to a better place. We have all 

kinds of switches here . . . Big ones, little ones and . . . 

exactly, sir! As you see, we are extremely strong, but not bulky — 

no one could call us bulky. We have a self-cleaning action . . . what's that ? 

"A nine hundred amp oil-filled automatic remote controlled breaker?" No, you 

won't find that sort here! Not that big. 

Walter SWITCHES ARE MADE FOR LIFE 

WALTER INSTRUMENTS LIMITED Garth Road • Lower Morden • Surrey • Telephone: Derwent 4421 - Telegrams: Walinst, Morden, Surrey 
cuc56 
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Germanium Diodes 
The photograph shows a G.E.C. germanium diode soldered between 

adjacent tags of an octal socket in a noise-suppression circuit. 

Standard half-watt and quarter-watt resistors provide an interesting 

comparison in size. 

It is important to note that this photograph is of a G.E.C. production 

television sub-chassis into which the crystal is soldered without heat 

shunts and with the leads clipped to the required lengths. 

For further information apply to Osram Valve & Electronics Dept. 

THE GENERAL ELECTRIC CO LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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Your first move... 

FOR BETTER INSULATION 
CONSULT later S 

Makers of Low Loss Ceramics 

Made in Three Principal Materials — 

FREQUELEX 
An insulating material of Low 

Dielectric Loss, for Coil 

Formers, Aerial Insulators, 

Valve Holders, etc. 

PERMALEX 
A High Permittivity Material. 

For the construction of Con-

densers of the smallest possible 

dimensions. 

TEMPLEX 
A Condenser material of medium 

permittivity. For the construc-

tion of Condensers having a 

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 ". 
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COSSOR ELECTRONIC INSTRUMENTS 

DOUBLE BEAM Model 

OSCILLOGRAPH 1049 
This instrument is designed to meet the requirements of 
Industrial Concerns and Research Laboratories who 
require to measure phenomena of zero or very low 
frequency and to make photographic records of transients 
requiring a high photographic writing speed. 
The Oscillograph incorporates the Cossor 4" fiat-screen 
Double-Beam tube (type 89) operating at 2 K.V. but 
provision is made for operation at 4 K.V. when maximum 
spot brightness is required. 

The amplifier circuits are direct-coupled throughout and 
provide independent amplifying channels for the Y1 and 
Y2 Beams with a gain of 900 and 25 respectively from zero 
frequency to 100 Kcs. Input signal voltages and frequency 
may be measured on either channel using the calibrated 
dials and special anti-parallax graticule. The direct-coupled 
time base is arranged to provide a repetitive and triggered 
scan with a time range of 1.5 seconds to 150 microseconds 
and can be synchronised from a pulse derived either from 
the internal work circuits or from an external source. 
A continuously variable control adjusts the amplitude of 
the sync. or trigger signal and selects the polarity of the pulse 
from which synchronisation is desired. A Z modulation 

system is incorporated for time-marking purposes. Stabilization against mains variations up to 10% is provided for 
amplifiers and cathode ray tube supplies. Long-period stability is reached within 5-10 minutes of switching on. 

4 
D.C. PRE-AMPLIFIER Model 1430 

This instrument is a directly coupled pre-amplifier of high 
stability which has been designed for use with a further 
amplifier or with a recording device. Used in conjunction 
with a Cossor Model 1049 Double-Beam Oscillograph it 
will give a maximum overall gain of 45,000 and a maximum 
sensitivity of approximately 0.75 mV/cm. The frequency 
range is from D.C. to 30 Kc/s. 

The input and output switching has been designed so that 
the instrument may be used to amplify either balanced or 
unbalanced input signals, and will provide a balanced or 
unbalanced output as required from either kind of input 
signal. The arrangement also makes it possible to check 
the amplifier balance and the setting up of the recording 
device without disconnecting the signal input or output 
leads. 

COSSOR ELECTRONIC INSTRUMENTS 

Please address enquiries to:— 

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

Telephone : CANonbury 1234 (30 lines) CI.35 
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conventional communications transmitter 

for frequency shift operation. 

Frequency Shift Equipment 

Type FSY.7 is for dual 

diversity frequency shift 

reception, and provides 

a visual indication on a cathode 

ray tube of the correct tuning 

point of the receivers when 

the transmission is being 

keyed. Other models are 

available for single receiver 

reception. 

Both these units can be fitted 

on site by station engineers, any 

modification of radio equipment 

required being only of a minor nature. 

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.' 
RADIO AND TRANSMISSION DIVISION 

STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 

Telephone: TEMple Bar 9262. Cablegrams: Strowgerex, London 

 AT. 14221-BX107 
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The "Belling-Lee" page 
for Engineers 

L. 1158 

L.33I 

L.S28 

1.529 

1.550 

L.551 

1.530 

1.726 

L.532 

L.533 

L. 1244 

1.332 

LIST NUMBERS 

5-pole Flex Plug 

5-pole Chassis Socket 

5-pole Flex Plug 

5-pole Chassis Socket 

5-pole Flex Socket 

5-pole Chassis Plug 

7-pole Flex Plug 

7-pole Chassis Socket 

7-pole Flex Socket 

7-pole Chassis Plug 

10-pole Flex Plug 

10-pole Chassis Socket 

MULTI-CONNECTORS 
These connectors are particularly suitable for rack-built 

equipment and connecting power pack to chassis, amplifier 
to rerPiver, etc. ; their application to the electronic and 
electrical industry is very wide and they are well worth using 
even with idle pins. 
" O-Z " pins, semi-floating and silver-plated, giving low contact 
resistance, and facilitating soldering. A locating key is provided 
and no single pin can make contact until this is in its correct 
position. 

The matching fit is exceptional, all pins making positive 
contact every time ; can be coupled with eyes shut: 
The flex parts are all moulded from black phenolic material ; 
single screw assembly ; side entry to discourage pulling of cable. 
The socket panel is punched from synthetic resin-bonded paper 
with standard fixing holes. Plugs and sockets are provided with 
sensible solder spills. Chassis sockets have a shield panel raised 
well above the socket panel to ensure safety. 

Limited quantities available from stock 

BELLING & LEE LTD 
CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 

MARCH 1952 37 ELECTRONIC ENGINEERING 



MARCONI 

instruments 

Marconi Instruments are in the picture — 

in radio communications, in industry and in the 

operating theatre. The world of radio 

uses Marconi measuring and test equipment 

at every stage of manufacture, maintenance 

transmission and reception. 

Industly looks to Marconi for measuring instrumen:J 

of high accuracy with which to monitor processes 

and maintain standards: while, speeding the 

progress of modern medicine, Marconi electro-

medical and X-ray apparatus is at work 

in hospitals and clinics. 

• • • • • • • • • • • • • • • • • 

MARCONI INSTRUMENTS LIMITED 

ST. ALBANS • HER TS • Telephone:St.Albans 6161/7 

Midland Office: 19 The Parade, Leamington Spa. 

Northern Office : 30 Albion Street, Hull. 

Export Office : Marconi House, Strand, London, W.C.2. 
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THE D C MINOR 

rÇ SlAJF 
/ 

Dependability is an  good al quality in any 
electrical testing instrument. Absolute dependability 

essenti 

is the outcome of good design, suitability for purpose, 
a e nd a high standard of accuracy., 'These indispensable 
factors ar exemplified in all ' ASO" Instruments, 

which are also noteworthy for ther 

i con-ipact portability, 

and robust construction. Yon can depend on " Avo"• When choosing instrume had fr ee 

nts, con- 

su  our corrplete catalogue, o copy of which may be  

on application• 

THE AUTOMATIC COIL WINDER & ELECTRICAL 
WINDER HOUSE DOUGLAS STREET LONDON S.W.I 

QUIPMENT CO. LTD. 
8400/7e:VICtoria, 34049 
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DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA RD., N. ACTON, LONDON, W.3, 

' Ph'one: Acorn1241'(5 lines). Grams: Hivoltcpn, Wesphone, London. Cables: Hivoltcon, London, Marconi International Code 

DU'BILIE 
MICA DIELECTRIC 

CAPACITORS 
Eminently suitable for H.F. Transmitting 
and R.F. Heating Circuits. 
Makers of the first anà of the largest Mica Capacitors in the World, Dubilier 
have maintained the lead in this important branch of Capacitor Engineering. 

•The example shown is a high grade, oil immersed, naturally cooled mica 
capacitor, designed to ensure the maximum surface cooling area for the 
bulk, thereby occupying the minimum of floor space.' 

Made especially for use in the oscillatory and radio-frequency circuits of 
Radio - Transmitters and Radio -Frequency Heating equipment, these 
capacitors are available in two sizes suitable for a frequency band covering 
100 to 1,600 kilo-cycles per second and with the following ratings :— 

Peak Working kV 24.0 24.0 
Maximum Current 70 Amps 70 Amps 
Maximum kVA 350 500 
Overall Height 21¡-" 311" 
Base Space Ilrx 91" x 91" 

Full details of these and other outstanding Capacitors are available upon 

application. 

IIBILIER 
CAPACITORS 
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GRAVI NR RESOTING 19Rt DEMUR 
mu MUREX entetted 'Permanent' 
itiAGNtr5 

Another application of Murex 

permanent sintered magnets. 

Magnet A is subjected to ambient 

temperatures of 170 C (Mk.t) or 290°C (Mk.2). Magnets B & C 

are working in repulsion and open circuit. Such arduous conditions 

call for high magnetic efficiency and stability. 

8 A 

Actual size of Magnets 

MUREX LIMITED (Powder Metallurgy Division) Rainham • Essex Telephone: Rainham, Essex, 240' 

LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I. Telephone: EUSton 8265 

SOUTHERN 

HAWLEY, CAMBERLEY, SURREY 

gaitI a iilum' 
arfrweerwa-wow-grpou 

'1111:111111°B.Wali 
LA II l& MI I`8 1k 711 k 

VULLILIALIMIVOIJILMWLIalll 
um»! 

OSCILLOGRAPHS 
FOR ALL PURPOSES 
The ME24 Type illustrated has F.M. Pre-

amplifiers for capacity pick-ups, D.C. Pre-

amplifiers for strain gauges, two recording 

tubes with a built-in recording camera, a large 

monitor tube, a time-base and a time-marker 

oscillator. This is a high-quality instrument 

capable of making a wide range of measure-

ments. Write for our new catalogue. 

INSTRUMENTS LIMITED 

Telephone : Camberley 1883/4. Telegraphic Address: " Minrak, Camberley, England." 

554 
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Imhof's enclosed racks and instrument cases are standard articles, giving you quick 
delivery, low prices based on quantity production, with no design worries-or tool 
charges. They are available in any quantity. 
Standard enclosed racks are made in 4 ft. and 6 ft. high units, 19 in. deep and taking 
standard 19 in. rack panels. Semi-standard units are made 24 in. deep and/or taking 
22k in. panels. Accessories available include panels, chassis, ,chassis runners .(plain 
or telescopic), mobile baies, gram unit, 'desk unit, ,handles, etc. Enclosed racks can 
be supplied in any* non-standard size desired at approximately 40 to 50 per 'cent 
increase in cost, according to quantity. 
Twenty-two different sizes and types of standard cases are made, designed to meet 
the main needs of electronic instrument housing.. Chassis, brackets, handles, etc., are 
available, and the standard rack accessories are interchangeable with the R ' series 
cases. 
We also design and make special cases for any purpose and are equipped to manufacture, 
in bulk, cases, racks, etc., to customers' specifications. 

RACKS AND CASES 
Please write for our 1952 Catalogue, giving full information on our standard range 
of cases, racks, etc., and latest Price List. 

ALFRED IMHOF LIMITED 

112-116 NEW OXFORD STREET, LONDON, W.C.I. MUSeum 7878 
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R.C. 
Oscillator 

20 c/sec TO 200 Kc/sec IN FOUR RANGES : HIGH LEVEL AND 

LOW LEVEL OUTPUT : 600 ohm ATTENUATOR 70 db : METERED 

OUTPUT : AUTOMATIC AMPLITUDE CONTROL : STABILISED 

POWER SUPPLIES : SUITABLE FOR RACK OR BENCH MOUNTING : 

NINE INCH EFFECTIVE SCALE LENGTH. 

Other products include : Megohm Meters, Square Wave Generators, Millivolter Regulated 

Power Supply Units and Industrial Control Gear. • Illustrated Catalogue Sent on Request. 

ALLIED ELECTRONICS LTD. 
28, UPPER RICHMOND ROAD, PUTNEY, LONDON, S.W.I5. 

TELEGRAMS: ALTRON PUT LONDON. 

PHILIPS pleedetts. 
DIRECT READING MEASURING BRIDGE G.M. 5536 

For static and dynamic measuring with 
strain gauges, inductance pick-ups, etc. 

FEATURES: 

I Built in oscillator for supplying 4000 c/s to Bridge. 
2 Can be used with a recorder. 
3 Strain measurements o-to% in 6 ranges. 
4 Displacement measurements o-tom microns in 6 ranges. 
5 Measuring accuracy ±3%. 
6 Frequency range 0- 1000 c/s. 

* * * 

INDUCTIVE DISPLACEMENT PICK-UP G.M. 5537 
For measuring static and dynamic displacements up to e m/m. 

FEATURES: 

High sensitivity. 2 Frequency range o-Io c/s. 
3 Mass of moving system r grm. 

eak 
nre 

PHILIPS ELECTRICAL 
LIMITED 

INDUSTRIAL DEPARTMENT 

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

TELEPHONE: VAN DYKE 1856. 

Direct Reading Measuring Bridge GM5536 shown 
with Inductive Diàplacement Pick-up GM5537 attached. 

HERE are some of the many electronic 
measuring instruments now available 
from Philips. Write for full information. 

Audio Frequency Oscillators • Television Standard 
Signal Generators • Modulated H.F. Oscillators 
Cathode Ray Oscillographs Electronic Voltmeters 
Variable Standard Condensers • Strain Measuring 
Equipment • Universal pH Measuring Apparatus 
Stabilized D.C. Power Supply • Electronic Switches 
Electronic Relays • Stroboscopes • Vibration Measuring 

Equipment • Balancing Equipment. 

* * * 

MAKERS OF: INDUSTRIAL X—RAY EQUIPMENT • ELECTRONIC APPARATUS 
LAMPS & LIGHTING EQUIPMENT • ARC & RESISTANCE WELDING PLANT & 
ELECTRODES • SOUND AMPLIFYING INSTALLATIONS • MAGNETIC FILTERS 
BATTERY CHARGERS Se RECTIFIERS • H.F. HEATING GENERATORS 

(R1.790 ) 
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Austinlite `Fifty' 

50 amps at 450 volts A.C. 
(slow break). 20 amps 
at 25o volts D.C. (quick 
break). Also available 
with6 or8-waymechanism 
for tapping etc. 

Austinlite 'Thirty' 

30 amps at 250 volts A.C. (slow 
break). 55 amps at 440 volts 
A.C. (slow break).. 5 amps at 
230 volts D.C. 

THE V I T AV 0 X 

Klipschorn Reproducer 
VITAVOX LIMITED • WESTMORLAND ROAD • LONDON • N.W,9. 
Tel. : COLindale 8671. Grams : Vitavox, Hyde, London. 

Austinlite switches are built for heavy duty. 

Their intelligent use for all forms of motor 

control including reversing, star delta 

starting and dynamic braking can save the 

expense of separate contactors or relays. 

For heater selection, on load trans-

\ former tap changing, or change-over 

switching, they are unrivalled.Why not 

send us details of your switching problem ?. 

Cut your control gear costs 
Austinlite switches are used and specified by: The Admiralty ; British Electricity Authority; 
• The Air Ministry ç British Broadcasting Corporation ; General-Post Office; Crown Agents-

for the Colonies : National Physical Laboratory; Royal National Lifeboat Institution and 
most of the leading electrical manufacturen in Great Britain. 

hr dliteertree—,,, PRODUCT 

P.USTINLITE LIMITED (A subsidiary of Chance Brothers Limited) 
Dept. A.5, Lighthouse Works, Smethwick go, Birmingham. Tel: West Bromwich z824, 

Let's forget the 
Loudspeaker and get 
on with the music-

/HO wants to listen to a loudspeaker anyhow when 

there's Beethoven on the record ? You can take 

the Klipschorn Reproducer for granted, almost ignore 

its presence in fact, and enjoy the music for a change. 

No need to sit open-mouthed, simulating admiration for 

the booms, tizzes, shrieks and tinkles customarily 

inseparable from " high fidelity " reproduction but 

never heard in the concert hall: this instrument 

sounds as close to the original as is possible today and 

will continue to set the standard for a long while so far 

as we can see. If you can afford £145 for a 

loudspeaker it's quite a good investment: you 

can spend a lot more money over a period of 

years and still not be satisfied. 
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200 

100 

o 

V.25/11 3 

w.zslio•s 

I III 

 _FERROXCUBE 
R.25/11 

TYPICAL Q VALUES 

1 Frequency in Kc/s 10 100 

OUTSTANDING FEATURES 

-A. Low hysteresis coefficient 

* High values of inductance 

* Low self capacitance 

* Controllable air gap facilitating 
inductance adjustment 

000 

• Self screening 

• Controlled temperature coefficient 

• Operation over a wide frequency 
range 

* Ease of winding and tapping 

* Easily mounted 

PLEASE WRITE FOR FULL DETAILS 

FERROMAGNETIC FERRITE 

For Line 
Communications: 
IN THE design of Mullard pot core 

assemblies types 25 and 36 full ad-
vantage is taken of the characteristics 
of Ferroxcube to produce inductances 
of remarkably high "Q" factors. This, 
combined with ease of winding, makes 
these cores very suitable for use in filter 
networks and wherever high quality 
inductances are required. 

Fine adjustment of inductance is 

obtained by control of the air gap rather 
than by variation of the turns. 

The good screening properties of the 
Ferroxcube and the convenient shape 
of the assemblies, which allows stacking 
or individual mounting, are other features 
which distinguish these Mullard cores. 

Mullard UBE  
MULLARD LIMITED • CENTT.IRY HOUSE • SHAFTESBURY AVENUE • LONDON • W.C.2 

(MF372) 

3 WAY MIXER AND PEAK PROGRAMME 
METER 

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. 

Output balanced or unbalanced by in-
ternal switch. The meter reading is 
obtained by a valve voltmeter with I 
second time constant, which reads pro-
gramme level, and responds to transient 
peaks. 

Calibration in 2db steps, to plus I 2db 
and minus 20db referred to zero level. 
Special low field 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 
Phones : LIBERTY 2814 & 6242-3. Grams: " VORTEXION, WIMBLE, LONDON " 
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An entirely 

new 
development in 

lubrication 

RAGOSINE 

ANTI-SCUFFING PASTE 
Provides very ow metal to metal friction for indefinite 

periods, and is therefore excellent for lubricating isolated 

spots and providing "dry lubrication ". Though costing 

more than ordinary lubricants, it has been found to be the 

ONLY material giving satisfactory results in these exacting 

conditions where ordinary greases and oils are inadequate. 

Sold in handy collapsible metal tubes. 

RAGOSINE 
ANTI-SCUFFING PASTE 

Full details of prices and 

packing from : 

RAGOSINE OIL CO. LTD. 
MINERVA WORKS, 

WOODLESFORD, nr. LEEDS Telephone : Rothwell 2164 

London Office : IBEX HOUSE, MINORIES, LONDON, E.C.3 

Manufacturers of all types of 

SCIENTIFIC INSTRUMENT 
CASES and CHASSIS 

IN METAL 

GENERAL 

SHEET METAL WORK 
for the Trade 

HASE pRODUCTS 

isteedgy) LID 
27 PACKINGTON RD., SOUTH ACTON, W.3 

Acorn 1153-4 , 

Northern Representative : F. E. WORFOLK, 

26 Oakwood Avenue, Leeds, 8. Tel. 59497. 

Quantity production of small automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and heating equipment, and telecommunication apparatus. 
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THE ÇONE TAKES SHAPE 

Testing at every stage. " Felts" are tested 
visually for texture as they come from the 
drying oven before being weighed on a 
delicate balance. 

It is in the processing tank t,hat the 
cone first assumes a recognisable 
shape. Here the pulp, whose manu-
facture we described in the first of 
this series, is held in suspension in 
water; a suspension whose con-
centration is strictly controlled to 
ensure absolute uniformity of weight 
and texture of the finished cones. 

The suspension is drawn through a cone-
shaped gauze filter by vacuum action, and 
there emerges a damp, fibrous, but recognisably 
cone-shaped " felt." The young lady in the 
foreground is seen removing a " felt " as the 
vacuum filter head rises from the processing 
tank. 

From the processing tank the " felts" pass 
through an oven where advanced techniques of 
infra-red drying are applied before passing to 
the press room for the final shaping, finishing, 
and testing, which will be described in the next 
of this series. Distinct from the " Open 
Felting" method described above, is the 
"Transfer" process, by which diaphragms 
possessing special characteristics are made to 
customers' specified acoustic requirements. 

This is the second of a series telling the story of Goodmans Loudspeakers 

Write for details of Good mans P.M. Loudspeakers 

GOODMANS INDUSTRIES LIMITED 

Axiom Works, Wembley, Middx. 

Right: pro-
ducing a 
cone by the 
" Transfer " 
process. 

Rare ik Insubted 
BOSiStance Wires 

EUREM (Regd) and edekiOgee9d) 
»cat-a/Rene 

for 

INSULATED WIRES 

CUPRO-MCKEI 

' Eureka ' (Regd.) and ' Vacrom ' (Regd.) Resistance Wires can be supplied 
BARE or with STANDARD COVERINGS of cotton, silk, rayon, enamel 
and glass. 

These wires have been used for many years for winding resistances for 
instruments, control apparatus, etc. 

Eureka ' with its low temperature coefficient is always in demand for 
precision work, while Nickel-Chromes are used where a high resistance 
is required in a limited space. 

Full details gladly supplied upon request 
for 

BARE WIRES 

THE LONDON ELECTRIC WIRE COMPANY 

AND SMITHS, LIMITED 
LEYTON, LONDON. E.10. 

YACTITE WIRE COMPANY LTD. 
75 ST. SIMON STREET, 
SALFORD 5 LANCS. 
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SULLIVAN-GRIFFITHS 

PORTABLE UNIVERSAL AC - DC BRIDGE TESTER 
FOR DIRECT READING MEASUREMENTS OF 

RESISTANCE, INDUCTANCE, CAPACITANCE AND CONDUCTANCE 

• 

RANGES 

RESISTANCE 
A.C. & D.C. 

0.3 ohms to 
3 megohms 

CONDUCTANCE 

0.3 micromhos 
to 3 mhos 

ACCURACY 

I per cent 

'•••eq.• 

H. W. SULLIVAN 
LIMITED 

LONDON, S.E. I 5 

Telephone ; New Cross 3225 (P.B.X.)  

RANGES 

CAPACITANCE 

30 m,tIF to 30 itF 

INDUCTANCE 

30 121-1 to 30 H 

ACCURACY 

1 per cent 

List No. AC900—Universal AC-DC Bridge Tester (with self-

contained source). 

List No. AC901—Simple model for AC measurement 

capacitance, resistance and conductance 

only (alto with self-contained source). 

A 
Masterly Compromise . . 

for better vacuum .service . . . 
TELEPHONE: SYDENHAM 7026 (8 LINES) 

TELEGRAMS: EDCOHIVAC, SOUPHONE, LONDON 

gLEÇTRONIC1 ENGINEERING 

seigh (hi& A7-eire yo re 

cutrit, COAT-I-17G 171117-e2r 

Where production requirements do not demand the 
capacity of our largest plants the new and smaller model 
24E combines production economy with the operational 
advantages of the larger units. 

Ideal for the operator interested in vacuum coating 
plastics, optical and electrical components. ' 

* Capital economy with high * Versatile rotary and static 
productivity. workholders. 

* Rapid cycles from semi- * Combined vacuum and leak 
skilled operations, detection gauges. 

* Powerful ionic cleaning. * Convenient horizontal loading• 

W. Edwards & Co. (LONDON) Ltd. 
LOWER SYDENHAM, LONDON, S.E.26 
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On duty for 9,999 hours 
Venner Hour Meters are designed to register the number of hours that a machine or electrical circuit 
has been in operation and are daily keeping record of production times and simplifying costing in factories 
throughout the World. Works engineers also rely upon them for their accurate indication of essential 
plant maintenance and servicing periods. These meters incorporate Cyclometer Dials which read up to 
9,999 hours and then repeat. 

WRITE FOR LEAFLET TSMIEE 
We also specialise in Time Switches, Synchronous Motors, Programme Ringers, Stop Watches, Prepayment 
and House Service Meters, Delay Relays, Master Pendulum Clocks, Precision Gauges and Contour 
Projectors. 

Limited 
KINGSTON BY-PASS, NEW MALDEN, SURREY 

There is a VENNER time switch for every purpose! 

Telephone : MALden 2442 (9 lines) 

20 »rollete° 
Series nviers square 

8, -Volt d flush type, 

or r°urt 
2, dial. 

25 Anolle ters 
series eters round 

Voltill .„roiectirig 

flash or Y. 
alai-

type, Bs 

es1,-01-1reestse 
re,,siseisG 11.5-at-15-Nerrçs 

ANINt v:tv., es 
otsm-cf,ItS 

fAIS 

MierINIVIO;ItS 

fREQ-1.3f,"ICY N1f,`"If,-R-S 

Vol svlitellboatcl o£ 

po£table use, also 

iuulti-lange test sets. 

.e.A5(31teiG 'CIS"Cit'OgENIS 031.1,11,1) 
E•lectrin Works, Wincliestet Steel, Acton, v 4 .3 • 
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BA IN 
PROTECTION 

ELECTROMETER 
A robust, portable battery-operated instrument 
for dosage measurement of x and ,y radiation 
at tolerance level. 

The range of the instrument is 200 mr., which 
is twice the daily tolerance dose. 

Ionization chambers supplied for use with the 
instrument are of the personnel protection type; 
any number of these may be used with the one 
instrument. 

Write for details—Leaflet No. 122 

BALDWIN INSTRUMENT CO. LTD DARTFORD, KENT 
Dartford 2989 & 2980 

This midget pre-set variable 

TO RADIO 

AND T/V 

DEVELOPMENT 

ENGINEERS 

resistor with 

new double-slider gives greater stability and 

makes accurate adjustment easier. Designed 

for panel or chassis mounting: available 

in any value from I° to 25,000 ohms. 

EGEN 
ELECTRIC LTD 

Charfleet Industrial Estate, Canvey Island, Essex. Phone': Canvey 691 

DONOVAN ACCESSORIES — 

FOR THE ELECTRONIC 

APPARATUS MANUFACTURER 1 

Type C.30 PUSH BUTTON UNIT 

arranged for mounting on 

customers' own cover plate. 

TYPE .1.96 TERMINAL BLOCKS 
Made in 15, 30 and 60 amp. sizes 

Type " 1 e.C. POW" 
RELAy —4-pole with N.0 

or N.C. CO fltaCtS. 

THE DONOVAN ELECTRICAL CO. LTD. 

Safuse Works • Stechford • Birmingham 9 
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ING 
SOLDEnawe 

TYPE 21 

WoW 
SOLDERGUNS 

Only Wolf solderguns 

have all these time and 

money-saving advantages: 

TYPE 31 

TYPE 41   

TYPE 71   

TYPE 

Off-straight Easy-grip Handle • Perfect 
Control • Low Current Consumption • Models 
for every purpose from Fine Instrument to 
Heavy Industrial Soldering • Localised Heat • 
Maintains Correct Heat • Quicker Heat-up 

\ SOLDERING IRONS 

TYPE 22 
TYPE 32 jse•' 

TYPE 42   

For all who, for special reasons, 

prefer the conventional straight type 

handle. Identical as regards elements and 

bits to Wolf Solderguns but with round hard 

wooden handle with heat deflecting skirt. 

* Obtainable from all high class stockists and ironmongers 

WOLF ELECTRIC TOOLS LTD 

Pioneer Works, Hanger Lane, London, W.5 Telephone: Perivale 56314 

.a...SFACeo 

lbCuLA 

THE LOWEST EVER 
CAPACITANCE OR 
ATT EN uATIoN 

IMMEDIATE 
DELIVER/ES 

SPECIALISTS IN AIR-SPACED 
ARTICl/L4TEDCABLESS/1/C17929 

TRANSRADIO LTD 
CONTOIACTOWITOMm.D.1111.4.11, 

138A CROMWELL ROAR LONOON.SWE 
ENGLAND 

LOWAITIN 
TYPES. 

A 1 
A 2 
A34 

CABLES 

1MPfD 
OHMS 

74 
74 
73 

MUM. 
c/1/00A 

/0a 
1.7 
1.3 
0.6 

Aegd lined s »el 

LOADING 
.4e,si`x  
0.11 
0.24 
1.5 

0.36 
0.44 
0.88 

LOWCANT 
M'ES. 

ant IMPIE 
OHM 

ATTEN. 
eogez 
wow.. 

2.5 
3.1 
3.2 
2.15 
2.8 
1.9 
2.4 
2.1 

C 1 
P.Cl 
C11 
C2 
C22 
C3 
C33 
C44 

7.3 
40.2 
6.3 
6.3 
5.5 
5.4 
4.6 
4.1 

150 
132 
173 
171 
184 
197 
220 
252 

'0.36 

0.36 
0.36 
0.44 
0.44 
0.64 
0.64 
1.03 

HIGH POWER 
FLEXIBLE 

PHOTOCELL 

VERY LOW 
CAPACITANCE 

VALVE RETAINERS 
For B7G and B9A based valves. Also 
approved retainers for valves of all 

.types and sizes. 

VISIT OUR STAND No. 85 

AT THE R.E.C.M.F. EXHIBITION. 

ifectrotherinal Engineering ltd. 
270, N EVILLE ROAD, LONDON, E. 7. 

A lot more people than ever before have 

been ordering a lot more Savage Trans-

formers than ever before. This and the 

shortages of raw materials are extending 

deliveries more than somewhat.Asoneof 

our Welsh Customers said however 

"Savage Transformers are worth wait: 

ing for". 

044 

arà  (SAVAGE °F DEVIZES) 
¿/54 iC0 

SAVAGE TRANSFORMERS LTD. 
Nursieed Road, Devizes, Wilts. Telephone : Devizes 536. 
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For a reliable communication you require a reliable 
equipment, and we have it. 

1 kW TELEGRAPH TRANSMITTER 
suitable for high-speed telegraphy 3.5-16 Mc/s. 

60 Watts TRANSCEIVER W/T and R/T 
2-8 Mc/s. 

20 Watts TRANSCEIVER W/T 
2-16 Mc/s. 

10 Watts TRANSCEIVER W/T only 
ALL: supply—main or independent, crystal control. 

This above equipment may be used for special 
purposes correspondence. 

ELECTRONIC COUNTERS—scale of " 2" 
Supply—main. 

100 and 200 joules PHOTOFLASHES 
The lightest on the market. 
RECTIFIER UNITS— 
Special-220-110V A.C. I35V 7 amp D.C. 

VALVES—special. 

Also our publication : 
" RADIO COMMUNICATION TRANS-
MITTERS," by J. J. HUPERT, Prof. de Paul 

University, Chicago, Ill., U.S.A. 
This is the first single handbook dealing exclusively 
with the design and construction of radio transmitting 
stations. Price 24s. 

Ask for quotation 

ATA 
Scientific Progress Limited 
19 EFFRA ROAD, LONDON, S.W.2 

Tel. : BRI 1605 

FRACTIONAL H.P. MOTOR UNITS 
FOR actuating valves, dampers, rheostats, geneva 

movements, rocking baths, flashing signs, illuminated 
models, soldering and welding fixtures, rotating tables, 
automatic light strip feed, lubricating and other small 
pumps, small machines, animated displays, vibrators, 
developing baths, agitators, fans, aspirators, etc. 

THE DRAYTON R.Q. is a 
miniature capacitor induction 
type motor with a current con-
sumption at 230 volts, 50 cycles 
of 0.09 amps pf. 0.9. It is 
available: 

R.Q.G. GEARLESS running at 
2,700 r.p.m. continuously or 
intermittently in either direction 
or continuously reversed. 

R.Q.H. GEARED for high final 
shaft speeds for continuous or 
intermittent running, forward 
or reverse. 

R.Q.R. GEARED for continuous 
or intermittent running or 
reversing at speeds from 27 
rains per rev. to 600 revs, per 
min., with or without self-
switching up to 2à r.p.m. 

Send for List No.M. 302-1 RQI I 

Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex. 

10101/49 FOR 

ESSEIT/ell 
Use SOLONS for 

the jobs that matter 

—this modern precision 

tool makes soldering 

speedier, simpler and more 

reliable. 5 models : 65 watt 

with oval tapered and round 

pencil bit ; 125 watt with oval 

tapered and round pencil bit ; 240 

watt with oval tapered bit ; each with 

6 feet 3 -core Henley flexible. Voltage 

ranges from 100 to 250. Writefor folder Y.I0. 

W. T. HENLEY'S TELEGRAPH 
WORKS CO. LTD. 

SI -53 Hatton Garden, 
London, E.C.I. FOR INDUSTRIAL USE 

The demand of Industry and the Ministries 
for our trained students is still far greater than 
we can supply. For top-grade technologists 
we offer: 

THREE-YEAR COURSE IN TELE-
COMMUNICATION ENGINEERING 
(including one year's Factory attachment) 

Next Course commences 25th August. 

Write for FREE BROCHURES giving details 
of the above and other day-time attendance 

courses. 

E.M.I. INSTITUTES—the only college which 
is part of a great industry. 

E.M.I.INSTITUTES 
(DEPT. 11E), 10, PEMBRIDGE SQUARE, 
LONDON, W.2. TEL. BAYSWATER 5131/2 

Associated with 

MARCONIPHONE 

COLUMBIA 
ETC. 

I.A.2 
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Time and time again 
you'll find them 

Afloat, aloft or ashore, you come across " Castle " Components 
in every phase of engineering. Our Repetition Work in all metals, 
as well as Machining and Light Assemblies, has won a reputation 
for always being exactly right. Brochure on request. 

CASTLE ENGINEERING 
COMPANY (NOTTINGHAM) LIMITED 

HASLAM STREET • CASTLE BOULEVARD • NOTTINGHAM 

I. 6134D 

OUR TECHNICIANS WILL 

WELCOME YOUR PROBLEMS 

MOULDED RUBBERS 

JUST PHONE: 

.MARKET HARBOROUGH - 227415 
OR WRITE: 

THE HARBORO' RUBBER 
COMPANY LIMITED 

MARKET HARBOROUGH : LEICS. 

Copper, Brass, Brass, 
Bronze Aluminium, i 

Light Alloys 
3,000 Standard Stock Sizes of I 
ROD, BAR, STRIP, SHEET, 
TUBE, CHANNEL, ANGLE, 

TEE, WIRE 

... No Quantity too Small 

H. ROLLET &Co. Ltd. 
6 Chesham Place, LONDON, S.W.1 

a -a_ 
= Telephone: SLOane 3463 ..--
-a 

"--. Works: 36 Rosebery Avenue, London, E.C.1 a-a 
f-.. -.. 
a a E BRANCHES: = -a = 
".E._ LIVERPOOL -a 
E KIRKBY TRADING ESTATE, EAST LANCASHIRE ROAD. -E-

1-
1 

Si/110KSICOOC/ 3271. 

-=;111111i111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 iln--

MANCHESTER 
55 MARKET STREET. Blackfriars 28 54 
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VOLTMETERS • 

Again at the 

tSICIUi SOCIETjON 

Imperial College, South Kensington 

April 3rd-8tit 

showing our latest 
ELECTRICAL, LABORATORY AND 

PRODUCTION TESTING EQUIPMENT 
73 

111 
(12 

at 

STAND No. 106 

O ▪ BRITISH PHYSI BORATORIES 
H • HOUSEBOAT We)11451 • RÁIDLETT • HERTS • f•-. 

•Z Telephone\?,&ABLéiT 5674-S-6 

• SIGNAL GENERATORS • CO 
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Miniature Trimmers, 
to High Voltage 
Transmitter 
Capacitors 

àia6(e 
CAPACITORS 

For precision, 
stability, and long 
life, "Cyldon" 
superiority is recog-
nised by all designers 
and users of elec-
tronic equipment. 

5-Gang 
Capacitor 

Designed to the 
requirements of 
Mobile Communi-

cations equipment 
for operation from —35° to 

+55°C. at a max. R.H. of 90 per cent. 
Metal parts cadmium plated, followed by 

chromic acid passivation dip. Exceptions are 
the tinned terminals, stainless steel worm and ball 

race, and the anti-backlash gearing. A 36.1 reduction drive, fitted 
with a stop limiting rotation to 180°, enables smooth fine capacity 
setting. The effective max. cap. per section is 29pF matching to the 
oscillator section within ±0.2pF. The air-spaced trimmers each 
provide an effective change of capacity of not less than 6pF.. Rotor 
connections are via five insulated silver contact wipers, permitting 
contact to each rotor section. 
This capacitor is subjected to a breakdown test of 500v. D.C. between 
any rotor and stator section. 

e Full details of the complete "Cy!don" range, and list 

of Overseas Agents available from the Manufacturers: 

SYDNEY. S. BIRD 
& SONS, LTD. 

Contractors to Mmstro of Supply. Post 
Office. and other 1-1./W Government Dees 

CAMBRIDGE ARTERIAL ROAD • ENFIELD • MIDDX. Enfield 2071-2 

Three piece lead wires — 
for hard glass seals 

TUNGSTEN 

NICKEL 

COPPER 

, 

• Madefrom gas free 
Nickel, H. C. Copper 

and split:free TUNGSTEN 

ELECTRO-ALLOYS VD 12 Brunel Rd. London,W.3 
Makers of TUNGSTEN and MOLYBDENUM Products 

THE SERVICE ENGINEER'S 
FIRST CHOICE 

L. WILKINSON 
WHOLESALE AND EXPORT 

KLAXON GEARED MOTORS. No. IK5SB3-W7. 230V. 
A.C. Split Phase Induction Type, with a torque of 15 lb. in. 
R.P.M. 175. EIO each. 
KLAXON CAPACITOR MOTOR. No. EMSCB2. 
220/240V. 1/40 h.p., with Condenser. 55/- each. 
BATTERY CHARGERS. Westalite. Input 100/250V. A.C. 
Output I2V 16 amps. D.C. Fully variable fused and 
metered. £15. 15s. each, carriage paid. 
BATTERY CHARGER. Type 42A. Input 230V. A.C. 
Output 6 or 12V. 4 amps. In black crackle case with fuses, 
switch and meter. £5 Ss., carriage paid. 
ACFIL PUMPS. These pumps enable you to fill all 
accumulators on the bench with the carboy at floor level. 
30/- (post 1/6). 
SLYDLOK FUSES. 100 amp. Type G99 M.M. Complete 
with studs, nuts and washers. Brand new. 13/6 each net. 
Large stocks held. ; also other sizes. 
CO-AXIAL Elbow Sockets, 10H/701 and 10H/3911 ; also 
Plugs 10H/528. 8/- doz. Large quantities available at 
reduced rates. 
RESISTORS, POTENTIOMETERS, WIRE WOUND 
and carbon types. Large stocks held of most values. 
TELEGRAPH RELAYS. No. 412IC. 40/- each. Also 
Type 3000 and Siemens High-speed, etc. 
ROTARY SWITCHES. Diamond H. Double Pole 
Change-over, 10/15 amps. 10/- each. Also Santon types 
and many others. 
UNISELECTOR SWITCHES. 8-bank 25-way I-wiper, 
37.5 ohms. 40/- each. Full wipers, 45/- each. 
SIGNAL AND NOISE GENERATOR. For television 
frequencies 20/88 Mc/s. in 4 Bands. Crystal controlled. 
Leaflet available on request. Price £14 10s. 
AUTO TRANSFORMER. 230/115 volts 500 watts 50 
cycles, fully shrouded, new. Made by Met. Vic. E4/10/- each. 
ELECTRONIC IGNITION TESTER. Type U.E.D. 
English Electric, employing an entirely new technique in 
ignition testing of internal combustion engines. In-
corporating cathode ray tube giving a visual trace of the 
complete ignition cycle enabling the electrical perform-
ance of the entire system to be observed whilst the engine 
is running. Operates on 230 volts A.C., also 6, 12 and 24 
volts D.C. Brand new. £35. 

19, LANSDOWNE ROAD, CROYDON 
Phone: CRO 0839 Grams: "WILCO" CROYDON 

MAGNETIC 
RELAYS 

LARGEST STOCK IN 
GREAT BRITAIN OF RELAYS, 

KEY SWITCHES AND 
UNISELECTORS 

Government Contractors 

RELAYS P.O. 3000 — 600 — SIEMENS' HIGH SPEED. 
400v. A.C. 50cy. 

ALL NEW EX-MINISTRY GOODS 

JACK DAVIS (Relays) LTD. DEPT. E.E. 
36 PERCY STREET, LONDON, W.1. 

Phones: MUSeum 7960 LANgham 4821 

WE TALK YOUR LANGUAGE 
when it comes to TRANSFORMERS 
*designed for standard &special applications. -..— 
* built for reliability. Aker* 
*engineered for trouble-free 

operation. 

let  TOBNSFORMERS BY 

•ANOS 0, [MICA. 11.1S WOKKS ([,VICE SIBLEY.E•EYER., 

ELECTRONIC ENGINEERING 
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"SPEARETTE" 
MINIATURE VALVE 
EXTRACTING TOOLS 

For B7G - B8A - B9A - B8B, 

and B8G Based Valves. 

SPEAR ENGINEERING CO. LTD., 
WARLINGHAM, SURREY. 

Telephone : Upper War!Ingham 2774. 

TECHNICAL BOOKS 
H. K. LEWIS & Co. Ltd., invite inspection of 
their stock of books on all branches of Radio 

and Electrical Engineering. Catalogue on request. 

LENDING LIBRARY : Technical and Scientific. 

Annual Subscription from TWENTY-FIVE SHILLINGS 

Prospectus Post Free on Request. 

THE LIBRARY CATALOGUE revised to December 
1949, containing a classified Index of Authors and Sub-
jects. To subscribers, I7s. 6d. net. To non-subscribers 
35s. net. Postage Is. 

LONDON: H. K. LEWIS & Co. Ltd.,I36 Gower St.,W.C.I 
Telephone: EUSton 4282 (7 lines) 

SYNTHETIC RESIN LAMINATED MATERIALS 

Sheet, Rod and Tube in all 
dimensions, Bobbins & Coil 
Formers to any specification 

MICA AND MICANITE SHEET AND MANUFACTURED ARTS 

MICA & MICANITE SUPPLIES LTD., 
BARNSBURY SQUARE, LONDON, N.I. 

Phone: NORth 3032/5 Grams: MICASULIM, LONDON 

MICA 
D D5CS 
APP RAG/A5 

ELEMENT §r1111 
CONDE N§EER PATES 

§PEC DA [I_ §D-APES 
[RAW MO CA 
WASH ERS 

cte 

RITISH MICA C9UP—BEDFORD. 

WILLIAM 

Phone: Victoria 0223. 2003 

Grann Small, Victoria 0223.2003 

pirinin9h0m 

WRIGHT STREET 
SMALL HEATH 
BIRMINGHAM. ID 

WASHERS in all materials 
PRESSED NUTS Brass & Steel 
PRESSINGS in all Metals, 

Bakelite & Fibre. 

SUCCESS? 
The demand for qualified technicians to fill well-paid industrial 
posts grows daily. An E.M.I. course of training is your quickest 
way to a key position. Our Home Study courses cover all the 
subjects listed below. As part of the great E.M.I. Group 
("H.M.V.", Marconiphone, etc.), we have first-hand knowledge 
of the technical training required in modern industry. No 
other college can offer you such a practical background of 
industrial experience. 

r-----POST THIS COUPON NOW— — 
E.M.I. INSTITUTES, Postal Division, Dept. 11, 43, Grove Park Rd., 
Chiswick, London, W.4. Please send, without obligation, your 1 
FREE BROCHURE. I hove marked the subjects which interest me. 1 
EMech. Eng. 111Elect. Eng. EDraughtsrnanship 111Radio ETelevisioni 
EProduction Eng. ElAuto. Eng. DAeronautical Eng. LiCivil Service' 

 I Cert. of Education (Metric). Also Courses for A.M.I.Mech.E.,' 
A.M.I.C.E., A.M.Brit.I.R.E. A.F.R.Ae.S., CITY and GUILDS EXAMS., 
in Mech. Eng., Elect. Eng., Telecommunications, etc. 

NAME   
ADDRESS 

E.M.I. INSTITUTES— The College backed by an Industry I.CS. 

—combines with beauty and 
soundness of DESIGN In the 

OXLEY 
roe 

opposed 
Col .1 

401. 

Walla: 16.5 mire. Loustaa 24 sera. Hale* Lit 
E AIR to Ber-7.6 mire. LS le 20PF-103 Los. 2 lei Si« 

DIELECTRIC —11 tea. 2 to 320-12:Wm Law: liiralabl Ilms 
capacity. Yowls notes: Leo than .00L twandismi 

TRIMMER Out 2.000 matehms. Venus: 500 D.0 

OXLEY DEVELOPMENTS CO. LTD. 
ULVERSTON. NORTH LANCS. • TEL: ULVERSTON 
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GEORGE COHEN 

Its exceptional purity 

make it especially suit-
able for electrical and 
magnetic applications. 

Supplied in a wide range 
of mesh gradings. 

SONS & CO. LTD 
BROADWAY CHAMBERS 

TELEPHONE 

/It 

600 
EIOUP 
Ikeeeett 

LONDON - - - W.6 

RIVERSIDE 4545 

EE/5 I 7/1P 20 

MOLYBDENUM TUBES and other MOLYBDENUM COMPONENTS 

X-RAY TARGETS WITH OR WITHOUT GAST-
ON COPPER BODY ROTATING ANODES. 
TUNGSTEN RODS & THREE-PIECE LEAD WIRES 
FOR TUNGSTEN TO GLASS SEALS. 
TUNGSTEN WELDING ELECTRODES FOR INERT 
GAS ARC WELDING. TUNGSTEN CONTACT 
RIVETS AND SCREWS. 

ELECTRO-ALLOY td. 
12, BRUNEL RD., LONDON, W.3. 

Makers of TUNGSTEN and MOLYBDENUM Products 

Printed in Great Britain by The Press at Coombelands. Ltd., Addlestone, Surrey, for the Proprieors, Morgan Brothers (Publishers) Ltd., 28, Essex Street, 
Strand, W.C.2. Registered for Transmission by Canadian Magazine Post 
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MANUFACTURING IN MILLIONS demands 
scientific planning, layout and lighting to ensure 
an uninterrupted flow of production. It demands 

more than this—skilled fingers, special machinery 

and rigorous checking at all stages. All these 
requirements are found at T.C.C.—the largest 
organisation in Europe solely devoted to con-

denser manufacture. 
The illustration shows one of the multi-reel 

paper dielectric winding machines designed to 
simplify the winding ofmany ranges of condensers. 

uest and Test—ysmbols of 

Condenser Perfection 

SPECIALISTS IN CONDENSERS SINCE 1906 

THE TELEGRAPH CONDENSER CO. LTD • RADIO DIVISION • LONDON • W.3 • Tel: ACORN 0061 (9 Imes, 
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THESE QUALITY FEATURES 

no 

e 

,ine of the battery of machines at the Multicore works which draw 
Ersin Multicore Solder in gauges between 10 and 22 S.W.G., to an 
accuracy of .002 in. By selecting the finest suitable gauge, the maximum 
economy of materials is obtained. 

QUALITY MANUFACTURE 

Only the purest tin and lead, alloyed in guaranteed 

proportions, are used in making Ersin Multicore 
Solder. Particular care is taken to ensure that the 

liquids used in the drawing machines, which re-
duce the solder to the required diameter, do not 
contaminate the wire. The solder wire is drawn 

to the correct gauges within very fine limits, so 
that every length produced has the same unvarying 

characteristics. 

MAKE ERSIN MULTICORE 

Tag "A" was soldered with a singk-...m, Wi ',older, which has adhered 
only to the copper wire. This is a typical " dry " Mint. Tag " '' • 
was soldered with Ersin Multicore, which has spread evenly over r he 
wire and tag, making a sound electrical joint. 

Even ancr prolonged subjection to intense cola, abnormal neat and 
extreme humidity (equivalent to 25 years' exposure in Europe or the 
U.S.A.), the Ersin Multicore soldered joints of this radio set were 

e?. found to be absolutely sound. 

SIZE 1 CARTONS 5,'- RETAIL 

Catalogue I Alloy S W G Approx. Length ... 
Ref. No. 1 Tin/Lead per carton 

C 16014 60/40 14 13 feet 

C 16018 60/40 18 37 feet 

C 14013 40/60 13 13 feet 

C 14016 40/60 16 26 feet 

QUALITY FLUX 

Ersin Multicore is the only solder containing three 

cores of Ersin Flux. Ersin is a high-grade rosin 

which has been subjected to a complex chemical 

process to increase its fluxing action, without 

impairing the well known non-corrosive properties 

of the original rosin. Ersin not only prevents 

oxidation during soldering, but actually cleans 

any oxides from the surface of the metal. 

QUALITY PERFORMANCE 
The three-core construction of Ersin Multicore 
means thinner solder walls, instant melting and 
speedier soldering, without waste. The guaranteed 
continuity of the flux stream eliminates all risk 
of " dry " or H.R. joints. Tested under climatic 
conditions, soldered joints 
made with Ersin Multicore 
remained perfect elec-
trical connections, com-
pletely free from corrosion 
or fungus growth. 

7 lb. reel for 

factory use. Size 
1 Carton for 
Service Engineers 

MULTICORE SOLDERS LTD., MELLIER HOUSE, ALBEMARLE STREET, LONDON, W.1 REGent 1411 

S. 
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