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AUDIO AMPLIFIER 

• • 

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

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

Send jar leaflet No .652/4-1 

METROPOLITAN-VICKERS ELECTRICAL COMPANY LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.I. group (J. companies 
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CLASSIFIED ANNOUNCEMENTS 
The charge for these advertisements at the LINE RATE (if under 1" or 12 lines) is : Three lines or under 7/6, each additional li 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 I or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company's 
Financial Reports £l4 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-£545 per annum. Appli-
cations giving age and details of technical 
qualifications, apprenticeship (or equivalents) 
Workshop and Drawing Office experience, 
should be sent to Admiralty (C.E.II, Room 88), 
Empire Hotel, Bath. Candidates required for 
interview will be advised within two weeks of 
receipt of application. W 137 

ADMIRALTY. Vacancies exist for Electrical 
and/or Mechanical Engineering Draughtsmen in 
Admiralty Research and Development Establish-
ments located in the vicinity of Weymouth, 
Portsmouth, Teddington (Middlesex) and 
Baldock, Herts. Draughtsmen experienced in 
light current, electro-mechanical, precision 
mechanical and electronic equipment are parti-
cularly needed. Candidates must be British 
subjects of 21 years of age and upwards, who 
have had practical workshop experience (pre-
ferably an apprenticeship) together with Draw-
ing Office experience. Appointments will be 
in an unestablished capacity, but opportunities 
may occur for qualified staff to compete for 
established posts. The salaries offered, depend-
ing on age, experience, ability and place of 
duty, will be within the range £320-£560 p.a. 
Hostel accommodation is available at some 
Establishments. Applications, stating age and 
details of technical qualifications, apprentice-
ship (or equivalents) Workshop and Drawing 
Office experience should be sent to Admiralty 
(C.E.11, Room 88) Empire Hotel, Bath, quoting 
DM/R.D. Original testimonials should not be 
forwarded with application. Candidates re-
quired for interview (at London or Bath which-
ever is nearer) will be advised within two wceks 
of receipt of application. W 2328 

APPLICATIONS are invited by the Ministry of 
Supply from Electrical and Mechanical Engineers 
for the following posts in the grade of Senior 
Scientific Officer at a Design Establishment, 
South-East of London. I. Electrical Engineer. 
for design and development of remote power 
controlled gear and servo systems D.511/51-A. 
2. Mechanical Engineer for basic development 
of new projectiles and projectile systems. Duties 
require a knowledge of the physical aspects of 
applied mechanics, C.701/5I-A. 3. Electrical 
Engineer for work on instrumentation for 
measurement of pressures, stresses, vibration, 
etc., and for the design of trials apparatus, 
D.512/5I-A. Candidates should possess a 1st 
or 2nd class Honours Degree in mechanical or 
electrical engineering or equivalent qualifications 
and have had at least 3 years' relevant post-
graduate experience. They must be at least 26 
years of age. Salary will be assessed according 
to age, qualifications and experience within the 
range £7204910. Rates for women somewhat 
lower. The posts are unestablished but carry 
F.S.S.U. benefits. Application forms obtain-
able from Technical and Scientific Register, (K) 
Almack House, 26-28 King Street, London, 
S.W.1, quoting appropriate Ref. No. Closing 
date 18th January, 1952. W 2349 

APPLICATIONS are invited by the Ministry 
of Supply from Electrical Engineers and 
Physicists for the following immediate vacancies 
at a Research and Development Establishment 
in the South Midlands for work on Army 
radar equipment. Candidates should have ex-
perience, or interest, in development and 
experimental design work in the field of elec-
tronics including communications equipment, 
servo mechanisms and microwave techniques. 
Candidates with the qualifications outlined below 
are asked to make early applications for the 
vacancies. Scientific Officer Class. 1st or 2nd 
class Honours Degree or equivalent qualifica-
tion in physics or electrical engineering. Grade 
and salary will be assessed according to age, 
qualifications and experience within the follow-
ing ranges. (Candidates for the senior posts 
must have had at least 3 years' post-graduate 
research experience) Principal Scientific Officer 
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(minimum age 31) £960 to £1,295. Senior 
Scientific Officer (minimum age 26) £720 to 
£910. Scientific Officer £380 to £620. Rates 
for women somewhat lower. Posts are un-
established but carry benefits under F.S.S.U. 
(Ref. No. A366/51/A). Experimental Officer 
Class. Minimum qualification is Higher School 
Certificate but other qualifications, e.g., Higher 
National Certificate or a Degree would be an 
advantage for some of the posts. Some ex-
perience in industry or a technical branch of 
the Forces is also desirable. Grade and salary 
will be assessed according to age, qualifications 
and experience within the following ranges. 
Senior Experimental Officer (minimum age 35) 
£742 to £960. Experimental Officer (minimum 
age 28) £545 to £695. Assistant Experimental 
Officer £240 (at age 18) to £505. Rates for 
women somewhat lower. Posts are unestablished. 
(Ref. No. D.523/5I /A). Application forms 
ohtainable from Ministry of Labour and 
National Service, Technical and Scientific Regis-
ter (K), Almack House, 26-28 King Street, 
London, SW.!, quoting appropriate reference 
number. Closing date 14th January, 1952. 

W 2360 

APPLICATIONS are invited by the Ministry of 
Supply for two posts in the instrumentation 
Department of the Royal Aircraft Establish-
ment, Farnborough. (1) Principal Scientific 
Officer-Physicist to work on the improvement of 
existing techniques and investigation of new 
methods of photographic recording of experi-
ments, including the use of long-focus lenses, 
and of colour photography. Candidates should 
have had considerable experience in optical and 
photographic work. A knowledge of the 
chemistry of photographic recording would be 
an advantage. (Ref. A367/51-A). (2) Senior 
Scientific Officer—Electrical Engineer or 
Physicist for experimental work in the develop-
ment of magnetic recorders and associated elec-
tronic circuits. Candidates should have had 
considerable experience in electronic circuit 
work and some knowledge or experience of the 
principles and practice of magnetic recording 
would be an advantage. (Ref. A368/5I-A). 
Candidates for both posts should have a 1st 
or 2nd class Honours Degree, or equivalent 
qualification, in the appropriate subject, with 
at least 3 years' post-graduate research experi-
ence. Salary will he assessed according to 
age, qualifications and experience within the 
ranges: Principal Scientific Officer (minimum 
age 31), £960 to £1,295. Senior Scientific 
Officer (minimum age 26), £720 to £910. Rates 
for women somewhat lower. Posts are unes-
tablished but carry benefits under F.S.S.U. 
Application Forms obtainable from Ministry of 
Labour and National Service, Technical and 
Scientific Register (K), Almack House, 26-28 
King Street, London, S.W.1, quoting appro-
priate reference number. Closing date 26th 
January, 1952. W 2370 

APPLICATIONS are invited by the Ministry of 
Supply from Physicists and Fectrical Engineers 
for three posts in the Scientific Officer Grade, 
at an R.A.F. Signals Experimental Establish-
ment in Norfolk. Candidates should have a 
first or second class Honours Degree in physics 
or electrical engineering or equivalent qualifi-
cation with some experience on aerial problems, 
radio receivers and small transmitters for air-
borne or mobile use. Salary will be assessed 
according to age, qualifications and experience, 
within the range £380-£620. Rates for women 
somewhat lower. Posts are unestablished but 
carry benefits under F.S.S U. Application 
forms obtainable from Ministry of Labour and 
National Service, Technical and Scientific 
Register (K), Almack House, 26-28 King Street, 
London. S.W.I, quoting A380/51A. CIosing 
date 14th January, 1952. W 2381 

CITY OF COVENTRY Education Committee. 
Coventry Technical College. Principal: H. V. 
Field, B.Sc., Wh.Sch., M.I.E.E. Applications 
are invited for the following full-time teaching 
appointment in the Electrical Engineering and 
Physics Department. Lecturer in Electronics 
and Telecommunications. Candidates should be 
graduates or hold equivalent qualifications, have 
had appropriate industrial or service experience 
and preferably some teaching experience. Salary 
in accordance with Burnham Technical Scale 
(£900 x £25 x £1,000). Commencing date 1st 
January. 1952, or as soon as possible after that 

date. Application forms and full particulars of 
the above appointment obtainable from the 
undersigned, to whom the completed forms 
should be returned as soon as possible, and 
within 14 days of the appearance of this adver-
tisement. W. L. Chinn, Director of Education. 

W 1375 

ELECTRICAL ENGINEERS and Physicists are 
invited to apply for the following post at the 
Royal Aircraft Establishment, South Farn-
borough, Hants. I. Principal Scientific Officer, 
to act as Deputy Leader of team engaged on 
the research and development of novel appli-
cations of radio techniques. The work is in the 
early stages and gives opportunity for the use 
of new ideas. Applicants should preferably 
have some experience in the planning and 
administration of research programmes and 
should be proficient in as many of the follow-
ing fields as possible. (a) Centimetric and 
V.H.F. techniques including aerial systems, 
diffraction theory, duplex and R.F. bridge net-
works, frequency and phase modulation. (b) 
Circuit design including Information Theory. 
(c) Engineering of robust electronic and electro-
mechanical devices (Ref. D501/51/A). 2. Senior 
Scientific Officer and Scientific Officer to assist . 
in various aspects of the work detailed above. 
Post-graduate experience of original work, 
either theoretical or experimental, on the 
diffraction of Electro-magnetic waves would be 
an advantage for one post. (Ref. A345/ 51/A). 
3. Senior Scientific Officer to work on novel 
forms of sighting equipment. Some experience 
of radar systems is essential but the emphasis 
of the work will be on the applications, rather 
than the design, of such systems. (Ref. A346/ 
51 /A). Candidates should have a 1st or 2nd 
class Honours Degree or equivalent qualifications 
in physics or electrical engineering. For the 
Principal and Senior posts some years of post-
graduate research, in University or Industry, are 
required. Salaries will be assessed according to 
age, qualifications and experience within the 
ranges: P.S.O. (minimum age 31), £960 to 
£1,295. S.S.O. (minimum age 26), £720 to 
£910. SO., £380 to £620. Rates for women 
somewhat lower. Posts are unestablished but 
carry benefits under F.S.S.U. Application 
forms obtainable from Ministry of Labour and 
National Service, Technical and Scientific 
Register (K). Almack House, 26-28 King Street, 
London, S.W.1, quoting appropriate reference 
number. W 2332 

ENGINEER required by Ministry of Supply in 
London. Qualifications: British, of British 
parentage; recognised engineering apprenticeship 
and either be corporate member of one of the 
Institutions of Civil, Mechanical or Electrical 
Engineers or have exempting qualifications. 
Should have a knowledge of radio and/or radar 
and had production experience in the following: 
Thermionic test gear and valves, light engineer-
ing and press work, and injection moulding. 
Duties: Assist in planning and progressing pro-
duction of electronic fuses and specialised ther-
mionic devices. Salary: Within the range £600-
£900 per annum. Unestablished, periodical 
competitions for established pensionable posts. 
Application forms from Ministry of Labour and 
National Service, Technical and Scientific 
Register (K), Almack House, 26-28 King Street, 
S.W.1, quoting Ref. D516/51A. Closing date 
12th January, 1952. W 2353 

ENGINEERS required by Ministry of Supply 
in London. Must be British of British parent-
age with regular engineering apprenticeship and 
either be corporate members of one of the 
Institutions of Civil, Mechanical or Electrical 
Engineers, or have exempting qualifications. 
Post One: (Ref. C.690/51A) Production plan-
ning of chemical and mechanical propulsion 
units (rocket motors, pulse jet engines, etc.), 
ancillary equipment (fuel and booster pumps, 
mixing and pressure valves, igniters, etc.). A 
knowledge of solid and liquid propellants is 
required together with experience of sheet metal 
fabrication. Post Two: (Ref. C.691/51A) Pro-
duction planning of Guidance equipment (elec-
tronic, air and ground guidance apparatus; 
valves, fuses, test gear) and Control equipment 
(mainly gyroscopic and servo-mechanisms) for 
guided weapons. Candidates should pre-
ferably have experience on miniature and sub-
miniature equipment, and production in the 
radio industry. Salary: Within the range £600-
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OFFICIAL APPOINTMENTS (Coned.) 

£900 p.a. Unestablished, periodical competi-
tions for established pensionable posts. Appli-
cation forms from Ministry of Labour and 
National Service, Technical and Scientific Regis-
ter (K), Almack House, 26-28 King Street, 
London, S.W.I. Quoting appropriate Reference 
Number. Closing date 19th January, 1952. 

W 2333 

MINISTRY OF SUPPLY require Engineer for 
establishment at Hayes, Middlesex. Qualifi-
cations: British of British parentage; regular en-
gineering app:enticeship and either be corporate 
member of one of the Institutions of Civil, 
Mechanical or Electrical Engineers or have 
exempting qualifications; sound knowledge of 
electronic theory and practice and familiarity 
with modern techniques. Knowledge of Service 
usage and experience of methods used for proof 
of ammunition (particularly fuses) an advantage. 
Duties: Control section responsible for the 
technical direction of inspection of mass pro-
duced miniature electronic devices. Salary: 
Within the range £900-£1,200 p.a. Unestab-
fished, periodical competitions for established 
pens:onable posts. Application forms from the 
Ministry of Labour and National Service, Tech-
nical and Scientific Register (K), Almack 
House, 26-28 King Street, S.W.1, quoting Ref. 
D518 /51A. Closing date 12th January. 1952. 

W 2354 

NATIONAL COAL BOARD. Applications 
are invited for the undermentioned super-
annuable appointments at the Central Research 
Establishment, Stoke Orchard, near Cheltenham. 
(i) Scientists II or III for research in the Tele-
communications and Light Electrical Engineer-
ing fields. Candidates should have an Honours 
Degree in electrical engineering or physics, with 
good knowledge of electronic techniques. 
Appointment will be as Scientist Grade II t on 
the scale £445 x £25 to £845 per annum, or 
Scientist Grade II on the scale £645 x £30 to 
£995 per annum, according to ability and ex-
perience. At least three years' research experi-
ence is essential for appointment as Grade 11. 
(Ref. TT/400). (ii) Electronics Engineers to 
design and construct electronic devices for re-
search. Appointment will be as Scientific 
Technologist Grade 1 on the scale £435 x £20 
to £655, or Senior Scientific Technologist on 
the scale £670 x £25 to £820. Good experi-
ence and knowledge of circuitry is essential for 
appointment as Senior Scientific Technologist 
(Ref. TT/401). App'y in writing, giving full 
particulars (in chronological order) of age, edu-
cation, qualifications and experience (with 
dates) to National Coal Board, Establishments 
(Personneli. Hobard House, Grosvenor Place. 
London, S.W.I. marking envelope with the 
relevant TT Reference Number quoted above. 
Original testimonials should not be forwarded. 
Closing date 12th January, 1952. W 2329 

RADAR AND ELECTRICAL Control Equip-
ment Technicians wanted for work of National 
Importance. Vacancies exist in London and 
Home Counties. Good prospects exist for 
advancement. Salary scale £460 x £20 p.a. 
rising to £570 p.a. Apply giving full details cf 
qualifications, experience and area preferred, to: 
I A.A. Group Workshop R.E.M.E., Shrapnel 
Barracks, Woohvich. SE. 18. W 2356 

SITUATIONS VACANT 

ALWYN ISHERWOOD LIMITED, require 
T.V. engineers for bench and field service. If 
you want good pay with prospects under ideal 
operating conditions, and you are master of 
your craft, contact the Service Manager, Alwyn 
Isherwood Limited, 91/95 Westgate, Wakefield 
Tel. 3196/7. Expenses will be paid for all 
applicants selected for interview. W 1373 

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. (el 
Electrical Engineers with experience- in small 
motor design and development. Applicant, 
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 

ELECTRONIC ENGINEERING 

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, WA. W 2136. 

AN EXPERIENCED electrical engineer or 
physicist is required by the Research Labora-
tories of The General Electric Co. Limited, at 
their Stanmore Laboratories to take responsi-
bility for the work of a number of men engaged 
on research and development on circuits for 
the generation and handling of non-sinusoidal 
waveforms such as are used in timebases, 
differential analysers and digital and analogue 
computers. Applicants preferably between 28-35 
should have good Honours Degrees and should 
be able to produce evidence of ability for 
original work and inventiveness in the form of 
published work or patents. The appointment 
is in connexion with a major guided weapon 
project for defence and offers good prospects 
and starting salary. Applications should be 
sent to the Staff Manager (Ref. GBLC/ 307), 
G.E C. Research Laboratories, North Wembley, 
Middlesex. W 2375 

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 

A NUMBER of Senior and Junior vacancies for 
Radio, Radar. Electronic, Television, etc., 
Development, Service Engineers, Draughtsmen, 
Wiremen. Testers, Inspectors, etc. Urgently 
required, 30 Television Service Engineers. Write 
in confidence: Technical Employment Agency, 
179 Clapham Road, London, S.W.9. (BRIxtOn 
3487). W 113 

APPLIED MATHEMATICIAN required. Ap-
plications invited from Graduates (male and 
female) for work of national importance. 
Ability to do original work as well as numerical 
evaluation of problems and test data on a 
statistical basis required. Experience of servo 
mechanisms desirable but not essential. Write 
with full details of age, experience and salary 
required to the Personnel Manager, Sperry 
Gyroscope Company Limited, Victoria Road, 
Feltham, Middlesex. W 2388 

A VACANCY exists for a Senior Radio 
Engineer with mechanical as well as electrical 
design experience to take charge of the Broad-
cast receiver design group of a leading Radio 
Manufacturer. Applicants will be required to 
produce evidence of responsible experience and 
successful development work in this field. A 
salary will be paid in keeping with the import-
ance of the appointment. Apply in confidence 
to Box No. W 2371. 

A VACANCY exists for a Broadcast Receiver 
Engineer experienced in mechanical as well as 
electrical design in this field and capable of 
taking full responsibility for the design of in-
dividual radio receivers. Salary in accordance 
with qualifications. Apply in confidence to 
Box No. W 2372. 

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 

CALIBRATION ENGINEER required to super-
vise the maintenance of electrical test gear for 
valve and CRT making plant. Salary accord-
ing to experience. Applicants should apply in 
person or write to Personnel Department, 
E.M.I. Factories Limited, Hayes, Middlesex. 

W 2369 

CHIEF INSPECTOR required for Capacitor 
manufacturers' London factory. Good sa!ary 
and prospects for first class man with sound 
technical qualifications. Position is pension-
able. Write giving full details of age and ex-
perience to Box No. W 2335. 

DESIGN ENGINEERS. (Ref. 862A) required 
by The English Electric Company Limited, 
Luton, for work on flight simulators in con-
nexion with guided weapon development. 
Degree or H.N.C. essential and previous ex-
perience of electromechanical and electronic 
analogue computing desirable. Applications 
stating age, technical qualifications and ex-
perience to Central Personnel Services, 24 
Gillingham Street, London, S.W.1, quoting 
reference. W 2263 
DESIGNER, preferably 24-30 years with good 
Honours Degree in Mechanical Engineering, is 
required for the Drawing Office of the Stan-
more Laboratories of The General Electric Co.. 
Ltd., for work associated with Guided Missiles 
and Airborne Radar Equipment. An excellent 
opportunity for a capable man possessing 
initiative and originality and with good prac-
tical experience and fundamental knowledge. 
Electrical experience not essential. Applications 
should be sent to the Staff Manager (Ref. 
GBLC/286), G.E.C. Research Laboratories. 
Wembley, Middlesex, stating age and record. 

W 2362 
DEVELOPMENT ENGINEER required for 
well-known firm of electrical instrument makers 
situated in North London. Man with good 
technical and mechanical knowledge for experi-
mental work. Apply Box No. W 2211. 

DEVELOPMENT ENGINEER 23/30, educa-
tion to H.N.C. or higher, for old established 
firm of precision electrical instrument makers 
in Beckenham area. The work is in connexion 
with laboratory electronic instruments at audio 
and supersonic frequencies. Experience in elec-
trical measurements desirable. Write giving 
full details of training, experience and salary 
required to Box No. W 2342. 

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 

DEVELOPMENT ENGINEERS required by 
firm in N.W. London manufacturing an exten-
sive range of industrial instruments and con-
trols. Candidates should have a good theoretical 
background, preferably with a Degree or 
equivalent in physics or electrical engineering 
and should have some experience of the 
development or testing of process control instru-
ments. The starting salary will be according 
to the experience of the applicant ranging from 
£400 per annum for Junior Engineers to £650 
per annum for specially qualified applicants. 
Write Box No. W 2285. 

1CLASSIFIED ANNOUNCEMENTS 
continued on page 4 

BRITISH INSULATED CALLENDER'S CABLES LIMITED. Telecommunications Research 

Laboratory, Kirkby, Nr. Liverpool. The Laboratory is engaged in research and develop-
ment work on all aspects of cable manufacture and testing. Progressive opportunities exist 

for enthus!astic technical staff of all grades. Applications will be welcomed from Tele-
communications Engineers, Electrical and Mee tanical Engineers, Electronics Engineers, Senior 
Mathematicians, Physicists. Candidates will be considered for interview on the basis of then' 

letters of application, which should be addressed to: The Staff Officer, British Insulated Callen-
der's Cables Limited, Prescot, Lancs. W 2366 
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UNSURPASSED AS A SIMPLE & ACCURATE INSTRUMENT 

FOR THE MEASUREMENT OF CRYSTAL PERFORMANCE 

The G.E.C. Quartz Crystal Activity Test Set measures the equivalent parallel 
resistance of a quartz crystal when oscillating in a circuit having an input capacity 
of either 20 pF. 30 pF or 50 pF, the alternative capacities being selected by a 
switch, 

The dial is calibrated and has a range of 4 kilohms to 130 kilohms and- is direct 
reading. No calculation is necessary. Measurements can be made at any con-
venient amplitude of oscillation up to 10V. R.M.S. at the crystal terminals for 
crystals of normal activity. 

The accuracy of the loss dial calibration is ± 2%. 

WRITE FOR DESCRIPTIVE LEAFLET-

SALFORD ELECTRICAL INSTRUMENTS LTD. 
PEEL WORKS : SILK STREET : SALFORD : LANCS. 
Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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SITUATIONS VACANT (Coned.)  

DIGITAL COMPUTORS: There are vacancies 
in the Computer Section of Ferranti Limited 
for the following:- (a) Circuit Engineer, ex-
perienced in pulse or radar circuits with an 
interest in the development of circuits asso-
ciated with high speed mechanical devices. 
Some mechanical engineering background is 
desirable but not essential. Ref. D.C.C. (b) 
Mechanical Engineer with wide experience in 
design of precision high speed mechanical 
devices. An interest in electronics is preferred 
but not essential. Ref. D.C. Mech. (c) Engi-
neer with wide experience of magnetic record-
ing equipments required for interesting new 
project. Ref. D.C. Mag. Salary for the above 
posts will be, in accordance with experience 
and ability, in the range £520-£1,000 per annum. 
Contributory Pension Scheme in operation. 
Forms of application from Mr. R. J. Hebbert, 
Staff Manager, Ferranti, Ltd., Hollinwood, 
Lancs, W 2346 
DRAUGHTSMAN required by firm of Radio 
Manufacturers for the design and development 
of domestic Radio and Television in all its 
aspects. Must .be a first class man able to work 
with the minimum of supervision. Box 110, 
Gordon House, 75 Farringdon Street, London, 
E.C.4. W 2393 

DRAUGHTSMEN (Senior and Junior) required 
in Research Department for design and detail 
work on special Radar and Electro-mechanical 
equipment. West London area. Write giving 
full particulars of experience, age and salary 
required to Box A.E. 693, Central, News 
Limited, 17 Moorgate, London, E.C.2. W 2386 

DRAWING OFFICE INSTRUCTOR required, 
January, 1952. Duties consist mainly of in-
struction in Engineering Drawing, Mathematics 
and Mechanics to draughtsmen apprentices. 
Applicants should have served an engineering 
apprenticeship with subsequent Drawing Office 
experience, preferably in light mechanical or 
electronic engineering. Instructional experience 
is desirable but not essential. Salary £525-
£625 per annum. Applications to:- The Prin-
cipal, E.M.I. Institutes, 10 Pembridge Square, 
London, W.2. W 2337 
E. K. COLE LIMITED (Malmesbury Division), 
invite applications from Electronic Engineers 
for permanent posts in Develópment 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 

ELECTRICAL AND RADIO DRAUGHTS-
MEN required. Apply Employment Manager, 
Vickers-Armstrongs Ltd. (Aircraft Section). 
Weybridge, Surrey. W 2350 
ELECTRICAL ENGINEER, preferably with an 
Honours Degree and some radio' or telecom-
munications experience is required for experi-
mental work on specialized radio equipment. 
Apply to the Staff Manager (Ref. GBLC/0272) 
Research Laborateries of The General Electric 
Co., Ltd., Wembley, Middlesex, giving age and 
record. W 2359 

ELECTRICAL ENGINEERS and Physicists or 
Mechanical Engineers with experience of elec-
trical work required by large manufacturer of 
light electrical engineering products situated in 
East London. Applicants should have technical 
qualifications of Degree standard and have had 
some years' experience of development work. 
Permanent positions with exceptional prospects 
will be offered to men possessing the right quali-
fications. Kindly state full details of experi-
ence to Box No. W 2344. 

ELECTRONIC DEVELOPMENT ENGINEER 
required to join staff of expanding Laboratory 
team working on Government and Industrial 
contracts. Experience of video techniques essen-
tial; experience of waveguide techniques desir-
able. Salary £700 p.a. Good opportunity for 
energetic man. Write stating experience to 
Technical Director, Winston Electronics 
Limited, 1 Park Road, Hampton Hill, Middle-
sex. W 1385 

ELECTRONIC ENGINEER or Physicist re-
quired for installation and service of electron 
microscopes. Necessary training given to man 
with suitable technical background and practical 
skill which should include some experience of 
high voltage work, scientific instruments and 
vacuum physics. Degree desirable but not 
essential. Applicants should be able to appre-
ciate users' research problems and willing to 
travel throughout Europe from company head-
quarters in London. Excellent prospects and 
liberal expenses. Please state age, education, 
experience and starting salary required. Box 
No. W 2379. 

ELECTRONIC ENGINEERS are invited to 
apply for an appointment in the Research 
Laboratories of the English Electric Valve Co. 
Ltd., at Chelmsford, to work on the develop-
ment of experimental television circuits. Appli-
cants should have considerable experience of 
this type of work, with particular reference to 
camera tubes, together with a Science Degree 
or equivalent qualifications. Remuneration will 
be dependent on qualifications and experience 
and the position will offer ample scope for 
advancement. Please write giving full particu-
lars and quoting Ref. 440C to Central Person-
nel eçvices, 24/30 Gillingham Street, London, 

W 2345 

ELECTRONIC ENGINEERS required in the 
Weybridge district. Experienced in installation, 
inspection and testing of electronic equipment 
to Ministry standard. Write stating age, ex-
perience, qualifications and salary required to 
Box P.812, Willings, 362 Gray's Inn Road, 
London. W.C.1. W 2256 

ELECTRONIC ENGINEERS REQUIRED for 
development work in Gloucestershire area. 
Good academic qualifications and apprentice-
ship. Experience in one or more of the follow-
ing desirable: Control systems, D.C. Amplifiers, 
Computing devices, Video Circuits, Microwave 
Techniques. Apply with full details of qualifi-
cations, age, and salary required to Box No. 
A.C. 67297, Samson Clarks, 57-61 Mortimer 
Street, London. W.I. W 2291 

ELECTRONIC PRODUCTION ENGINEER 
required with thorough knowledge of planning 
and technical control in factory (both proto-
type and specialized production). Must have 
sound practical background and able to make 
and maintain factory set-ups incorporating 
valve voltmeters, oscillators, wave analysers, 
etc. Qualifications to II.N.C. standard. Pre-
ference given to applicant with experience on 
gyroscopic felectro-mechanica 1 precision instru-
ment manufacture. Write stating . age, ex-
perience and salary required to: The Personnel 
Manager, Sperry Gyroscope Co., Ltd., Great 
West Road, Brentford, Middx. W 2348 

ENGINEERS are required for the development 
of high grade test equipment in connexion with 
the manufacture of automatic pilots and air-
craft instruments. This work involves the 
application of electronic techniques over -a fre-
quency range from zero to approximately 100 
Kc, c.p.s., together with light electrical and 
mechanical engineering. Applicants having 
experience of applied measurements in one cr 
more of the above mentioned engineering fields 
will naturally be preferred but the foremost 
qualification is a sound appreciation of funda-
mental engineering principles. Salary according 
to qualifications and experience. Please quote 
reference 1/EN. Write: Personnel Manager, S. 
Smith and Sons (England) Limited, Bishops 
Cleeve, Nr. Cheltenham, Glos. W 2383 

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 quali-
fications. Apply Construction Department, The 
British Thomson-Houston Co., Ltd., Rugby. 

W 2391 

ENGLISH ELECTRIC VALVE CO. LIMITED, 
Chelmsford, have vacancies for young engineers 

work on radio valve design and development. 
Applicants should be of Degree standard. 
Whilst experience of this type of work is desir-
able, it is not essential and otherwise suitable 
candidates will be considered. Write giving full 
details quoting Ref. 4970, to Central Personnel 
Services, English Electric Co.. Ltd.. 24/30 
Gillingham Street, London, S.W.!. W 2343 

ELECTRONIC TECHNICIAN of H.N.C. 
standard. Required to construct and prove ex-
perimental equipment for a progressive manu-
facturing Company situated in the North West 
London Area. Good prospects, 5-day week. 
Apply giving full particulars of experience and 
salary required. Ref. MA2/100. Box No. 
W 2382. 

EXPERIENCED ELECTRONIC ENGINEERS 
required for interesting development work on 
a number of projects. Applicants should have 
a sound theoretical background with several 
years' experience in the design and engineering 
of prototype electronic equipment. The posts 
are for permanent staff and offer good salaries 
and prospects. Please write giving full details 
and quoting ED/63, to Personnel Department, 
E.M.I. Engineering Development Ltd., Hayes. 
Middlesex. W 2357 

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. (1) 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/E," giving full details of training, quali-
fications and experience to the Personnel Officer, 
Ferranti Limited, Ferry Road, Edinburgh. 

W 2378 

FURZEHILL LABORATORIES LTD.. Bore-
ham Wood, Herts., have vacancies for Elec-
tronic Engineers. Applications are invited for 
the Cheltenham Laboratory which is engaged 
mainly on the development of servo systems for 
aircraft and industrial purposes and for the 
Boreham Wood Laboratory handling Laboratory 
Measuring Instruments. Posts are available for 
Project Engineers who should preferably hold an 
Honours Degree; Development Engineers of 
Degree standard. Junior Engineers and Design 
Draughtsmen. Salaries range from £350-£1,200 
p.a. and houses are available to selected appli-
cants in the Cheltenham area. W 2390 

INDUSTRIAL RESEARCH. Applications in-
vited from Physicists or Electrical Engineers for 
position of Senior Development Engineer to 
London Company manufacturing Capacitors. 
Good decree and some research experience will 
be required. Good salary with pension rights 
for first class men. Write giving full details of 
age and experience to Box No. W 2334. 

INSPECTORS Mechanical and Electronic. Good 
rates of pay, plus staff appointments in cases 
of exceptional ability. Canteen facilities, 'social 
club and congenial working conditions. Apply 
in writing or personally to Personnel Officer, 
Decca Radar Co. Limited. Shannon Corner, 
Kingston-by-Pass, New Malden, Surrey. W 2320 

INSTRUMENT ASSEMBLERS with some elec-
trical knowledge required, also test room assis-
tants, for well-known instrument Company 
situated in North London. Good working con-
ditions and canteen. Apply Box No. W 2210. 

INTERESTING and varied work on the 
development of special instruments is offered to 
young, qualified Physicists and Electronic 
Engineers, preferably with 2-3 years' industrial 
experience. Write, stating salary required, to 
Nash & Thompson, Ltd., Oakcroft Road, 
Tolworth, Surrey. W 2351 

JUNIOR ENGINEER required for high 
priority electronic and light mechanical work 
in Equipment Laboratory of Surrey factory. 
Previous experience is essential, and technical 
training to Higher National Certificate is desir-
able. Salary according to experience and quali-
fications. Staff Pension Scheme in operation. 
Write, giving full details to Box No. W 2336. 

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 

CLASSIFIED ANNOUNCEMENTS 
continued on page 6 
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EKCO power unit 1033A 
An H.F. oscillator type Power Unit designed in conjunction with the 

A.E.R.E. to energise all types of counters, including proportional and scintillation counters. 

Ripple and spurious pulses are reduced to such a level that external filters are not normally 

required. Output voltage is continuously variable from 500 to 3,000 volts and is virtually 

unaffected by mains variations up to ± to%. This Unit may be used with confidence 

wherever a highly stable voltage is needed. 

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

Please write for complete Catalogue giving 
specifications and prices of the range of Ekco 
equipment for the Radiochemical Laboratory. 

FERegalTIC e 
FOR TELEVISION 

TIfE improvement in television components, with their smaller 
size and greater efficiency, is largely due to Ferroxcube, the new 

Mullard magnetic core material. 
The uses of Mullard Ferroxcube in the production of TV com-
ponents fall into these three main groups : 

LINE OUTPUT TRANSFORMER CORES 
Since the advent of wide-angle television tubes, with the accom-
panying demand for increased E.H.T. supplies, the need for line 
output transformers of the highest possible efficiency has been 
greater than ever. Mullard Ferroxcube, with its low iron losses, 
completely fulfils this need — also facilitating the assembly of 
small, compact transformer units by means of solid, non-laminated 
U-shape cores. 

DEFLECTION COIL YOKES 
Mullard Ferroxcube cores in ring form are ideal for producing the 
magnetic circuit around deflection coils. Used in this way, 
Mullard Ferroxcube makes possible the construction of efficient 
deflector coils with a high Q factor. In order to simplify assembly 
problems, these ring cores are supplied either in the form of a 
complete circle, as two semi-circles, or as castellated yokes. 

LINEARITY AND PICTURE WIDTH CONTROLS 
Mullard Ferroxcube can very conveniently be extruded into rods 
and tubes. In this form it is ideal for use in linearity and picture 
width controls, providing a smooth control in a compact assembly. 

OTHER APPLICATIONS 
In addition to its uses in television receivers, Mullard Ferroxcube 
is also being widely employed in line communications, radar, 
and other specialised electronic equipments. The purposes for 
which it is already being most successfully applied in such 
equipments include filter networks, wide band transformers, 
magnetic amplifiers, and pulse transformers. 

PLEASE WRITE FOR FULL DETAILS 

Mullard   fETR/Opywgpe 
M ULLARD LIMITED CENTURY HOUSE • SHAFTESBURY AVENUE • LONDON • W.C.2. 

(mF376) 
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WATIONS VACANT (Coned.) 

LABORATORY ASSISTANT required for 
instrument section. Previous experience in 
making and repairing indicating instruments 
essential. Higher National Certificate or 
equivalent qualification would be an advantage, 
but is not essential. Apply in writing giving 
full details of training and experience to the 
Staff Manager (Ref. GBLC/G /921), Research 
Laboratories of the General Electric Co. 
Limited, East Lane, Wembley, Middlesex. 

W 2330 

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.651, at 191 Gresham House, E.C.2. 

W 2374 

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, Mullard Research 
Laboratory, Cross -Oak Lane, Salfords, Nr. 
Reding, Surrey. , W 2363 

PHYSICISTS or Light Current Engineers with 
knowledge of ,eirêuit design and mathematical 
ability to work on Flight Simulators in connexion 
with guided weapon development. Degree or 
H.N.C. essential and previous experience of 
electro-mechanical and electronic analogue com-
puting desirable. ApOlications, stating age, 
technical qualifications and experience, quoting 
Ref. 862B. should be addressed to Central 
Personnel Services, English • Electric Company 
Ltd., 24/30 Gillingham Street, London, S.W.!. 

W 2389 

PHYSICISTS OR PHYSICAL CHEMISTS 
required for laboratory in Northamptonshire, 
to carry out varied and interesting work on 
new ceramic and metallic materials. Appli-
cants should have a good science degree and 
be familiar with techniques for measuring 
magnetic and dielectric properties. Ex-
perience in designing radio and electronic 
components from these materials an advantane. 
Salary £450-£650 according to qualifications 
and experience. Box No. W 2051. 

PLANNING ENGINEERS with jig and toot 
design and estimating experience required for 
Electronic Division of E. K. Cole, Ltd., 
Malmesbury, Wilts. Apply Personnel Manager, 
stating age, experience and salary required. 

W 2352 

RADIO MECHANICS required for work on 
centimetre equipments at Stanmore. Previous 
experience essential. Progressive staff positions. 
Five-day week. Write giving full details of age. 
experience and qualifications to the Staff 
Manager (Ref. GBLC/G/44), Research Labora-
tories of the General Electric • Co. Limited, 
North Wembley, Middlesex. W 2180 

REPRESENTATIVE for leading radio compo-
nent manufacturing firm required to deal direct 
with radio manufacturers. Some technical 
knowledge desirable but not essential. Age 25-
30 years. Reply stating experience and salary 
required to Box No. W 1388. 

REQUIRED by an old established firm at their 
Research Laboratories, Borehamwood. Senior 
Draughtsmen for design of specialized Elec-
tronic Equipment or Mechanical and Electrical 
precision devices. Sound general engineering 
and practical experience. Higher National 
Certificate standard preferred. Must be 
capable of undertaking design work calling for 
originality and initiative. Salary up to £625. 
Five-day week of 391- hours. Apply Box No. 
W 140. 

SALES MANAGER required by large long-
established Engineering Company. Must ha ,,e 
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 

SCUNTHORPE HOSPITAL MANAGEMENT 
COMMITTEE. Radiotherapy Centre. There is 
a vacancy for a Technician in the Physics 
Department in the above Centre at the War 
Memorial Hospital, Scunthorpe, for duties con-
nected with the maintenance and modification 
of X-Ray Sets and other electrical and elec-
tronic apparatus in the Department. Appli-
cants should have experience of high kilo. 
voltage work and should be at least 24 years 
of age. Experience of electrical fitting would 
be an advantage. An electrical qualification of 
the standard of Ordinary National Certificate is 
desirable. The conditions recommended by the 
British X-Ray and Radium Protection Com-
mittee are operative. Further particulars may 
be obtained from the Physicist. Salary scale 
£410 x £15(3) x £20(1) to £475. The post is 
subject to the provisions of the National Health 
Service Superannuation Scheme and new en-
trants will be required to pass a medical exami-
nation. Applications giving details of education, 
qualifications and experience with names of two 
referees must reach the undersigned by 15th 
January, 1952. S. Lord, Secretary. W 2361 

SENIOR CIRCUIT ENGINEER is required by 
the English Electric Co., for employment in 
the London area. Experience of designing time 
bases, stabilized power packs and cathode ray 
monitoring circuits is essential, a Degree and 
an interest in production development is 
desirable. A good salary will be paid to the 
right man for this responsible position. Write 
giving full details, quoting ref. 921 to Central 
Personnel Services, English Electric Co. Limited, 
24-30 Gillingham Street, London, S.W. I. 

W 2248 

SENIOR DRAUGHTSMEN: Metropolitan-
Vickers Electrical Co. Ltd., require for their 
Trafford Park works, a number of senior 
draughtsmen preferably with experience in 
Radio alnd Radar equipment. For qualified 
men these jobs are permanent, five-day week 
under good conditions. Apply in writing 
stating age, experience, qualifications, salary 
required, etc., marking envelopes " Radio 
DO." to Personnel Manager, Metropolitan-
Vickers Electrical Co. Limited, Trafford Park. 
Manchester 17. W 2140 

SENIOR ENGINEER required to undertake 
development work on low frequency iron cored 
components. Previous experience in this sub-
ject is essential, and a Degree or equivalent 
would be an advantage. The salary will be in 
accordance with qualifications and experience. 
Apply in writing to Advance Components 
Limited, Back Road, Shernall Street, Waltham-
stow, E.17. W 2269 

SENIOR TELEVISION Development Engineer 
required by well known Radio and Television 
Manufacturer in London area. Applicant must 
have a wide experience in development for mass 
production of modern commercial radio and 
television receivers. A good salary will be paid 
to a person possessing drive and organising 
ability and capable of carrying through pro-
jects from development to production stages. 
under the supervision of the Chief Engineer. 
Kindly state full particulars of technical educa-
tion and experience to Box No. W 2365. 

SERVO DESIGNER, aged 30-40 required, 
salary £1,000-£1,500 according to experience. 
First or Second Class Honours Degree in 
Mathematics, Mechanical or Electrical engi-
neering required but applicant should be well 
versed in all three branches. Considerable ex-
perience required in the design of servo system6 
preferably for aircraft. The applicant, who will 
be interviewed in London, will be responsible 
for the control of development projects com-
prising electrical and hydraulic servo flying 
controls. W 2255 

SEVERAL ELECTRONIC ENGINEERS or 
Physicists are required, who have graduated in 
Physics or Telecommunications and have two 
or three years radar experience, to take charge 
of the development of particular sections of a 
project involving radar. The work includes 
design of pulse generators; timing wave form 
oscillators, electronic computors, V.H.F. trans-
mitters, and receivers and servo systems. In 
addition Technical Assistants are needed with 
H.N.C. or equivalent qualifications. All the 
positions available are for work of high interest 
in a new and expanding field. Applications, 
which will receive prompt attention should 
give the fullest details of education and pro-
fessional experience with appropriate dates. 
Apply Employment Manager, Vickers-
Armstrongs Limited (Aircraft Section), Wey-
bridge, Surrey. W 2271 

TECHNICAL ASSISTANTS required for in-
teresting Laboratory and Field work connected 
with Guided Missiles Project. Applicants to be 
between 20 and 35 years of age with, at least, 

National Certificate (Electrical) or equivalent. 
Experience of R.F. technique up to 500 mc. 
would be an advantage. Full particulars to Box 
No. W 2191. 

TECHNICAL WRITER, experienced in com-
piling matter for publication in Radio and 
Television Service Manuals, Instruction Leaflets 
etc., required for Engineering Department of 
Enfield Factory. Reply stating age, qualifica-
tions, etc., to Box No. W 2355. 

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 

TELEPHONE ENGINEER required for im-
portant technical commercial post in large 
organisation of world repute. Appointment 
based on London offers exceptional opportuni-
ties for exceptional man. Applicants must 
have an engineering or scientific Degree and 
thorough experience of carrier technique. Com-
mercial and C C.I.F. experience would be 
advantageous. Adequate time will be allowed 
for successful applicant to familiarise himself 
with Company's activities, including some 
months abroad befcire taking charge of new 
project. Salary according to experience. Appli-
cations will be handled at Director level in 
strict confide'nce and should give full particulars 
of education, experience and salary required. 
Box No. W 2341. 

TELEPHONE TRANSMISSION ENGINEER. 
experienced carrier current equipment, filter 
design and testing, wanted by AmericanWmanu-
facturing firm for work in Italy. 

TEST ENGINEER required with experience on 
test and final adjustment of . electrical instru-
ments and good general knowledge of ther-
mionic valve applications. Prospects of advance-
ment to supervisory post for suitably qualified 
man after period of experience with company's 
products London area. State age, full 
details of training, experience and salary re-
quired. Box No. W 2380. 

TESTING ASSISTANTS required for High 
Frequency Cables, with National Certificate or 
equivalent qualifications. Previous experience 
not essential. Siemens Brothers & Co. Limited. 
Ref. 423, Woolwich, London, S.E.I8. W 2376 

THE GENERAL ELECTRIC CO. LTD., 
Brown's Lane, Coventry, have vacancies for 
Development Engineers, Senior Development 
Engineers, Mechanical and Electronic, for their 
Development Laboratories on work of National 
Importance. Fields' include Microwave and 
Pulse Applications. Salary range £400-£1,200 
per annum. Vacancies also exist for specialist 
Engineers in Component design, valve appli-
cations. electro-mechanical devices and small 
mechanisms. The Company's Laboratories 
provide excellent working conditions with Social 
and Welfare facilities. Superannuation Scheme 
Assistance with housing in special cases. Apply 
by letter stating age and experience to The 
Personnel Manager (Ref. CI-10. W 22,4 

THE TELEGRAPH CONDENSER CO. LTD.. 
have a vacancy for an engineer with a good 
Degree and industrial experience in research on 
dielectrics or the manufacture of electrical con-
densers. The position is of a senior character 
and is pensionable. Commencing salary will be 
in accordance with age, qualifications and ex-
perience. Write giving full details to The 
General Manager, The Telegraph Condenser Co. 
Ltd., North Acton, London, W.3. W 2340 

VACANCIES exist in the Development Labora-
tories for junior and senior engineers experi-
enced in the design of electronic test equipment 
including valve voltmeters, CR.O., oscillators, 
etc. Applicants will be responsible for the 
c'evelopment of research models to the produc-
tion stage and must have a good fundamental 
knowledge of electrical theory and practical ex-
perience of design. Salary according to quali-
fications and experience. Please quote reference 
2/EN. W 2384 

VACANCIES exist for development engineers 
for work on auto control and servo systems. 
Applicants should be experienced in low fre-

CLASSIFIED ANNOUNCEMENTS 
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An Analyser for all Waveforms 

The Muirhead—Parnetrada 
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 — I9cis to mice's 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 

mistuning 

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 004: 

PRECISON 

MUIRHEAD 
ELECTRICAL INSTRUMENTS 

Telegrams 8c Cables: MUIRHEADS ELMERS-END 62K 

• 
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SITUATIONS VACANT (Cont'd.) 

quency electronic techniques, including the use 
of magnetic amplifiers. Preference will be 
given to applicants with previous experience in 
designing equipment to aviation requirements. 
Salary according to qualifications and experi-
ence. Please quote reference 3/EN. W 2385 

WAYNE KERR require several engineers for 
design and development work on electronic 
equipment. The development programme is 
varied and ranges from S band oscillators and 
Q meters to H.F. Signal Generators, Audio 
Tone Sources, and precision D.C. measuring 
equipment. There is a particular need for a 
senior engineer with a good Degree and a back-
ground of practical achievement, who will take 
a leading part in the laboratory and who will 
qualify for a salary in the range £900-£1,250. 
The salaries for the remaining posts are in the 
range £600-£850 depending on qualifications and 
experience. Write to The Technical Director, 
Wayne Kerr Laboratories Ltd., Sycamore 
Grove, New Malden, Surrey. W 2364 

SITUATIONS WANTED 

ELECTRONIC ENGINEER. Fluent German, 
reasonable French. Age 44. General know-
ledge of modern practice. Requires progres-
sive well paid position within reach of W. 
London. Box No. W 1374. 

HIGHLY QUALIFIED Engineer, 36, good 
personality and excellent linguist, widely 
travelled, offers services as technical liaison 
officer or representative abroad. Box No. 
W 1379. 

WANTED 

SCOPHONY Torque Motors, Full details, type 
Etc. to Box No. W 1386. 

SERVICE 

FIRST-CLASS Maintenance Service of electronic 
and electro-mechanical apparatus. Greater 
London area. Sub-contracts undertaken. Phone 
BRIxton 6745. W 1358 

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

PROTOTYPE AND SMALL quantity produc-
tion. Due to expansion of premises, a well 
equipped firm of electronic engineers can offer 
capacity for the manufacture of prototypes and 
small production quantities of laboratory and 
similar type electronic gear. Only first-class 
work required. Box No. W 1387. 

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

YOUR COPIES BOUND, handsome volumes 
imit. Blue Leather, Gold Lettering. 10s. 6d. 
each, post free. C.W.O. Jerome Alcock, 
Cheadle, Stoke-on-Trent. W 1384 

• 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 

MAGSLIPS at 1/10th to 1120 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 

STUDENT has for disposal the following tech-
nical journals in unmarked condition. Eleven 
vols. 'Journal Scientific Instruments" 1941 on-
wards; two vols. "Journal Applied Physics" 
1950/51 (Eleven of the foregoing volumes are 

bound by the publishers); six vols. "Instiument 
Practice' (Vol. I incomplete), three binding 
cases for same. Cost £65. Offers please. 
Seville, Oaklea, Waterfoot, Rossendale, Lancs. 

W 1381 

SUSSEX. Genuine electrical and wireless Busi-
ness. Spacious premises in main shopping 
street with display windows, large shop, work-
shops at rear. Self-contained flat over, 2 beds, 
Sitting Room, Bathroom, Kitchen, Scullery, 
Separate entrance. Rent £300 p.a. exclusive. 
21 years lease. Price £4,500. Stock at Valua-
tion. Full details from W.G.F. Swayne, F.A.I., 
3 Clinton Place, Seaford, Sussex, Tel.: 2144. 

W 1383 

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, I Is. 6d. 
post 9d. W 102 

EDUCATIONAL 

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 

FREE I 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 

NORTHAMPTON POLYTECHNIC. St. John 
Street, London, E.C.1. A course of thirteen 
lectures by a panel of specialists entitled 
Modern Practice in the Testing and Application 
of Magnetic Materials will be given on Wednes-
day evenings at 7 p.m., beginning on 9th 
January, 1952. Fee for the course 20s. Full 
particulars are obtainable from the Secretary. 

W 2339 

FcrytuAvatael there is always Mumetal 

to get designers out of tight corners—and 

corners are getting pretty tight these days! 

Mumetal is the Telcon nickel-iron alloy with 

exceptionally high pernneabilityand extremely 

low loss and coercivity. 

SHIELDING. Shields and screening boxes made from Mumetal 
sheet are many times more effective than anyother shielding 
material of similar thickness. An infallible remedy for low 
frequency induction troubles in compact (amplifier) 
assemblies. 

MINIATURE COMPONENTS. Really diminutive yet efficient 
transformers and inductors are now possible, thanks to 
cores made of Mumetal or in special circumstances its 
companions, Radiometal and Rhometal. 

ARMATURES. Low coercivity and rapid magnetic response 
make Mumetal ideal for the armatures of relays, solenoids, 
moving-iron meters, gramophone pick-ups, etc. 

FORMS. Mumetal is available in sheet, strip, rod or wire; we 
also produce standard shields to fit all C.R. tubes and 
transformers. It is ductile, can be stamped cleanly, drawn or 
rolled; non-scaling, does not rust. 

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

TELCON METALS 
THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 

F°1k̀red Head Office: 22 Old Broad Street, London, E.C.2. Tel: LONdon Wall 7104. Enquiries to: Telcon Works, Greenwich, S.E.10. Tel : GREenwich 3291 
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for a pipe line! 
When the engineer first expresses his train of ideas on 
paper, he is on the right lines if he keeps Tufnol in 
mind wherever the properties of hardwood or metal 
do not fill the bill. These Tufnol tubes and couplings, 
for example, distributing acids, have the tremendous 
advantage of resisting chemical action. Sleeves and 
washers on a huge pipe-line in Iraq do their job 
superlatively because as well as withstanding chemical 
action, moisture and extremes of climate, they also 
ensure complete electrical insulation, section by 
section, vitally necessary in protecting the pipe line 
against electrolytic effect. But the remarkable qualities 

of Tufnol do not end 
here; it is light in 
weight yet structurally 

strong enough to mate 
sympathetically with 
steel; it will not split 
or crack under impact; 
and above all, can 
be machined 
accurately and 

Tufnol insulators on an Ellison 
1,200 amp. high voltage circuit 
breaker. 

TUFNOL LTD • PERRY 

quickly under ordinary workshop conditions! Sheets, 
tubes, rods, bars, angles, channels are all available; or 

it can be supplied in specially moulded shapes. 
Throughout Industry the signal for Tufnol is 

" Full Speed Ahead "! 

KEEP TRACK OF TUFNOL 

and all the recent developments in its uses by 
sending for literature. Let us know where 
your particular interests lie. You may have 
another NEW use for it—in which case our 
Technical Staff will be glad to co-operate. 
Why not write TODAY? 

BARR 

FNOL 
9,6/51VIED TRADE ..11( 

An ELLISON Product 

BIRMINGHAM o 2 2 B 
255 
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CINEMA-TELEVISION LIMITED 

'CI NTEL' 
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 2 6 
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 too, Torrisdale Street, Glasgow, S.2 NT Et 
TR".. 
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MICA CAPACITORS FOR TRANSMITTERS 
& INDUSTRIAL ELECTRONIC EQUIPMENT 

PORCELAIN CASED TYPE 

L76 Range includes rat-
ings up to 10 kVA and 
DV C. P upoll ages to 10 
k peak. 

OPEN CLAAIP CONSTRUCTION 

TYPES L74 AND L75 Reliable 
alternative to oil fille tanks 

d 
where considerable R . F. Power 

space. n /zas to be handled ilimited 

Mica capacitors designed and built to 

i 
handle R.F. power are available in a variety 
of housings and szes. The range includes 
open lamp construction types and stacked 
mica tycp es in porcelain or metal tank containers. 

The standard range of metal tank 
types covers four sizes of cast aluminium 

non-ferrous tanks, containers and is extended with steel and 

A greatly improved Mark 51 version of 

on req ues now availa 

the HUNT-INGRAM (Mycalex product) type 
details t. of R. Capacitor is ble. Full 

. The very special na ture of these types 

, however, means that to provide for efficiency 

and economy in use, specific designs must 

HUNTS specialise 

often be prepared to meet individual needs. 

in such vvork and enquiries from designers are most welcome. 

REGISTERED TRADE IMARK 

THE TRADE MARK OE RELIABILITY A. H. HUNT LTD., WANDS WORTH LONDON, S.VV.I8. 

JANUARY 1952 
BATtersea 3131 Estd. 1901. 

METAL TANI( TYPE 

L73—oil filled—for 

application where the R. F, conditions 

exceed 10 k VA . 

1 I 

ELECTRONIC ENGINEERING 



The specially designed resistance capacity circuit of the 

Ediswan Low Frequency Oscillator type R666 ensures constant output 

" and good waveform even with frequencies as low as 1.4 c.p.s. 

For testing, calibration, amplifier set-up and in all cases where a dependable 

low frequency standard is required this instrument is ideal. 
Supplied in unit form for standard rack mounting. Special stands 

for bench use (as illustrated) are available. 

PRICE 

Oscillator . . . £75. 0 . 0 Stands (Per Set) . . . £1. 1. 

E D I SWAN 
THE EDISON SWAN ELECTRIC CO., LTD., ISS Charing Cross Road, London, W.C.2 

Member ofihe A.E.I. Group of Companies 

SP58 
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Of the many forms of capacitors available, one of 
the most popular is the Tubular Paper, which fits 
most conveniently into any wiring assembly. In order 
to meet specific requirements, Tubular Capacitors 
must be chosen with care by the designer and 
engineer; Dubilier Tubular Paper Capacitors are 
produced in a wide range covering all needs, for 

instance A. Type 460 Tubular Paper Capacitors for all general 

requirements. 
B. Metal-cased Tubular Paper Capacitors for use in 
Tropical conditions. 
C. Metal-cased "Minicap" Tubular Paper Capacitors 
to withstand severe tropical conditions and high 
altitudes. 

MAKERS OF THE WORLD 
DUBILIER CONDENSER CO. (1925) LTD., DUCON 

D. "Minicap" Tubular Paper Capacitors for miniature 
application combining minimum size and weight with 
excellent electrical properties. 
We shall be pleased to forward full technical details 
of these Capacitors upon request, and our technicians 
are always at your service for consultation with 
regard to their use. 

DUB' LI ER 

CONDENSER CO (1925) LTD 

CAPACITORS 
'S FINEST CAPACITORS 
WORKS, VICTORIA ROAD, NORTH ACTON, \n/3 
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C.1.27 

Can this Instrument 

solve a problem for YOU? 

Here, in the Physics Laboratory of a 
prominent research establishment, is a 
COSSOR Double Beam Oscillograph 
in use. Many other industries, ranging 
from nylon spinning to the manufac-
ture of jet engines, now use this 
versatile instrument. Typical everyday 
applications are the tracing of noise, 
strain and vibration; and the answer 
to long-standing industrial problems 
is often provided. Our technical ad-
visory staff ,will quickly let you know 
whether the Oscillograph can help 
with your problems. 

Here are some details: 

The Double Beam 

Tube presents two 
simultaneous inde-

pendent traces over 
the full diameter of a 

90 mm. screen, and 

provision is made for 

the measurement of 
both input voltage 

and time upon the 

calibrated dials. Per-
manent photographic 

records may be made 
using the Cossor 
Model 1428 Camera. 

COSSOR 
Doable Beam OSCILLOGRAPIIS 

Please address enquiries to :— 

A. C. COSSOR LTD., INSTRUMENT DIVISION • (Dept. No.2 ) HIGHBURY GROVE • LONDON, N.5 
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FOR 

HIGH-

FREQUENCY 

INSULATION 

specify 

111011ELE 
Photograph by permission of the Standard Telephone & Cables Ltd. 

The Coupling Coil shown is supported by our 
" FREQUELEX' Ceramic Rods, and forms part of a 
200 KW. Radio Transmitter. 
This is only one of many applications where Rods 
made to close limits are required. 
We specialise in the manufacture of Ceramic Rods 
and Tubes of various sections in several classes of 
materials over wide dimensional ranges. 
The principal materials are: 

I. Porcelain for general insulation. 
2. Frequelex for High Frequency insulation. 
3. Permalex and Templex for Capacitors: 

The degree of accuracy depends on the size of the 
Rod or Tube, but the standard degree of accuracy is 
outlined in the Inter - Service Component Manu-
facturers' Council—Panel R Specification embodied 
in our Catalogue of Radio Frequency Ceramics, 
copy of which will be sent on request. 

Large Rods up to 44" long and ir square are used 
as supports for Tuning Coils, etc. 

We shall be pleased to have your enquiries for all sizes 
of Tubes and Rods. Prompt deliveries can be given for 
most sizes. 

utters LOW LOSS CERAMICS 
HULLERS LIMITED, 6 Laurence Pountney Hill, E.C.4. Phone: MANsion House 9971 (3 lines). Grams: 'Millers. Cannon, London' 
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Dimensions 7" x 4r x 2r overall. Weight 
4alb. approx. Construction complies with 
climatic and weather-proof requirements of 
the relevant Inter-Service specifications. 

A.T.. 
WIDE BAND MATCHING UNIT 

The "A.T.M." wide bind matching unit is 

designed to meet the need for matching 

different impedances over an extensive 

frequency range. The type shown here is 

for matching a 600-ohm balanced open-

wire feeder from a receiving aerial to a 

75-ohm unbalanced coaxial cable. Altern-

ative types can be provided for match-

ing other impedance values, either 

balanced or unbalanced according to 

individual requirements. The units are 

compact and light in weight. 

Please write for full details. 

Characteristics of Wide Band Matching Transformer. 
60012 Balanced: 7512 Unbalanced. Power rating: I watt. 

AUTOMATIC TELEPHONE 8e ELECTRIC CO. LTD. 
(RADIO & TRANSMISSION DIVISION) 

Strowger House, Arundel Street, London, W.C.2 

Telephone: TEMple Bar 9262 Telegrams: Strowgerex, London. 

Ar4o6r-B 107 
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The "Belling-Lee" page 
for Engineers 

B7G VALVEHOLDER 
LIST N UMBERS This valveholder complies with R.C.S. 251 and has full 

Inter-Service* type approval. It is intended to fill the gap 
L 7I8/F Flange between the cheaper types and the very expensive P.T.F.E. 

holders. 
*Z 560132 Suitable for most electronic equipment for frequencies 

up to 200 Mc/s. Low loss nylon filled insulators carry silver-
L 718/S Skirt plated beryllium copper contacts differentially hardened 
*Z 560127 to give optimum contact pressure ; tags can be bent 

without damage and are tin dipped. Adequate screening 
L 719 Screening Can between contacts is provided. 

.40 6L.234. .940.DIA .656«7 406' 
10.32 1595 -16.67m/i.-111032 

1.140 • Htm 
250 . • 

:1 250, 6.35 im/H 
mtk4 

.94d • 7'..0" 4_1_ „. 
23.88 IC 05 1. ; 
Him. Hie," 

•-e‘4-, - ••• 
' /- 4;,: • 1 .e"  
TIN . - • '•:' 
DIPPED?, ... . L 720/F LL" ''.. • 12. '".., 3.1.3u,m DIA: HC.1 ES 

STANDARD RETAINING CAN.I_ 721 FGT. '•ALVES TY Tt.., IT:•_ T.- r..11.1m0/ALL USED 1..5., l'H L 720/S. 

LIST NUMBERS 

L 720/F Flange 

L 720/S Skirt 

L 721 Screening Can 

JANUARY 1952 

B9A " NOVAL " VALVEHOLDER 
The "Belling-Lee" version of this valveholder is now in 

its initial production stage and samples are awaiting the 
approval of the appropriate authority. 

It is very similar to the B7G and can be supplied either 
with fixing flange, with a skirt, or with a skirt and screen-
ing can. 

Limited quantities are now available jrom stock. 

BELLING & LEE LTD 
CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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WHEN YOU THINK OF 

12 24e GOOD REASONS 
for the success of 

Pt/c £5° e erence 

,ho:ceou 'flact rtktaïa:,:.:n: 31m, tinentSi ,200 ser 

lents. 

Pies 
INfoRe 

-tg:
i\ee crcrie390nnancdar';tWinth'in 

the MagniUatslaWill bring you from 

tv.'énh'iechthas'i >e‘t.eean: cstf't:t°c.1.:t1nnti \sedsuaitcahnin-

a nlanne! that manual and 
se rted correct alphabetica 
numerical sequence. 

vREE tale see( 

lârn es?k, 
What 
do you 
expect 

e 
The answer is, of course, not to think of 

an emission tester when you can have 

so much more. Here is a precision 

measuring instrument that will not 

only give a quick good/bad verdict on 

any receiving valve, small transmitting 

valve, etc., but will also provide the 

electronic engineer and designer with 

accurate facts about any valve under 

working conditions. 

I Whilst its features make it invaluable for 
the skilled radio and television engineer, 
it can be used as a reliable good-bad 
indicator by any unskilled operator of 
normal intelligence. 

2 It is more than an emission tester . . . it 
enables the slope of a multi-electrode 
valve to be checked at any point between 
o and —too V. on the control grid. 

3 A special form of polarised relay is in-
corporated to give protection against 
inadvertent overloads or valve failure. 

4 With the exception of a small diode, 
there are no internal electronic com-
ponents to deteriorate or break down and 
cause misleading readings. Thus no 
expensive periodical replacements are 
required. 

5 The comprehensive Data Book supplied 
free with the instrument facilitates the 
rapid checking of over 3,000 different 
types of valve. The instrument can be 
used however, with complete accuracy 
by employing any other data available, 
thus bringing obsolete and experimental 
valves within its scope. 

neeeiLe 
CHARACTf /ST/C 

6 It enables Ia/Va, Ia/Vg, IaiVs etc. 
characteristics to be plotted. 

7 It detects grid current and indicates its 
direction and magnitude. 

8 It measures inter-electrode insulation in 
rotation with valves cold or hot, also 
cathode/heater insulation with the valve 
hot, and indicates any breakdown below 
to megohms. 

9 Rectifiers and Signal Diodes can be 
subjected to maximum operating load. 

IO It subjects the valve under test to working 
voltages. 

II It will carry out tests on small thyratrons, 
tuning indicators, etc. 

12 It is fitted with bases for most valves in 
current use and adaptors will be avail-
able to keep the instru-
ment fully up-to-date as 
new bases come into use. 

Write for fully descriptive pamphlet, or for complete catalogue of all " Avo" Instruments. 

THE AUTOMATIC COIL WINDER & ELECTRICA9QUIPMENT CO. LTD. 

WINDER HOUSE • DOUGLAS STREET • LONDON S.W.I edpdevee VICtoria 3404-9 
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MARCONI 

serves 

mankind 

- 

When Marconi died, one tribute 

said of him " What other men had been 

content to prove impossible, 

he accomplished ". From simple 

beginnings his inventions in wireless 

have been extended to hundreds 

of activities. Every weather-ship report, 

every wireless-bearing taken from 

a flying-boat and every radio 

programme broadcast traces back to 

the pioneer who put his genius 

at the service of mankind. 

MARCONI'S WIRELESS TELEGRAPH COMPANY LTD • CHELMSFORD • ESSEX 
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Over 250 pages of technical data and circuit information are contained in the new 

Osram Valve Manual. Radio engineers and enthusiasts everywhere are finding 

it of constant assistance for reference. 

MAKE SURE OF YOUR COPY- SEE YOUR RADIO DEALER NOW!. 

It contains, among other things, technical data on: Osram 

receiving valves; G.E.C. cathode ray tubes; photo cells; 

germanium _crystals and all other G.E.C. electronic devices as 

well as comparative and replacement tables; typical valve 

circuits etc. etc. 

(plus ninepence for 

=a postage and packing 

if you send for it) 

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSVVAY, LONDON, W.C.2 
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'ENGLISH ELECTRIC' 
electronic insulation tester 

ELECTRON IC 
NSUL,ATION TESTER 

-10 icV DC 

Designed for industrial electrical testing 

it provides for the first time I 0-kV D.C. in a truly portable equipment having 

the following outstanding features : 

Non-lethal output adjustable from 500 
to 10,000-volts. 

Measurement up to 250,000 megohms. 

High accuracy on comparative tests. 

Rejection of surface leakage current. 

Aural indication of ionisation. 

Price £55 • 'Size : 15 ' x 10" x 6" • Weight : 23 I bs. 

The ENGLISH ELECTRIC Company Limited 

QUEENS HOUSE, KINGSWAY, LONDON, W.C. 2 

Industrial Electronics Dept. Stafford 

Works: STAFFORD • PRESTON • RUGBY - BRADFORD • LIVERPOOL 

EIN. I. 
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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' 
/edreefeeeeedie 

TAPE 

ANOTHER PRODUCT 

Manufactured by :— 

MINNESOTA MINING & MANUFACTURING COMPANY LTD 
167, STRAND, LONDON, W.C.2, and SLOUGH 
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EMOTROL 
• Electronic Motor Control • 

, 

Of the many notalile electronic:engineering achie,verhents by BTH, 
the Emotrol' system is an outstanding. contribution to meet the 
needs of industry ,for precision, wide-speed-range; motor control 
gear. 
This system can, in fact, be applied in practically any industrial 
process. Applications. include :—machine-tools, knitting machines, 
conveyors, printing presses, papermaking machinery, fans, reeling 
and tensioning drives, glass making machines, dynamometers, etc. 

SPECIAL FEATURES:— 
• Speed ranges of 100 to I. 
• Horsepower range of .25 to 600. 
• Operates from A.C. supply— 
static apparatus converts power 
to supply D.C. motor. 
• Maintains precise speed at any 
given setting. 
• Smooth stepless control 
throughout speed range. 

• Current limit feature— gives 
automatic smooth acceleration 
and protects the electrical appara-
tus and the driven system from 
overload. 
• Readily arranged to give auto-
matic control of torque, mechan-
ical tension, linear or rotational 
position, or other electrical and 
mechanical quantities. 

itiel for use 
p Typical panel to 600 h.p. 

showing enclosure • • 

THE 

Panel for use 
from 1/4 h.p. upwards 

BRITISH THOMSON-HOUSTON  
Member of the AEI group of companies COMPANY LIMITED, RUGBY. ENGLAND A9328 
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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 SKY 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 ionisationlmay be detected by the use of headphones or an 
external meter. 

THE 20KV IONISATION TESTER, TYPE 755, which is 
illustrated on the left,roperates on the same principle as the SKY 
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 is 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 11,IMITED 
HIGH WYCOMBE • BUCKINGHAMSHIRE • ENGLAND 

TEL.: HIGH WYCOMBE 2060 CABLES: AIRMEC HIGH WYCOMBE 
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An entirely 

neat/ 
development in 
lubrication 

RAGOSINE 

ANTI - SCUFFING PASTE 
Provides very low 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 
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Heater 

Vh 

Ih 0.175 A 

Characteristics 

Va 120 V 

Vg2 120 V 

Vgl —2.0 V 

Ia 7.5 mA 

Ig2 2.5 mA 

g, 5.0 mA/V 

ra 0.34 MD 

ACTUA 

Capacitances 

SIZE _ 

n 4.01111F 

C out .2.8 V.V.F 

Ca-gl 0.02 1,41F 

Limiting Values 

Va max. 180 V 

IDa max. 1.7 W 

Vg2 max. 140 V 

pg2 max. 0,5 W 

Ik max. 18 mA 

Base B7G 

The combination of good slope to capacity ratio, 

low noise factor, and low power consumption makes this 

new Mallard R.F. pentode an ideal valve for use in all 

types of communications equipment operating at V.H.F. 

Its slope to capacity ratio approaches unity, and 

this makes it specially suitable for me in Wide Band 

Amplifiers. 

Used as a neutralized triode, and followed by a 

grounded grid stage (cascode), the EF95 has a typical 

noise factor of 3.5 when operated at 180 Mc/s. 

With a heater current of only 0-175A., this 

valve shows a large saving in power consumption over 

previous valves of a similar class. This saving in power 

is emphasized in applications where large numbers of 

R.F. stages are involved. 

The EF95 has identical characteristics to the 

American 6AK5 and may be used as a direct replacement 

for this valve. 

For full technical information on this and 

other valves in the Milliard range please write to the 

address below. 

Mullard 
Mullard 

NULLARD LTD • COMMUNICATIONS AND INDUSTRIAL VALVE 

DEPARTMENT. CENTURY HOUSE • SHAFTESBURY AVENUE • LONDON. WC2 

MVT III 

ELECTRONIC ENGINEERING 26 JANUARY 1952 



Vol. XXIV. JANUARY 1951 No. 287. 

Commentary 

AN important anniversary occurred last month which, 
although marked by appropriate references in the 

scientific press, received very little attention from the 
general public. 

It was, of course the fiftieth anniversary of the first trans-
mission of radio waves across the Atlantic on December 
12th, 1901, by Marconi and his team of experimenters. 
Some technical details of these successful experiments and 
the almost overwhelming difficulties involved were included 
in our last month's issue, but we hope we may be excused 
if, before looking forward into 1952, we pause to see how 
far we have come since that grey winter day just fifty years 
ago. 

The achievement created a tremendous sensation through-
out the civilized world at the time and in a remarkable 
leader of the day The Times prophetically referred to it as 
" an event, the importance of which it is impossible to over-
value." Other equally sensational results followed in quick 
succession and the adoption of this scientific novelty as •a 
means of communication brought some astonishing results. 
What Wonder there was for example in the dramatic wire-
less messages from the sinking " Titanic ". 
Some of the apparatus used at the time is now housed 

in the Science Museum, but -the station at Poldhu from 
which these transmissions took place is now no more. In 
1902 a regular trans-Altantic wireless telegraph service was 
inaugurated at Poldhu which remained in operation until 
1922. 
Thereafter it was used by C. S. Franklin for his work on 

short-wave directive arrays until the station was finally 
demolished in 1933. • 
Today only a granite column marks the site of these 

historic achievements, with a summary of the events on 
three of its four commemorative plaques. On the fourth 
plaque is the statement " The site of this column and some 
six acres of land on the edge of these cliffs together with 
the cliffs and foreshore beneath them were given to the 
National Trust in 1937 by the Marconi Company to com-
memorate the pioneer work done at the Poldhu wireless 
station between 1900 and 1933 by its research experts and 
radio engineers." 
From these early beginnings have sprung the complex 

network of radio communications, broadcasting, television 
and the like, which have developed during the first fifty 
years of its history. At the turn of the half century it is 
difficult to recall all the milestones passed on this exciting 
journey, but it should be pointed out that the journey did 
not begin with the advent of broadcasting in the 1920's. 

It is very much more difficult as we continue our forward 

journey to predict what lies ahead, for what has already 
passed before us has exceeded the wildest forecasts. madé 
in 1901. If the first fifty years can be regarded as the' wire- • 
less age, what we are now entering into will be' without' - 
doubt the all-electronic era, the outlines of Which We• can 
only dimly perceive at present. 

. * 

The inipact of . television on our .way of life and 'the 
destruction which it threatens to the gentler 'arts and intek'f 
lectual pursuits is a subject which has given rise to coril"' 
siderable comment on both sides' of the'Atlatitie-sinCe'thè 
war. - .•._, 
Many of the argum- ents put forward have, we feel, beed 

used before. •A hundred years ago the invention of P.hottil,..-
graphy aroused' similarijorebpdings in the. Minds.' of Oitr..1-• 
Victorian ancestors and we would like to quote Witlitine" -
further comment extracts fiom:a'.. letter published. in 1851"-. • 
by,a prominent newspaper. " beg to bring to(yotit'- , 
notice the serious harm-likely to come froth the indrélt§ing"" 
popularity of photography. -.Since Mr. ,Talbot and .j/gH' 
Daguerre perfected their processes for fixing a living itfiegéi-)1 
on paper :a few years ago .there has been' an alttiffigiir' 
increase in the popularity of this tilinatural pastime. • • w. 
" Already, _I am informed the-fascinations of the photo:;' ." 

graph• album have had their effect on the thouSands of 
children who would be better employed in pit or mill; ." • 
already the reputations of Landseer, Turner, and even of 
Martin and Westall are believed to be suffering; and I can "• 
myself vouch unhappily from my own family éitéle that 'L 
idleness and vanity are encouraged by the constant- posing ' 
for portraits, and the subsequent poring over thern in 
unhealthy crouching attitudes." . 

While we are on the subject of anniversaries we should 
not allow the occasion to pass without offering our hearty 
congratulations to our sister journal The Engineer on 
the publication of its 5,000th issue last month. 

The Engineer published its first issue, consisting of 
twelve pages, on January 4, 1856, and its original aim " to 
keep pace with the progress of all those departments of the 
arts and manufactures which contribute to our material 
comforts and to represent effectually the industrial activity - 
in which we live" has, may we be allowed to say, been • 
more than adequately fulfilled. 

Ever since, it has appeared regularly week by week with 
only four exceptions, and it is now within easy reach of its 
first centenary—a remarkable record of which any journal 
might be proud. 
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The Activities and Equipment of 
an Industrial Electronics Laboratory 

(Part 1) 

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

This series of articles is of the " integrating" type: i.e., no claim is made to present material 
not previously published, but the author has endeavoured to give a constructive review of the whole 

subject. 

M ANY articles have appeared in the technical press 
11'1-describing the design and applications of particular 
electronic instruments for use in industrial measurement 
and control; but with one or two notable exceptions very 
little has been written from the viewpoint of the user in 
the industrial research laboratory. It is the purpose of this 
article to repair this deficiency by pointing to the specific 
needs of the industrial research worker—particularly in 
the heavy engineering industry. 

In Part 1 the writer proposes to show the very con-
siderable progress which has been made in the applica-
tion of electronic techniques to the problems of measure-
ment—as well as of automatic control—in the engineering 
industry; yet at the same time to indicate the wide field 
which still exists for 
their further de-
velopment. Examples 
will, in the main, be 
selected from the 
work of one par-
ticular research and 
development labora-
tory. In subsequent 
parts of the article 
the circuits of elec-
tronic measuring 
equipments will be 
considered, together 
with the very 
important subject of 
the detector devices 
or " transvertors " 
which, in general, 
in a k e electronic 
measurements possible. As an underlying theme it is 
intended to show how, by enlightened planning on the basis 
of standardized "unit" instrunients, the whole of the 
extremely wide and still expanding field of investigations 
made possible by present-day electronic techniques, can be 
brought within the scope of laboratories of even quite 
moderate means. 
Electronics today has become a part of every branch 

of scientific activity from medicine to meteorology, so that 
its invasion into industry, and especially into industrial 
research, may be taken as a matter of course. It is perhaps 
especially at home in electrical engineering (with which 
branch the writer is principally concerned), but practically 
every other major industry—chemicals, steel, automobiles, 
ship-building, textiles and of course the aircraft industry, 
now has its own electronics laboratories. This offensive 
of electronics on the industrial front, it may be said here, 
comprises two main spearheads—one in the field of 
measurement, the other in that of automatic control. The 

Fig. 1. General view of part of an Industrial Electronics Laboratory 

• C.A. Parsons & Co.. Ltd. 

present article, however, will deal primarily with the former 
aspect, and but passing reference can be made to electronic 
control devices. Incidentally (to continue the previous 
metaphor), while the Research Department has its " H.Q." 
in the laboratory, many" sorties" must be made into the 
factory—and often outside—so that its weapons must be 
as mobile as possible. Light portable instruments and 
readily transportable test racks capable of withstanding 
rough usage are consequently very necessary: of this, more 
will be said anon. 
To review all of the possible applications of electronics, 

even in the field of measurement alone, would provide 
material for a large volume. Hence it must suffice to 
indicate briefly the general fields of investigation to which 

electronic methods 
have mainly been 
applied—more 
especially in the 
electricai industry. 

Testing Materials 

The testing of 
materials probably 
constitutes the most 
important single 
class of electronic 
measurements — if 
indeed this can be 
regarded as a single 
group. Thus X-rays 
and the electron 
diffraction camera 
are - both already 
well established tech-

niques in the field of metallurgy, while the electron 
.microscope, a closely related device of more recent 
development, is finding a rapidly increasing number 
of applications in many fields of research. Metallurgists 
are at present increasingly turning their attention to the 
development of special alloys to withstand high working 
temperatures, for such applications as the aircraft jet 
engine and the industrial gas turbine. In this sphere the 
electronic engineer can assist by providing equipment for 
accurate temperature measurements and also for the 
precise control of furnace temperatures. Creep testing, in 
particular, which has recently received a considerable 
impetus in many laboratories, calls for large numbers of 
electronic furnace controllers, the requirements of which 
are very rigorous: temperatures must be maintained within 
2° C. at values up to 1,000° C., and tests may run without 
interruption (which would involve great inconvenience and 
expense) for many months or even years. A new electronic 
controller has recently been developed in the writer's 
laboratory to meet this need, in which all switching devices 
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or other moving parts have been eliminated from the 
control circuit. 

Magnetic testing methods, apart from their direct and 
obvious application to determining the properties of mag-
netic (and non-magnetic) steels for the electrical industry, 
find application in the magnetic sorting bridge, described 
elsewhere,' used for checking such factors as hardness, 
heat treatment, alloy composition, etc., of ferrous metal 
samples, by comparison with a standard specimen. This 
instrument, which in its original form as the Hughes 

Fig. 2. Large SkW moving-coil vibrator for fatigue tests at up to 2,000c is 
In foreground : tunable mechanical resonator 

Magnetic Balance dates back to 1897, comprises two 
identical air-cored solenoids connected in an A.C. bridge 
circuit. The standard specimen and the test sample, of 
nominally identical dimensions, are placed centrally in the 
two solenoids, when any difference between the B-H loops 
of the two materials, giving rise to differences in the 
induced voltage waveforms, produces a characteristic 
diagram on a cathode-ray tube capable of interpretation, 
with experience, to show up slight variations in any of 
the properties referred to above. A sinusoidal A.C. time 
sweep, of the same frequency as the voltage across the 
coils, is generally used. 
Applied to the testing of finished component parts, the 

magnetic sorting bridge, and also the high-frequency eddy 
current crack detector,' and " magnetic ink test" may all 
be used for detecting minute or hidden flaws, while the 
more recently developed supersonic flaw detecting tech-
nique' provides an even more powerful tool for locating 
defects in the interior of large metal castings and forgings. 

Engineering Applications 

In the general engineering field, the measurement and 
analysis of vibrations in structures and machinery of all 
kinds, as well as of the noise to which they give rise, are 
important every-day problems for which electronic measur-
ing instruments are essential. Stress and strain measure-
ments," and in fact all of the established methods of 
mechanical testing .of materials, are now carried out with 
greater facility with the aid of electronic equipment: the 
wire resistance strain gauge, on which a mass of informa-
tion has been published during the last few years,' has 
revolutionized researches in this field. Nevertheless there 
is much misconception as to the capabilities of this tech-
nique. The strain gauge, unless used with very great care, 
is a device of low inherent accuracy and success in its 
use depends largely on the appreciation of its limitations— 
particularly when used under adverse circumstances (such 
as under water) or at very low loadings. On the other 
hand, with the aid of electronic amplifiers, it does make 
possible the study of very rapid transient as well as static 
strains. Furthermore, recent advances in the art have 
made possible the application of strain gauges on high speed 
rotating bodies and also on surfaces at temperatures up to 
about 700°C. 

In the closely related province of vibration fatigue test-
ing—as well as for determining the natural frequencies of 
machine parts—electrical or electronic methods are pre-
dominant both for applying alternating stress cycles 
(Fig. 2) and for the measurement of strain, elastic 
modulus and specific damping capacity." Vibration prob-
lems may in general be attacked in two ways—by 
removing the cause and by restricting its effects. In 
the first class may be cited the case of two large forge 
hammers located close to delicate precision machinery, in 
which resilient mounting of the former was shown to 
reduce to negligible amplitude the shock-waves trans-
mitted through the ground.' Among problems in the latter 
category which the writer has investigated was that of a 
brickwork annealing oven which vibrated at dangerous 
amplitude owing to the chance resonance of its structure 
with a distant low-speed compressor. In another instance, 
again, the resilient mounting of creep testing machines on 
heavy rubber mounted concrete foundation blocks was 
resorted to in order to eliminate the effects of unavoidable 
ground vibrations from a main railway line. Fig. 3 shows 
a laboratory test rig used for determining the dynamic 
elastic properties of samples of rubber for such applica-
tions. 
One of the problems confronting the electronic engineer 

responsible for maintaining measuring equipment for 
mechanical testing is that of calibrating vibration meters 
and pick-ups. Fig. 4 shows a vibration test, bed installed 
to meet this particular need: it comprises a heavy steel 
vibrating cantilever, tunable over a wide range of resonant 
frequency by means of adjustable clamps, and excited by 
a 100 watt moving coil vibrator. Absolute measurement of 
vibration amplitudes is carried out by a photoelectric 
method, which will be described later, using a pair of 100 
lines/inch gratings—a standard which . the non-electrical 
engineer will have no reasons to doubt. In addition to 
serving for the calibration of existing vibration meters, this 
equipment has been used in developing several new 
vibration measuring devices both for experimental purposes 
and for use in permanent vibration recorders. 
Among other examples of electronic techniques now 

Fig. 3. Test rig for determining the elastic properties of rubber 

at the disposal of the mechanical engineer may be cited 
the electrical torque meter (various types of which 
are in use); the electronic tachometer for accurate speed 
measurement; high speed photography and stroboscopic 
study of machinery in motion; the cathode-ray engine 
indicator'0" and the explosion pressure recorder—the 
latter employed possibly in conjunction with photographic 
observation using micro-second flash tubes." The measure-
ment of surface temperatures in inaccessible positions— 
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Fig. 4. Test bed for the calibration of vibration measuring equipments 

particularly on moving parts—is now possible, within the 
working range of engineering materials, by radiation 
pyrometry,' owing to the introduction of new types of 
sensitive photo-conductive cells." 
The electrical capacitance strain indicator is another 

equipment of considerable general utility in this field. It 
has been used, for example, for measuring the expansion 
and distortion under centrifugal forces of large high speed 
rotating parts; for picking up the vibrations of electrically 
excited test specimens (and hence providing a signal for a 
self-maintained vibration system); for measuring static 
bending strains in a 40 ton alternator rotor under its own 
weight; for checking the contour of large motor commu-
tators running at speed; and for many similar purposes. 
Fig. .5 illustrates the last mentioned application. In nearly 
all of these instances the ability of this equipment 
to measure displacements without actual mechanical 
contact is a considerable asset, while the fact that it can 
be designed to give static response greatly facilitates the 
problems of calibration, in addition, of course, to permit-
ting. static measurements. Fig. 6 shows a typical pair of 
electrodes with micrometer screw adjustment' for cali-
brating. 

Besides its many 'uses for strain and displacement indica-
tion', the electronic equipment employed with capacitance 
typé gauges may also be used for a variety of other measure-
ments: Very satisfactory capacitance type pressure pick-ups" 
(used in certain types of engine indicator and for many 
other purposes), vibration and acceleration pick-ups, and 
also' capacitance torsiographs for aircraft engine testing"'" 
have been designed and used to good purpose. 

Fig,. 5. Checking a large motor commutator for irregularities of contour 

ELECTRONIC ENGINEERING 

Industrial Type Equipment 

The work of the industrial electronics research labora-
tory, it may be said here, includes the maintenance, and 
when necessary the design and manufacture, of equip-
ment for, all of the diverse -applications indicated in 
the foregoing paragraphs, as well as, for the most part. 
their actual use during experimental investigations and 
tests. Practically all of the equipments referred to so far 
have been devices for experimental measurements. In 
addition, however, the production of special indicating or 
control devices is frequently required for permanent instal-
lation and use in the factory, in power stations or elsewhere. 

In a number of power stations supervisory equip-
ments are now being installed in order to give a closer 
insight into the mechanical operating conditions in the 
generator turbines, in which high steam temperatures and 
intermittent running conditions may give rise to serious 
distortions of moving parts. Continuous indication can be 
given by these equipments, on multi-point chart recorders, 
of thermal expansions and clearances at various critical 
points, steam valve positions, vibration and other relevant 
factors. In designing these equipments electronic devices 
proper have been avoided, so far as possible, in the interests 
of simplicity and ease of maintenance, but an electronic 
unit at present adopted as a standard item used in conjunc-
tion with variable inductance type pick-up coils excited 
at audio frequency is employed to record turbine shaft 
eccentricity (caused by uneven cooling). Steady indications 

Fig. 6. Typical capacitance pick-up electrodes with micrometer adjustment 
for static adjustment 

4 

are obtained with uniform response over the whole shaft 
speed range from•+rev/ sec to normal speed. 

Fig. 7 shows an equipment of the " supervisory " class 
permanently installed in the factory, as an aid to the 
dynamic balancing, at full speed, of the largest turbo-
alternator rotors. It is a multi purpose instrument giving 
meter indication of speed and of vibration amplitude (a 
warning device is incorporated in case of serious unbalance), 
while the cathode-ray tube gives phase and amplitude 
indication from which the magnitude and position of the 
required balancing weights can be deduced. The protec-
tive water-tight casing of this equipment—completely 
enclosing it when not in use—is particularly to be noted. 

The laboratory with which the writer is associated has 
in recent years designed a considerable number of electronic 
equipments on a " production " basis, of which the super-
visory equipments just described are but one instance. 
Generally these are supplied as auxiliaries to other 
machinery or equipments produced by the firm. Reference 
will be made later to other equipments in this category. 

It may be appropriate at this point to remark that, 
despite the very considerable inroads already made by 
electronics into the engineering field, there is still a good 
deal of prejudice among engineers against employing 
electronic apparatus containing what are still regarded as 
potentially unreliable devices—thermionic valves—any-
where in conjunction with their plant. This has, of course, 

• 
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greater signiticanc,e in relation to automatic control than to 
measuring equipment for experimental use; but never-
theless, inasmuch as test runs on large machines or indus-
trial plants are always expensive and may entail holding 
vital plant out of commission at considerable incon-
venience, the risk of wasting a test through faulty experi-
mental equipment simply cannot be afforded. Unless 
therefore electronic methods are to be allowed to fall into 
disrepute, too much stress cannot be laid on the importance 
of rugged construction, on careful design, and on liberal 

Fig. 7. Electronic supervisory equipment for balancing of large rotors 

rating of components, in all equipment intended for this 
class of work. In the same vein, a warning might perhaps 
be given against allowing over-enthusiasm on the part of 
the electronic engineer to lead to the adoption of an 
electronic method where a simpler, and therefore probably 
more reliable, non-electronic one will serve. 

Electrical Engineering 

Touching now on purely "electrical" measurements, 
which are mainly considered outside the scope of 
this article, the cathode-ray tube has, of course, found 
extensive application for many years, in the electrical 
manufacturing and supply industries, for investigating surge 
voltages in equipment and 
on power transmission and 
distribution systems, caused 
by switching, by mercury 
arc rectifiers and arc fur-
naces (a prolific source of 
high voltage disturbances) 
and, of still greater 
importance, by natural 
lightning on overhead power 
lines. In high voltage 
impulse testing—used to 
simulate the effects of light-
ning surges on trans-
formers, alternators and 
other power equipment—the 
cathode-ray tube is used for 
control of the test voltage 
wave shape, for the detec-
tion of breakdown in the 
plant under test," and also 
for observing the behaviour 
of surge voltages in wind-
ings." In this connexion it 
is of interest to note that the very great improvements made 
during recent years in sealed glass cathode-ray tubes for 
high speed recording, by ordinary external photography,20,21 
is now making it possible for this type of oscillograph to 
supersede the extra-high-voltage continuously evacuated 
oscillograph. Hitherto, this latter type, in which the 
photographic film or plate is exposed inside the 
vacuum (where it is inserted through a vacuum-tight 
cover), together with its associated pumps, E.H.T. 

supplies and other auxiliaries, has been regarded as an 
essential item in the impulse testing laboratory and the 
substitution brings material advantages in convenience, 
reduced maintenance and time saved in testing. The 
success achieved in this new line of development will be 
indicated by the fact that a present-day 10kV tube will 
satisfactorily record, with an external camera, a single trace 
exposure of a 100Mc/s wave." 

In the same field, the " recurrent surge oscillograph," 
employing ordinary low voltage cathode-ray tubes, affords 
an extremely valuable tool for the evaluation of impulse 
voltage stresses occurring in electrical plant—which have 
not so far proved amenable to exact calculation—and also, 
in slightly modified form for determining "restriking 
voltage" conditions at switching points in electrical power 
systems. 

Physical and Chemical Research 

Turning now from engineering to other branches of 
research, electronics has, as is well known, found very 
extensive application in physics—particularly in the 
recently developed branch of " nucleonics ": so much so, 
in fact, that this whole field must necessarily be considered 
outside the scope of the present series •of articles. In 
chemical research, and the chemical industry generally, 
electro-chemical methods of analysis are widely used for a 
variety of purposes: pH measurements are used to give 
exact indication of acidity of solutions—and hence as a 
precise indicator in titrations; conductivity measurements 
of electrolytes provide a convenient means of controlling 
the concentration of solutions in chemical plants; the 
polarigraph, in which recordings are made of electrolytic 
currents flowing in a test cell with gradually increasing 
applied D.C. potential affords yet another method of identi-
fying and estimating constituents present in weak 
solutions."' 
A different technique in this general category which has 

recently become of considerable importance is that 
employed in the infra-red spectrometer for the analysis 
of both liquids and gases. Present-day knowledge of 

Fig. 8(a). A double bean, infra-red spectrometer with amplifier and recorder 

molecular structures—which may be regarded as dynamic 
systems comprising atomic masses bound together by 
precisely determined elastic constraints—shows that each 
molecule has a number of definite and theoretically defin-
able vibration modes and resonant frequencies. These 
frequencies correspond to the wavelengths of the 
absorption bands of the substance—principally in the infra-
red spectrum. Absorption spectrograms (Fig. 8(b)) for 
unknown organic substances or mixtures thus provide a 
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for Hydrochloric Acid Gas 

Very sensitive means ot identification of the constituents, 
while study.OUthe spectra of known Substancés affords' in 
turn further information on thé structure of molecules.' It 
is in fact found,. using modern •high gradé sepectrometeis, 
that the individual spectral lines themselves, in the casé 
of gases having simple Molecular structures, háive à " fine 
Structure" with •a number of "'sidebancls," associated with 
rotational vibrations of the individual molecules, somewhat 
analognus to the sidebands. of a radio carrier in sound 
broadcasting; 

Fig. 8(a) shows a recent infra-red spectrometer' with its 
associated electronic affiplifying equipment, while at (b) 
typical spectrograms are given, as reproduced on the 
recorder' built into this instrument. In principle, radia-
tion emitted by a Nernst filament (maintained at very con-
stant temperature) is transmitted through the sample under 
test and then through an optical system incorporating a 
slowly rotated mirror and a rock salt prism, in order to 
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Fig. 8(b). Typical infra-red spectrograms 

sweep through the infra-red spectrum. The resulting radia-
tion beam, of varying intensity, is ultimately focused on 
to a bolometer (a small, temperature sensitive device with 
low noise level and thermal capacity) the resistance of 
which changes according to the energy falling upon it. 
A signal is obtained which requires amplification some 100 
million times in order to operate the recording equipment. 
In order to overcome the obvious problem of low signal-
to-noise ratio with a voltage gain of this order, recourse 
is made to selective amplification with a bandwidth of 
about 1c/s. For this purpose the radiation beam in the 
spectrometer is itself interrupted at about 16c/s by means 
of a synchronously driven shutter device, the amplifier 
being made selective to the same frequency by the use 
of parallel-T filters. The final amplified output may be 
recorded on a paper chart, or (where speed of analysis is 
desired at the expense of some degree of detail) may be 
displayed on a cathode-ray oscillograph. For the latter 
purpose the long persistence cathode-ray tube screens are 
advantageous. 
The instrument just described is essentially a laboratory 

tool and is, of course, unsuitable for giving direct indication 
of the composition of gases in chemical plants or .else-
where. The same physical principle has however been 
utilized in a gas analyser developed independently on 
different lines in America and in Germany at the begin-
ning of the war, and now being made in this country. 
In this device total absorption in all of the characteristic 
wavebands of the gas to be estimated is measured, a cell 
containing this gas alone being used as the detector. The 
interruption principle is again employed—at a frequency 
of about 6c/s. The test is a comparative one; i.e., the 
unknown sample under test is compared with a " blank " 
cell. Difference in energies received by the two correspond-
ing detector cells results in differential pressure variations 
(at the interrupter frequency) which are detected by means 
of a membrane type capacitance detector element placed 
between the two cells. An electronic circuit indicates 
continuously the amplitude of the small 6c/s capacitance 
variations on an indicating meter, calibrated directly in 
percentage of the gas being measured. Sensitivity is such 
that 0.01 per cent of CO„ for example, will give full scale 
deflexion. 
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(To be continued) 

Radio Direction Finding 

Radio Research Special Report No. 2t. 

During the war much progress was made in Germany 
in radio direction finding. For example, there were devised 
some novel arrangements to improve the accuracy of both 
direction and position finding. Radio Research Special 
Report No. 21, published recently, contains translations 
of nine papers written by German technical experts in this 
field of radio. Seven of the papers were presented originally 
at an official German conference on navigational aids and 
allied problems held at Landsberg in 1944 and two are 
later contributions. The Report should be of considerable 
interest to contemporary scientific and technical workers 
on this subject. 
Some of the papers contain the results of fundamental 

investigations designed to demonstrate the limitations in 
the accuracy of finding a position or direction imposed by 
wave propagation and other conditions. The relative merits 
of determining direction by the measurement of phase 
difference and time of arrival of the various component 
waves are discussed. Other papers describe the principles 
and experience obtained with new techniques demonstrat-
ing the influence of aerial spacing, a topic which has now 
become familiar to all those concerned with recent develop-
ments in the subject of radio direction finding. 
The papers are published under the name of the'original 

author and the translations were provided by the Admiralty. 
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Equipment for Acoustic 
(Part 5) 

Measurements 

A Portable j Watt Loudspeaker Amplifier 

By D. E. L. Shorter,* B.Sc., A.M.I.E.E. and W. Wharton,* A.M.I.E.E. 

Previous articles in this series have been concerned with equipment for generating tone pulses 
and other signals used in acoustic measurements. To complete the series, the present article• 
describes the power amplifier used to drive the loudspeaker in the studio under test. 

I N the testing of studios and auditoria, special attention 
is paid to long decay phenomena which occur when the 

reverberant sound has fallen 20db or more below the level 
of the direct sound from which it originated. To obtain 
an adequate signal-to-noise ratio, therefore, the initial 
sound level produced in the studio should be as high as 
possible. The maximum amplifier power which it is 
practicable to employ for this purpose is about 10 watts, 
since most loudspeakers will not handle more without 
damage or excessive distortion at low frequencies. The 
power amplifier designed for the portable acoustic test 
equipment gives 71 watts undistorted output, the exact 
figure fixed by the rating of the output valve and trans-
former. 

The Circuit 

The circuit is shown in Fig. 1. T, is a magnetically 
screened input transformer designed for connexion to any 
source neit exceeding 600 ohms in impedance. The primary 
impedance is 10,000 ohms and the amplifier may therefore 
be connected across a line for monitoring purposes without 
seriously affecting the signal level. 
The first stage of the amplifier consists of a pair of 

CV138 valves, V, and V„ paraphased by a common 
cathode resistor Rio. Negative feedback from a tertiary 
winding on the output transformer T, is injected between 
the low-potential end of R, o and earth. The circuit is 
similar to that of thé small output stage described in Part 1 
of this series. In the present application, however, the valves 
are used as voltage amplifiers with relatively high anode 
resistors, and low feeds (about lmA); and the mutual con-
ductance is necessarily lower. This reduction of mutual con-
ductance increases the degree of unbalance between the 
anode currents from about 6 per cent to about 20 per 
cent, but the values of the anode resistors R, and R„ are 
so chosen that equal signal voltages appear on the two 
grids of the push-pull output valve V,. 

Since the grid of V, is necessarily raised above earth 
potential by the voltage drop across R,,, and R,„, a block-
ing capacitor C, is necessary between this grid and the 
slider of the gain control potentiometer R,. The capacitor 
C, and the grid leak R„ are included in the negative feed-
back loop and the time constant C,R, is therefore made 
very long to minimize the phase shift introduced at low 
frequencies. 

Choice of Output Valve 

For a power amplifier intended to work in a confined 
space, it is preferable that the output valve should operate 
under class AB conditions to reduce the power dissipated 
at the anode. The temperature rise of the enclosure is 
thus kept as low as possible and a valve having a smaller 
envelope could be used. Most of the output pentodes avail-
able when this amplifier was designed were rated for the 

* Research Department, B.B.C. Engineering Division. 

full anode dissipation involved in class A operation, and 
were unnecessarily bulky for the present purpose. A small 
transmitting valve type QQV/04/20, having two tetrodes, 
in a common envelope and rated for a dissipation of IG 
watts per anode, was therefore used as a push-pull pair_ 
The maximum screen voltage for the QQV /04/20 is 

225V, but to allow for the regulation of the H.T. supply, 
the design was based on a figure of 200V on the screen 
with the amplifier delivering its maximum power output. 
With the maximum permissible anode voltage of 400V, 
the valve will then give 19 watts before waveform clipping 
begins, while with 200V on both screen and anode, 8...5 watts 
can be obtained. The latter figure happens to be the 
maximum power which can be handled by an output 
transformer on a standard 101 T core (I.S.C.C. lamination 
No. 401A). Deduction of the transformer losses leaves an 
output of 7.5 watts available for the external load, and 
this figure was considered adequate for the purpose in 
hand. The valve is accordingly operated with equal supply 
voltages on both screen and anode, with a consequent 
simplification of the circuit. 

Output Transformer 

Reference has already been made to the core of the 
output transformer. As the output stage is operated under 
class AB conditions, special care is taken in designing 
the windings to ensure tight coupling between the two 
halves of the primary. To this end, each half of the 
primary winding is divided into three cross-connected 
sections placed on either side of a centre partition on the 
spool. Such an arrangement of sections necessarily in-
creases the capacitances from one part of the winding to 
another and to earth, so that at frequencies above lOkeis 
the signal voltage is unevenly distributed. To maintain 
the correct phase relationship between the voltages of 
the primary and tertiary windings irrespective of the-load 
connected to the secondary, the tertiary is split into eight 
parts appropriately distributed.t 
The core laminations are interleaved in groups of four 

to reduce polarization arising from any unbalance in the 
feeds of the output valves. In addition, the feedback 
system is so designed that a reduction in the inductance 
of the output transformer does not produce instability. 
The secondary winding of the output transformer is 

split into two sections connected in series or parallel for 
loads of 12 ohms or 3 ohms respectively. 

Feedback Stability 

The constants of the amplifier were adjusted for 
stability under all conditions of load by reference to the 
gain/frequency characteristics of the feedback loop over 
the range 2c/s to 500 kc/s. In this connexion it may be 
noted that the feedback loop of a class AB amplifier may 

t Patent No. 5/4729: C. G. Mayo, H. D. Ellis, R. H. Tanner. 
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have two different characteristics at high frequencies (three, 
if the output transformer is not electrically symmetrical), 
corresponding to the cases (a) when both halves of the 
output transformer primary winding are simultaneously in 
action and (b) when one half of this winding is idle, a 
condition which occurs during part of each cycle when 
the amplifier is delivering its full output. Stability tests 
were made to cover both regimes. 
The loop gain measurements below 50c/s were made 

by temporarily "scaling up" all reactive circuit com-
ponents by a factor of eight, so that tests could be made 
at eight times the frequency. Thus the interstage, de-
coupling and cathode by-pass capacitors were reduced to 
an eighth of their normal value. It was not convenient to 
reduce the inductance of the output transformer eight 
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ponents by a factor of eight, so that tests could be made 
at eight times the frequency. Thus the interstage, de-
coupling and cathode by-pass capacitors were reduced to 
an eighth of their normal value. It was not convenient to 
reduce the inductance of the output transformer eight 
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is to have the transformer designed to run at about 120°C.,\ 
but the temperature inside the case then becomes too high 
for some of the other components. Without going to this 
extreme, however, a small economy of space was obtained 
by taking advantage of the intermittent nature of the 
H.T. load, which varies from 37mA rectified current with 
no signal to 95mA with the amplifier delivering 71 watts« 
of tone. The signals applied to the amplifier usually consist 
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of tone pulses, programme or continuous spectrum noise 
which has a relatively high peak/mean ratio, while initial 
adjustments to equipment are commonly carried out with 
a steady tone at a level some 8db below the maximum 
to be used in the test. The load for the latter con-
dition is 50mA and a similar average figure was obtained 
when the amplifier was used to feed 
programme to a resistive load. As a 
compromise, therefore, the mains 
transformer was rated to give less 
than 40° C. temperature rise with 
50mA rectified current. 
The ri.T, rectifier was also chosen 

on the basis of intermittent load. In 
the first models, a cold cathode recti-
fier rated at 75mA D.C. was used, but 
there was difficulty in ensuring reliable 
striking on light load, especially with 
fluctuating supply voltage, and a 
change was therefore made to a hot 
cathode rectifier type 6X5. The 6X5 
valve is rated at 70mA D.C. and can 
withstand 450V between heater and 
cathode; no separate heater winding 
was therefore required and it was 
sufficient to increase the rating of the 
existing heater winding by about 30 
per cent. 
The H.T. rectifier works into a choke 

input filter; the choke L, is a miniature 
component similar in construction to 
that referred to in Part I. Although, 
as already stated, the D.C. rating of the 
rectifier valve is intermittently exceeded, the measuring peak 
current is always within the 210mA allowed by the 
makers. 
Grid bias for V, is provided by a selenium rectifier W, 

operating from a separate 25V 1.5mA winding on the 
mains transformer. 

Performance 

The following test figures were obtained on the first 
model of the amplifier, with the output transformer con-
nected as for a 12 ohm load. 

GAIN: 18.5db (volts). Single frequency input required to 
give 71- watt output with gain control at maximum: 1.1 
volt R.M.S. 

INPUT IMPEDANCE AT MID-BAND: 10,000 ohms resistive. 
OUTPUT IMPEDANCE AT Nun-BAND: 2.2 ohms resistive. 
FREQUENCY CHARACTERISTIC: See Fig. 2. The frequency 

characteristics in the on-load and open circuit conditions 
are very nearly the same, as the output impedance is 
nearly constant over the working frequency band shown. 
NoisE: Unweighted noise output measured with recti-

fier voltmeter; — 51db with reference to 0.775V R.M.S. 
(i.e., more than 72db below maximum output). 
DISTORTION: The harmonic distortion for single tone 

input at 60c/s, 1,000c/s, and 4,000c/s is shown in Fig. 3. 
Oscillographic examination shows the waveform to be free 
from discontinuities up to the overload point of 71 watts. 
For a class B or class AB amplifier, it is particularly 

important to test for high frequency distortion caused by 
inadequate coupling between the two halves of the input 
transformer primary. A test for harmonic distortion with 
10kc/s fundamental is liable to be misleading since some 
of the distortion products may be outside the pass band 
of the amplifier and may thus be heavily attenuated. Inter-
modulation tests were therefore made with two tones of 
equal level, having frequencies of 8kc/s and 10kc/s 
measuring the R.M.S. sum of all distortion products below 
8kc/s. The results are shown in Fig. 4 together with a 
corresponding curve taken with tones of frequencies lkc/s 
and 1.25kc/s. The two curves are identical within the limits 
of experimental error; it would therefore appear that the 
distortion in the 8kc/s to 10kc/s region is no higher than 
that occurring in the middle of the pass band. 

Mechanical Layout 

Fig. 5 shows the amplifier mounted on a standard carry-

--

Fig. 5. The complete amplifier 

ing case uniform in size with that used for the rest of the 
equipment described in earlier articles of this series. The 
amplifier does not completely fill the case, but the remaining 
space is used to accommodate spare valves and fuses which 
are plugged into a series of sockets mounted on a sub 
panel (removed for the purpose of the photograph). 

Since this amplifier was designed, mains transformers of 
the C-core type have become generally available. The mains 
transformer appearing in this photograph has been re-
designed to take advantage of the improved core material, 
with a reduction in volume of 45 per cent. 
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The Deposition of . H.F. Crystal Electrodes 
by Vacuum Coating 

By L. Holland * 

FOR various reasons it is desirable that the electrodes 
I used on high frequency quartz crystal plates should be 
thin metal films which are in intimate contact with the 
crystal surface. To produce such an electrode it has been 
an established procedure to sputter in a glow discharge a 
thin gold film on to the crystal surface. Allowance must be 
made for a change in the characteristic frequency of a 
crystal vibrating in the thickness shear mode (i.e., AT and 
BT plates) when the electrodes are deposited and in prac-
tice a final specified frequency has been obtained by two 
methods, both of which are described by Spears.' 

(i) a preliminary sputtered film is deposited and the crystal 
frequency checked, the desired frequency then being 
obtained by additional sputtering under carefully controlled 
conditions; 

(ii) the sputtered film acts as a support for a thicker 
electroplated film which can be removed gradually if 
required in a cyanide bath until the correct frequency is 
obtained. The latter method which is generally used in this 
country is an involved and costly procedure. 
The recent interest in the use of vacuum evaporation for 

adjustment of the crystal frequency is not surprising since 
measurement of the crystal frequency can be made simul-
taneously with the deposition and rapid frequency adjust-
ment obtained. Vigoureux and Booth' describe a combined 
sputtering and evaporation plant for crystal coating, Sykes' 
and Parrish' have reported the use of vacuum evaporation 
for adjustment of the final crystal frequency. A special 
evaporation plant employing a turret head of vacuum 
chambers is constructed for crystal coating by the Con-
stantin Company of America. 
The author's interest in the coating of crystal vibrators is 

limited to that of the vacuum coating plant used, the design 
and control of which form the subject of this report. 
Sputtering and evaporation techniques are well described 
elsewhere and this discussion is therefore restricted to those 
procedures of importance for crystal coating. 

The Sputtering Process 

The deposition of gold on to quartz crystal plates by 
cathodic sputtering is still widely used in this country. The 
process, although less rapid than vacuum evaporation, has 
been preferred until recently because of the comparative 
simplicity of the apparatus required. 
A plant designed for crystal coating is shown in Fig. 1, 

the vacuum chamber of which is exhausted by means of a 
rotary pump to a working pressure for the glow discharge 
of 0.08mm Hg. Good quality gold films can be deposited 
in an air discharge and thus a supply of inert gas is not 
necessary as in the case of some metals, e.g., platinum, 
palladium, etc., which are rapidly oxidized in an air dis-
charge and even by traces of oxygen degassed from the 
chamber walls. For the sputtering of the latter metals 
diffusion pumping to thoroughly degas the system together 
with a controlled supply of inert gas into the sputtering 
chamber is essential.' It should be noted that a diffusion 
pump has the additional advantage of acting as a barrier 

• Research Laboratories, W. Edwards & Co. (London) Ltd. 

to rotary pump oil vapour entering the chamber where it 
can be decomposed by the glow discharge. 
The design of the vacuum chamber and discharge elec-

trodes is shown in Fig. 2. The cathode electrode is sus-
pended on insulators connected to the inside of the chamber 
lid. The positive side of the H.T. supply, used for operat-
ing the glow discharge, is earthed so that both the chamber 
baseplate and lid comprise the anode electrodes. The 
negative side of the supply is taken into the chamber • via 
a vacuum sealed insulated electrode and connexion to the 
cathode is made by a spring loaded contact which dis-
engages when the lid is opened for loading. 

Fig. L Interior view of 
sputtering plant 

Showing the exhaustion 
equipment and high 
tension power supply. 
The cathode is attached 
by insulators to the 
chamber door, which is 

open. 

Electrical power can be economized by suppressing the 
unwanted glow discharge from the cathode face adjacent 
to the chamber lid since this does not usefully contribute 
to the coating of the crystal surfaces. This is achieved by 
making the gap separating the cathode and lid (i.e., the 
anode) less than the electron path length required for a 
sustained discharge.' A similar shielding method is used 
for the negative lead-in electrode which is surrounded by 
an anode tube. This method of shielding obviates the need 
for insulating sleeving such as glass or ceramic beads which 
invariably break down when a conducting film of gold is 
formed on their surfaces. 
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UNIFORMITY OF SPUTTERED FILM 
' The mean free path of it at the sputtering pressure is 

in the region of 0.5mm, consequently sputtered' atornS Will 
have many collisions with gás molecules before théy are 
trapped on intercepting surfaces/ Although the sputtered 
atoms may leave the cathode with appreciable energies, an 
effect which depends on the energy of the positive ion bom-
bardment, this initial energy is rapidly lost by collisions 
with gas particles and the sputtered atoms then diffuse 
through the discharge gas. Fig. 3 shows the film distribu-
tión obtained on plane receiving surfaces arranged parallel 
with a 20cm diameter cathode and a 40cm diameter cathode. 

In both cases the fall off in the film thickness at the edges 
of the receiving surface is due to diffusion of sputtered 
atoms which are ultimately trapped on the chamber wall, 
an effect which would not occur if the cathode and receiV-
ing surfaces were endless planes so that every atom leaving 
the cathode must then be deposited on the receiving 
surface.' 
The film distribution obtained on individual crystal 

planes will be further modified if masks are used to shield 
the crystal edges, thus a thick mask will prodtice a curved 
film distribution with a sharp fall off at the mask edge. The 
reason for this can be explained in terms of the diffusion 

H 
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Fig. 2. Sputtering chamber layout 
(A) chamber door. (B) insulator. (C) cathode. (D) glass cylinder. (E) rubber 
seal. (F) needle valve. (G) -re connecting rod. (H) discharge shield tube. 
A glow discharge from the upper surface of the cathode is prevented by making the 
gap (d) between cathode and anode, less than the length of the cathode dark spare. 

Crystals to be coated are placed on the tripod table. 

of sputtered atoms in the discharge gas because the edge 
of the mask normal to the crystal surface is an additional 
surface for trapping diffusing atoms and thus reduces the 
number of atoms reaching the crystal plane. The masks 
used must therefore be very thin or tapered at the edge to 
avoid affecting the film distribution; similar masks are used 
in the evaporation process, but in this case the vapour 
atoms tend to travel in straight lines and the masking action 
is analogous to light shadows cast by an edge using an 
extended light source. 

Attention has been drawn by Guntherschulze' to the 
influence of the chamber walls on the cathode current-
density when the chamber walls penetrate far into the 
cathode dark space (see dimension " X " in Fig. 2). Dead 
zones are formed on the cathode because of the restricted 
electron ionization paths near the wall and the discharge is 
concentrated at the centre of the cathode, the film distribu-
tion then resembles that for a smaller diameter cathode. 
Similarly the distribution and spluttering rate is altered if 
the work plane enters the cathode dark space and it may 
also lead to undesirable heating of the work surface. 

CONTROL OF THE SPUTTERING RATE 
Spears' has shown that for high frequency crystals a 

relation between frequency change and sputtering time can 
be determined and used for the final adjustment of the 
crystal frequency. Since this relation must be determined 
by routine checking of a number of crystals it cannot be 
expected to hold extremely accurately for any one crystal. 
Slight changes in the cathode surface conditions, e.g., con-
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Fig. 3. The distribution of a sputtered film fór two cathodes Of different diameters 
This is shown by plotting the optical density of the deposited film médsured across the 
diameter of .the receiving plane. Cathode (a) was operated at 3kV with a current 

density of 150 itAlcm2 and cathode (b) at 1.5kV 500 i.LA/cm°. 

taminatián bY organic Compoimds, etc., and in the dis-
charge gas cómpbsitión must ObviouSly affect the sputtering 
rate. • - • 
There are many factors whieh must • be considered it 

repeatable results are desired the effect of slight changes in 
the gas ,density, cathóduterhperaturé, and input power on 
the deposition rate is shown by the following experi-
ments using a gold cathode :— 

(1) For a particular arrangement of cathode, etc., the 
rate of deposition is controlled by the voltage and cathode 
current density and this in turn is dependent on the gas 
density.. Since the temperature of the glow discharge will 
increase ápereciably with sputtering time the gas pressure 
must be adjusted to maintain the gas density and hence 
constant voltage and current density. The pressure adjust-
ment is easily made during the sputtering by control of a 

Fig. 4. The way in which the deposition rate changes with the sputtering period 
In iurve (a) the increase in the deposition rate is due to changes in both gas density' 
and cathode temperature as the sputtering proceeds ; in curve (b) the gas density 
is constant throughout, but the cathode temperature is increasing with time ; in 
curve (e) both cathode temperature and gas density do not vary and the deposition 

rate is constant. 
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Fig. 5. Interior view of evaporation plant showing diffusion and rotary pumps 
Crystals are placed on the spherical holder and coated from a single vapour source 

at the base of the tripod. 

needle valve. The effect on the deposition rate of holding 
a steady gas pressure and allowing the voltage and current 
density to change with the gas temperature variation is 
shown in Fig. 4 curve (a). The effect of the rise in tempera-
ture on the gas at constant pressure is to lower the density 
and with the H.T. supply employed there is then a rise in 
the discharge voltage which alters the rate of deposition. 

(ii) Not all the change in the deposition rate is due to gas 
density differences, as is shown by comparing curves (a) 
and (b) where a change in deposition rate still occurs even 
with constant gas density; this shows that there are tem-
perature-dependent variables other than the gas density. 
(iii) In the case of curve (c) the specimen was sputtered for 
equal periods and before being resputtered the cathode was 
allowed to cool, thus holding the cathode temperature rise 
steady for each sputtering period as the film thickness in-
creased, this curve is almost linear. Whether the change in 
deposition rate shown in curve (b) is due to gradual clean 
up of the cathode with terriperature rise or the manner in 
which temperature effects the liberation of the cathode 
atoms in the spluttering phenomena, is not clear. It does 
prove that if the cathode temperature varies as sputtering 
proceeds then the mass deposited is not a linear function of 
time. 

Evaporation Process 

Reference has already been made to the very high rates of 
deposition possible with the evaporation process and 
although the technique requires lower pressures than 
sputtering, i.e., 10-4 — 10-'mm Hg, such pressures are 
easily obtained with present high speed oil diffusion pumps. 

A modern plant that has been used for coating crystals is 
shown in Fig. S. The chamber is exhausted by a silicone 
oil diffusion pump having a baffled speed of 50 litres/sec 
and 10-4rrun Hg can be reached in 10 minutes total pump-
ing time. For base coating crystals where frequency con-
trol is not involved, e.g., low frequency crystals, the 
chamber arrangement shown in Fig. 5 can be used. (It 
may be of interest to note that the author has used this 
arrangement successfully to aluminize rochelle salt ,crystals 
without dehydration of the crystal).. 

CRYSTAL FREQUENCY CONTROLLED COATING 
The high deposition rate and ease of control of the 

evaporation technique, compared to cathodic sputtering, 
makes possible the direct frequency adjustment of high 
frequency crystals during the coating cycle, thus avoiding 
the necessity for secondary processes such as electro-
plating already described. Some manufacturing methods 
employ a stabilizing period after base coating and before 
the frequency adjustment is made so that it may not be 
possible always to coat directly to the required frequency. 

In one type of equipment used in America for either 
base coating or frequency adjustment a rotary table with 
three coating chambers is employed. Each chamber is 
connected in sequence to the rotary and diffusion pumps 
and finally arrives, as the table rotates, into the coating 
position. The pumping system of this type of plant is, 
however, complex and costly. 

In view of the demand for a crystal frequency control 
unit, the author has recently designed a plant in which 
a simpler solution of the problem was found by mounting 
a number of the crystals to be calibrated inside a single 
vacuum chamber, within which each crystal could be 

Fig. 6. Crystal frequency control unit 
The control assembly stands on the baseplate of an evaporation plant and is shown 
with the crystals on the Perspex turret head. The vapour source used for controlling 

the crystal frequency is on the left-hand side of the unit. 
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rotated into the coating position by a sealed drive. A 
description of such a unit follows. 

CRYSTAL FREQUENCY CONTROL UNIT. 
The control unit, which is designed for use inside the 

vacuum chamber of a plant similar to that shown in 
Fig. 5, is constructed so that it can be used for either the 
final freqeuncy adjustment of crystals already base coated 
or for the complete coating and frequency adjustment to 
be made in one cycle. 
The H.F. crystals are mounted on a turret head arranged 

inside the vacuum chamber together with a mechanism, 
externally controlled, for rotating each crystal into the 
calibration position. The turret consists of a large 
Perspex disk with its circumference drilled and fitted with 
spring loaded connexions for holding crystals mounted on 
a standard base, e.g., type 10XJ (Figs. 6 and 7). A conical 
shaped mask with its aperture parallel to the surface of 
each crystal, is fitted on the top surface of the Perspex 
disk. With this arrangement one face of 16 crystals 
approximately in. square can be coated in a single evapora-
tion from a source located at the top of the vacuum 
chamber, approximately lgm of gold being vaporized to 

Fig. 7. Layout of frequency control unit 

(A) vapour shield. (B) evaporation filament. (C) crystal mask. (D) crystal 
(E) shield tube. (F) multi-filament head. (H) chain drive. (J) oscillator connexions. 
The crystal holder and multi-filament head are rotated into the frequency control 
position by a sprocket and chain connected to a vacuum-sealed shaft in the baseplate. 
Clockwise rotation moves a new crystal into position and anti-clockwise rotation 

changes the evaporation source. 

deposit a film 0.2,u thick. To ensure •a uniform film, the 
crystal faces are arranged so that the vapour emitted by 
the evaporation source is normal to the crystal surface and 
to obtain this the crystals are inclined to the plane of the 
jig as shown in Fig. 7. 
The remaining face of each crystal is then coated 

individually and the frequency calibration made. To 
economize on the use of metals such as gold the vapour 
source is brought near to the crystal surface. A single 
evaporation heater must hold a sufficient charge to coat 
16 crystals and would therefore have a large heat radiat-
ing area which could raise the crystal temperature, but this 
is avoided by splitting the charge among four heaters 
arranged on a second turret head. A further advantage of 
this arrangement is the freedom from heater breakage. 
The evaporation source for gold is a molybdenum foil bent 
into the hair pin shape shown in Fig. 8. The vapour 
is emitted in a solid angle smaller than 2µ so that the 
gold deposited on to the chamber walls is less than that 

normally experienced with filament type heaters. To 
deposit a gold film approximately 0.2u thick on to one 
crystal face a charge of 60mg must be vaporized, the 
gold deposited on to shields, etc., can, of course, be 
recovered after a number of crystals have been coated 
The crystal electrode mask consists of a short tubular 

shield with the required aperture shape at one end. The 
evaporation heater is not completely enclosed by the shield 
tube because the pressure in the tube rises with degassing 
when evaporation commences, and the vapour aperture is 
insufficient for obtaining adequate pumping speed. Addi-
tional shields are therefore fitted around the vapour source 
to prevent conducting films being deposited on the Perspex 
plate. 

For measuring the frequency during the evaporation 
each crystal makes connexion with a pair of spring loaded 
contacts under the Perspex holder, which are wired to an 
external test oscillator via glass to metal seals mounted in 
the baseplate. For very high frequency crystals the length 
of connecting leads could possibly be reduced by mount-
ing an oscillator in a vacuum tight container inside the 
vacuum chamber. 
The Perspex holder and vapour source turret head are 

rotated into position by a sprocket and chain connected 
to a vacuum sealed shaft in the baseplate. The sprockets 
on both the turret head and crystal holder shafts are of the 
freewheel type and mounted in opposing positions, indepen-
dent movement of both shafts is then obtained by a single 

Fig. 8. The vapour 
sources used on the 

multi-filament head 

These are made from 
molybdenum foil and with 
the construction shown 
most of the vapour is 
confined to a small angle. 

HEATER 

external control handle, i.e., clockwise rotation moves a 
new crystal into the calibration position and anti-clockwise 
rotation changes the evaporation source. 

Conclusions 

The present method of frequency adjusting H.F. crystals 
by the combined cathodic sputtering and electro-plating 
techniques can be largely replaced by the single operation 
of evaporation coating. A limiting factor in the use of 
the evaporation method for controlling very high frequency 
crystals is the capacitance of the crystal leads, but most 
likely a solution of this will be found in due course. The 
unit described has, however, been used successfully for 
coating and calibrating 4Mcis crystals. 
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Counting-rate Meters 
By G. D. Smith * 

THE counting-rate meter, or to give it the name by 
which it is more commonly known, the ratemeter, is 

an instrument for measuring the mean rate of arrival of 
pulses over a period of time. It is essentially a frequency 
meter, but differs from the majority of such instruments 
known to electronic engineers in that it measured inputs 
which are not necessarily recurrent waveforms. One of 
the main uses of ratemeters is to count the emanations 
from radioactive materials, which occur at rates random in 
time. Equipments designed for this purpose have been in 
use over the last two decades and during that time there 
has been a steady improvement in performance. 
Most readers will be familiar with various types of 

scaling circuit for pulse counting; the great advantage of a 
ratemeter compared with a scaling unit is that a direct 
indication of counting rate is obtained. The use of a 
ratemeter for giving rapidly an approximate measurement 
of counting rate is an accepted procedure; the purpose of 
this article is to describe the principles of such instruments, 
and to show that an accurate ratemeter employing the most 

B ios 

Fig. 1. Pentode limiter for pulse Fig. 2. A thy ra Iron used for 
levelling pulse levelling 

recent improvements in method is an invaluable asset to 
any laboratory engaged in nucleonic investigations. The 
treatment here is by no means exhaustive and the references 
listed give much additional information. 
The primary requirement of a ratemeter is that each 

measured input pulse shall contribute equally to the final 
measurement; this generally means reduction to a constant 
amplitude and duration. Having achieved this, the 
equalized pulses are then averaged; in the simplest case 
This may be carried out by means of a meter with very 
heavy damping. It is more usual, however, to integrate, 
smooth and measure the average rate in a circuit consisting 
of capacitive and resistive elements in parallel. The mean 
voltage appearing across the capacitor, or the mean 
current through the resistor then representing the appro-
priately weighted figure for the mean rate of pulse arrival. 

Pulse Shaping 
There are many possible methods of pulse shaping, and 

some examples will be considered briefly. 
A simple procedure is to limit the amplitude by applying 

large negative pulses to the grid of a valve so that the 
anode current is completely cut off, and to obtain a definite 
pulse duration by differentiation (Fig. 1). Stability is 
dependent upon H.T. voltage and valve characteristics 
remaining constant. 

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

A thyratron can be used for pulse levelling' (Fig. 2). 
A positive pulse of suitable amplitude applied to the grid 
will trigger the valve. The anode current surge charges 
capacitor C, reducing the anode-cathode potential and 
driving the grid negative with respect to cathode. This 
cuts off the anode current, and the capacitor discharges 
through resistor R to restore the original conditions. The 
duration of the input pulse must be appreciably less than 
the time constant CR, or spurious discharges will result. 
This condition may be met by differentiation at the grid. 
Current pulses are now being supplied to the rate measur-
ing circuit; amplitude is constant at a value dependent 
upon the characteristics of the thyratron, and the duration 
constant at a period governed by the values of C and R. 
The time constant CR must be above the minimum value 
required to ensure thyratron extinction; this determines 
the resolution time, that is, the minimum permissible time 
between successive pulses to enable both to be counted. 
By suitable switching of C, a linear response can be 

Fig. 3. Blocking oscillator 
for pulse equalizing 

— Bias 

Fig. 4. A single shot multivibrator for 
pulse equalizing 

obtained up to 30,000 pulses per second with a periodic 
input, i.e., minimum spacing between pulses 30p.S. 
Another approach is to use the input pulses (differentiated) 

to trigger a blocking oscillator.' The oscillator grid is 
normally biased beyond cut-off; each positive input pulse 
produces a pulse at the anode dependent solely upon the 
circuit constants of the oscillator. The mean anode current 
is then an indication of counting rate. The duration of the 
oscillator pulse may be varied by switching values of C 
(Fig. 3), thus covering different input ranges. 
A single-shot multivibrator may be used for pulse 

equalizing.' Fig. 4 shows a circuit of this kind. The 
output pulse is dependent upon the circuit constants of the 
multivibrator. 
Such a system could be used with a meter in the anode 

of the right-hand valve as a very simple ratemeter in 
circumstances where size and weight must be a minimum; 
for example in surveying for radioactive materials or check-
ing contamination. The return time-constant of the 
multivibrator would have to be large enough in relation 
to the mean spacing between pulses to give a readable 
mean current; some proportion of input pulses would then 
be lost during the circuit dead time. The duration of the 
input pulse must, in any circumstances, be less than the 
multivibrator time constant. 

Fig. 5 shows a more elaborate input circuit, which has 
a low resolution time. V. is biased to cut-off; positive 
input pulses are differentiated on the grid. The -negative 
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pulse on the anode is applied across a ringing coil; over-
swing is suppressed by a diode V. The narrow pulse then 
triggers an Eccles-Jordan flip-flop, V. The grids of V„ 
are tied to the grids of another double triode, whose 
common cathode is connected through a suitable resistor 
to a negative reference line. Each half of V, is alter-
nately switched on and off, as the grid swing of V, extends 
from negative cut-off to grid current limiting in the positive 
direction. The current switched on, and thence the ampli-
tude of the voltage pulses at the anode, depends almost 
entirely on the negative reference line for its stability. 
Pulse duration is equal to the interval between successive 
input pulses; this is a suitable form to apply to an integrating 
circuit as in Fig. 7. 

In any counting system or counting-rate measurement, 
some proportion of a random pulse input will be lost during 
the dead time of the input circuit. The number of counts 
lost will be given by the interval law. If resolution time 
is 7 sec, true counting rate N and observed rate N, counts 
per sec, then 

NIN,=1+ N 17   (0 

Rate Measuring Circuits 

The circuits employed for integrating, smoothing and 
averaging—often loosely described as integrating circuits— 

Fig. 5. Input circuit with low resolution time 

consist essentially of a capacitance shunted with a 
resistance. 

Consider first the integrating function; a pulse input as 
in Fig. 6(a), is fed to capacitor C through resistor 
which is effectively infinite during the interval between 
pulses (for example, a pentode valve, a switched triode or 
pentode or a coupling diode). The voltage developed 
across C (Ve) will be as in Fig. 6(b); it will continue to rise 
until the input circuit fails to deliver the pulse current. 

If capacitor C is now shunted by a resistor R which is 
of such a value that CR is a time constant large compared 
with the average time interval between pulses, V, will 
rise until the mean flow of current into the capacitance is 
counterbalanced by the mean discharging current through 
resistor R, when it attains an equilibrium value. (Fig. 7(b)). 
The functioning of the arrangement can be explained by 

considering its electrical equivalent, Fig. 8. A pulse 
generator of voltage I,R and zero impedance feeds C 
through R. V, obviously cannot rise above the value IR; 
the effective pulse voltage progressively decreases with the 
arrival of each successive pulse; the rate of charging like-
wise decreases, with the smoothing effect already shown in 
Fig. 7(b). 
The mean value of V, is a measure of the mean rate of 

arrival of pulses, and the extent to which any reading of 
this voltage is affected by pulses previously received is 
governed by the choice of time constant. As the product 
CR is increased in value, so the ripple becomes smaller in 

amplitude, and at the same time the " memory" of the 
circuit is increased in length. • 

Various refinements of the basic circuit, together with 
the theoretical considerations governing the choice of 
values will now be studied. From this survey, the reasons 
underlying the choice of circuit used in a practical 
instrument will emerge. 

Fig. 6(a). Input pulse. (b) Voltage developed across C (Vd 

If q is the charge deposited in capacitor C by each pulse, 
the transient appearing across the capacitor is of the form 

= gIC   (2) 

Assuming that input pulses have been integrated over a 
time sufficient to reach equilibrium, the mean value 

= v dt   (3) 

n1.---  gl c '-'1(' dt 
o 

— nqR 

00 

g CR  

C 

  (4) 

An extension of the basic " integrating " system is shown 
in Fig. 9. The valve is biased beyond cut-off; positive 
input pulses cause anode current to flow. The effect of C 
and R is as previously described. The pulse current is, of 
course, dependent upon valve characteristics, control and 
screen grid potentials, and the amplitude and duration of 
input pulses. Variation of screen grid potential forms a 
convenient means of range changing. 

Fig. 10 is known as a diode pump integrating circuit; 
in this circuit the charge deposited in the integrating capa-
citor for each input pulse is a more definite amount. If 
the input' source impedance (e.g., the anode load of the 
driving valve) is R,, the duration t of the input pulse is not 
critical provided that the coupling capacitor C, becomes 

(o) 
Fig. 7(a). Integrating circuit. (b) Waveform of V, 

fully charged before the end of the pulse. Ignoring the 
impedance of D„ this condition is effectively met provided 
that t > 6C,R, If no anode current is flowing in the driv-
ing valve, its anode will be at 'LT. line potential. Ci will 
be charged to the full 11.T. line potential through D,. A 
positive pulse to the grid of the driving valve lowers its 
anode voltage by E volts, and a quantity q = EC; is trans-
ferred from Ci to C through D,. From Equation (4) 

V, = nEC,R   (5) 

If the valve voltmeter input (V.) required to give a full 
scale reading has been determined in design, then the full 
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scale trequency given by 
Vs  

ns 
EC'd2 

For range switching, the most useful variable, of thé 
factors in Equation (5), is Ci, but to cover several decades 
it may also be necessary to switch values of R as the 
capacitances required become impracticable. Since there 
are a number of possible component tolerances, some form 
of fine adjustment is necessary to compensate for them; 
this control can most easily be obtained by varying C,, V. 
(meter sensitivity control) or E (amplitude of output from 
the driving valve). 

If the minimum time interval between incoming pulses 
(i.e., the minimum duration of input pulses to the diode 
pump) is such that C, is not effectively completely charged 
by each pulse, the voltage output Ve will, of course, be non 
linear in respect to input rate. 
The impedance of diode D, has hitherto been dis-

regarded; if C, is allowed to charge fully, the anode 

Vp= 

Fig. 8. 8. Equivalent 
circuit of Fig. 7 

Fig. 10. 
Diode pump 
integrating circuit 

-Bias 

Fig. 9. Simple integrating and measuring 
circuit 

O • 

VALVE 

VOLTMETER 

(6) 

of D, will ultimately reach a potential about 1.4 volts nega-
tive with respect of its cathode due to diode contact poten-
tial effects. As the anode drifts towards this potential, 
diode impedance rises. Fig. 11 shows the characteristics 
of a typical diode with negative anode volts. 

If, for example, C, -= 50pF, which would normally con-
stitute a fast range, charging time will be several milli-
seconds. On high counting rates, point A would, there-
fore, return to a potential which varied according to pulse 
spacing, thus causing non-linearity with respect to input 
rate. 
A resistor connected between point A and a positive 

potential, e.g., 100MS2 from the II.T. line, will ensure that 
the diode anode current never falls below a few micro-
amperes and the anode potential will not fall below 0.5V 
negative; the diode impedance will then be such that the 
charging time of Ci ( in the same example of 50pF capaci-
tance) will not be more than 2 microseconds. 
As already explained, there is a fluctuation in Ve between 

pulses; therefore, if the input is random in time, a reading 
taken at any instant may not be the true average value. 
The distribution of pulses in a random input will be in 

accordance with Poisson's distribution law. The presence 
of capacitor C means that V° at any instant involves an 
integration of all previous pulses, allowing for an exponen-
tial rate of decay since the time they occurred. Thus 
successive observations are not independent of each other, 
and a special statistical theory is required for ratemeters. 
This has been discussed fully in various articles," but the 
important derivations will be given here. 
The mean square value-of the voltage fluctuations is 

co 

(AV.)" = n v2dt = n f I?' IC dt 

= n 1— 
CRq' _2t/CR 
2C2 j 

The R.M.S. value, 
AVc = qVnR12C 

AVG' V. is termed the standard deviation (S.D.) 

qVnRI2C  
S.D. = AVelV. — 

nqR 

nRq2 

= 2C 

= nR 1  

2172C R2 — V 2nCR 

(7) 

After the ratemeter has reached an equilibrium condi-
tion, the fractional probable error (p.E.) of a single read-
ing is given by 

P.E. -= 0-675 Aviv, — 0.675   (8) 
V 2nCR 

The significance of Equation (8) is that if a large number 
of observations are made, the error will be less than the 
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Fig. 11. Characteristics of a typical diode with negative anode voltage 

figure given in half of them. Except when the mean count-
ing rate is low, the statistical variations by a Poisson dis-
tribution are similar to those by normal law distribution. 
In this case, the percentage of readings whose errors exceed 
n times the probable error is 

Readings (per cent) 
1 50 
2 18 
3 4.4 
4 0-7 

The amplitude of measured fluctuations may be limited 
by the failure of the voltmeter to respond fully to the 
transient, making probable error somewhat less than the 
calculated figure. 
When an input is applied to a ratemeter, it takes some 

time for V. to rise to a quasi-equilibrium value. For pur-
poses of calculation we may assume that equilibrium has 
been reached when the theoretical instantaneous output 
voltage does not differ from the ultimate mean value by 
more than the probable error figure. 

If the ratemeter is operated over a finite time ti, from 
Equation (3), 

ti ti 

V(t) = ti dt = n q I C dt 

= n — — -tieRi = nqR(1— -'11CR) [ ' 
qCR t' 

C o 

At a time ti, V, differs from its ultimate value by 

nqR .:, ---tice 
If t, is the equilibrium time as defined, 

0-675  
nqR .:, --4,_leR _   nqR 

V 2nCR 
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.'• = log, .675 — log, 2nCR 

.*. t, =CR (0.394 + log, 2nCR)  (8) 

The equilibrium time can, however, be reduced to very 
small proportions if a series of integrating capacitors is 
provided, and those not in use at any time are maintained 

Fig. 12. Cathode follower volt-
meter 

Fig, 13. Diode pump circuit with 
cathode follower voltmeter 

at a potential similar to that existing across the one which 
is in use. The operating technique is then to commence 
with the smallest capacitance and switch to successively 
larger ones as the meter passes through the estimated means 
of its fluctuations on each position. With experience, this 
can be done with a high degree of accuracy. 

Valve Voltmeter Circuits 

This article deals only with linear circuits, that is, those 
giving an output directly proportional to the mean input 
rate. A combination of a number of diode pump circuits 
similar to that in Fig. 10 can be arranged to produce an 
output proportional to the logarithm of the mean rate.' 
The voltage developed across C may be measured by a 

variety of methods. As mentioned earlier, a microammeter 
can be connected in series with R, provided that VOIR is 
a current of reasonable magnitude. 
A system of more general use is to apply the voltage Ve 

to the grid of a cathode follower. Fig. 12 is a method ot 
so doing, when the integrating circuit is at a D.C. potential 
above earth.' Degeneration is included to improve 
stability. Range switching may be accomplished by the 
normal variation of R, or by varying the amount of de-
generation, or a combination of the two. 

Fig. 13, using the integrating circuit as in Fig. 10, requires 
a negative reference line. The contact potential appearing 
across the diodes must be suitably backed off, otherwise 
switching the value of resistance R to vary range will cause 
a change in the valve voltmeter zero. With a suitable valve, 
the grid bias can provide the backing off potential. The 
valve must also have a reverse grid current sufficiently low 
that no significant potential is developed across the highest 
value of R. 

Fig. 14 shows a voltmeter circuit with exceptional zero 
stability and one which can achieve a high degree ot 
linearity. VR, controls the bias on V„ and thereby the 
grid and cathode potential of V„ thus constituting the meter 
zero adjustment. Degeneration is applied from the cathode 
of V, to the input grid. 
The negative bias (1/0) on the grid of V, acts in opposi-

tion to the pulse, E, applied to the diode pump circuit. 
Equation (5) will therefore read in this case 

V. = nCiR (E—Vg) 

If the signal swing on the grid of V, is A V,, and the gain 
to the cathode of V, is A, then the voltage variation at the 

Fig. 14. Voltmeter with negative feedback 

cathode of V2. 
A 

Total input voltage V. = AV, + A x AVg = AV, (1+A) 
Vs 

.*. Vg =  1  and grid potential of V, Vg +AV, 
+ A 

With input at a rate ns, Vs = nsCiR (E — (V, + AV,)) 

With input rate n./2, V = nsI2 CiR(E — (V, + A V,/2)) 

25 AV,  
This gives a mid-scale error E per cent 

Therefore AV, must be as small as possible, i.e., A should 
be as large as possible. 
By including a suitable combination of positive and nega-

tive feedback in the circuit, loop gain A can be increased 
almost to infinity. However, with normal values, e.g., 
A = 100, E = 50V Vs, then AVg =0.5V and mid-scale 
error is 0.25 per cent: further improvement is therefore not 
necessary in the vast majority of instruments. 

If a series of integrating capacitors is provided, one side 
of each should be connected to VR, (Fig. 14), and the other 
side of those not in use connected to a point of negative 
potential equal to (V, + A V,J2). As described earlier, 
this will enable equilibrium to be rapidly attained at any 
part of the scale. 

Advantages of Ratemeters 

In addition to the direct indication of rate referred to in 
the opening paragraph the ratemeter has other advantages 
as compared with a scaler. 

If a recording milliammeter is used instead of, or in 
conjunction with, the inbuilt meter, the scope of the instru-
ment is greatly extended. A scaler with a timing unit 
can only measure the total count in a period; frequent 
inspection is necessary to check for variations of the count-
ing rate during that period. Information on the variations 
of counting rate is required in any measurement where the 
rate is liable to vary, such as in plotting the rate of decay 
of the activity of a sample, in plotting the characteristics 
of a counter tube, or in medical tracer work. 

Line. 

Even when a rate is believed constant, errors may arise 
due to such causes as a physical movement of the sample 
in relation to the counter, a change in counter characteris-
tics, multiple discharges in the counter or instrument failure. 
A recording ratemeter provides a check on such errors. 
The response time of a recorder is usually such that the 

fluctuations of reading, and consequently the probable 
error, will be reduced. An interpretation of the record 
over a period of time enables a mean result to be obtained 
with a probable error far less than that for a single 
observation. 

Although a scaling unit may count every pulse it receives, 
it is still subject to a statistical error when the input is 
random in time. Assuming that all pulses are counted, in 
a count taken for t seconds at a mean rate of n pulses per 
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second the probable error will be 
67.5  

P.E. -= nt per cent   (9) 

Calculating the probable error of a ratemeter if the read-
ing is averaged over t seconds and ignoring equilibrium 
time, the statistical error of the ratemeter during any given 
time will appear to be less than or equal to that of a scaler.' 
However, the time taken to find an average rate from 
random information and to a given degree of accuracy is 
as derived from Equation (9). The impression is therefore 
misleading, the discrepancy being the time taken to reach 

GM 
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PROBE UNIT INPUT 

O  
DIRECT INPUT. 

condition of equilibrium. With intelligent manipulation ot 
the integrating time constant, to reach equilibrium in a 
minimum time, the probable ratemeter error should be 
very little greater than that of a scaler. 

STABILIZED 
POWER SUPPLY 
+ 300V 
100V  
IL  

AMPLITUDE 
DISCRIMINATOR 

PARALYSIS 
CIRCUIT 

An input amplitude discriminator is provided which is 
capable of discriminating against pulses falling below a 
minimum amplitude; this minimum is variable from 5V to 
50V and it can be measured on a second panel meter. A 
paralysis circuit, giving known dead times from 5,usec to 
10msec is included. This discriminator and paralysis cir-
cuit is similar to that described by Cooke-Yarborough.' 
When working with the longer paralysis times a relay in 
the paralysis circuit is closed by each input pulse; this 
feature enables the ratemeter to be used with an external 
register as a low speed scaler. 

Input may be of any three forms (a) a positive pulse 
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Fig. 15. The ratemeter type 1037A 

ELECTRO MECHANICAL 
REGISTER 

Ratemeter 1037A 

The Ratemeter type 1037A is an instrument with a wide 
variety of applications and with a high degree of accuracy. 
Fig. 15 is a schematic diagram of the unit. 
The ratemeter circuit in this instrument embodies 

principles similar to those described in the text. The basic 
circuits are the pulse shaping system of Fig. 5, a diode 
pump circuit and a valve voltmeter as in Fig. 14. 

The Ekco ratemeter type I037A 

There are six ranges, in decade steps, full-scale rates 
extending from 1 pulse per second to 100,000 pulses per 
second. Five integrating time constants are available on 
each range. Below 100 pulses per second the maximum 
time constant is 160 seconds. 

Circuit accuracy is of the order of 1 per cent. A 
3¡-in. panel meter is included. An external recording meter 
may be connected; this can be 5mA F.S.D. (or less, suitably 
shunted) or of the 100mV type. Variation of reading with 
mains variations of ± 10 per cent is 0.5 per cent. After 
an initial warming up period, long-term stability is 
extremely good. 

VALVE 
VOLTMETER PANEL METER 

input to the discriminator, (b) from a probe unit for which 
power supplies are provided, (c) negative pulses fed into 
an internal amplifier with a gain of 2, 10 or 50. 
A stabilized positive E.H.T. supply, variable from 550 

to 1,700 volts, is included in the. unit. It is of the L.F. 

Oscillator type, and is intended primarily for Geiger-Müller 
tubes. E.H.T. voltage may be measured on the same meter 
as the discriminator bias voltage. Ripple is less than lm'V 
peak to peak, and stability for mains variations of 
± 10 per cent is better than ± 1 per cent. 
With the addition of only a G.M. tube, this equipment 

constitutes a complete counting set-up. Any Geiger pulse 
exceeding 0.1V in amplitude can be counted. A scintillation 
counter could be used providing that the current drain in 
the potential divider network of the photomultiplier is kept 
low. Additional smoothing would be required to use the 
E.H.T. supply for an ionization chamber followed by a high 
gain amplifier. 
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A Precision Polarograph 
for Chemical Analysis 

By H. A. Dell,* Ph.D., and C. H. R. Gentry, t B.Sc., A.R.I.C. 

MODERN chemical analysis employs many electrical 
instruments of which the polarograph is just one 

example finding wide application for the analysis of many 
metallurgical materials. In essence, this instrument 
measures the current which flows when a pre-determined 
potential is applied to two electrodes immersed in the solu-
tion being analysed, one electrode being non-polarizable 
and the other, the cathode, a very small metal electrode. 
Under suitable chemical conditions, the current flowing, 
which is of the order of microamperes, is a linear function 
of the concentration of the reducible ions in solution. By 
reducible ions is meant the ions of those metals which 
can be deposited at the cathode at the potential applied. 
An excess of other ions is always present, but as these are 
not deposited at the cathode they do not contribute to 
the current which is measured. 
To take an example, the solution to be analysed may 

be one containing cadmium chloride and a hundred-fold 
excess of sodium chloride. If the two electrodes are 
placed in this solution and a small potential is applied to 
them, ions, both sodium and cadmium, will migrate to the 
cathode. So long as the potential is low enough, deposition 
of either of these ions is impossible, and to a first approxi-
mation no current can flow. As the potential is increased, 
however, a point is reached at which the cadmium ions, 
which are more electro -positive than the sodium ions, can 
be deposited. A current then flows. At this point the 
current in the bulk of the solution is carried by both 
sodium and cadmium ions migrating to the cathode, but 
as the sodium ions cannot be deposited they merely form 
a dense cloud round the small cathode. However, the 
cadmium ions in the near vicinity of the cathode are 
deposited and the current which flows is controlled by the 
rate at which these cadmium ions are supplied from the 
bulk of the solution. It can be shown that under these 
conditions a constant current will flow which is propor-
tional to the concentration of the cadmium ions in the 
solution. 

Typical Polarographic Curve 

It is customary to plot the current/applied potential 
curve for a case such as that which has just been discussed 
in the form illustrated in Fig. 1. As the applied potential 
V across the polarographic cell is increased from zero, at 
first only a very small residual current j0 flows. When the 
applied potential reaches the deposition potential V„ of 
cadmium in the example taken, the deposition of the 
cadmium ions permits current to flow, and this current 
rises rapidly to a constant value. A current " step" is 
therefore produced of magnitude i, — ic,; it is this current 
which it is desired to measure. 

If the applied potential is increased further, the current 
stays constant until the potential reaches V„ when ions 
of a second type with a higher deposition potential e.g. 
zinc, can be deposited. Again, the current step j2 — 
produced when all of this second type of ion are deposited 
is dependent on the concentration of that ion in the 
solution. 

• Mallard Electronic Research Laboratory, Salfords, Surrey 
t Mallard Material Research Laboratory, Mitcham, Surrey 

The Dropping Mercury Electrode 

This apparently simple method of determining the nature 
of ions present in the solution (by the potentials at which 
the current steps occur) and the concentration of these ions 
(by the-magnitude of the steps) is not so simple to achieve 
in practice. If one attempted to use a small piece of wire 
for the cathode several difficulties would be encountered; 
it can be easily seen that the deposition of metallic ions 
on the electrode would in effect contaminate it. For this 
reason, and for others, the so-called dropping mercury 
cathode is employed in all industrial polarographic analyses. 
This electrode consists of a minute droplet of mercury 
suspended on the end of a capillary tube connected to a 
mercury reservoir. To ensure a continually clean surface, 
a steady flow of mercury down the tube is arranged, so 
that droplets fall off and reform every few seconds. 

This cathode makes practical polarographic analysis 
possible, but it obviously complicates the instrumentation. 
Thus, as the size of the cathode is continually altering, 
.the current which can flow is changing in the lifetime 
of each drop so that a current waveform (at a fixed poten-
tial) of the type illustrated in Fig. 2 is produced. When 

2 
---.-POTENTIAL ACROSS 

CELL V (VOLTS) 

Fig. 1. Current/Applied potential Fig. 2. Current waveform at a 
fixed potential 

A 

TIME 

a drop is small, a low current, A, flows, but as the drop 
grows this current increases to a maximum B when the 
droplet detaches itself and the current falls as at C. Under 
proper conditions, the current cycle for each drop is iden-
tical, but an exact theoretical interpretation of the current-
time curve is difficult. 
Most commercial polarographs use a sensitive, long-

period galvanometer for the measurement of the current 
and this measures an " average " current during the life of 
each drop. It is not usually possible to avoid all oscilla-
tions of the galvanometer in such a measurement, because 
if too much damping is used the shape of the current-
applied potential curve is substantially altered. This 
imposes a limitation on the accuracy attainable by such 
measurement of average current. It is possible to use a 
galvanometer with a time-constant sufficiently short to 
follow the full current time curve faithfully, but a simpler 
and more convenient method is to measure the current 
only at one point in the life of the mercury drop. 

It is apparent that when a drop is detached from the 
electrode, the equilibrium conditions in the near vicinity 
are violently upset and in the early life of the new drop 
the current which flows is difficult to interpret; in fact it 
has little real physical meaning. But as the drop grows, 
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equilibrium conditions are eventually established and some 
theoretical significance attaches to the current which is 
flowing. It is desirable, therefore, to measure the current 
after the drop has had time to grow somewhat, and from 
a practical point of view it is easiest to measure the current 
immediately prior to the severance of the drop. 

Methods of Measurement 
Conventional polarographs record the required portion of 

the current-applied potential curve either photographically 
or by means of a pen recorder. They usually measure 
the " average " current, although at least one commercial 
instrument records the maximum current. The precision 
attainable from these instruments is limited by the size 
of the recording paper, and it was the present purpose to 
design an instrument which would give a higher attainable 
accuracy. From what has already been said, it can be 
understood that it was preferred to measure the maximum 
current in the life of each mercury drop. 

Use of an Oscillograph for Polarographic Measurement 

Although it would be possible to use a D.C. amplifier 
and recorder for this purpose, the use of a cathode-ray 
oscillograph has definite advantages, provided that it is not 
itself used for quantitative measurements, but purely as 
a detector in some suitable circuit. A possible method of 
this type is illustrated in Fig. 3. Here the polarograph cell 
P is connected to a variable source of potential V, and a 
small resistor R is included in series with an electrode, in 
this instance the cathode. 

Fig. 3 (le»). Circuit enabling a cathode-ray tube to be used as a detector in 
polarographic measurements 

Fig. 4 (right) Modified circuit in which correction is made for cell potential 

With any given applied voltage V, the changing current 
through the cell will set up a varying potential y across R 
which can be fed to an amplifier connected to the deflector 
plates of a cathode-ray tube. Thus the cathode-ray spot 
will be deflected by an amount dependent on the cell 
current so that pulses similar to those illustrated in Fig. 2 
will be observed. From the oscillograph sensitivity and 
the value of R, the peak current may be found. 
A disadvantage of this system is that the potential across 

the cell is never known exactly, for although V may be 
determined precisely, the cell potential is actually (V — y) 
so that a correction is necessary. A modified circuit in 
which this correction can be made is illustrated in Fig. 4. 
Here the current indicating resistor R is not returned to 
the negative side of V directly, but to another variable 
potential source S which is of opposite sign to V, and 
which is in series with it. 

If the potential between I and e (Fig. 4) is observed with 
a cathode-ray oscillograph, waveforms similar to those 
already described will, be found. It is now possible, how-
ever, to adjust S so that for any given current through R, 
the potential between / and e is zero. At this current the 
cell potential is exactly V. The process of adjustment is to 
set up V at the required potential, while observing the 
current pulses on the oscillograph as drop follows drop. 
Then S is varied until at the current pulse peak the poten-
tial between e and I is momentarily zero. At other parts 
of the current pulse cycle the potential is not exactly V. 
but as no measurement is carried out there is no harm done. 

Calibration of Oscillograph Unnecessary 

This system at once makes calibration of the oscillo-
graph unnecessary as it is enough to know R and the 
potential S to find the current from Ohm's law. The 
oscillograph must, however, be able to indicate zero input 
voltage to a high precision. 

This latter condition can be achieved simply by adding 
the circuit shown in Fig. 5. Here the unknown potential 

/v50c/s 

Fig. 5 (lefl). Additional circuit enabling oscillograph to indicate zero input 
voltage to a high precision 

Fig. 6 (right). Trace appearing on oscillograph—"a" corresponds le zero 
input voltage, "b" to the signal from the mercury electrode 

y is fed to the oscillograph amplifier via the leak resistor 
L which is high compared with R. The contacts of a 
high-speed relay are connected directly across the ampli-
fier input and the relay is energized with 50c/s A.C. so that 
the contacts are closed for about 5msec 100 times a second. 
During the interval when thé contacts are open, the un-
known potential is fed to the amplifier, but when the 
contacts are closed the input potential is zero if the con-
tact potential is low and the switch noise is small. The 
trace seen on the oscillograph is thus of the type illus-
trated in Fig. 6 in which two lines appear, the straight line 
"a" corresponding to zero input signal, and the curve 
" b " corresponding to the signal from the mercury elec-
trode. This double trace is in reality built up of alternate 
periods (Fig. 7) as the switch opens and closes. 

In this way the problem of providing a stable amplifier 
and zero marker on the oscillograph tube is avoided, as 
the zero signal mark is generated before being fed into 
the amplifier. 

Method of Display 

If the cathode-ray tube which is used for displaying the 
signals is given in addition a normal time-base deflexion 
at right-angles to the signal input, a trace rather like that 
shown in Fig. 6 can be produced. 
The mercury drops fall at between 1 and 4 second inter-

ci 

Fig. 7 (left). Showing double trace built up by alternate periods as the 
switch opens and closes 

Fig. 8 (right) Trace produced when using the mercury drops themselves to 
generate a slave time-base 

vals, and as these times are long, the adjustment of a trace 
of this kind is somewhat difficult. It seems that the eye, 
uncertain of the position of the maximum along the time 
axis, is unable to judge with accuracy the coincidence of 
the brief maximum with the zero line. 
To make this easier, there are two possibilities. One 

is to dispense with the time-base altogether, when the 
trace is reduced to two points of light, one stationary and 
the other moving up and down, below, through, or above 
it. It is then necessary to adjust the current measuring 
potentiometer so that the moving spot just touches the 
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stationary one at the limit of travel corresponding to the 
maximum current. (This can profitably be made to be 
the upper limit of motion to maintain the illusion of 
measuring a maximum). The maximum current at any cell 
voltage can then be read off directly from the potentio-
meter if it is suitably calibrated. 
A rather better alternative to this is to use the mercury 

drops themselves to generate a slave time-base, applied to 
the tube as before, so that only one current curve is seen 
on the screen. 

USE OF MERCURY DROPS TO GENERATE SLAVE TIME-BASE 
It has been found that as each drop of mercury breaks 

away from the capillary tube a short pulse of about a 
quarter of a volt appears across the resistor R, and if 
this is amplified up it can be used to discharge a linear 
time-base circuit. This sweeps the cathode-ray spot across 
the screen once for each droplet formed, so that a trace 
like that shown in Fig. 8 is produced. 
The end of such a trace is a well defined point to watch, 

and the eye has very little difficulty in judging the coinci-
dence of the straight and curved line at the maximum, 
particularly when a cathode-ray tube with a long per-
sistance screen is used. 
With suitable values for the current resistor and the 

calibrated potentiometer, it is possible to measure currents 

Fig. 9. Trre MuHard High Precision Polarograph • 

of about 100µA tO an accuracy of 0.1,uA, differences of 
0.01itA being visible. 

STABLE SIGNAL LINE OR POINT NECESSARY 
In all these displays it is important that the zero-signal 

line or point shouid remain steady, as otherwise the diffi-
culty of adjustment is increased. During the life of each 
drop, the signal fed iato the oscillograph amplifier varies 
over a wide range, and if a normal A.C. amplifier is used 
very long time-constant coupling circuits are necessary 
if the zero signal is to be preserved as a straight line. 
This brings with it difficulties- due to the long recovery 

time after accidental overloading,, but if a D.C. amplifier 
is used, these difficulties all vanish and, apart from small 
thermal drifts, the proper presentation of the zero is pre-
served. It is convenient to arrange that, at the points at 
which the amplifier overloads on signals from the current 
resistor, the cathode-ray spot is still on the face of the 
tube so that the direction of misadjustment of the current 
potentiometer is obvious. 

Conclusions 

The first working polarograph bililron the lines which 
have been described made possibe- the'mtalysis of solu-

tions of metallic ions to an accuracy of + 0.3 per cent 
which compared favourably with the 1 per cent obtainable 
with existing commercial instruments. This instrument 
included refinements, which cannot be described here,' 
which made it particularly suitable for industrial work. 
The final engineered version of the apparatus (Fig. 9) 

enables the current measurements to be made to a precision 
of 0.1 per cent in the usual working range. This 
promises a wider scope for polarographic analysis and 
serves to illustrate how the electronic instrument designer 
can assist the advancement of other sciences. 

REFERENCE 
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An Atomic Heating System 
At the Ministry of Supply Atomic 

ment, Harwell, a building containing 
draws its heat direct from BEPO, the 
atom pile. 
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The constant hot water which flows through the pipes 
is obtained by placing a heat exchanger in the 
outlet air duct of the pile's air cooling system. Here there 
is a by-pass fitted with a damper which can be adjusted 
to vary the proportion of the air flow passing through 
the heat exchanger. Hot water from the exchanger is then 
circulated in a closed circuit by a small pump to a 
secondary water-to-water heat exchanger. This supplies hot 
water for space heating and domestic hot water supplies. 
At present the air temperature at the primary heat 

exchanger is 135 degrees Fahrenheit, and the water itself 
is heated to 130 degrees. In 1952, when modifications to the 
pile have been completed, these temperatures will be sub-
stantially increased. 
The installation was carried out by the Ministry of Works 

in collaboration with the Engineering Division, A.E.R.E. 
The heat exchanger, measuring 10ft by 10ft by 2ft 6in. 
weighs eight tons. 
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An Electronic Coin 
Sorting Machine 

By R. W. Brierley * 

"-, 
URING 1947, the United Kingdom, certain Common-
wealth countries and the Colonies commenced to issue 

cupro-nickel coinage and ,to withdraw from circulation 
those coins minted previously from alloys containing silver. 
When the silver content of the coins was changed, about 
the year 1925, a machine using an electro-magnetic 
principle was designed for automatically sorting coins of 
different alloys. The new alloy required a more sensitive 
machine and in 1949 the Royal Mint decided to attempt 
to develop this. 
The experimental work that followed indicated. that 

adequate discrimination between the two types of alloys 
could be achieved by a measurement of their relative con-
ductivities, and a prototype equipment based upon this 
method was constructed in conjunction with the Royal 
Mint, London. Here, the development of the mechanical 
features was undertaken and in the accompanying illustra-
tions will be seen the final form of the completed machine. 
Four of these equipments have been built so far. 

In operation, the mixed coins are loaded into the rotary 
hopper which then feeds them, at discrete intervals, down 
a vertical chute. This chute guides the coins through the 
SENSING HEAD, which is a gapped, iron-cored inductance 
and the effect they have on the flux present in the gap is 
taken, in the main electronic unit, as an indication of their 
composition. Thus, if the flux variation is indicative of 
cupro-nickel, the coin is allowed to fall uninterrupted down 
the vertical guide and is then collected in the CUPRO-NICKEL 
receptacle. Silver coins, however, cause accurately-timed 
impulses to be fed to the EJECTOR unit which is mounted 
just below the SENSING HEAD and to the rear of the vertical 

Teledictor Ltd. 

The coin sorting machine 

A rear view with the covers removed. The sensing head and ejector unit can be seen on 
the vertical chute behind the rotary hopper. 

chute. These impulses energize a small solenoid and an 
inclined deflector, attached to the plunger, is moved across 
the chute and into the path of the falling coins. Thus, 
when the coins strike this deflector, they are shot out of,/ 
the vertical guide and are conveyed by an alternative she 
to the SILVER receptacle. 
Each machine will handle a range of denominatons, it 

being necessary only to fit the correct size of guide to the 
hopper and to select the appropriate switch position on the 
front panel of the electronic unit. This lattr.cr operation 
brings into circuit one of a number of controls that have 
been adjusted previously for the various .sir...es of coin. 
An automatic monitor is included in the main electronic 

unit and gives immediate warning to the operator in the 
event of a valve or circuit failure. Simultaneously, it dis-

connects the EJECTOR solenoid and 
so ensures that li.11 coins pass now 
into the cupro-nickel container. The 
silver already sorted thus remains 
uncontaminated. 

In view of ttle enormous number 
of coins involved in this sorting 
operation, much of the utility of a 
machine such as that just described 
wuiald have been lost had it not 
been possible to achieve a high rate 
ot sorting. Fortunately, this has not 
proved the case, and the present 
machines are capable of handling 
8 coins per second or, over 150,000 
coins per day. This appears 
.1c1equate for present needs. 
This note is published with the 

permission of the Superintendent, 
Royal Mint, London, and the 
Directors of Teledictor Limited, 
. Dudley, in whose laboratory the 
• electronic unit was developed. 
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A Self-Interpolating Crystal Calibrator 
for Setting Up and Measuring Radio Frequencies 

By D. Cooke 

M ODERN practice in radio communication and certain 
types of R.F. measurement demands a higher order of 

accuracy in frequency adjustment than conventional oscil-
lators can normally give unless crystal controlled. When 
good accuracy and wide frequency coverage are both 
wanted, recourse is usually made to conventional variable 
oscillators aided by an external frequency meter or crystal 
calibrator for the final accurate frequency adjustment. The 
attendant procedure of referring to calibration charts or 
interpolating between crystal check points is difficult for 
an average operator and is at least a nuisance to a skilled 
' operator, while to either it lays open the possibility of 
making mistakes. 

It is the purpose of this article to describe a scheme* 
for frequency reference which combines the simplicity and 
convenience of a conventional crystal harmonic calibrator 
v,ht.h an arrangement for automatic interpolation between 
the crystal check points and thus overcoming the principal 
shortcoming of crystal harmonic calibrators. 

Basic Principle 

A crystal oscillator of frequency fc and its harmonics 
modulate a carrier wave generated by an oscillator, which 
will be called the interpolating oscillator, the frequency 
of which is continuously adjustable between fi and f, fc 
where fi = nfc. 
The components of the resultant modulated carrier wave 

comprise the carrier frequency, plus upper and lower 
sideband spectra, both of which have a similar form to 
that of the modulating waveform, i.e. crystal frequency 
and a family of harmonics. Fig. 1(a) is diagrammatic 
illustration of the frequency components in the output of 
the modulator (for simplicity only three sidebands are 
shown and the crystal frequency is assumed to be 100kc/s) 
comprising fi (equal to a multiple of 100kc/s) and side-
bands spaced -± 100, 200 and 300kc/s on either side of it. 
When, as in Fig. 1(b), the interpolating oscillator is moved 
by x kc/s to fi x kc/s, each sideband also moves by 
x kc/s, and when, as in Fig. 1(c), the interpolating oscil-
lator is further moved to fi ± 100, each sideband then 
occupies the position formerly occupied by its upper neigh-
bour, having traversed the intervening gap. It follows 
that merely by tuning the interpolating oscillator by a 
small amount x (less than 100kc/s) a sideband can be 
made to appear at any frequency over the very much 
wider band covered by the sideband spectrum, and its fre-
quency is 100 ni x kc/s when m is an integer. The 
value of ni is not indicated by the calibrator, but usually 
this figure will be obvious from the approximate frequency 
as given by the normal scale of the instrument with which 
the calibrator is being used. 
To take a specific case, suppose the calibrator is required 

to cover a frequency band between 5,000 and 10,000kc/s. 
The interpolating oscillator would be arranged to func-
tion at about the middle of this band, say, over the range 
of 7,500 to 7,600kc/s and would be calibrated in terms 
of the sweep in frequency, Je., 0-100kc/s. Harmonics up 
to the 25th of a 100kc/s crystal oscillator would be 
required for modulating the interpolating oscillator, so as 
to give a sideband spectrum extending over -± 2,500kc/s, 
i.e., 5,000-10,000kc/s. To generate a frequency at, say, 

British Patent No. 544,959. 

8,548kc/s, it is only necessary to turn the dial to figure 
" 48 ", i.e., to adjust the interpolating oscillator to 
7,548kc/s, upon which the sideband originally at 8,500kc/s 
moves to 8,548kc/s as required. Thus the interpolating 
dial always gives the last two digits of the frequency in 
kilocycles. The first two digits are, as explained above, 
derived from the rough calibration of the equipment whose 
exact frequency is being set up or measured. 
The effective scale length over the frequency band 

covered by the calibrator is equal to that of the interpolat-
ing scale multiplied by the number of sidebands utilized. 
Thus a dial with a short simple scale for the interpolator 
gives the equivalent of a long elaborate scale for the whole 
frequency band. In the example quoted above the multi-
plying factor is 50, so that with an interpolating dial of, 
say, 4in. in diameter, i.e., about 6in. of scale length for 180' 
moyement, the equivalent scale becomes 25ft. 

(a) 

(b) 

(c) 

< 100 > 

rx 
1 

< 100 > < 100 >< loo >i< lOO >< 100 

t-x 
X 

1, 1-100 • 

Fig. 1. The interpolating principle. Sideband spectrum when interpolating 
oscillator frequency is (a) f ¡ kc/s, (b) f¡ x kc/s, (c) f¡ 100kca 

Frequency Stability and Accuracy 

A considerable improvement in frequency accuracy and 
in frequency stability can readily be attained compared with 
a conventional wide-range self oscillator. The interpolating 
oscillator at the beginning and end of its scale functions at 
crystal harmonic frequencies, therefore it can be checked 
for accuracy at these points against its own crystal and 
any relative error removed by an adjustment of a " set 
zero" control. Frequency stability can be better because 
of the smallness of the oscillator tuning band, from which 
it follows that the tuning component will be small in value 
and the bulk of the oscillator circuit will comprise fixed 
value components which can be high stability types; 
furthermore, temperature compensation can be precise and 
will remain effective over the whole operating range. 
The overall accuracy of the instrument, assuming the 

crystal frequency to be correct, depends upon how well the 
interpolating scale is calibrated. The latter will be correct at 
its extremes, if the set zero control is adjusted properly, so 
that errors can only arise at intermediate points. Taking 
for example the case discussed earlier of a coverage 
between 5,000kc/s and 10,000kc/s with an interpolating 
range of 100kc/s, to maintain the error to less than 0.01 
per cent at any frequency (exclusive of crystal error), the 
permitted dial calibration error is 500c/s, i.e., 0.5 per cent 
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of scale length. This figure is well within the capabilities 
of quantity production technique, while if dials are in-
dividually calibrated, a much greater accuracy can be 
achieved. 

Elimination of Spurious Responses 

Depending upon the type of modulator and its linearity, 
various higher order modulation products which could 
cause spurious responses may be generated to a greater or 
less extent. These are a nuisance and must be avoided or 
reduced to insignificance. The dangerous ones are the 
lower sidebands of the interpolating oscillator second har-
monic, and the upper harmonics of the crystal oscillator. 
The main precautions for eliminating them are first to 
design the interpolating oscillator and modulator such 
that the harmonic content is small, in particular the second 
harmonic, and second to ensure that the modulation wave-
form is optimum to give the requisite number of sidebands 
at good strength, yet at the same time have the least con-
tent of higher crystal harmonics. 
To ensure that the harmonic content of the interpolat-

ing oscillation is small enough for practical purposes, it is 
sufficient to have a reasonably high Q for the oscillating 
circuit and to adjust the oscillator valve coupling such that 
oscillations are comparatively weak, conditions which can 
be fulfilled with relative ease on account of the narrow 
tuning range. A push-pull oscillator circuit would tend to 
reduce second harmonic still further, but is by no means 
necessary. Having taken steps to render the oscillator out-

4th Hormonic range 

2nd Harmonic ronge 

Fundamental range 

Fig. 2. Arrangement of interpolating scale for harmonic operation when 
fo 100kcis 

put adequately pure, care must be taken not to degrade it 
unduly in the modulator. A hexode modulator has been 
found satisfactory from this point of view. To achieve 
a good output of sidebands up to the highest one required, 
the modulator should be driven by the crystal oscillator so 
as to give a narrow pulse waveform in the output, i.e., 
hard Class C. The sideband output will then be high over 
a band equal to a little less than twice the reciprocal of 
modulating pulse width. The pulse should not be exces-
sively narrow, however, otherwise high crystal harmonics 
may become a nuisance. 
A balanced modulator will very much reduce crystal 

harmonics in the output, but care is necessary to 
ensure a proper balance, if good performance is to be 
attained. Unless the utmost simplicity is called for, how-
ever, a balanced modulator is worth while. 
The wanted frequency components in the modulator 

output can be readily distinguished from the unwanted 
components by their behaviour when the interpolating 
oscillator frequency is changed slightly. The wanted side-
bands all shift in frequency in the same direction and by 
the same amount as the shift in interpolating frequency. 
The second harmonic sidebands, on the other hand, move 
twice as fast and the third harmonic sidebands at three 
times the speed, while the crystal harmonics are, of course, 
unaffected by the change in the interpolating oscillator. 
Thus by beating any component in the output with a fixed 
frequency and then shifting the frequency of the inter-
polating oscillator by a small amount, say 500c/s, all com-
ponents, desired or undesired, can be identified by the 

amount of change in beat note. When designing a cali-
brator this procedure is extremely useful for adjusting the 
circuit parameters to remove spurious responses. 

Frequency Coverage 
The basic frequency range for which the calibrator is 

designed cannot be increased by working with its own 
harmonics, as can a conventional heterodyne frequency 
meter. 
For wider coverages, some switching must be introduced 

to sub-divide the coverage. How this can best be done 
depends largely upon the particular purpose for which the 
calibrator is to be used and the frequency band to be 
covered, but nevertheless some general points can be made. 
To simplify discussion a basic frequency coverage of 

2 to 1 has so far been assumed. The coverage may be 
increased to about 4 to 1, however, without introducing 
switching, if the interpolating oscillator frequency is put 
rather towards the upper frequency limit, instead of at the 
centre of the band, so as to avoid trouble from second 
harmonic sidebands. 
When the total coverage does not exceed a ratio of about 

8/1, a simplified switching scheme is admissible. The 
range switch is required only to adjust the LC ratio of the 
interpolating oscillator such that the same tuning element 
and scale gives an equal frequency coverage for both sub-
ranges. A small discrepancy shows up between the fre-
quency scale laws for the two ranges, but the difference 
is so small as to be negligible for all except the very highest 
accuracy, and the single scale is adequate for most pur-
poses. To cover for example, from 1Mc/s to 8Mc/s in 
interpolating sweeps of 100kc/s, the lower range would be 
arranged to cover from 1 to 4Mc/s with the oscillator 
tunable between 3.0 and 3.1Mc/s, while for the upper 
range of 4-8Mc/s, the oscillator would work from 6.0 to 
6,1Mc/s, the crystal waveform being the same for both 
ranges. 
For wider frequency coverages there is a further solu-

tion which is convenient for most types of equipment and 
preferable to having several switched sub-ranges. The 
circuitry is simpler and there is the advantage that the out-
put is developed in the form of a single c.w. oscillation 
like an orthodox heterodyne wavemeter, instead of in the 
form of a multiplicity of sidebands. In this method a 
conventional heterodyne oscillator covering a frequency 
band of 2/1 is used in an auxiliary role either on its 
fundamental or, for higher frequency ranges, on one of 
its harmonics. The wide-range oscillator is first set pre-
cisely to the required frequency by means of a simple un-
switched self-interpolating calibrator built into the same 
instrument, after which the calibrator is switched out of 
circuit. On its fundamental range the oscillator is then 
used as a conventional c.w. wavemeter. For higher 
ranges, harmonics are employed; the 2, 4th or 8th, etc., 
being enhanced and the others rejected, according to the 
range in use, by a circuit tuned with an additional gang on 
the oscillator tuning capacitor. Thus the wave-range 
switch is needed only for the purpose of changing the 
harmonic selector inductance according to the range in 
use, and to change the scale masks. In this way switching 
of frequency determining circuits is avoided with its 
ensuing deleterious effects upon frequency stability, while 
at the same time confusion from harmonics is eradicated. 
Furthermore all the digits of the frequency are read 
directly on the instrument, from the wide range and inter-
polating scales. 
When using the c.w. oscillator on one of its harmonics 

the interpolating dial covers twice, four times, or eight 
times its normal frequency. Ambiguity in reading it can 
be avoided and the frequency digits be still given directly 
if the interpolating dial is calibrated appropriately, e.g., 
for the fourth harmonic range, the interpolating scale 
brought into use by the range switch would be divided into 
four sections side by side, each calibrated 0 to fe. Fig. 2 
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showing a dial for a range of 8/1 should make this point 
clear. 

Circuits 

Fig. 3 shows a circuit for a calibrator in its simplest 
form, i.e., a combined oscillator and modulator without 
any range switching. A single triode-hexode valve is used, 
the triode section providing the crystal oscillator, while 
the hexode section functions as a combined oscillator and 
modulator. The tuned grid oscillator circuit L,C,C, is 
connected to the first grid of the hexode, while feedback is 
applied from the screen of the hexode acting as an anode 
via coil L,. The modulated oscillation passes from the 

Fig. 3. Single-valve self-interpolating calibrator 

anode of the hexode through resistance R, across which 
the output of the calibrator is developed and taken to 
terminal P through capacitor C,. 

C, and L, are adjusted so as to produce reliable oscilla-
tion of L,C,C,, but with only a fairly small amplitude so as 
to guard against second harmonic content. The conditions 
of oscillation of the crystal are arranged to give the 
optimum amplitude for generation of the requisite har-
monics by giving suitable values to its circuit parameters 
and fine control by adjustment of H.T. with R,. Preset 
capacitor C, allows a small correction to be applied to the 
crystal frequency if necessary. 
The listening point in the calibrator is in the anode cir-

cuit of the triode, outside signals being injected from 
terminal P to the grid of the triode via capacitor C.. At 
this point may also be heard the beat notes between inter-
polating oscillator and crystal harmonics at the extremes 
of the interpolating scale. The set zero capacitor C. may 
by this means be adjusted to give zero audio beat at these 
points. 

In this single valve circuit it is clear that crystal har-
monics will be fairly prominent in the output. They may, 
however, be readily distinguished by their smaller ampli-
tude and the fact that their frequency remains constant 
when the frequency of the interpolating oscillator is 
changed. It is worth while to take advantage of this 
useful fact by-introducing a test button on the calibrator 
which when pressed produces a minute capacity change 
across the oscillator circuit and so a small change of the 
oscillator frequency. To check that an observed response 
is a wanted one, the button is pressed and if the beat note 
changes, all is well, if not a crystal harmonic is responsible. 
The circuit of Fig. 3 will give the full accuracy of which 

the system is capable. Elaboration is not necessary or 
advantageous except perhaps to embody a balance modu-
lator so as to depress crystal harmonics below the nuisance 
level. 

Applications 

Only few components, all of a readily available type, 
are used in the calibrator so that it can be made small and 
is relatively inexpensive compared with more conventional 
instruments of equivalent accuracy. These features sug-
gest that the sphere of application is not limited only to 
an independent instrument for frequency measurement, 
but that consideration might be given to building it 
permanently into radio communication transmitters or 
laboratory instruments wherein accurate frequency align-
ment within a broad waveband is a useful facility. For 
example in a signal generator an inbuilt provision for pre-
cision frequency adjustment would be a useful feature for 
such purposes as measurement of overall receiver selec-
tivity curves or for determinations of Q in situ from the 
width of the resonance curve at V1/2 peak response, etc. 

In this paper consideration has been limited to the H.F. 
communication band, wherein there is a variety of appli-
cations, but the technique is basically applicable to other 
frequency bands. 
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Bombay Radio Exhibition 
Postponement of Opening Date 

The London Liaison Committee of the Radio and Elec-
tronics Society of India have issued the following announce-
ment concerning the above Exhibition :— 
" The General Council of the Radio and Electronics 

Society of India, organisers of the Bombay Exhibition, 
have decided to postpone the opening date of the Exhibi-
tion until November 1952. As previously announced, it 
had been planned to open on February 9, but according 
to the new programme the Exhibition will open on 
November 10 and close on November 30, 1952. 
" Since the original plans were made there has been a 

serious development in the State of Bombay as the result 
of the failure of the monsoon. The Indian Government 
has been compelled to enforce a drastic cut in the supply 
of water and electricity and it is generally feared that the 
State will experience the worst famine for the last 50 
years. 

"In view of this development the members of the 
General Council of the Society have decided that it would 
be impracticable to hold the Exhibition in February when 
conditions are likely to be at their worst. It is also felt that 
this postponement will afford potential overseas exhibitors 
a better opportunity to prepare their exhibits and derive 
full benefit from the Show. 

"The organisers of the Exhibition feel confident of a 
ready understanding on the part of overseas manufacturers 
and other exhibitors in view of the fact that the post-
ponement is due to circumstances beyond their control. 
They therefore invite the continuation of bookings already 
established and the continued co-operation and support 
which they have enjoyed in no uncertain measure in spon-
soring this venture. 

" The London Liaison Committee will continue to pro-
vide an Information Centre for U.K. manufacturers and 
others interested in the Exhibition, and all inquiries should 
be in the first instance to the Committee's Secretary, Mr. 
B. A. Pettit, at 41, Kingsway, London, W.G.2." 
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A Simple Electro-mechanical Voltage 
Stabilizer 
By J. V. P. Long * 

THE voltage stabilizer to be described was built to pro-
vide an A.C. mains supply of 230 ± 0.5V from an input 

supply of 230 -± 30V. The instrument has a response time 
of 1-2 seconds and consequently does not smooth short 
duration fluctuations, but is effective for longer term drifts. 
The apparatus consists essentially of an electronic cir-

cuit fed from the output of a Variac, the circuit being 
arranged to operate a reversible motor geared to the Variac. 

unstabilized 
input 

Fig. 1. The principle of the stabilizer 

Va ac 

Mechanical 
Coupling 

Bridge 
and DC 
Amplifier 

Load 
230v 
stabilized 

In this way mains fluctuations disturb the circuit from its 
balance position and cause the Variac to be rotated in the 
appropriate direction until balance is restored. 

Department of Scientific and Industrial Research. 

A block diagram is shown in Fig. 1 and a detailed 
diagram in Fig. 2. 
The circuit consists of a bridge network followed by a 

D.C. amplifier which operates relays controlling the 
reversible motor. The bridge contains an 85A1 voltage 
reference tube in one arm and is fed from the rectified 
mains supply. Consequently the potential of the point A 
will be constant while the potential of B will vary with 
the mains voltage. The points A and B are connected to 
the two grids of a " long tailed pair" (V, and V,), the 
anodes of which are directly coupled to the grids of V,. 
Both halves of V, are normally conducting, the contacts 
in the V, anode relays being open. 
A drop in the mains supply causes the potential of the 

point B to fall, with the result that the anode voltage of 
V, drops and the anode voltage of V, rises. As a result 
of these changes the current in the relay L, falls and the 
contacts close. The relay L„ remains energized with con-
tacts open. The closing of the contacts of L,, causes the 
motor to turn the Variac until balance is restored. A rise 
in mains voltage closes the contacts in L, and rotates 
the Variac in the opposite direction. 
The potential of the cathodes of V, and V, is deter-

mined by the value of R, which is preset to give about 
—2 volts bias on the valves. The position of balance of 

Fig. 2. Bridge and D.C. amplifier 
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the bridge and hence the value of the stabilized voltage 
can be varied by means of 12, and 

The motor used to drive the Variac was a 24 volt 
antenna reel motor (obtained on the surplus market) fitted 
with internal gearing and clutch. A further gear reduction 
of 30 was fitted between the motor and Variac spindles in 
order to reduce the possibility of overrunning and hunting. 
The final Variac spindle speed was thus reduced to about 
0.5 R.P.M. 
The components used are in some cases not preferred 

types and in the interests of standardization these could be 
changed, e.g., 85A2 for 85A1, etc. 
The limits to which the stabilizer will control the mains 

voltage are set by the smallest increment of voltage which 
can be obtained from the Variac. It is important in any 
controller of this type that the sensitivity of the amplifier 
should be below a certain value in order to avoid 
hunting. The amplifier sensitivity required can be calcu-
lated as follows. If y = smallest voltage increment of the 

Variac, s = sensitivity of the amplifier (voltage change 
from balance position required to close one or other relay) 
and x is the voltage change, then the relay will close if 

s x 
Further, if 

s<x<v — s 
a balance is unobtainable. 

Consequently the condition for balance is 
s> y — s or s> v/2 

The apparatus has been in use in its present form for 
several months with a type 200 C.M.H. Variac and has 
provided stabilization to approximately -±-0.5V. 
Acknowledgments 
The author would like to thank Mr. B. N. Audric and 

Mr. J. W. Bryant for assistance in constructing the 
apparatus described in this paper. The paper is published 
by permission of the Director of the Chemical Research 
Laboratory, Teddington. 

An Optical Projection Comparator 

By W. A. Gold, B.Sc. * 

w 1T1-1 the increasing complexity of modern electronic 
equipment it is becoming more and more customary 

to include, in the larger installations, built-in waveform 
monitors of the cathode-ray tube type. By means of 
permanent wiring and/or so-called "jumper leads" the 
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Fig. 1. The optical waveform comparator 

waveforms at significant points in the equipment, when 
working under known conditions, may, for routine testing 
and trouble-shooting purposes be displayed and compared 
with the proper trace which should exist at the test point 
for correct operation of the apparatus. 
The object of the optical projection waveform compara-

tor shown in Fig. 1, is to facilitate such checking by 
simultaneously displaying for the operator the correct 
waveform at chosen points in the equipment under review 
on a ground-glass or opal screen placed in close juxta-
position to the monitor oscilloscope screen, so as to 
facilitate visual comparison of the traces. 

Other essential data such as pulse duration and ampli-
tude and whether or not manual linking of the monitor 
oscilloscope to the test point under consideration is required 
may also be included on each waveform transparency. 
Thus in Fig. 1 we see that the waveform at V, anode 
is being monitored in the test position illustrated, that the 
pulse length should be 1.5 microseconds with leading and 

Test Engineering Dept., A. C. Cossor Ltd. 

trailing edges of the form shown and lying in amplitude 
between the voltage limits stated. 
A green warning spot serves to emphasize the printed 

note saying that for this switch position no external con-
nexion from the monitor oscilloscope to the test position 
under review is required, although this may sometimes be 
necessary. When that is the case, the appropriate trans-
parency could carry a red warning spot emphasizing the 
instruction " EXTERNAL CONNEXION REQUIRED" to the 
Operator. 
The use of standard 16mm components in the projection 

system would appear to be advisable to secure good optical 
performance at the minimum cost. 

It is hoped that this form of comparator will find in-
creasing applications and utility in electronic equipments 
in the future, where its inherent simplicity would seem 
to commend its use for monitoring check purposes. 

It must be emphasized, however, that the system calls 
for a high standard of reliability in the monitoring appara-
tus itself and in the associated wiring to the main equip-
ment under observation. False indications of improper 
functioning due to monitor failures may thus be reduced 
to a negligible proportion of true operational faults. 

THE ENGINEERING CENTRE 

The Engineering Centre, 351 Sauchiehall Street, Glas-
gow, C.2, has now opened a Catalogue Library which 
contains the literature of more than 3,000 firms, and also 
a complete set of British Standards. Frequent additions 
by the firms concerned, and constant supervision by their 
own technical staff, ensures that the library contains only 
the most recent publications. 
The facilities offered by this valuable source of infor-

mation are already being put to good use by consultants, 
designers, draughtsmen and buyers, as well as by the many 
overseas visitors who now include a visit to the Centre 
on their itineraries. It is doubtful whether there is another 
Catalogue Library in Great Britain which is so readily 
available to industry. 

Manufacturers who have not included the Centre's name 
on their mailing lists for publicity matter are invited to 
do so. 
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On the Background of Pulse-Coded 
Computors 

(Part 1) 

By T. J. Rey,* M.A., B.Sc., A.M.I.E.E. 

Calculating aids are shown to cubninate in the cornputors dubbed "electronic. brains", although 
they possess a mechanical ancestor. A short description of organization explains why they are 
useful in spite of the work they impose on humans. Subsequent sections deal with on-off signals 
and the physical embodiments of the mathematical concepts which are necessary for 
communication with and within the machine. Mathematical Logic and its connexions with 
ordinary arithmetic are introduced. Finally, "digital" and " analogue" systems are compared; 
the distinction turns out to be one of degree rather than of opposites. 

THE mechanization of arithmetic goes back to the very 
beginnings of arithmetic. The fingers of the hands and 

the toes of the feet are the natural " digits ". They are 
still used for counting by the young and the primitive 
as is the abacus, which was probably the earliest mechanical 
computing aid. 
More advanced mechanization of addition and sub-

traction occurs in desk calculators, which operate on 
principles similar to those of the cash register. Multi-
plication and division are usually performed by repeated 
addition and subtraction respectively, and the numbers are 
set in by hand. Any numerical problem in mathematics 
may be solved with their aid, given enough time. 
Lengthy problems can be solved rapidly with the 

"universal machines ", of which more will be said 
presently. The mathematician must do the thinking; he 
must put the mathematical problem in algebraic form, 
choose the numerical data and plan the programme, i.e., 
the course of operations to be followed by the machine. 
In all cases, he must feed the machine initially, by giving 
it an input in the form of actual numbers. 

If the machine is of the desk type, the mathematician 
must set up the machine afresh for every arithmetical 
operation. He must also check the results, intermediate 
as well as final. Again, if it is that sort of a problem, 
he must determine the next step on the strength of the 
result of the previous step, i.e., he must " discriminate ". 
Problems requiring discrimination arise in applied mathe-
matics, e.g., in the calculation of optical trajectories. Many 
others have been left in abeyance because computation by 
conventional means is too laborious. In these problems, 
a few data (including constants and tabulated functions) 
lead to a long sequence of arithmetical operations, pos-
sibly of the " trial and error" type. To cope with such 
problems expediently, a machine must possess both arith-
metical and discriminating facilities; it must be able to 
receive the complete set of instructions (instead of being 
set up manually step by step) at the outset, as well as 
the numerical data; it must be able to hold intermediate 
results long enough, as well as to record the final answer. 
This is the concept of the modern " universal machine ". 
It is in advance of all but the latest differential analyzers 
(V. Bush) and punched card methods (Hollerith) in as 
much as for scientific computation, the various units needed 
must have their inter-connexions changed manually for 
every new programme. 
A " discriminating facility " is the provision for instruct-

ing the machine to compare a number just computed with 
another, and to select accordingly one out of two 

* E.M.I. Engineering Development, Ltd. 

instructions available for the next step. This, together 
with provisions for searching (scanning) and for 
storing (memorizing) suggests to some minds that the 
"electronic brain" thinks. Others agree with Lady 
Lovelace' that " the machine is not a thinking being. It 
can do whatever we know how to order it to perform." 
Whether the term " electronic brain" is to be taken more 
literally than, say, the " electronic eye" is a stimulating 
question. 2,3,4,5 
The principal features of digital methods are beyond 

controversy, namely, flexibility, accuracy and (with elec-
trification) speed, as will be shown below. 

Electrical and Mechanical Machines 

"The whole of the developments and operations of 
analysis are now capable of being executed by machinery ". 
Thus wrote Charles Babbage' who, over a century ago, 

conceived and partly built a universal computing machine, 
on purely mechanical lines, of course. The close 
mechanical tolerances required rendered the project too 
costly. This would still be true today, with the aggravation 
of comparatively low working speeds. The subject is 
fascinating even without its high speed feature, and so 
offers scope to the home constructor. Computor rules 
can be designed and tested with pen and paper alone, nor 
is the effort excessive if the only object is playing to win 
a simple game such as " Noughts and Crosses," " Fox and 
Geese" or " Nim ".° Also small relay computors can be 
made cheaply.' 

In the last decade, electro-mechanical (relay) and purely 
electrical (electronic) principles have come to the fore. 
The low accuracies required of the component parts do 
not impair the high speed and accuracy of overall perform-
ance. Hand-in-hand with the technical requirements of a 
bellicose globe, these points have stimulated study and 
construction. Special components, circuits and techniques 
are emerging. These are bound to find many applications, 
not only in numerical analysis by superseding mechanical 
methods and breaking fresh ground, but in statistics, 
accountancy, traffic control, etc. In some fields, compu-
tors are needed for a restricted class of problem, e.g., for 
X-ray analysis, or for just a single problem, e.g., for navi-
gation. Such special purpose machines might be expected 
to be much simpler than a " universal," but the saving is 
likely to be one of size rather than of basic structure. 
The present article is concerned with "digital" rather than 

with " analogue" computors, that is, with devices based 
on counting rather than on measurement; this distinction 
will be examined more fully in the final section. 
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Organization 
All digital computing machines follow a similar strategy, 

as shown by a schematic of four constituent blocks or 
organs (Fig. 1). 

Traffic may be in either direction between the organs. 
"INPUT" is fed with so-called "words ", of which 

there are two sorts: the numerical values (e.g., boundary 
conditions) of the problems and the constants (logs, trigo-
nometric functions, etc.) likely to be needed; and the pro-
gramme or set of instructions. 
" OUTPUT" displays the answers, usually by actuating a 

tele-typewriter. 
"ARITHMETIC ORGAN" provides the arithmetic opera-

tions ±, V, at most, and certain logical functions. 
" MEMORY" or " STORE" is presented as a single block, 

but has at least three sections, corresponding to the blocks 
communicating with it. Extensive sections are devoted to 
hold the input information and, jointly with CONTROL, to 
mark the progress of the computation by counting. A 
small, fast-working section acts as a " work sheet" for the 
arithmetic organ. 
" CONTROL" provides for the instructions to be obeyed, 

i.e. the desired operations to be performed on numbers in 
appropriate locations, in correct sequence. The distinction 
between this organ and the arithmetic organ is not hard 
and fast; the design may allow instruction words to be 
modified by the Arithmetic Organ so as to reduce the 
amount of storage and human preparation needed. 

INPUT/OUTPUT 

CONTROL 

MEMORY 

ARITHMETIC 
ORGAN  

Fig. . Organization of computor 

In order to follow the machine procedure, consider an 
addition such as A + B = C; also assume that the machine 
has had its programme inserted via input into the store, 
whence control has just provided it with the present 
instruction. This then transfers the contents of storage 
locations A and B to the arithmetic organ, causes them to 
be added and the sum to be transferred to storage location 
C. Finally, the present instruction enables its successor 
to be transferred from the store and to replace it in 
control. The final instructions specify the locations of 
the answers, transfer them to output for display and stop 
the machine. 
The instruction word is of the " multi-address" type as 

it specifies -two sources (A and B), a function (+), a 
destination (C) and the source of the next instruction. 
These components act on control and cause it to emit 
gating pulses to the appropriate circuits. For economy, 
the variety of functions is limited to a few dozen. Pro-
gramming is thus a skilled task but an expert in numerical 
analysis has mastered the art within four hours.' The task 
of programming is reminiscent in turn of the organisation 
of a treasure hunt, of a time table and of a Meccano 
assembly. However, once a programme is made, it can 
be used repeatedly with different values of the parameters 
and possibly as part of a latter programme. 
The most important aspect of programming concerns 

the repetitions which are inherent in most calculations. A 
chain of elementary operations is called a " sub-routine, 

as exemplified by the scalar product 

Although it may be needed several times in one pro-
gramme, a sub-routine is inserted only once and is linked-

in again and again at the relevant points of the programme 
by means of the instructions. 
The use of sub-routines suggests that there is a hierarchy 

of ' intelligence levels" which control a long and tedious 
computation, e.g. the frequency response of a filter,' by 
combinations of a very few instructions at each level. 
The extent to which instructions must be coded into 
words' can be reduced, e.g. by the aid of windings on 

toroidal cores which may be plugged into the control 
panel.' In this case, the cores are labelled so that the 
addition A + B = C is programmed by linking cores (A), 
(+), (B) and (C) with a single wire which acts as a 
primary winding for the four transformers. The pulse 
passing through the wire operates the internal circuits 
connected to the transformer secondaries. 

Storage 
Many different words (data, instructions, interim results) 

enter into a computation, but at any one step relatively 
few numbers are needed. Digits in current use are repre-
sented by electric pulses in an electrical computor. Low-
pass filters (lumped or distributed) will delay pulses and, 
together with amplifiers for re-circulation, store them but 
they prove too expensive for large scale use. Electric 
pulses are supplemented by other physical quantities of an 
" on-off " nature. 
The computor input is usually fed with data represented 

by holes in cards or tapes or as polarized spots on a 
magnetic wire or tape. The input organ has a " reading " 
section which changes the input signal to a pulse form for 
transmission to the internal store. In several successful 
computors, this store consists of large numbers of relays 
of the latch type. 
To provide greater computing speed, which is largely 

governed by the maximum transmission speed of the 
internal store, Eccles-Jordan electronic trigger circuits 
were substituted for relays in the " ENIAC" computor 
which incorporates some 18,000 valves. The fact that an 
equipment containing so many valves continues to work 
for long periods justifies the computor designer's faith in 
valves operated in an " on-off" manner. 

Apart from the recent magnetic trigger circuits," three 
other principles have been developed to increase the speed 
and economy of the internal store. These are: 

1. Delay Line 
2. Magnetic Drum 
3. Cathode-Ray Tube. 

DELAY LINE 

The finite speed of sound through a metal is used to 
provide a storage device. Quartz crystals are used to 
inject the signal at one end of the line and to receive 
it at the other. For example, a five foot column of mercury 
causes a delay of 1,024 microseconds, and allows 1,024 
pulses to be stored at a 1Mc/s repetition rate using a 
15Mc/s carrier. 

MAGNETIC DRUM 

The outstanding feature of the magnetic drum" is its 
compactness and low cost for a large storage capacity but 
the time required to obtain access to a given digit is long; 
an average of 10 milliseconds if the drum rotates at 3,000 
R.P.M. In high-speed computors, the drum acts as a liaison 
between the external and the fast internal store. 

CATHODE-RAY TUBES 
In the cathode-ray tube store,'" spots on an insulating 

screen are charged by secondary emission on the incidence 
of an electronic beam. Although this form of storage is 
essentially static, as is magnetic storage, the decay of 
charges by -leakage must usually be offset by periodic 
regeneration, almost as in a dynamic store (delay line). 

In all three cases, the storage medium is continuous, but 
is sub-divided into discrete portions by counters. Further 
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apparatus is required to perform the change from and to 
electric pulses and to provide power amplification. 

In almost every design, a modest number of electronic 
triggers is retained since they allow words to be set up 
(" staticized ") or discharged (" dynamicized ") at different 
rates and are invaluable for transfers between fast and 
slow stores. 
The choice of the type or types of storage profoundly 

affects the design of the computor and determines whether 
parallel or serial methods must be used. 

Parallel or Serial Mode? 

The representation of a word is parallel " if all digits 
are accessible at once, each at its own terminal; it is 
" serial " if all digits are accessible at the same terminal, 
at successive instants of time. 
A serial word of p digits cannot be examined more 

quickly than in one minor-cycle (mC), the time taken by 
the digits to pass the same terminal. Circuits for arith-
metical and other operations may then be used in time 
division multiplex, that is, serially. For example, two 
serial words are added by sending their digits to a single 
adding circuit pair after pair, the sum emerging serially. 
By contrast, parallel words are added on providing separate 
adding circuits, interconnected only for carry digits. 

Other things being equal, comparison shows that the 
serial mode saves apparatus at the expense of time, but 
other things are not equal, and both modes have their 
supporters. 

Briefly, the expense of time is not serious as pulse rates 
up to 5Mc/s are in use, hence serial computing speeds are 
ample for all but some super-colossal problems proposed 
by Neumann.' In fact, even the relatively modest speed 
of relay-type Universal Computors presents a problem. 
Several 10' Dollars are invested, and these must not lie 
idle while the next problem is being coded by the staff. 
The solution was suggested by C. Babbage'; instead of 
idling, the machine falls back on a stand-by programme 
of a highly repetitive character. Tomes of Bessel Functions 
(Harvard) and of precise data on the moon's movements 
for centuries ahead (I.B.M.) are coming out rapidly. On 
the other hand, equipment economy is limited by the need 
of more timing gear and staticizing means for the current 
instruction word, most of whose components must be 
obeyed simultaneously that is, in parallel form. 

Hitherto, dynamic storage has been associated with the 
serial and static storage with the parallel mode. This 
practice is not beyond question since words in a static 
store may be serialized by means of trigger circuits. An 
assessment of the various possibilities is expected from 
experience with SEAC which is a particularly flexible 
computor." 

The Binary System of Numbers 

The possibilities of representing numbers by pulses are 
best understood on first inspecting the familiar decimal 
notation. 
For example, 365 = 3 x 10 + 6 x 10' + 5 x 10° 

"There are two salient features:-

1. The symbol appearing in the rth digital place to the 
left of the decimal point carries " weight" 10r-'. 

2. Every digital place is filled with one and only one 
of the ten symbols, 0, 1, .., 9. 

The idea of a positional system in association with a 
power series is capital. It is unique in that it allows any 
integer to be written in terms of only ten different symbols 
and, more important still, it facilitates arithmetic. Without 
a positional system arithmetic would be stunted, as it was 
in ancient Rome and Greece where this idea was lacking. 
The use of many special symbols was not of much .belp. 
The choice of ten as the base or radix is not, however, 

very important. It is a natural radix because vertebrates 

are normally born with ten fingers. It is equally natural 
for an electrical switching device to have a choice of only 
two states. Contacts are either closed or open, valves 
either conduct or do not and, in this way, a current 
tolerance of 50 per cent is permissible; these devices may 
then be used to indicate either 1 or 0. This leads to the 
binary system,* a number system with the base two. 

In binary notation, the decimal number 365 is expressed 
as 101101101. 
The binary notation is longer than the decimal, the 

average being log, 10 3.3 times as long. This is offset 
by the simplicity of digital symbols, of which there are 
only two, 0 and I. 
To take a small binary number, thus 

1101 = 1 x 2' + I x 2' + 0 x 2' + 1 x 2° 

= 8 + 4 + O -F 1 =-- 13 in decimal notation. 

Thus in the binary system, numbers are built up so 
that 

1. The symbol appearing in the r'h digital place to the 
left of the binary point carries weight 2r-1; 

2. Every digital place can be filled with one and only 
one of the two symbols 0, 1. (C. Shannon has con-
tracted the words " binary digit" to " bit.") 

" On-off " devices do not compel sole use of the binary 
system. For instance, each decimal digit may be repre-
sented by four bits; the decimal expression 365 is then 
represented as the word 0011 0110 0101. 

Again, mixed radices may be employed; e.g., in the bi-
quinary system as used in certain relay computors, each 
decimal digit is allotted seven binary places. For instance: 

3 = O + 3 is shown as 01 01000, 

7 = 5 + 2 is shown as 10 00100; 

the first two bits indicate 0 x 5 or 1 x 5, the other five 
just one of the five symbols 0, 1, , 4. The decimal 73 
then appears as the word 10 00100 01 01000. 

It will be noticed that any decimal digit, including 0, is 
represented by two " ones " and five " noughts "; the fact 
is applied in relay computors on arranging alarm circuits 
across auxiliary contacts to stop the machine whenever 
other than two out of seven relays (one in each sub-group) 
are closed; this is very effective as a check on the transient 
contact troubles typical of electro-mechanical relays. 

Both these mixed systems simplify conversion between 
decimal notation and binary words, a necessity unless the 
human computor can learn to think entirely in the latter. 
This is not so where the computing machine forms a link 
in a chain of devices and the neighbouring links have 
binary scale output and input, respectively. However, these 
conversions can be programmed as sub-routines; also such 
departures from the binary system complicate the arith-
metic organ, waste time and storage (as will be seen from 
the examples), and are not accepted in the majority of 
high-speed designs. 

The Largest Number 

It is easy to show that there is no largest natural number: 
for supposing (M — 1) be claimed to be the largest, addi-
tion of unity yields M, which is certainly larger than 
(M — 1). But if M is too big this sum cannot be done 
in our heads. Similarly, the internal store of the machine 
is finite. Turing' has shown how an external supply of 
tape extends the "memory "; but the internal store must 
be relied on for fast work. It can have only a finite 
number of different states, M — 1 say; hence there is a 
number (M — 1) which it can just represent, and it cannot 
truly represent M, (M + 1), etc., there being no states 
corresponding to numbers > (M — 1). M may take 
different values in different sections of the same machine, 
or there may be provision for self-adjusting scale factors 

This system is common for fractions of the inch tin., tin., . . etc. 
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(sliding n-ary point). Neither possibility invalidates the 
argument. 

Accordingly, machines represent numbers "Congruent 
modulo M" only; if the number n is indicated, it may really 
stand for another number n', such that n and n' are con-
gruent with regard to the modulus M; this is written 

n' = n (mod M), 

and signifies that there is an integer k such that 

n' = n k.M. 

Examples 

9 = 2 (mod 7) since 9`= 2 + 1 x 7; 

4 = 1 (mod 3), 316 = 1 (mod 9), etc. 

Congruences apply to negative numbers also: 

—9 = 5 (mod 7) since —9 = 5 — 2 >c 7. 

= 2 (mod 3), —316 -= 8 (mod 9), etc. 

This Gaussian congruence is met with in daily life; the 
hands of a clock read the time congruent modulo 12 hours, 
and car mileage is indicated (mod 10 miles) by a counter — 
if not disturbed. " 
The geometric representation of real numbers on a line 

is familiar, (Fig. 2). 
Congruent numbers are represented better on a circle. 

(The modulus = 6 in Fig. 3). 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -I 0 1 2 3 4 5 6 7 8 9 10 II 

Fig. 2. Line of real numbers 

Congruences with regard to the same modulus may be 
added, subtracted and multiplied; hence where there is no 
danger of ambiguity, congruences may be written as 
ordinary equalities. 

Returning to computors, the limitation to a fixed 
number of states imposes on the mathematician a detailed 
preliminary investigation of the future run; only then can 
the problem be prepared so that (M — 1) will not be 
exceeded falsely at any stage; initial, intermediate or final. 
Clearly ambiguities by an integral (non-zero) multiple of 
the modulus M cannot be tolerated (excepting problems in 
congruences). In fact, the "electronic brain" not only 
fails to " think" about these things, it must be spoon-fed. 
Of course, the machine can be (and in the B.T.L. types, is) 
made to stop and ring an alarm when, in certain locations, 
there are numbers exceeding (M — 1) or a slightly smaller 
number; the scale factors must then be revised. 

5 

Fig. 3. 
Circle of congruent 

numbers 

12 
6 

-3 

7 
-5 

2 

Means for dealing with the end carry digit have to be 
provided for, even if the numbers are small enough, opera-
tions can yield numbers which are greater than M by 
way of a carry digit from the highest digital place avail-
able. Now since 

M = 0 (mod M), 

c.s. (carry suppression) at the end is both justified and 
necessary in addition and in signed multiplication. A 
slight variation of the end c.s. method will be discussed 
later. 

Signed Numbers 

For the purpose of arithmetic, it is practically 
essential to represent both positive and negative numbers 
by pulses of the same polarity. 
The customary representation by absolute (positive) mag-

nitude and separate sign can be instrumented. The sign 
needs one bit, e.g. " 0" for " + " and " 1 " for " — ". 
Multiplication is then a straightforward operation. How-
ever, difficulty is experienced with addition or subtraction 
since, with unlike signs, the addends must be compared 
to determine which has the larger magnitude before the 
summation can commence. 

Addition is the commonest arithmetical process, hence 
signed magnitudes are not used for it. However, in one 
computor," they are used for multiplication, but are trans-
formed to the " complements code" for addition. 
The complements code is an application of congruences. 

It is widely used in all types of digital computors. In any 
code of this nature, the machine can register numbers which 
appear to be positive only; but these coded numbers or 
" words " represent other numbers, positive or negative. 
With (M — 1) as the largest coded word represented in 

the machine, let nA be the coded word which represents 
the actual number A. 
The complements code then implies that 

nA = A if A is positive, but that 
nA = M + A if A is negative. 

Thus, positive numbers are coded into themselves, but 
negative numbers are coded into their complements with 
regard to the modulus M. It is necessary to restrict the 
magnitudes of the actual numbers to avoid overlapping. 

NATURAL NUMBER LINE 

2 \ PERMIrTTEDA4-1M II II —F--I-SEGATIVE 2 .- -I y 1 2 POSITIVE II 

NOT AVAILABLE 
0 

0 2ROSIT1VE  
2 _A4 

CODED NUMBER SEGMENT 
Fig. 4. Illustration of complements code 

Assuming that M is an even number, then for A positive, 

0 A -= "IA M12 — 1, 
for A negative 

—M/2 A < —1, i.e., M/2 nÁ —M — 1. 
This coding amounts to a mapping of the actual number 

line on to the coded number line; by taking complements, 
the segment of actual negative numbers is shifted by an 
amount +M into the positive part of the code-word line. 
(Fig. 4). 
The smallest negative number A = —1 is coded into the 

largest word available, nA = M-1; the largest negative 
number A = —M12 is coded into nA = M/2. 

Example 

Let M = 100, then n, = 05, n, = 100 — 5 = 95. The 
integers from —50 to +49 inclusive can, in this case, be 
represented. 

Addition is very simple, subject only to the condition 
that A, B and A + B are restricted as above; this is obvious 
if A and B are both positive. If one is negative, say A, 
then 

nA = M + A =M—IAL so 
nA + na M — 1,41 + 1BI ; 

if B <IAI, no end carry arises and the word sum repre-
sents the negative number (A + B); 
if B 1AI, an end carry is generated but suppressed; the 
positive number (A + B) corresponds to the sum of the 
words. 
The sum also works out correctly, if both A and B are 

negative, so that in all cases of addition 
nA + na = n(A,13). 
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Thus, the code admits of the ordinary laws of addition, 
i.e., the sum of two code words is the code word of the sum 
of the numbers represented originally. This is subject 
only to the above numerical restriction on the magnitudes 
of the numbers, and to suppression of the carry from 
the highest place. 

Signed addition facilities obviously admit of subtraction; 
this also follows the ordinary laws although coded words 
are substituted for signed numbers. 
Thus, since (A — B) = A + (— B), 

nA-a = nA + fl-B. 
Now, if B is positive, n-a = M — .131, and 

if B is negative, n-a = —B = 1BI, so since 
IB = (14 +Ai) (mod M), then 

in each case n-a = nm-a 
= M — na. 

Hence • 
nA-a = nA + nm-13. 

Taking complements with regard to M may involve 
carries, except with regard to a string of nines (decimal 
system), e.g. 

104 — 300 
= (104 — 1) — 300 + 1 
= 9 x 10' + (9 — 3) x 102 + 9 x 10' 

+ 9 x 10° + 1 
= 9699 + 1 
= 9700 

Two nine" carries arise in the last step, on adding the 
" fugitive " digit 1; if this is omitted, carries cannot occur 
in forming complements. In the example the complement 
9699 would obtain, i.e., with respect to 104 — 1. If this 
procedure is adopted, the fugitive digit has to be restored 
on certain occasions. Thus, adding a negative number to 
a larger positive number would yield a positive sum, in 
error by unity; in the example. 

0582 
+9699 = 1)0281, n582 + /1-3 DU = 

where 1) indicates the end carry. On taking the end-carry 
round to the lowest digital place, and adding it, the desired 
correction obtains: 

1) 0281 = 0281 + 1 = 0282 
The end-around-carry method renders carries less fre-

quent; it is commonly used in mechanical calculators where 
carries are troublesome. 

Multiplication is more problematical, for it is only if 
both A and B are positive that 

nA x na = niA„i3). 
If A is negative and B is positive, then 

nAria = (M A)B = MB ± AB, 
whereas the product AB,* a negative number, should be 
coded as 

nAa _= M' + AB, 
which may be written 

nAB = nAnB M(M — B) and, on coding (M — B), 
-= nAna + M nal-B 
= nAna + M(M — na). 

Similarly, if both A and B are negative, the product of 
the code words must be corrected by adding in M(M — na) 
+ M(M — nA). 
The correction terms are complements of the coded 

words, multiplied by M; the last step is merely a shift to 
the left; e.g., in a decimal computor with M =106, the com-
plements would be shifted 6 places to the left. 
Decoding also requires discrimination: 

if nA < M/2, then A = nA, but 
if nA > M/2, then A = nA — M. 

Conditional use of the complements in multiplication and 
decoding means discrimination, and so slows down and 
complicates these frequent operations. A remedy is avail-

* Note that the product AB may have nearly twice as many digits as 
either A or B; hence nAB is taken as a double length word, with 
modulus M 2. 

able in the case of the binary scale, by a device to be 
described next. 

The Complements Code in the Binary System 

Sign representation is simplified in the case of the binary 
system. 

Let the coded words be numbers to p binary places, with 
the binary point to the extreme right: 

(1) nA = n,, x ap-, x 25' a, x 2°, where 
the symbols 

a,. = 0 or 1, r = 1 to p. 

The modulus is then M = 20 and, in the code, comple-
ments are taken with regard to 2P. The numbers repre-
sented by the word are confined to lie in the closed interval 
(-2P-', +2°' —1). 

Let A be any number in this interval. Then by the con-
vention of the code, it may be written, 

(2) A = nA — a, x 2P, 
for if A is positive, ap = 0, A = nA, 
and if A is negative, a,, = 1, A = nA — 2°. 

Combining (1) and (2), 

A = —ap x 2.° ap x 2r-i 

np2P-' ( — + 1) + 

p — 

(3) A = ap2P-' + r2r-'. 

P — I 

r = I 

ar2r-` 

r = 1 

ni2r-', hence 

r =1 

It should be noted that the right-hand sides of Equations 
(1) and (3) differ only in the sign of the first term. But, in 
the code 

—2P-' = 2° —2°-', i.e., —2° -]. = 2°' (mod 2P). 
Hence, it is natural to take the weight of the last digital 
place negative, i.e., as (—r-i) and not as 2P-'. With this 
interpretation, the right-hand sides of Equations (1) and (3) 
become identical; this must also be true for the left-hand 
sides, i.e., 
(4) A = nA 
for both.positive and negative values of A; thus, the actual 
number and the coded number have the same value in this 
interpretation. 

Accordingly, systems of multiplication and of division 
with simple unconditional correction for signs may be 
devised. Coding and other operations are also simplified. 

(To be continued) 
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NO. 2 

The Prediction of Audio-Frequency 
Response 

Circuits with Two Reactance Elements 

By N. H. Crowhurst, A.M.I.E.E. 

Slope Transition Case 

As stated in the first part of this data sheet, negative 
values of E in Equation (4) or (6), according to 
whether the circuit is of the high or low frequency cut-off 
type respectively, result in a form of amplitude response 
that can be regarded as passing through a transition from 
a characteristic having an ultimate slope of 6db/octave to 
one where the slope is 12db/octave. The transition fre-
quency can be found from a modified form of Equations 
(3) or (5). For the high frequency cut-off networks, 

— + — 1] 
s 

1  Ls Cpr2  
L.Cp [ 2L  

— E 

Lep 

or 

  (3b) 

while for low frequency cut-off networks, 

p 
11 wt2 = LC. r2C's + — 1 or [ 2L, 212 L 2Cs 

11 cot' =- — E . LpCs   (5b) 

t, 

/2 

e 

db at /1, 

 db at 

db at /2 

Fig. 4. Illustrating the use a Chart 6 

To obtain the response in these cases, the value of E 
obtained from Equations (4) or (6) is substituted in the 
modulüs of the attenuation coefficient, and to render the 
response characteristic dimensionless, x is written for w/(.0, 
in high frequency cut-off characteristics, and for to,/ to in 
low frequency cut-off characteristics. This produces a 
general form, giving the amplitude response in db, 

db loss = 10 log;„ [1 + ( 1 +Er I R) (x4 + 2.x2)] 

  (17) 

(Part 2) 

Substituting x = 1 gives the attenuation at the transition 
frequency, 

db at fi = 10 log ic, [1 + 3   
1 +E r/R 

  (18) • 

Use of Charts 5-8 

Chart 5 serves a purpose for the transition case similar 
to that served for the peaking case by Chart I. The method 
of reference is self-evident. Chart 6 gives a series of 
response curves for values of db at fi between -01 and 
20. The reference frequency is fi, and the appropriate 
curve is selected by finding the one whose loss at ft coin-
cides with the value found by Chart 5. The frequency 
reference at the bottom is for high frequency cut-off net-
works, and this refefence forms the basis for the chart, 
as most applications for this chart will be for high fre-
quency cut-off networks. There is a conversion reciprocal 
scale to suit low frequency cut-off networks at the top of 
the chart. Fig. 4 will clarify the use of Chart 6. 

Charts 7 and 8 give the phase response for all cases be-
between a peaking case giving 30db peak and a transition 
case having a loss at f, of 20db, that is, corresponding to the 
amplitude cases given by Charts 1 to 6. Chart 7 converts 
relative frequency (the reference frequency being related to 

CHART 7 CHART 13 

2 

0 at /, 

  0 at /2 

:b ea(orQt/1 

13 

Fig. 5. Illustrating the use a Charts 7 and 8 

the amplitude reference by Equation (9) or (10) and given 
by Chart 1 or 5 on the auxiliary scale) for either the high 
or low frequency cut-off network into arbitrary reference 
units for Chart 8. Fig. 5 shows how these two charts are 
used together. 

CHARTS 5 & 6 
Example 5. 

A valve of A.C. resistance 50kS2, is coupled to the follow-
ing stage by means of choke capacitance coupling. Choke 
130H; Coupling capacitor 0.04F; Grid leak 0-25M1-2. 

(Continued on p. 38) 
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Chart S. Attenuation of transition Frequency 
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Chart 6. Transition slime response curves 
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Chart 8. Phase reference for Chart 7 
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This employs the circuit of Fig. 2(b), in which 
r = o-25m1-2 and R = 50k.Q. Evaluating, 

rzC. 6.25 x 10" x 2 x 10'  
2 x130 -48, 

130 '  

2R2C. 2 x 2•5x 109x 2 x 10" - 

  _ 4 8 ± 1.3 - 1 = 5.1: 

3; 

2•5 X.10' 
r/R - = 5. 

5x 104 

Applying these values to Chart 5, the db at f, is found to 
be 5db. Reference to the auxiliary scales on Chart 5 shows 
that tip/ft = 0.925. This is the relation between the refer-
ence frequencies used for Charts 6 and 7 in this case. 
Referring to Chart 6, it is found that for relative fre-
quencies as tabulated below, the corresponding db losses 
are given: 

flf i „ 

db loss 

0.2 

27 

0.3 0.4' 0.5 0.6 0.7 0.8 0.9 1.0 

20.4 16 

2.5 

12.7 10.3 8.4 7 5.85 5 

flf i 1.5 2 3 

0.68 

3.5 4 4.5 . 5 . 

db loss 2.5 1.48 0.98 0.5 0.39 0.31 0.25 1 

Example 6. 

A redesign of the circuit of Example 3 results in a 
primary self-capacitance of 2,500pF, and a leakage induct-
ance of 77.5mH, r = 104, R = 105 as before. 

L. 7-75 x 10-2 

2C,,R 2 - 2 x 2.5 x 10' x 10" 

Ce2 2.5 x 10' x lOs  

2L„' -- 2 x 7.75x 10-2 - 

- 00155 

1 612, 

-= .00155+ F612 - 1=0.613. r/R =CH as before. 

Applying these values to Chart 5, gives db at f, as 2.9. 
Reférence to the auxiliary scales gives fo/fi = 1-33, The 
following values are tabulated from Chart 6: 

Mi .. .. 

db loss .. 

flf i .. 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 1.0 

0.12 0.26 0.46 0,72 1.05 

3.5 

117.5 

1.4 1.9 2.9 

1.5 2 2.5 

12.5 

3 

15.1 

4 4.5 5 

db loss .. 6 9.3 1 19.6 21.5 23.2 

Example 7. 

The coupling of Example 4 is reduced to k = 0.0025, 
retaining Q, -= 53; Q, = 212; fc = 1Mc/s. 

Applying the principle by which (14) is obtained as a 
counterpart for (8), the corresponding formula for the 
transition case becomes, 

and 

db at f, = 10 log,„ [1 + 3 ( m   ... (19) 
1 + k2Q2 

f, = fc/ 2Q V m - k2Q2  (20) 

m - k2Q2 2125.-0'07  
evaluating' 1 4. k2Q2 1 ± 0.07 - F92. Applying 

this to Chart 5 as a value of wi2LBCp and using the left-hand 
edge (as if rl R = 0) the db at fi is found to be 10.8. The 
frequency, given by (20), is 

fi = 106/212 V2.005 = 6.77kc/s. 

Note that as kQ becomes small, the limiting value of 
transition frequency and attenuation becomes dependent 
upon m and Q only, so that for weak couplings the shape 
is dependent upon Q ratios and the frequency band upon 
mean Q. 

CHARTS 7 & 8. 

To produce the phase responses corresponding to the 
amplitude responses treated in Examples 1-3, 5 and 6, it is 
convenient to tabulate the reference points against 
f/ffrom Chart 7. first, for both low and high frequency 
cut-off networks. For high frequency cut-off networks 
relative frequencies less than unity, and for low frequency 
cut-off networks relative frequencies greater than unity, that 
is the frequencies nearer mid-band, or with les S than 90° 
phase shift, give reference figures oh the upper half of 
the chart, while the frequencies, beyond this point appear 
in the lower half of the chart. 

flf 0 . . . . 0.01 0.02 0.03 0.04 0.06 0.08 0.1 0.15 

Ref. .. .. 100 50 34 25.5 16.7 12.4 9.9 6.5 

f/J.,5 .. .. 0.2 0.3 0.4 I 0.6 0.7 0.8 0.9 1.0 

Ref. .. .. 4.8 3.05 2.1 i 1.05 0.7 0.45 0.2 0 

The above reference figures appear on the upper half 
for H.F. cut-off networks and on the lower half for L.F. 
cut-off networks. The following are on the lower half for 
H.F. cut-off networks and the upper half for L.F. cut-off 
networks. 

lifo .. .. 1.2 1.4 1.6 1.8 2 3 4 I 6 

Ref. .. .. 0.37 0.7 0.95 1.23 1.5 2.7 -7.il 5.9 

flfe. . • • • 8 10 20 30 40 60 80 100 

Ref. .. .. 7.9 10 19.5 30 40 • 60 80 100 

Applying these reference figures to Chart 8, and tabulat-
ing results for 6db peak and 5db at f„ L.F. cut-off net-
works, and for 7•6db, •ldb peak and 2.9db at f, for H.F. 
cut-off networks, the following table has been compiled: 

fifo .. .. 0.01 0.02 0.03 0.04 0.06 

178° 
12' 

173° 
20' 

1° 
25' 

0.08 

177° 
36' 

171 ° 
5' 

0.1 

177° 

168° 
50' 

0.15 

175° 
24' 

0.2 

173' 
50' 

0.3 

170° 
4' 

6db peak L.P. 179° 
42' 

179° 
24' 

179° 
8' 

178° 
49' 

175° 
32' 

0° 
56' 

5db at fi L.F. 178° 
53' 

177° 
45' 

176' 
45' 

0° 
41' 

163° 
30' 

158° 147° 
30' 

7° 
45' 

7.9 db peak 
H.F. 

0° 
14.2' 

0° 
28' 

1° 
55' 

2° 
24' 

3° 
36' 

4° 
50' 

0.1db peak 
H.F. 

2.9db at fi 
H.F. 

0° 
45' 

1° 
30' 

2° 
15' 

3° 
5' 

4° 
30' 

6° 
5' 

9° 
30' 

I I° 
20' 

15° 

15° 
' 

23° 
30' 

1° 2° 3° 4° 6° 80 10° 20° 30° 

flfe .. 0.4 0.6 

153° 

0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 

6db peak 
L.F. 

166° 143° 
30' 

131° Ill' 90° 52° 36° 28° 23° 
30' 

19° 

5db at f i. 137° 118° 110° 104° 97° 90° 78° 69° 63° 57°1 52° 
L.P. 30' 30' 30' 30' 30' 30' 1 

7.9db 11° 21° 30° 41° 62° 90° 133° 150° 157° 161° 164° 
peak, H.F. 10' 50' 30' 30' 20' 40' 

0.1db 32° 52° 61° 70° 80° 90° 106° 119° 126° 132" 139° 
peak, H.F. 3IY 30' 10' 10' 30' 

2.9db at 40° 59° 68° 74° 83° 90° 103° 112° 118° 124° 130° 
fi H.F. 30' 30' 40' 30' 

flf 0 .. 3 4 6 8 10 20 30 40 60 80 100 

6db peak 11° 7° 5° 4° 3° I° 1° 08 0° 0° 0° 
L.F. 45' 5' 18' 32' 44' 29' 22' 18' 

5db at f i 35° 26° 17° 13° 10° 5° 3° 2° I° 1' 1° 
L.F. 45' 30' 50' 40' 50' 30' 40' 42' 49' 21' 7' 

7.9db 171° 173° '175° 177° 177° 178° 179° 179° 179° 179° 179° 
peak, ELF. 10' 50' 55' I 36' 48' 12' 24' 39.5' 42.5' 45.8' 

0.1db 153° 160° 167° 170° 172° 176° 177° 178° 178° 179° 179° 
peak, H.F. 40' 50' 10' 30' 20' 5' 25' 5' 44' 3' 15' 

2.9db at 146° 155° 163° 167° 169° 174° 176° 177° 178° 178° 179° 
f i, H.F. 20' 20' 20' 45' 48' 35' 24' 18' 43' 
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Notes from the Industry 

1952 Institute of Radio Engineers 
Awards. Thé Board of Directors of the 
Institute • of Radio Engineers, upon the 
recommendation of the Awards Com-
mittee, recently named the recipients of 
the annual I.R.E. awards for 1952: Dr. 
William Shockley, of the Bell Telephone 
Laboratories, was awarded the Morris 
Liebmann Memorial Prize in recog-
nition of his contributions to the creation 
and development of the transistor. The 
Vladimir K. Zworykin Television Prize 
Award was conferred for the first time 
to D. B. Loughlin, of the Hazeltine 
Electronics Corporation, for his out-
standing technical contributions to tele-
vision. This award was recently 
established by V. K. Zworykin to 
encourage technical • developments in 
fully electronic television. 

Television—Simultaneous Transmis-
sion, Paris/London. Mr. Cecil McGivern, 
Controller of Television Programmes, 
and Mr. Imlay Watts recently went to 
Paris to study with the French television 
service the possibility of television relays 
between Paris and London. 
As a result of this discussion the 

possibility of such relays is appreciably 
nearer. It would be a joint operation 
and can probably be achieved by using 
the Paris-Lille radio link which has just 
been established by Radiodiffusion et 
Television Francaise, and on which 
regular services will begin very shortly. 
From Lille to Calais and from Calais to 
London microwave gear will be used, 
and at some point on this part of the 
route a convertor will have to be 
employed to convert the French 819 line 
system to the B.B.C. 405 line system. 

Radio Trades Examination Board. It 
has recently been announced that •Mr. 
S. A. Hurren has retired from the 
chairmanship of the R.T.E.B., a position 
which he has held since its formation 
in 1941. Mr. E. J. Emery has been 
appointed as his successor, and Mr. 
H. A. Curtis has been appointed as 
deputy chairman, in view of Mr. 
Emery's many commitments. 
The closing dates for the 1952 

R.T.E.B. Servicing Examinations are: 
for the Radio Servicing Certificate, 
1 February, and for the Television 
Servicing Certificate, 15 January. 
Regulations and examination entry 
forms may be obtained from the Secre-
tary, R.T.E.B., 9 Bedford Square, W.C.1. 

Navigational Aids in Ice and Tropics. 
Marconi's Wireless Telegraph Co. Ltd. 
have received an order for radio beacons 
to be erected in extreme climates—in the 
Antarctic at South Georgia, and in the 
tropics off Western Australia. 
Two Marconi Type RB.109 radio 

beacons, which will be unattended, are 
to be established on desolate islands in 
the South Atlantic off the coast of South 
Georgia. They will provide half-hourly 
transmissions to enable vessels approach-
ing the mainland to plot their positions 

by the inter-section of radio. bearings at 
ranges of up to approximately 1.00 miles. 
The stations will be arranged to operate 
entirely automatically for three months 
in weather conditions with ambient tem-
peratures ranging down to 20 degrees of 
frost, and wind velocities of up to 120 
m.p.h. 
The Type RB.109 radio beacon has an 

output rating of 20 watts and a frequency 
coverage of 200-415kc/s. It is suitable 
for marine or aeronautical services— 
combining the requirements of "Marker" 
and "Calibration' beacons in the single 
installation, with operation from A.C. 
mains or 50/100 volt batteries. 
The station in the tropics is a radio 

navigational aid service for shipping 
making the dangerous "Penguin Shoals" 
off the Western Australian coast, and will 
be erected on Troughton Island. It will 
provide high power M.F. beacon trans-
mission by automatic time control 'and 
on " Request," twin-channel H.F./D.F. 
facilities, and H.F./M.F. communication 
with vessels, the Lighthouse Department's 
telephone network and coastal stations. 
The equipment includes: fully dupli-

cated beacons type WB.8 feeding into a 
remotely situated 165ft vertical radiator; 
centre-site Adcock Direction Finding 
assembly type TFg.26/4; communication 
transmitter type TGS.541A with auto-
matic 6-way frequency and aerial selec-
tion, and four H.F./M.F, receiving channels 
including the new 6-way crystal con-
trolled receivers type RS.201. 
The station features remote control 

facilities and the arrangements to 
utilize the D.F. " Sense " aerial to 
feed also the various receiving chan-
nels, so that the whole station can be 
controlled from the D.F. operating centre 
by a single watch-keeping operator. 

BINDING OF VOLUMES 
Arrangements have now been made for a 
binding service starting with the 1951 volume 
at an inclusive charge of £1. 
Copies will be bound, complete with index and 
with advertising pages removed, in a good 
quality red cloth covered case blocked in 
gold on the spine. 
Home and Overseas readers who wish to 
bave their copies bound are asked to comply 
with the following instructions :— 
(I) Tie the twelve issues (January to 

December, 1951) securely together before 
parcelling. 

(2) Enclose a remittance for £1 and a gummed 
label bearing the sender's name and 
address. 

(3) Enclose the copies, remittance and label 

in a closed parcel and address to The Circulation Dept. (E.E. Binding), 

28, Essex Street, 
Strand, London, W.C.2. 

(No other correspondence is necessary) 

The following are also available from our 
Circulation Dept. :— 
A limited number of Bound Volumes for 

1951. Price two guineas, post free. 
Binding Cases for the 1951 volume. Price 

5s., postage 6d. 
The Index for Volume XXIII (1951), free. 
" Easibind " Cases for binding current 

issues, or complete volumes. Price 
12s. 6d., postage 6d. 

PUBLICATIONS RECEIVED 

THE MECHANICAL PROPERTIES OF NICKEL 
ALLOY STEELS is a new 'publication dealing 
with the various types of steels, which are divided 
into two main groups, direct-hardening and ;case-
hardening. Specification details (chemical 'com-
position, heat-treatment and mechanical• proper-
ties) are given for each steel, together with 
representative test results which show the, effect 
of mass. Tempering diagrams are included for 
the direct-hardening steels. General data includes 
tables showing the effect of tempering and sub-
zero treatment on case-hardness, torsion test 
results, a graph showing the effect of surface con-
dition on fatigue strength and a comparison of 
the various official tensile and impact test pieces 
in use. Copies of this reference book may be 
obtained, free of charge, from the Mond Nickel 
Co. Ltd., Sunderland House, Curzon Street, 
London, W.I. 

MASTERY OF MEASUREMENT is a new Mar-
coni catalogue designed to illustrate the wide 
scops of the company's activities in the fields of 
communication test gear, industrial measuring 
equipment and electro-medical apparatus. The 
catalogue is well presented on art paper, and 
includes clear diagrams and photographs of the 
instruments concerned. Marconi Instruments Ltd., 
St. Albans, Herts. 

GLOSSARY OF PIEZO-ELECTRIC TERMS is 
Supplement No. 5 (1951) to British Standard 
204:1943, which deals with the terms used in 
telecommunication. The terms used in Supplement 
No. 5 are therefore those used by engineers and 
others in the practical preparation of piezo-electric 
crystal units, and are engineering rather than 
crystallographic terms. It can be obtained -from 
the British Standards Institution, 24 Vietoria 
Street, London, S.W.1, price is., post free: 

RADIO FOR MERCHANT SHIPS—PERFORM-
ANCE SPECIFICATION FOR AN EMER-
GENCY RECEIVER is a new publication issued 
by the G.P.O. It gives a specification for the 
minimum performance of an emergency receiver, 
with loudspeaker-watching facility, for use in 
ships which have to be compulsorily fitted with 
radio. The booklet can be obtained from His 
Majesty's Stationery Office, Kingsway, London, 
W.C.2, price 6d., postage Id. 

• 
" THE IRONMONGER" DIRECTORY OF 
BRANDED HARDWARE provides a ready source 
of reference for the many thousands of 'brand 
names which are in constant use in the hardware 
trade. It also contains a quite comprehensive list 
of tool manufacturers of value to electronic and 
radio engineers. Obtainable from the Circulation 
Manager, "The Ironmonger," 28 Essex Street, 
Strand, London, W.C.2, price 6s. 

THE GUILDS' ENGINEER—SECOND ISSUE, 
1951. This journal is jointly controlled by the 
Engineering and Radio Societies of the City and 
Guilds College. It contains several papers of 
interest to readers of ELECTRONIC ENGINEERING, 
such as " Broadcasting Engineering " by H. 
Bishop, " Frequency Modulation Receivers" by 
P. M. S. Hedgeland, and " Trend in the Design 
of Small Power Transformers for use in Com-
munication Equipment " by E. S. Parkes. Copies 
of the journal may be obtained from " The 
Guilds' Engineer," The City and Guilds College, 
South Kensington, London, S.W.7, price 5s., 
inclusive of postage. 

PHILIPS LIGHTING PUBLICATIONS—Philips 
Electrical Ltd. have recently published new 
editions of their leaflets on Sodium Lighting, 
Industrial Fittings for 40W 4ft lamps and Mer-
cury Lighting, to bring them up to date. Their 
numbers are A.161, A.I63 and A.166 respectively, 
and can be obtained free from Philips Electrical 
Ltd., Century House, Shaftesbury Avenue, Lon-
don, W.C.2. 

RCA TECHNICAL PAPERS (1946 - 1950) 
INDEX, VOLUME II, lists substantially all pub-
lished English-language technical papers on sub-
jects in the radio, electronics and related fields, 
the authors of which were associated with the 
Radio Corporation of America (including its 
various divisions and subsidiary companies) at the 
time of the paper's preparation or at the time 
the work described in the paper was performed. 
It is obtainable from RCA Review, Radio Cor-
poration of America, RCA Laboratories Division, 
Princeton, New Jersey, U.S.A. 
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Letters to the Editor 

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

Standardized Abbreviations 
DEAR SIR,—Your correspondent Mr. 

J. W. Godfrey has ranged over a variety 
of topics in his letter (October issue) on 
the subject of standardization, but he is 
chiefly concerned with the difficulties 
encountered in the use of abbreviations. 
The problem of the manipulation of 

standard symbols and abbreviations is 
made unnecessarily difficult if a clear 
distinction is not made between these 
two uses of letters. 

Abbreviations are shortened forms of 
the words intended to be used and, as 
far as abbreviations for units are con-
cerned, are more often than not 
associated with specific numerical 
quantities: 

e.g., ten amperes 10A 
five volts 5V 
fifty watts 50W 
four microfarads 4,uF 
one millihenry ImH 
seven megohms 7M2 

etc. 

Letter symbols, on the other hand, are 
algebraic signs representing entities or 
parameters, possibly at a particular 
instant or period of a cycle, or with a 
maximum, minimum, total (etc.) value. 

e.g., current I, 1„, 
voltage V, V,..,„ 
power W, Wins I . 

capacity C, 
inductance L, 
resistance R, R tota 1 

etc. 

h is frequently necessary to employ 
additional devices, including italics, 
bold type, etc., for symbols, but never 
for abbreviations. 

This point has apparently not been 
appreciated by Mr. Godfrey who, in a 
single paragraph, while speaking of 
abbreviations of the type H.T., R.F., etc.. 
refers to "sinusoidal quantities where 
capital and lower case 'abbreviations' 
represent different values." Abbrevia-
tions by themselves do not represent 
" values ' at all. 

Thus, while one speaks of both 
" r.m.s. voltage" and " twenty volts 
r.m.s." 
the symbol for the former is written— 

V,..,„.„. 
and the abbreviation for the latter-

20V r.m.s. 
The distinction may be clearer if the 

example relates to current: 
' peak current" is written Iuk 
and " fifteen amperes peak" is 15A 
peak or 15A pk 

not, 1 maintain, 15 Ank, which means, if 
anything at all, fifteen times the peak 
" amperes " or current. 

It may be thought that the commonly 
used "Sr' is a symbol not an abbrevia-
tion, but this is not so. The symbol for 
" resistance" is " R." The abbreviation 
for the unit of resistance, the ohm, is the 
Greek letter omega "n" but this is 
obviously employed to avoid confusion 
of the letter " ' with the cipher. 

The battle between capital and lower 
case continues. However desirable the 
standardization of the one or the other 
for all abbreviations (with the exception, 
of course, of proper names) the sup-
porters of neither side are showing 
signs of giving way, and what is the 
" obvious answer" to some is far from 
obvious to others, or it would have been 
adopted without question long ago. 
The use of smaller type capitals has 

not been mentioned. These provide a 
third alternative. I am not sure if their 
use in Mr. Godfrey's letter was inten-
tional or not, since they are commonly 
employed by ELECTRONIC ENGINEERING. 
The majority of British journals (in 

the electrical field) seem to favour the 
use of lower case letter abbreviations. 
The British Standard BS.560:1934 
"Engineering Symbols and Abbrevia-
tions" cannot apparently make up its 
mind on the subject. In the section 
"Explanatory Notes" and under the 
heading "Capitals" one reads: 
" The use of capital letters . . . is in 

general discouraged. Capitals have, 
however been adopted . . . . (ii) where it 
is the general practice to use capitals." 
That leaves us just where we started. 

(I understand that BS.560 is at present 
undergoing revision. Perhaps this prob-
lem will be faced squarely in the next 
edition.) 
The paragraph in Amendment No. 1, 

Sept. 1945, to BS.560, which permits the 
use of lower case for abbreviations of 
adjectives, applies strictly to only five 
specific abbreviations found in the 
section " Machines and Transformers "; 
these are: A.C., D.C., L.V., H.V., and 
E.H.V., which are all given as capitals. 
This principle has been extended to 

many similar abbreviations. The I.E.E. 
for example, "economizes further in 
respect of capital letters than does the 
B.S.I." (I.E.E. Handbook for Authors, 
Glossary p. 32.) The matter is then taken 
one step further, and in general nouns 
are spelled out in full in I.E.E. publica-
tions. 
There remains the question of the 

abbreviations A.C. and D.C. I see 
no reason for objecting to "an a.c. 
motor" and " 200V A.C." I ques-
tion whether the form "an a.c. volt-
age of 200" has ever appeared in 
print previous to Mr. Godfrey's letter 
or is ever likely to do so again in the 
future, although admittedly it may be 
normal conversation to say "an a.c. 
voltage of 200" or, as is more likely, 
in spite of its tautology, "an a.c. volt-
age of 200 volts." In any case, this is 
not the only example where the 
appearance of a sentence may be im-
proved by recasting it. The same may 
be said of the other point which 
apparently gives offence to many, that 
of beginning with the abbreviation thus: 
" A.c. voltages . . . ." 

Alas for Mr. Godfrey's hopes of 
finality for many years to come with the 
British Standard on Letter Symbols for 

Electronic Valves BS.1409:1947; there is 
already a later (amended) issue, 
BS.1409:1950. But we are straying 
again into the field of symbols, and one 
or two points remain to be mentioned 
under the heading " abbreviations ". 

Most emphatically, there are indeed 
only three abbreviations for frequencies 
viz., c/s, kcis and Mc/s, in spite of the 
arguments in favour of Kc/s, Mc/s or 
kc/s, mc/s, etc. 
The subject of full stops is dismissed 

in a single paragraph. Only one point 
will be mentioned here; the wording of 
the paragraph from the Amendment No. 
1 to BS.560:1934 which is referred to. 
It will be as well to quote this in full 
again. 

"Full stops shall be omitted in all 
cases of single word abbreviations 
relating to units and quantities except 
where doubt may exist as to whether the 
letters given represent a complete word 
or abbreviation." 

This rule gives the following as 
correct: in., ft, yd. What then of square 
inch, square foot, etc.? Does the phrase 
" single word abbreviations . . . " mean 
that full stops must be used thus: 
sq. in., sq. ft., sq. yd.? 
What, too, of the phrase " where doubt 

may exist," which has been taken to 
mean that the abbreviations for " inch " 
(the only common abbreviation to which 
this can apply) must always be written 
" in." with a full stop ? 
To maintain consistency with the 

abbreviations " ft" and "yd" I would 
recommend using the full stop with 
"in" only in those very exceptional 
circumstances where confusion is really 
likely , to result by reason of its omis-
sion. That such circumstances are 
exceptional will be obvious from a few 
examples: 

ten in number 10 in number 
two feet six inches 2ft 6in 
four inches long 4in long 
three inches in length 3m, in length 
Generally then, the use of an adjective 

(long) rather than a noun (length) is 
sufficient to show clearly that "in" is 
the abbreviation for inch. Incidentally, 
" ten in.", meaning ten inches, is 
definitely incorrect. The unit should not 
be abbreviated if the quantity is written 
in words and not figures. 

Yours faithfully, 

H. A. W ATERS. 
Sidcup, Kent. 

A Note on the Minimum Phase Principle 

DEAR SIR,—The external properties of 
a 2-terminal linear electrical network, 
with time invariant elements, are in-
variably given as an impedance/frequency 
function or by its reciprocal, an 
admittance/frequency function. No 
other functions are in general use. The 
transfer properties of a 4-terminal net-
work, on the other hand, are given in a 
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wide variety of ways, e.g., as a voltage 
gain function, transfer impedance func-
tion, insertion transfer function, etc. In a 
recent paper in ELECTRONIC ENGINEERING' 
Tanner defines a minimum phase 4-
terminal network using the voltage gain 
function. Linke' defines a minimum 
phase network using the insertion transfer 
function, while Bode' defines this class 
of network using the transfer impedance 
or admittance. 
The object of this note is to show that 

if a network is a minimum phase net-
work in terms of one transfer function, 
then it is also a minimum phase network 
in terms of the other transfer functions 
provided certain stability requirements are 
met. An explicit note of this result has 
not yet appeared in the literature, to the 
best of the writer's knowledge. 
Transfer impedance 

If we take the voltage at end 1, (Fig. 1) 
Ei, to be acting in the first mesh and the 
current at end 2, 1,, to be the mesh cur-
rent flowing in the second mesh, then we 
have, 

Transfer impedance 
(from the first to the second mesh) 

ZT = E,112 =- —4 (Bode p. 9) 
A and A,, are functions of p, the com-
plex frequency. For the network to be 
stable none of the zeros of A can lie 
in the right half p-plane (Bode p. 111). 
The transfer impedance Zr of a stable 
network is a minimum phase function if 
Ai, has no zeros in the right half p-plane 

Ei 

1-2) 

Fig. 1 

(Bode p. 121). Since ZR enters into the 
element in the second row and second 
column of à (Z,2 say) only, A,z will be 
independent of the value of ZR. The 
value of à will, of course, depend on the 
value of ZR and we can write, 

A = A° + ZR 
where A° is the value of A when ZR = O. 
Thus if the transfer impedance of a 4-
terminal network is of minimum phase 
type • when the network is working into 
a certain impedance it will, in fact, be of 
minimum phase type when working into 
any impedance provided the network re-
mains stable with the new termination 
(this will certainly be the case if the net-. 
work and its termination are passive). 
Voltage gain 

In general, any minimum phase transfer 
function has no poles or zeros in the right 
half p-plane. For a network with a 
finite number of meshes the general trans-
fer function is a ratio of two polynomials 
in p; the zeros of the numerator and 
denominator giving the zeros and poles 
respectively of the transfer function. 

Voltage gain 
(when network is terminated by ZR) 

e = E,/E, — 1Zi,„  
E, 

A 
Thus provided ZR has no poles or zeros 
in the right half p-plane (i.e., Zit is stable 
on its own4) and provided the whole net-
work and termination is stable, then a 
minimum phase transfer impedance 

implies a minimum phase voltage gain 
function. 

Current gain 
(when network is terminated by ZR) 

1,1E,  
= 1,11, — 

1,1E, 

—3,121A  

Aii/A 
So provided the whole system is stable 

and remains stable when the input ter-
minals (i.e., end I terminals) are open 
circuited,4 then a minimum phase trans-
fer impedance implies a minimum phase 
current gain function. 
The well-known iterative and image 

propagation functions of classical filter 
theory (passive 4-terminal networks) will 
also be minimum phase functions if the 
transfer impedance is a minimum phase 
function since the propagation functions 
can be expressed as the logarithm of a 
voltage ratio (or a volt ampere ratio) 
when working into a certain impedance. 
Insertion transfer function 

With 4-terminal network inserted 
(Fig. 2), 

Load current — 1,' — 
-A,, 

A 

where Ai, and A refer to the complete 
network, including terminations. A is a 
function of both ZR and Zs but, as 
before, A. is independent of ZR and Zs 

ZR 

2 
Fig. 2 

since these only occur in Z,, and Z,, of 
A and are hence removed by omitting 
the first row and second column of A 
to obtain An. 
Without 4-terminal network, i.e., with 

load ZR directly connected to the alter-
nator, 

Load current = — 
Zs + ZR 

s. Insertion transfer function 
—A  

J,'!!, — (Zs + ZR)Al2 

So once again, provided the whole 
system is stable and an impedance equal 
to (Zs + ZR) is open-circuit stable, a 
minimum phase transfer impedance 
function implies a minimum phase 
insertion transfer function. 
The above has shown that if any par-

ticular transfer function of a passive 
4-terminal network is of minimum phase 
type then all transfer functions are of 
minimum phase type. This also applies 
to active 4-terminal networks provided 
certain stability requirements are met. 

Yours faithfully, 
O. P. D. CUTTERIDGE, M.Sc.(Eng.). 
Queen Mary College, London, EA. 
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Electronic Apparatus in the Laboratory 

DEAR SIR,—The laboratory worker 
frequently finds that his experimental 
needs can be met neatly by addition of 
a simple unit such as a pre-amplifier, 
oscillator, or other contrivance to some 
standard item of the electronic equip-
ment (such as cathode ray oscillographs, 
multi-stage amplifiers, counting-rate 
meters, etc.), which nowadays abounds. 
" Simple units" of the type referred to 
require power supplies for heater and 
anode of the valve or valves incor-
porated, and the necessity to provide 
these supplies either from batteries or 
from the mains makes the unit by no 
means so simple, small, convenient, and 
easy to " hook-up," as the circuit 
diagram drawn by the enthusiast suggests. 

This letter is an appeal to manufac-
turers of commercial electronic equip-
ment to state in their descriptive "litera-
ture just what reserve capacity, if •any, 
they consider to exist in the anode 
power pack and/or in any or all of the 
heater windings on the power trans-
former of their equipment. It could then 
be decided on reasonable grounds by the 
user whether these reserves were adequate 
to provide for the needs of his particular 
auxiliary unit. If some manufacturers re-
fuse to guarantee that any extra load, 
however small, can safely be imposed on 
their systems, the writer would invite them 
nevertheless to fit extra terminals for 
access to these supplies, perhaps under a 
seal whose breakage would destroy all 
guarantee, and to give such information 
as their engineers can provide about the 
consequences of using them. However, 
a little reserve capacity of the nature 
indicated would be worth a few extra 
shillings, and its provision on apparatus 
of this type should be encouraged. 

Yours faithfully, 

JOHN SMITH, 
Rugby. 

Electrical Computing 

DEAR hesitate to take part in a 
discussion with Mr. Bell and Dr. Porter, 
but I must state that a single ball 
and disk mechanism can be used for 
multiplying too varying quantities. 
The rotational input to the disk 

is a velocity. This may if required be 
made proportional to a scalar quan-
tity. The device is merely a continuously 
variable gear, and the other input which 
will normally be scalar is simply chang-
ing the gear ratio. The output velocity 
is the product of the instantaneous 
values of input velocity and gear ratio. 
The device does of course present some 
mechanical problems when used in this 
manner, but it has the advantage that 
occasional slipping at the friction sur-
faces will only cause error during the 
time when it is actually taking place. 
Your readers may be interested also 

in the mathematical identity on which 
a price indicating petrol pump mechan-
ism is based. This is 

(x + y)2 — (x — y)' = 4xy 
It provides a method of replacing 

multiplication by the mechanically 
simpler processes of squaring, addition 
and subtraction. 

Yours faithfully, « 
F. D. PR1ESTMAN, 

Coventry. 
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Electrons and Holes in 
Semiconductors 

By W. Shockley, Ph.D., 558 pps. McMillan and 
Co. Ltd., London, and D. Van de Nostrand Co. 
Inc., New York, 1950. Price £3 13s. 6d. 

THE invention and development of the 
transistor by the research staff of the 

Bell Telephone Laboratories is con-
sidered by many to mark a new era in 
the history of electronics. Although it 
is unlikely that the transistor will ulti-
mately displace the electronic valve, 
there is no doubt that for many elec-
tronic applications the transistor, when 
available in reliable form, will be pre-
ferred because of its robust and com-
pact form and its modest demand on 
power supplies. The publication of a 
book on the subject of the transistor by 
one of the leading members of the Bell 
Telephone Laboratories research team, 
who has himself made notable contribu-
tions to the understanding of the opera-
tion of the transistor, is to be regarded 
as an event of note. The present book: 
however, aims at being far more than a 
description of the transistor and an 
explanation of its mode of operation. 
The author sets out to give an exposi-
tion of the basic theory of electronic con-
duction in solids, so far as it is neces-
sary for an understanding of the tran-
sistor. This leads him into some very 
fundamental matters in quantum 
mechanics—a subject with which most 
electronic engineers have only a slight 
acquaintance. An attempt is made in 
the took, however, to teach engineers 
the necessary theory, for understanding 
the processes of electronic conduction in 
solids. 
The book is divided into three parts. 

In Part I (Chapters 1-4) a description of 
the transistor and a survey of its 
development is given. This part is easy 
to read and is written in a style which 
will appeal to engineers. In some ways 
it is the most satisfaetory part of the 
book. In Part II a theoretical descrip-
tion of the basic phenomena underlying 
the operation of the 'transistor is given 
without going far into the actual 
mathematical arguments on which the 
theory is based. Such matters as con-
duction by "holes ", mobility of elec-
trons and " holes ", Hall effect, etc., are 
dealt with and in Chapter 12 these ideas 
are specifically applied to the transistor. 
In some ways Part II is less satisfactory 
as a good deal of use has to be made of 
analogy, and one is left feeling that 
either the author might try to give a 
full explanation or take certain matters 
for granted. This section is meant 
primary for engineers, but many will not 
find it easy reading. Part III deals first 
with the quantum theory necessary for 
the full understanding of the funda-
mental processes of electronic conduc-
tion and in this case a mathematical 
treatment is freely used. Those un-
familiar with the subject will not find 
this part easy to understand as, of 
necessity, much of. the logical develop-
ment of the quantum _theory has had to 
be omitted. It seems to the reviewer 
that this theory would be better and 
more easily learned by reading some of 
the standard texts on the subject which 
lead the beginner more gently over the 
rough ground. To those already familiar 
with the theoretical background much of 
this part will be redundant. The last 

BOOK REVIEWS 
chapter, however, contains a good deal 
that is set out in a novel manner and 
makes very interesting reading. 
One feels on reading the book that it 

might have been better if the author had 
written two books—one purely descrip-
tive and one dealing with the theory on 
the assumption that the reader has a 
working knowledge of the quantum 
theory of solids. In this way the text 
could have been greatly reduced—as it 
stands the book is somewhat bulky and 
the cost rather high. Nevertheless, no 
one working on semi-conductor research 
or in fields allied to transistor develop-
ment or application will want to be with-
out a copy of the book, which indeed 
contains something of interest for all. 
Particularly valuable is the very full set 
of references given, and the earnest 
student will find great profit in carefully 
working out the instructive examples 
given at the end of each chapter. 

R. A. SMITH 

Advanced Practical Physics For 
Students 

Rs, B. L. Worsnop and IL T. Flint. 9th Edition. 
745 pps. 493 figs. Methuen and Co. Ltd., August, 
1951. Price 30s. 

INCE the original publication in 1923, 
many university students have been 

brought up on "-Worsnop and Flint." 
The present volume is the ninth edition 
and has been revised and enlarged. The 
main revision seems to be the deletion 
of the original first chapter on "Calculus" 
and its replacement by a chapter on 
"Errors and Observations," while the 
enlargement seems to consist of the 
addition of four naive chapters on 
electronics. 

While the scope of this work is too 
wide to allow detailed criticisms of all 
the subjects considered, in general it 
would seem that the experiments are 
classical, rather than modern, and 
designed to enable the student to pass 
university examinations rather than learn 
practical methods which he can use later 
in his scientific or technical life. It may 
be argued that a book of this nature is 
intended not as a laboratory handbook 
for practising physicists, but as a 
student's text, training the young scien-
tists in fundamental methods rather 
than technology. Such a fundamental 
training is clearly imperative for any 
successful scientific work, but need it be 
done at the expense of technique ? 

For example in the chapter headed 
"Sound" there are five methods of find-
ing the frequency of a note: by the 
syren, the tonometer, the falling plate, 
chronographically and by a stroboscope, 
the last three being applicable only to 
tuning forks. As a separate section there 
is a discussion of Lissajou's figure as an 
illustration of the equation 
1 jp arc sin xla = 1/p arc sin ylb — alp, 
and in a fairly casual way mention is 
made of the fact that frequencies can 

be conveniently compared by means of 
Lissajou's figures. However, the fact 
that in any modern acoustical laboratory 
the determination of audio-frequency 
would almost certainly be achieved with 
a standard frequency source, and a 
cathode-ray oscilloscope is nowhere 
mentioned. What virtue does Cagniard 
de la Tour's Syren or Scheibler's tono-
meter possess over an R.C. oscillator and 
a cathode-ray oscilloscope ? 
The above example illustrates the 

grave defect of this volume—that 
although the experiments described are 
fundamentally sound and elegant, they 
bear little relation to the needs of the 
practising physicist or engineer. It is 
not impossible to assemble a series of 
practical experiments which, while being 
as fundamental and aesthetically appeal-
ing as those in this book, are at_ the 
same time in accordance with the needs 
of the reader when confronted with a real 
problem in a laboratory. Probably they 
would be of little assistance in passing a 
B.Sc. finals paper. For such a purpose 
the work under consideration would 
serve admirably, covering the whole field 
of the B.Sc. Special Physics course in a 
clear concise manner. The theoretical 
discussions of the principles underlying 
each experiment are most useful and the 
discussions of the principles underlying 
each experiment are most useful and the 
illustrations are clear and plentiful. It 
is well bound and well produced. 

K. G. LOCKYJER 

Reports on Progress in Physics, 
Vol. XIV. 1951 

Executive Editors A. C. Strickland. 412 pp. The 
Physical Society. 1951. Price £2 10s. 

ONCE again the Physical Society has 
issued a set of first class monographs 

on a wide range of physical topics. As 
we have come to expect in recent years, 
the subjects are extremely well chosen to 
cover particularly those subjects in which 
.rapid advances are taking place. 

In this volume there is a strong em-
phasis on light, five of the eleven articles 
being concerned with some aspect of 
spectroscopy and one, by E. Wolf, whit 
the diffraction theory of aberrations. 
Two, on ultra-violet absorption spectro-
scopy by W. C. Price and on new tech-
niques in interferometry by H. Kuhn, 
show how quickly new methods have 
developed. Two more deal with the 
detailed information on atomic structure 
which can be obtained: the anomalous 
fine structure of hydrogen and singly 
ionized helium by W. E. Lamb and 
nuclear effects in atomic spectra. Some 
of these will be mainly of interest to 
specialists in their own or allied fields, 
but the article by A. 13. Meinel on the 
airglow and the aurora contains much of 
very general interest. Direct evidence has 
been obtained of hydrogen atoms in an 
aurora entering the atmosphere at up to 
3,200km/sec (about 50keV) suggesting 
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that fast protons from the sun may be 
the main exciting agents. Ultra-fast 
spectrographs of unprecedented propor-
tions are mentioned as being on the way. 
Two other articles are concerned with 

the atmosphere: that by N. C. Gerson on 
ionospheric temperatures, and by B. J. 
Mason and F. H. Ludlam on the micro-
physics of clouds. Here a microphysi-
cist to watch the individual raindrops 
being formed seems needed; it is remark-
able how much has been done without 
him. And though the authors make it 
clear that reliable artificial induction or 
prevention of rain is a long way off, 
basic knowledge required for such opera-
tions is well advanced. 

Three articles are concerned with 
nuclear physics. It is a pity that M. 
Deutsch's article on angular correlations 
was completed just too soon to include 
Butler's theory of (d, p) reactions and 
the work which has arisen from this. 

G. D. Rochester and W. V. G. Rosser 
give an excellent summary of new in-
formation on cosmic rays. This year, 
as last, it is clear that cosmic ray 
research, which proceeded very slowly 
for a decade or more, is one of the most 
fruitful sources of our knowledge of 
fundamental particles. 

Finally, applications of nuclear physics 
in medicine are discussed by Professor 
Mayneord. Diagnostic and therapeutic 
measures, as well as possible hazards, are 
all discussed with an authority that makes 
the article of interest and value to very 
many outside the ranks of the physicists. 

J. H. FREMLIN. 

The Oxide-Coated Cathode 
By G. Herrmann and S. Wagener: Vol. 1. "Manu-
facture," 148 pages, 78 figures : Vol. 11, 
"Physics." 311 pages, 154 figures. Chapman and 
Hall, 1951: Price: 21s. and 42s. net. 

A COMPREHENSIVE review, in 
English, of the oxide-coated 

cathode has been wanted for some time. 
These two volumes adequately meet the 
need, and will no doubt quickly become 
established as a work of the first import-
ance to all connected with the subject. 
The authors are to be complimented 

on the thoroughness of treatment, not 
only of the technological aspects dis-
cussed in Volume I, but also of the 
physical principles argued in Volume II. 
Wherever possible, statements are sup-
ported by an adequate account of the 
relevant experimental evidence, and com-
plete references to all works published up 
to the beginning of 1950 are given. 
The section on the activation of the 

cathode, Vol. I, page 64 (not page 74 
as indicated in the contents), includes 
important results of H. Huber's work on 
the activation of barium oxide by reduc-
tion. However, Fig. 34 does not show 
all that the text claims it does, and the 
statement that the maximum saturation 
current increases with temperature is 
obviously wrong and is contradicted on 
the next page. Chapter 5, Vol. I, deals 
with special cathodes for gas-filled tubes, 
rectifiers, etc. 
Volume II begins with an account 

(from the standpoint of Fermi-Dirac 
statistics) of the thermal emission of elec-
trons from metals, both uncontaminated 
and with absorbed materials, together 
with a chapter devoted to methods of 

measurement of work-functions. This is 
followed by an equally well-argued exposi-
tion of phenomena in ionic solids in pre-
paration for the main chapters on the 
oxide-coating as an excess semi-con-
ductor. There is an appendix on " flicker 
effect." 

Errors are few, and for the most part 
obvious, e.g., the inverted index of 
Equation 14, Vol. II; BaO for BaC0a, etc., 
p. 27, Vol. I. The English is not always 
concise and, although it may be 
" smooth " (as indicated in the preface to 
Vol. I), some readers may find it irksome. 
For those who wish to appreciate the 

scientific principles underlying technical 
" know-how ": to obtain specific informa-
tion about the properties of materials 
(there are no fewer than 47 tables giving 
these); to acquire a greater insight into 
the physics of solids, or to understand, 
as thoroughly as modern theory and prac-
tice permit, the mechanism of the oxide-
coated cathode, these books will be found 
invaluable. 

R. D. WAITS 

Introductory Nuclear Physics 
nv Flagiday. 558 pp. John Wiley & Sons 
Inc., New York. Chapman and Hall Ltd., Lon-
don. 1950. Price 52s. 

SINCE the war the number of serious students of nuclear physics has in-
creased phenomenally. In so rapidly 
developing a subject it is always difficult 
to keep textbooks up to date. Professor 
Halliday has earned the gratitude of all 
teachers of nuclear physics by producing 
a really excellent book, including all the 
major developments of the subject up to 
1949. 
Great attention is paid to the physical 

principles involved. For example, many 
books leave the impression that loss of 
mass is a specific characteristic of nuclear 
reactions in which energy is liberated. It 
is made clear here that a similar though 
smaller loss of mass occurs in all chemi-
cal or physical exothermic changes. 
Some familiarity with general atomic 

theory is assumed; for example, the 
angular-momentum quantization of e'ec-
tronic orbits. The book is, however, 
essentially designed for the experimenta-
list, as the conclusions of current nuclear 
theory are quoted for comparison with 
observation without giving detailed 
derivations. 

At the end of each chapter is an 
exceedingly well-selected set of numerical 
questions which provide not only the 
best of all ways of seeing that the section 
is clearly understood, but leave the 
student with a helpful idea of the orders 
of magnitude involved. 
The equipment and methods of the 

experimentalist are well described, the 
discussion of geiger counter action being 
outstandingly good. 
There are few misprints and most of 

these are obvious, such as e.V. for k.e.V. 
on p. 147 in giving the binding energies 
of K electrons. It is a pity that two of 
the few—Pa and Cu for Pu and Cm— 
occur in the very first figure. 

Altogether it can be said that the book 
fills a long-felt want exceedingly well, 
and that its value greatly exceeds its not 
inconsiderable cost. 

J. 1-1. FREMLIN. 

CHAPMAN & HALL 

Just Out 

LABORATORY 
INSTRUMENTS 
Their Design & Application 

by 

A. Elliott, PH.D. 

and 

J. Home Dickson M.SC. 
(R. N. Scientific Service) 

416 pages 193 figures 32s. 6d. ne 

MATERIALS 
TECHNOLOGY 

FOR 
ELECTRON 
TUBES 

by 

Walter H. Kohl 
(consultant to the Director of Research, 

Collins Radio Company, U.S.A.) 

493 pages 217 figures 80s. 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., M.I.E.E. 

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 VVrotham 
(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. 
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ELECTRONIÇ EQUIPMENT 
A description, compiled from information supplied by the manufacturers, of new components, 

accessories and test instruments. 

Electronic Oscillator 
(Illustrated above) 

THE type 169 electronic oscillator is 
a recent addition to the Addison 

induction tracing equipment, and is 
designed to serve as a source of signal 
current for use in conjunction with 
search coil induction tracing equipment, 
and is particularly suitable for use as a 
generator for the location of cable faults, 
and the tracing of paths of cables and 
pipe lines. 

It can be operated both from A.C. 
mains and battery, and has an output 
power of approximately 25 watts, with an 
output impedance adjustable between 0.3 
and 80 ohms. It has facilities for opera-
tion at 200 and 1,000c/s with incremental 
frequency adjustment of approximately 
"--F.:4 per cent. It has a power consump-
tion of 110 watts and provision is made 
for matching to the load. Its power 
supply is 110V and 200-250V A.C. 
40,60c/s, and 12V D.C. for battery 
operation. 
A feature of the oscillator is an auto-

matic keying circuit which interrupts 
the signal current periodically when in 
operation, so as to facilitate identifica-
tion of the note produced in the head-
phones of the tracing equipment, and 
avoid confusion with extraneous noise 
and interference which may be picked 
up from neighbouring circuits. 

Addison Electric Co. Ltd., 
163 Holland Park Avenue, 

London, W.11. 

New Amplivox Hearing Aids 
(Illustrated centre) 

THE new Amplivox G series of hear-
ing aids, smaller and lighter than 

their predecessors, have improved 
acoustic performance, permit closer pre-
scription to individual requirements, and 
cost less in upkeep. There are two 
types, Model G for conductive deafness 
and Model GA for perceptive cases. 

Model G has a maximum acoustic 
gain of 67db and power output of 136db. 
The percentage harmonic distortion is 
low at all levels below overload, and 
the frequency response smooth and free 
from peaks. Model GA has three 
degrees of automatic volume compres-
sion limiting output at will, and avoids 
distortion caused by peak-clipping or 
allowing the output stage to overload. 

The circuit has been adjusted so that 
the operating and recovery times do not 
affect the intelligibility of speech. Loud 
transient sounds are limited before their 
effect is perceived and the gain returns 
to normal rapidly, so that the sounds 
immediately following receive full ampli-
fication. 

Alternative miniature magnetic ear-
phones are available, E4W—wide range 
—with a frequency response extending 
up to 3,500c/s, and E4L—low tone— 
which has a cut-off frequency of 
2,700c/s, but greater sensitivity through-
out its range. 
The instrument case is moulded in 

diakon, with spring-hinged lid to the 
battery compartment. The three-stage 
amplifier has plug-in valves, and the 

microphone is fully floated to reduce 
clothing noise, the only contact with the 
case being through a thin rubber flange. 
The battery upkeep for both models 

at present retail prices is approximately 
+d. per hour. 

Amplivox Ltd., 
2 Bentinck Street, 

London, W.1. 

The "Seraph" Loudspeaker 
(Shown right) 

THE " Seraph" loudspeaker has been 
manufactured in an attempt to pro-

duce a speaker that is free from cone-
vibration resonances and from cross-
modulation. 

It consists of two 18in. diameter loud-
speakers, with completely free edged 
cones, bolted face to face, and with the 
outside edges of the cones cemented 
together. Thus the two "Spiders" form 
the only suspension from the cone 
assembly. 

It has a frequency coverage of 30-

14,000c/s, and a voice coil impedance of 
3-75, 7.5, 15 or 30 ohms. Its power 
capacity is 20 watts, and its flux density 
13,500. The speaker weighs 291b. 

Seraph Sound Reproducers, Ltd.,. 
Abbeytown, 

Carlisle. 

RCA-12SP7 12M. Cathode-Ray Tube 

THE 12SP7 is a 12in., directly viewect 
cathode-ray tube of the magnetic 

focus and magnetic deflexion type in-
tended primarily for use in radar indi-
cator service, but it is also useful in 
general oscillographic applications where 
a temporary record of electrical pheno-
mena is desired. It utilizes the long-
persistence, cascade phosphor P7. 
The faceplate of the 12SP7 is made of 

Filterglass to provide increased trace 
contrast and has so slight a curvature 
that it is almost a flat surface. The 
large, essentially flat surface facilitates 
the use of an external, transparent, cali-
brated scale. 
The electron gun employed in the 

12SP7 features a limiting aperture at the 
end of the electron gun to produce a 
sharper, rounder spot on the screen, 
especially when the tube is operated at 
high beam current, and hence provides 
greater effective resolution. Because of 
this feature, the 12SP7 is especially use-
ful in those applications where pulse-
modulated operation requires high grid-
No. 1 drive and resultant high beam 
current. 

RCA Photaphone, Ltd., 
36 Woodstock Grove, 

London, W.12. 

"Telecene" Flux 

" TELECENE " has been developed by 
Messrs. H. J. Enthoven and Sons, 

Ltd. to provide a liquid activated rosin-
based flux which is rapid working and 
efficient. It is particularly applicable to 
those soldering operations in which it is 
preferable to use a solid solder wire 
rather than a rosin-cored solder. 
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It consists of rosin dissolved in 
methylated spirit, and contains an acti-
vating agent similar to that incorporated 
in the " Superspeed white Flash" solder, 
-which gives the rosin a much more 
vigorous fluxing action. 
Mass dip-soldering operations can be 

performed with this flux, such as 
soldering electric motor and dynamo 
armature commutator connexions. Other 
applications include: fluxh before pre-
tinning the radial contacts of selector and 
uniselector multiple banks ; dip-solder-
ing coil winding ends and flexible 
cord multi-strand conductors, and 
anchoring the sensitive hair-springs of 
measuring instrument movements. 

H. J. Enthoven and Sons, Ltd., 
89 Upper Thames Street, 

London, E.C.4. 

Venner Stop Watch Type MS 

(Shown below) 

VENNER Time Switches, Ltd. have 
recently produced an electrically 

operated stop watch. In operation the 
large hand revolves once in 10 seconds, 
and the small hand once in five minutes, 
while the main dial is calibrated in 
1/10th seconds, and the inner dial is 
calibrated in 10's seconds. 
The escapement is of the lever type 

with jewelled pallets and smooth 
balance, and makes 30 beats per second. 
The hairspring is free from tempera-
ture error and is practically non-magnetic. 
The fly-back, or resetting mechanism, 
is actuated by heart-shape cams of 
specially hardened steel, this movement 
being extremely rapid when the reset-
ting knob is depressed. 

Starting and stopping is effected elec-
trically by energizing and de-energizing 
the operating coils of an electromagnetic 
system embodied in the .ziovement. 
Zero resetting and rewinding is effected 
manually. 
The accuracy taken over a five minute 

run with the dial uppermost on full 
winding is 0.1 seconds fast and 0.05 
seconds slow. The watches are supplied 
for operation at 4 volts or 12 volts. 
The watch case is of robust con-

struction and includes the resetting knob, 
winding stem and terminals for connect-
ing to the external supply source. 

Vernier Time Switches, Ltd., 
Kingston By-Pass Road, 
New Malden, Surrey. 

Pye Miniature V.H.F. Walkie-Talkie 
(Illustrated centre) M ESSRS. Pye, Ltd. recently intro-

duced a miniature V.H.F. walkie-
talkie equipment, which is 91-in. by 
64m, by 34in., and weighs only 84-lb, 
including batteries. 
The equipment is normally strapped to 

the chest of the operator, and has a built-
in microphone and a single earpiece head-
phone, so that the hands are free except 
when actually transmitting. 
The receiver operates on the super-

heterodyne principle. It has a crystal 
frequency tolerance of 0.003 per cent 
with 20pF shunt capacitance at 45°C. 
The signal/noise ratio is better than 
10db at 1012V carrier 30 per cent 
modulated at 1,000c/s, with spurious 
responses at least 45db down. The audio 
response is 6dbs down at 300 and 
2,500c/s. 
The transmitter has a modulation 

capability of 95 per cent, and a modula-
tor response of 6db down at 200 and 
7,000c/s. The R.F. output is 0.1 watts. 
Both the transmitter and the receiver are 

suitable for operation on spot frequencies 
in the range between 60-100Mc/s. 
The controls are mounted on the 

equipment, with an on/off switch and a 
press-to-talk switch. 
The power supply is from self-con-

tained dry batteries, which have a life 
of 15hr L.T. and 75hr on intermittent 
operation. 

Pye, Ltd., 
Radio Works, 

Cambridge. 

Totally Enclosed Transformers and 
Chokes 

(Illustrated top right) 
TO meet the demands of manufac-

turers for transformers and chokes 
designed to give greater climatic protec-
tion than that provided by those of open 
commercial construction, the Plessey 
Company, Ltd. has introduced a range 
of totally enclosed, semi-.sealed units, 
particularly suitable for use in indus-
trial and test instruments and in com-
munications equipment. These trans-
formers and chokes are vacuum im-
pregnated with bitumen varnish, and 
enclosed in one of five basic sizes of 
bitumen filled cases. The electrical 
properties of the units may be varied 

in manufacture over a wide range to 
meet manufacturers' operational require-
ments. 
The fixing of the two smaller sized 

cases is such that they may be mounted 
normally or in an inverted position, 
while the remainder can be supplied 
with fixing bolts for mounting in either 
position, according to stated require-
ments. 
The completed transformers are tested 

to specification limits for primary and 
secondary voltages, regulation, magnetiz-
ing current and full load power handling 
capacity, and are also subjected to flash 
and insulation checks. 
Maximum operating temperature of 

these transformers is stated to be 110°C. 
The Plessey Co., Ltd., 

Ilford, Essex. 

Proportional Controller 
THE Kelvin and Hughes proportional 

controller is a similar instrument to 
the standard two-position controller 
with the addition of a proportional 
feature, and is designed for electric fur-
nace applications where close tempera-
ture limits are of prime importance and 
a continuously changing heat input is 
required to maintain a constant con-
trolled condition. Its advantages are: 
it is entirely electrically operated; lag 
due to low conductivity between 
measuring element and heat source is 
reduced; heat input against load require-
ments are continuously balanced, and 
proportional action is fully automatic. 

In operation, a small addition to the 
standard controller enables limited zone 
proportional control to be obtained, 
approximately 2 per cent of the full' scale 
reading. A variable capacitor is incor-
porated into the oscillatory circuit to 
produce a cyclical variation of the 
critical coupling position of the vane 
with respect to the two coils. Then as 
the vane enters the coils, external 
apparatus which has been continuously 
switched " on" up to this time, is now 
progressively switched between " on " 
and " off" until the valve is fully 
between the coils, when the apparatus 
remains in the "off" position. The vane 
leaving the coils causes the reverse opera-
tion. 
The controller is supplied to operate 

direct from A.C. supplies of 110/125 and 
220/250 volts at 50 cycles. The internal 
relay of the controller has a maximum 
capacitance of 5 amps at 250 volts A.C. 
(non-inductive load). The instrument is 
available for standard ranges from 
0-400°C to 0-1,600°C, to operate with 
various thermocouple types. 

Kelvin and Hughes, Ltd., 
New North Road, 
Barkingside, Essex. 
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MEETINGS THIS MONTH 

THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 

London Section 
Date: January 9. Time: 6.30 p.m. 
Held at: London School of Hygiene and Tropical 

Medicine, Keppel Street, Gower Street, W.C.I. 
Lecture: Crystal Triodes. 
By: E. G. James, Ph.D. and G. M. Wells, B.A. 

Scottish Section 
Date: January 17. Time: 7 p.m. 
Held at: The Natural Philosophy Department, 
The University, Drummond Street, Edinburgh. 

Lecture: Television Aerials. 
By: G. L. Stephens. 

North Eastern Section 
Date: January 9. Time: 7 p.m. 
Held at: Neville Hall, Westgate Road, Newcastle-

upon-Tyne. 
Lecture: Test Gear Design. 
By: A. W. Wray, M.A. 

South Midlands Section 
Date: January 15. Time: 7.15 p.m. 
Held at: The Exhibition Gallery, Public Library, 
Rugby. 

Lecture: Propagation and Reception of Television 
Signals. 

By: G. L. Stephens. 

THE INSTITUTE OF NAVIGATION 
Date: January 18. Time: 5 p.m. 
Held at: The Royal Geographical Society, 1 Ken-

sington Gore, S.W.7. 
Lecture: Navigational Errors. 
By: Wing Commander E. W. Anderson. 0.B.E., 

D.F.C., A.F.C. 

THE INSTITUTE OF PHYSICS 
London and Home Counties Branch 

Date: January 23. Time: 5.30 p.m. 
Held at: The Institute of Physics, 47 Belgrave 

Square, S.W.1. 
Lecture: Physics in Railway Research. 
By: T. A. Eames, F.Inst.P. 

Manchester and District Branch 
Date: January 18. Time: 7 p.m. 
Held at: The University, Manchester. 
Lecture: Light, Colour and Radiation. 
By: Dr. L. A. Sayce, F.Inst.P. 

THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

All London meetings, unless otherwise stated, will 
be held at the institution, commencing at 5.30 p.m. 
Date: January 10. 
Lecture: Electricity in Newspaper Printing. 
By: A. T. Robertson. 

Radio Section 
Date: January 8. 
Lecture: Two Electronic Resistance or Conductance 

Meters, 
By: L. B. Turner, M.A., Sc.D. 
Lecture: A Bridge for the Measurement of Di-

electric Constants of Gases. 
By: W. F. Lovering, M.Sc. and L. Wiltshire, 
M.Sc. 

(Joint meeting with the Measurements Section.) 
Date: January 16. 
Lecture: Comparison of Ionospheric Radio Trans-

mission Forecasts with Practical Results. 
By: A. F. Wilkins, 0.B.E., M.Sc. and C. M. 

Minnis, M.Sc. 
Date: January 28. 
Discussion: Should further Television Development 

be Concentrated on Colour to the Exclusion 
of Black and White? 

Opened by: L. C. Jesty. 

Education Discussion Circle 
Date: January 23. Time: 6 p.m. 
Discussion: Essential of a First Course in Elec-

tricity and Magnetism. 
Opened by: H. Kayser, B.Sc. 

Measurements Section 
Date: January 22. 
Discussion: High - Voltage Measurements and 

Tests. 
Opened by: J. .S. Forrest, M.A., D.Sc. and H. 

Trqpper, Ph.D. 
(Joint Meeting with the Supply Section.) 

Cambridge Radio Group 
Date: January 15. Time: 8.15 p.m. 
Held at: The Cavendish Laboratory, Cambridge. 
Lecture: The Sutton Coldfield Television Broad-

casting Station. 
By: P. A. T. Bevan, B.Sc. and H. Page, M.Sc. 

Mersey and North Wales Centre 
Date: January 7. Time: 6.30 p.m. 
Held at: The Liverpool Royal Institution, Colquitt 

Street, Liverpool. 
Lecture: Modern Developments in Electric Weld-

ing. 
By: H. G. Taylor, D.Sc.(Eng.). 
Date: January 14. Time: 6.30 p.m. 
Held at: The Town Hall, Chester. 
Lecture: Electricity in Newspaper Printing. 
By: A. T. Robertson. 
Date: January 21. Time: 6.30 p.m. 
Held at: The Liverpool Royal Institution, Colquitt 

Street, Liverpool. 
Lecture: Inhibited Transformer Oil. 
By: W. R. Stoker, B.Sc.(Eng.). 

North Eastern Radio and Measurements Group 
Date: January 7. Time: 6.15 p.m. 
Held at: King's College, Newcastle-on-Tyne. 
Lecture: The Automatic Monitoring of Broadcast 
Programmes. 

By: H. B. Rantzen, B.Sc.(Eng.), F. A. Peachey 
and C. Gunn-Russell, M.A. 

North Midland Centre 
Date: January 8. Time: 6.30 p.m. 
Held at: Hotel Metropole, Leeds. 
Lecture: Crystal Diodes. 
By: R. W. Douglas, B Sc. and E. G. James, Ph.D. 
Lecture: Crystal Triodes. 
By: T. R. Scott. D.F.C., B.Sc. 
Date: January 29. Time: 6 p.m. 
Held at: Lighting Scope Bureau, 24 Aire Street, 

Leeds. 
Discussion: Is the Scope of Electrical Engineering 

Courses too Narrow ? 
Opened by: R. A. H. Sutcliffe. B.Sc.(Eng.). 
(Education Discussion Circle Meeting.) 

Sheffield Sub-Centre 
Date: January 16. Time: 6.30 p.m. 
Held at: The Grand Hotel, Sheffield. 
Lecture: The Characteristics and Control of 

Rectifier-Motor Variable-Speed Drives. 
By: P. Bingley. 

North Western Centre 
Date: January 8. Time: 6.15 p.m. 
Held at: The Engineers' Club, Albert Square, 

Manchester. 
Lecture: Electricity in Newspaper Printing. 
By: A. T. Robertson. 

North Western Radio Group 
Date: January 9. Time: 6.30 p.m. 
Held at: The Engineers' Club, Albert Square, 
Manchester. 

Lecture: Analogies. 
By: Professor M. G. Say, Ph.D., M Sc. 

North-Western Utilization Group 
Date: January 22. Time: 6.15 p.m. 
Held at: The Engineers' Club, Albert Square, 
Manchester. 

Lecture: A New Power Stroboscope for High-
Speed Flash Photography. 

By: W. D. Chesterman, B.Sc., D. R. Glegg, 
G. T. Peck and A. J. Meadowcroft. 

Scottish Centre 
Date: January 22. Time: 7 p.m. 
Held at: The Institution of Engineers and Ship-

builders. 39 Embank Crescent, Glasgow. 
Lecture: Development and Design of High-Voltage 

Impulse Generators. 
By: F. S. Edwards, M.Sc., F. R. Perry, 
M.Sc.Tech. and A. S. Husbands, B.Sc.(Eng.). 

North-Eastern Scotland Sub-Centre 
Date: January 9. Time: 7.30 p.m. 
Held at: The Caledonian Hotel, Union Terrace, 
Aberdeen. 

Lecture: The Operation and Maintenance of 
Television Outside-Broadcast Equipment. 

Date January 10. Time: 7 p.m. 
Held at: The Royal Hotel, Union Street, Dundee. 
Lecture: As at Aberdeen. 

South Midland Centre 
Date: January 29. Time: 7.15 p.m. 
Held at: The Winter Gardens Restaurant, Mal-

vern. 
Lecture: A New Theory of the Magnetic Amplifier. 
By: A. G. Milnes, M.Sc.(Eng.). 

South Midland Radio Group 
Date: January 28. Time: 6 p.m. 
Held at: The James Watt Memorial Institute, 

Great Charles Street, Birmingham. 
Lecture: Crystal Diodes. 
By: R. W. Douglas, B.Sc. and E. G. James, Ph.D_ 
Lecture: Crystal Triodes. 
By: T. R. Scott, D.F.C., B.Sc. 

Rugby Sub-Centre 
Date; January 16. Time: 6.30 p.m. 
Held at: The Rugby College of Technology and 

Arts. 
Lecture: The Use of Saturable Reactors as Dis-

charge Devices for Pulse Generators, 
By: W. S. Melville, B.Sc.(Eng.). 

Southern Centre 
Date: January 9. Time: 6.30 p.m. 
Held at: The Polygon Hotel, Southampton. 
Lecture: Domestic Electrical Installations: Some 

Safety Aspects. 
By: H. W. Swann, 0.13.E. 
Date: January 16. Time: 6.30 p.m. 
Held at: The Dorset Technical College, Wey-
mouth. 

Lecture: Servo Mechanisms. 
By: Professor A. Tustin, M.Sc. 
Date: January 23. Time: 7.30 p.m. 
Held at: The R.A.E. College, Farnborough. 
Informal Meeting, 

Western Centre 
Date: January 10. Time: 6.45 p.m. 
Held at: The Sophia Gardens Pavilion. Cardiff, 
Faraday Lecture: Sound Recording-Home, Pro-

fessional, Industrial and Scientific Applications. 
By: G. F. Dutton, Ph.D., B.Sc.(Eng.). 

Western Utilization Group 
Date: January 28. Time: 6 p.m. 
Held at: The South Wales Institute of Engineers, 
Park Place. Cardiff. 

Lecture: A Brief Review of Steel Works Elec-
trical Equipment. 

By: A. W. Ellis. 

THE INSTITUTION OF 
ELECTRONICS 
Southern Branch 

Date: January 16. Time: 6.30 p.m. 
Held at: Southampton University College, 
Southampton. 

Lecture: The Synchrodyne. 
By: D. G. Tucker, D.Sc. AMIBE. 
Date: January 30. Time: 7 p.m. 
Held at: H.M.S. Phoenix, Stamshaw, Portsmouth. 
Lecture: Nuclear Fission and Release of Energy. 
By: R. E. Ward, A.C.G.I., Wh.Sch. 

THE RADIO SOCIETY OF GREAT 
BRITAIN 

Date: January 25. Time: 6.30 p.m. 
Held at: The I.E.E., Savoy Place, W.C.2. 
Lecture: Overtone Mode Crystals. 
By: A member of the staff of Standard Telephones 

and Cables Ltd. 

THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 

Date: January 29. Time: 7 p.m. 
Held at: The Lecture Theatre, Royal Society of 

Tropical Medicine and Hygiene, Manson House, 
Portland Place. London, W.I. 

Lecture: Some Mechanical Considerations in the 
Design of Electrical Servo Systems. 

By: Professor A. Tustin, M.Sc. 
(Joint Meeting with the Control Section.) 

THE TELEVISION SOCIETY 
Date: January 10. Time: 7 p.m. 
Held at: The C.E.A., 164 Shaftesbury Avenue, 

W.C.2. 
Lecture: Planning Television Programmes. 
By: Alec Sutherland. 
Date: January 25. Time: 7 p.m. 
Held at: The C.E.A., 164 Shaftesbury Avenue, 

W.C.2. 
Lecture: The Planning and Development of Tele-

vision Broadcasting Stations. 
By: P. A. T. Bevan, B.Sc., 

Leicester Centre 
Date: January 7. Time: 7 p.m. 
Held at: Room 45. The Leicester College of 
Technology, The Newarkes, Leicester. 

Lecture: Valves for Television Receivers. 
By: K. S. Phillips. 
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Precision Resistance Wire 

... PRECISION PACKED 

JMC 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, moisture and atmospheric fumes, and the wire is 

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

In transit, in stores, or in use — JMC fine resistance wires carry 

a double assurance of dependability. 

Specialised Products of 

Johnson 
Matthey 

• 

A series of technical data sheets descriptive 

of our materials and products for instrument 

manufacture is available on request. 

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

Telephone : HOLborn 9277 Birmingham : Vittoria Street, Birmingham, I. 

G 0204 
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• Communication and Industrial Valves 

by5randard, 
The , comprehensive range of high-quality valves 

manufactured by Standard includes types for almost every 
application, representative of which are: 

;Ma 

Broadcast, Communication and Television transmission 

Airborne and Mobile V.H.F. Equipment 

Microwave links 

Telephone and Telegraph Coaxial and line transmission 

D.C. Power Supply Rectification 

R.F. Heating 

Counting and Computing 

Motor Speed Control 

Welding Control 

Medical Diathermy 

Voltage Stabilisation 

X-Ray 

Vacuum Measurement 

Thermocouples 

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

Please write to: 

Standard Telephone.s,and Cables limited 
Registered Office: Connaught House. 63 Aldsujl'eh, Imdon, 

RADIO DIVISION OAKLEIGH ROAD. NEW SOUTHGATE, LONDON, N. I 
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• NEW DEVELOPMENT IN FASTENERS 
Fôr Holding Machine Parts Together 

TRUARC RETAINING RINGS 

g t‘ 

1 . SeS °  
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drevea (ed * 
For bearings with large 
corner radii, uniform 
shoulder for curved 
abutting surfaces.I 
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Jneeelor,Ziew  
2-piece 
thrusts, 
lock, secure 
RPIls. 
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ring takes heavy 
gives positive 

against high 
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rezeocenI 
Snaps on radially where 
axial assembly is im- 
possible. No special 
tools needed. 
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.%.o wed • 
Takes up end-play 
resiliently, accommo- 
dates accumulated 
tolerances. 
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Wevelled * 
Takes up end-play 
rigidly, accommodates 
accumulated tolerances. 
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Economical where thrust 
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Low cost ring for soft 
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quires no groove. ..... 
secure against N iiNitZi1/4 
vibration. 

Juetrzsettlez4 ,Aect 
Bowed ring body  Innerflattens 
as nut is tightened.  
thread locks securely with 
screw thread. it 
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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 

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

RETAINING RINGS 
YORK, U.S A. WALDES KOHINOOR, INC., LONG ISLAND CITY I, NEW 

* 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. 

TRUARC RETAINING RINGS ARE COVERED BY ONE OR MORE OF THE FOLLOWING BRITISH PATENTS: 

618.1132: 619.0713: 621.122: 623.584; 627.055: 618.1342 AND OTHER PATENTS PENDING. 

Address all enquiries to:— GEO. SALTER & CO. 

JANUARY 1952 

I Geo. Salter & Co. Ltd. 

West Bromwich 

E Please send catalogue on Truarc Retaining Rings 
E Please send information about obtaining samples 

Name   

mum •••• à 

Position held   

Company   

Business Address   

EE 

LTD., West Bromwich, England. m-W.316 
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Walter, Walter everywhere. 

Every morning, wet or fine, several 

million radio sets are switched on. 

Several million switches give an almost 

inaudible "click." Several million 

citizens learn about the latest crisis and hurry off to work. 

A very large number of them are Walter's—switches we mean, not 

citizens !—which seems to show that they're . . . well, they're pretty good switches. 

Waller SWITCHES ARE MADE FOR LIFE 

WALTER INSTRUMENTS LTD. GARTH ROAD • LOWER MORDEN ' SURREY. Telephone: Dement 4421. Telegrams: IT/alums, Morden, Surrey 
CRC S4 
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"FLEXILANT moutING 

For the protection 
the most delicate 

and of panels which are subject to vibration, 
" Flexilant" light mountings is at your service. 

problems where we could help? 

from shock of 
of instruments 
this range of 
Have you any 

R.B. 81 
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.HE REPUTATION enjoyed by 

Marconi Instruments for precision 

engineering and skilful design 

is jealously guarded. At all stages 

of manufacture, and especially in the 

final testing, the greatest attention 

is paid to detail. In the future, 

as in thé past, the Company will 

maintain its policy of producing an 

unrivalled range of equipment " that 

is just that little bit better," 

• serving communications and industry, 

medicine and research, in the precise Marconi manner. 

- 

1"11 

MARCONI instruments 

MARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS • Phone: 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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voltage- regulating 

infinitely variable transformer 

1 
N / 

A 8 

11 135 

10 30 50 70 90 110 
OUTPUT VOLTAGE 

TYPES 200-C.U./C.M. 

130 • 

3 

SERIES 200 "VARIAC" 

AB 

_ 

; 

— 

'N ...,. 
,--- ,;. 

; r*. ' 
•,'.', 

r; ; 

' S 

115. I 230 27.0 

With a "VARIAC", voltages are instantly and minutely 
adjustable from 0-Line Voltage. On some patterns, 
such as 200-C.U.H, there is even an " over voltage " 
feature. This can provide over line voltage, or com-
pensate for low lines. Many. other suggestions on the 
use of "VARIAC" Transformers are contained in 
Catalogue V549 which will gladly be sent on request. 

• I. Infinitely variable voltages. 

• 2. Smooth, precise adjustment. 

• 3. Dial calibrated in output 
voltage. 

• 4. Large current-handling ability. 

• 5. Excellent voltage regulation. 

• 6. Low temperature rise. 

• 7. Catalogue V549 (32 pages) gives 
full details of all available 
patterns, from 580 va to 7,000 va. 

• 100 ¡50 200 
OUTPUT VOLTAGE 

TYPES 200-C.U.H. C.M.H. 

250 

TRANSFORMERS 

TYPE 200-C. U. H . 

C.L.2. 

, ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC. 
ao Tottenham Court Road, London, W.1, and 76 Old/rail Street, Liverpool, 3, .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 micrornhos 
to 3 mhos 

ACCURACY 

I Per cent 

H. W. SULLIVAN 
LIMITED 

LONDON, S.E. I 5 

Telephone ; New Cross 3225 (P.B.X.)  

RANGES 

CAPACITANCE 

30 ple to 30 I.LF 

INDUCTANCE 

30 14H to 30 H 

ACCURACY 

I per cent 

List No. AC900—Universal AC-DC Bridge Tester (with self-

contained source). 

-SOUTHERN 

List No. AC90I—Simple model for AC measurement of 

capacitance, resistance and conductance 

only (also with self-contained source). 

IIMPIP11",1111FNW91,0191P1,91 
' MI 'if '11 ' 411 

11 &A II U ! UI I 711 1II 

MILL11:1112/i1M1011Mallifailill 
11 I/ IV 

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 
HAWLEY, CAMBERLEY, SURREY. Telephone : Camberley 1883/4. 
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Time Control of PRODUCT FINISHING, PLASTIC MOULDING, HIGH 

FREQUENCY HEATING, COOKING EQUIPMENT, LAUNDRY WASHERS, 

DEGREASING PLANTS, and INSTRUMENT STERILIZATION.  IVENNER PROCESS TIMERS 

8ATTERY CHARGER 

tAveon 
Jr..fseee 

00. 

<, -"Pe 
-r 

We also specialise in Time Switches, 
Synchronous Motors, Programme Ringers, 
Stop Watches, Hour Recording Meters, 
Prepayment and House Service Meters, 
Delay Relays and Master Pendulum 
Clocks. 

WRITE FOR LEAFLET T.S.20/E.E. 

KINGSTON 

Venner Process Timers are designed 

to switch OFF electrical apparatus after 

the lapse of a pre-set time. They may 

also be arranged to give visible and/or 

audible warning of the expiration of 

the time period. These instruments are 

available in spring or motor driven 

types, for surface or panel mounting, 

and can be supplied in a variety of 

time ranges. 

There is a VENNER time switch for every purpose! 

Time Switches Ltd. 
Telephone ; MALden 2442 (6 lines) 

BY-PASS • NEW MALDEN SURREY 

VACUUM 

evaporatiii 
* H.F. Crystal Electrodes 

* Wave Guide 
Attenuators 

* Metal Rectifiers 

* Cathode Ray Tubes 

* Front surface Mirrors 
and Spherical mirrors 
for Television Projec-
tion Equipment. 

171% VW& 
gzT, TEA. re- I, L. 

9 5 à T. I . M.12 
Ar"r. . ora :mum • • • 

& co. (ic.0.) LTD. 
LOWER SYDENHAM • LONDON • S•E•Z6 

e 1 

Experimental or 
Production ? 

Whatever the capacity 
contemplated . . . 
experimental or high 
output production . . . 
our range of VACUUM 
COATING UNITS 
will meet every need. 

e All units have a range 
of accessories to 
cover the manifold 
applications of 
SPUTTERING in 
addition to 
evaporation. 

beiteh4 étiéteam, dWirlice 
30 YEARS • VACUUM EXPERIENCE 

Telephone: SYDenham 7026 (8 lines) Telegrams Edcohivas, Souphone, London 
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ISOLA 7E that 

e""(0 1EQUIFLEX 
THE ALL -METAL SPRING MOUNTING 

• EQUAL FLEXIBILITY 
IN ALL DIRECTIONS 

• CAN BE LOADED IN ANY DIRECTION 

• UNAFFECTED BY CLIMATIC CONDITIONS 

• VARIOUS TYPES FROM 1-35 lbs PER UNIT 
• VIBRATION IS BOTH DANGEROUS AND COSTLY 

Write for Catalogue and Price _gst to 

&WELLS &CO.LTD, 
STIRLING R? WALTHAMSTOW, LONDON Eli. 

M.DS. TYPE APPROVED. PATENT N? 571026 
FOREIGN PATENTS GRANTED 

Not magic 
. . . it's the result of 

intensive engineering research 

There's no magic in the design of 
Vitavox loudspeakers, there are no 
short cuts to perfection. The magician's 
approach to loudspeaker design has 
produced many a red herring out of the 
hat by mistake and the years of steady 
development work which we have under-
taken show that it's not all done by 

kf'mirrors. 

A typical example of Vitavox design 
for sound, Bitone Reproducers are 
intended for quality reproduction in 
small hatls, the use of multicell horns in 
the high frequency channel ensuring 
maximum fidelity over a wide area. 

VITAV'OX 
LOUDSPEAKERS AND MICROPHONES 

VITAVOX LIMITED • WESTMORELAND ROAD • 

LONDON N.W. 9. Telephone : COLindale 8671-3 

Bitone Reproducer, Model 
6201. Please write for more 
detailsj.if you are interested. 
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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 

Inquiries to: 

HIVOLT LTD 
34 POTTERY LANE, HOLLAND PARK, LONDON, .W.11 
Late Hazlehurst Designs Telephone : Park 6955 

Uth'e,111 
smme mr--1m4,1Lge, 

• 

for 

INSULATED WIRES 

Eureka (Regd.) -and Vacrom (Regd.) 

(Cupro-Nickel) (Nickel-Chrome) 

' 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. 

VACTITE WIRE COMPANY LTD. 
75 ST. SIMON STREET, 
SALFORD .3, LANCS. 
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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 

The most accurate measuring instruments 
in the world are only of use if they can be 
read easily. A feature of the range of Pullin 
Rectangular instruments is the extreme 
legibility of their scales. 

Available in all the standard ranges in 
sizes 3", 34" and 6". Let us know your 
requirements and we shall ,be pleased to 
make recommendations regarding, suitable 
instruments. 

PULLIN RECTANGULAR INSTRUMENTS 
Measuring Instruments (Pullin) Ltd., Electrin Works, Winchester St., London. W.3. Phone: ACOrn 4651 
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PHILIPS 61-ife 

Special issues of their publication 

" Electronic Measuring" 

THESE booklets cover a wide range of electronic applications and 
may be had free of charge, as long as supplies last, on completion 

of the attached coupon. Each issue deals with a different industrial 
problem and we shall be pleased to place your name on our mailing 
list for future copies. Our latest edition, Vol. 3, No. 6, deals with the 
use of Stroboscope as a means of studying Diesel fuel injection 
systems, and the use of Electronic Relays in industrial equipment. 

Other copies deal with :—Electronic measuring in Horticulture 
(Vol. s, No. 6). Industrial use of apparatus for measuring mechanical 
vibrations (Vol. 2, No. 12). Electronic safety apparatus (Vol. 2, 

No. so). Strain Measuring apparatus for testing steel structures 
(Vol 2, No. II). Dynamic Testing of road constructions (Vol. 3, 
No. 5). Apart from the main sections as stated above, " Electronic 
Measuring" contains other items of information and advice. 

::511h 
Ir,e7 

PHILIPS ELECTRICAL 
LIMITED 

MAKERS OF: INDUSTRIAL X-RAY EQUIPMENT • ELECTRONIC APPARATUS LAMPS & LIGHTING 
EQUIPMENT • ARC & RESISTANCE WELDING PLANT & ELECTRODES • SOUND AMPLIFYING INSTAL-
LATIONS • MAGNETIC FILTERS • BATTERY CHARGERS lk RECTIFIERS • H.F. HEATING GENERATORS 

PHILIPS ELECTRICAL LTD • CENTURY HOUSE • SHAFTESBURY AVENUE • LONDON • W.C.2 

NAME 

POSITION 

COMPANY 

ADDRESS 

Please tick editions required : 
Vol. 1 No.6 1- 1 Vol. 2 No. 12 r---1 
Vol. 2 No. 10 flj Vol. 3 No. 5 r7 
Vol. 2 No. I I F- 1 Vol. 3 No. 6 r-i L_  (..958) 
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292 HIGH HOLBORN , LONDON , WILL TEL: HOLBORN 1436/7 
TELEGRAMS: SPENKLIN, HOLB, LONDON CABLES: SPENKLIN, LONDON 

4 i. Fz1.1. 

#1‘ 
ker 

4se 
tioe-v 

zit taw 
The "HYDRACLAMP" holds any object or assembly at any desired compound angle in the hemispheie 
allowing the operator complete freedom of both hands and complete accessibility to any part. The object is 
rigidly held by hydraulic pressure which can be instantly released to allow movement to any fresh position. 

SPENCER , FRANKE" f11 LU» • 

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 1 
second time constant, which reads pro-
gramme level, and responds to transient 
peaks. 

Calibration in 2db steps, to plus I2db 
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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PEAK-TO-PEAK VOLTMETER 

oc 

IlL1VOÈTER osc Iret+ 

wautt 
et R.I. e 115. 

A versatile and accurately metered voltage source 
with a continuously variable output from 0.1 mV to 
100 V, providing the Peak-to-Peak readings required in 
oscillograph and amplifier calibration work. 

The low impedance output is balanced or unbalanced 
at will and the instrument includes a patented circuit 
which responds to the Peak-to-Peak value of a signal 
regardless of waveform within wide limits. 

The output is either at mains frequency or if an 
output frequency between 30 cts and 15 kc/s is required, 
an oscillator input may be applied. 

Descriptive Leaflet 
on request 

OTHER PRODUCTS INCLUDE SQUARE WAVE GENERATORS e R.C. 
COUPLED OSCILLATORS e MEGOHM METERS e STABILIZED 

POWER SUPPLY UNITS e INDUSTRIAL TIMERS AND CONTROL 

EQUIPMENT 

FULL DETAILS ON REQUEST 

ALLIED ELECTRONICS LTD. 
28 UPPER RICHMOND ROAD, PUTNEY, LONDON, S.W.I5 

Telegrams : Altron Put London Telephone : Vandyke 1856 

Murex 

ZIRCONIUM 
as applied to 

THERMIONIC 

VALVE 

MANUFACTURE 

MUREX LTD. (Powder Metallurgy Division) 

LONDON SALES OFFICE: CENTRAL HOUSE 

Zirconium sheet is now available 

for use as a getter in thermionic 

valves. It is particularly suitable 

for this purpose since it has 

continuous gettering properties 

from 600°C. 

RAIN HAM ESSEX . Rainham, Essex 240 

UPPER WOBURN PL. W.C. I . Euston 8265 
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EDDYSTONE 
740' 

Communications Receiver 
We are pleased to say supplies are again available of the 
popular " 740," the communications receiver giving high 
performance at a reasonable price. The comprehensive 
specification includes :— 

A.C. operation 110 and 220/250 volts (also 6 volt 
operation from external vibrator unit 687/1. 
price £8 10s. 6d.) 
Eight modern valves, all B8A bases. - 
Four bands cover 30.6 mc/s to 1.4 mc/s continuous 
(9.8 to 214.3 metres) and 205 to 620 metres. 
Beat Frequency Oscillator, Noise Limiter, R.F. 
stages. 
Precision tuning 140/1 with auxiliary scale giving 
equivalent tuning length of 60 in. for each band. 
Provision for plugging in external " S " meter. 

EDDYSTONE 740' 

COMMUNICATIONS RECEIVER 

£38 . 15 
Maker's details of this GUARANTEED RECEIVER 
available on request. Can also be supplied under 
Webb's Extended Payment Scheme if desired. 

WEBB'S SERVICE DEPARTMENT 

specialize in the renovation of complex 
Communications Receivers. We will 
undertake to bring your receiver back to 
a performance equalling maker's original 
specification figures, and we issue a test 
report giving sensitivity, selectivity, etc., 
measurements on all our jobs. Any leading 
make of communications receiver accepted. 

HIGH FIDELITY 
Despite the prevailing shortage we can still give immediate 
delivery on most leading makes of amplifiers, pick-ups, 
loud-speakers and kindred apparatus. What is more we 
back our supplies with an efficient after-sales service, 
while our advice is always available gratis. 
Some of the world-famous reproducers to be heard in our 
Demonstration Room include— 

The MORDAUNT" CORNER REPRODUCER, 

the KLIPSCHORN " and 
the «« VOIGT " 

playing with amplifiers by 

ROGERS * ACOUSTICAL 

SOUND SALES * LEAK 

14 SOHO ST., OXFORD ST., LONDON, W.I. 

Phone: GERrard 2089. Shop Hours: 9 a.m.-5.30 p.m. Sass. 9 a.m.—I p.m. 

66 
sook wiek 

\\,.. TYPE 21 

Wolf> 
SOLDERGUNS 

Only Wolf solderguns 

have all these time and 

money-saving advantages: 

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 

TYPE 31 

TYPE 41 ;t;;t, 

TYPE 71   

TYPE 81 

SOLDERING IRONS 

TYPE 22 
TYPE 32   

...TYPE 42   

For all who, for speeial 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 5631-4 

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. 

1.43 
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X-RAY TARGETS WITH OR WITHOUT 
CAST-ON COPPER BODY. 
ROTATING ANODES. 

MOLYBDENUM TUBES AND OTHER MOLYBDENUM 
COMPONENTS 

TUNGSTEN RODS AND THREE-PIECE LEAD WIRES 
FOR TUNGSTEN TO GLASS SEALS 

TUNGSTEN WELDING ELECTRODES FOR INERT GAS 
ARC WELDING 

TUNGSTEN CONTACT RIVETS AND SCREWS 

ELECTRO-ALLOY 
12, BRUNEL RD., LONDON, W.3. 

Makers of TUNGSTEN and MOLYBDENUM Products 

OUR TECHNICIANS WILL 
WELCOME YOUR PROBLEMS 

MOULDED RUBBERS 

JUST PHONE: 

MARKET HARBOROUGH 2274/5 
OR WRITE: 

THE »ABBOUD' RUBBER 
COMPANY LIMITED 

MARKET HARBOROUGH : LEICS. 

WIDE RANGE 

NAGARD TYPE 103 

OSCILLOSCOPE AND 

WAVE FORM MONITOR 

NOW IN CONVENIENT FORM. A VERSATILE 
AND ACCURATE RESEARCH TOOL FOR THE 

PROBLEMS OF TODAY AND TOMORROW. 

See TRULY what you measure! 

NEW D.C. AMPLIFIERS provide interchangeable 
units, giving this wide range oscilloscope even greater 
versatility than before. 

Y AXIS SENSITIVITIES are available at : 15 rnm, per 
mV pk/pk to 1 Mc/s., Type 103/12 ; 75 mm, per mV pk/pk 
to 200 Kc/s., Type 103/12. 

Both the above are modulated carrier D.C. Ampifiers with 
two push-pull input channels, continuously variable gain, 
and are highly stable. 

X AXIS SWEEP SPEEDS calibrated for time and 
frequency measurements in two interchangeable units, 
cover a range from 50 'rm, per sec. to 55 mm. per Feet. 

NA 9Agg 
18, AVENUE ROAD, BELMONT, SURREY. 

Phone: VIGILANT 0345. 
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VALVE RETAINERS 
For B7G and B9A based valves. Also 
approved retainers for valves of all 

types and sizes. 

PLEASE11, REQUEST LEAFLET 
GIVING FULL INFORMATION 

Efectfothermal fllyineefing ltd. 
270, NEVILLE ROAD, LONDON, E. 7. 

ç. 
1 INSULATION - C 

SYNTHETIC RESIN LAMINATED 
MATERIALS 

Sheet, Rod and Tube in all 
dimensions, Bobbins & Coil 
Formers to any specification 

MICA AND MICANITE SHEET 
AND MANUFACTURED PARTS 

MICA & MICANITE SUPPLIES r •,, 
BARNSBURY SQUARE, LONDON.N.I. 

Telephone: NORTH 3032/5 Telegrams: MICASULIMrLONDON 

5010*, FOR 

ESSENT/41 

Jos/ 
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. Write for folder Y. 0. 

W.T.HENLEY'S TELEGRAPH 
WORKS CO. LTD. 

51-53 Hatton Garden, 
London, E.C. I. 

Ew E 
g N . MARK 

SOLDERING IRONS 

FOR NOUSTR/AL USE 

SLOPING 

PANEL 

INSTRUMENT 

CASES 

Mild Stee Case having 

detachable back and bottem, 

fitted with P.V.C. feet. 

TYPE 1 : Overall dimensions xex 51- high 1. s. 
(approx.) 15 7 
Postage and packing 1 3 

TYPE 2 : Overall dimensions : 5" x 5¡" x 6.1" high 
(approx.) 1 1 10 
Postage and packing .. :•. 1 9 

TYPE" 3 : Long version of Type a, i5r long 1 11 3 
Postage and packing .. 2 3 

FINISHES : Black \Vrinkle Enamel. • 
Grey or Brown Wrinkle Enamel to order. 

CARRIAGE : Paid on Orders over £5. 

Illustrated Lists and Trade Terrhs on application. 

Catalogue List Prices now plus 25 per cent. 

REOSOUND ENGINEERING & ELECTRICAL COMPANY, 
;'REOSOUND WORKS", Coleshill Rd., SUTTON COLDFIELD. 

Tel.: SUT. 4685. Grams : REOSOUND, SUTTON COLDFIELD. 
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COPPER, BRASS, BRONZE, 
ALUMINIUM, LIGHT ALLOYS 

3,000 Standard Stock Sizes 

of 

ROD, BAR, STRIP, SHEET, TUBE, 

CHANNEL, ANGLE, TEE, WIRE 

c-A 7C7 =22Cter91' tr+0 

Hi ROLLET L Co, ho. 
6 CHESHAM PLACE, LONDON, S.W.I 

SLOane 3463. 

WORKS: 36, ROSEBERY AVENUE, LONDON, E.C.I 

BRANCHES: 

Kirkby Trading Estate, 
East Lancashire Road, 
LIVERPOOL. 

Sononswood 327 I. 

55, Market Street, 
MANCHESTER. 

8Iackfriars 2854 

S PA Ceo  • 

14)>-/cuLee 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENUATION 

IMMEDIATE 
DELIVERIES 

SPEC/AL/STS IN AIRSPACE-0 
ARTICULATED CARLESPRCE/.92.9 

TRANSRADIO LTD 
CONTNRCTORS TO N.M. GOVERNMENT 

138A CROMWELL ROAD LONDON SW.7 
ENGLAND 

A 1 
A 2 

A34 

LC:WATTLE BIPED ATTU& WANK 
TYPES OHMS 24„feele,..,.. 

74 
74 
73 

CABLES 

1.7 
1.3 
0.6 

Figéirets 
Res e• liadeeffan f. 

0.11 
0.24 

1.5 

88 

0.36 
0.44 

0.88 
Man( CAPAC. 
TYPES.  

IMPIE 
OHMS. 

ATTIC. 
0700e 
100Mels, 

C 1 7.3 
P.C.1 10.2 

C11 6.3 

C2 

C22 
C3 

150 

132 

173 

171 
184 
197 
220 
252 

2.5 

3.1 
3.2 

2.15 
2.8 

1.9 
2.4 , 
2.1 

0.36 

0.36 egg 
0.36 

0.44 
0.44 
0.64 
0.64 

1.03 

Phone:Victoria 0223. 2003 
Grams: 5mall,Vicloria 0223.2003 

Birmin9harn 

WASHERS in all materials 
PRESSED NUTS Brass & Steel 
PRESSINGS in all Metals, 

Bakelite & Fibre. 

HIGH POWER 
FLEXIBLE 

6.3 
5.5 
5.4 
4.8 
4.1 

VERY LOW 
CAPACITANCE 

efeeitie fee "' 

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. Asone of 

our Welsh Customers said however, 

"Savage Transformers are worth wait-

ing for". 

(SAVAGE °F DEVIZES 

SAVAGE TRANSFORMERS LTD. 
Nursreed Road, Devizes, Wilts. Telephone : Devizes 536. 
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Seamless one-piece 

METAL BELLOWS 

Combining the properties of: 

1. A compression spring 
capable of rePeated flexing. 

R' be 
Z. A container -which c  

hermetically sealed. 

3. A pacldess gland. 

HYDRAULICALLY FORMED 

BY A PROCESS UNIQUE 

IN THIS COUNTRY 

FOR Automatic coolant regulation. Movement for pressure 
change. Packless gland to seal spindle in high vacua. Reservoir 
to accept liquid expansion. Dashpot or delay device. Barometric 
measurement or control. Pressurised couplings where vibration 
or movement is present. Dust seal to prevent ingress of dirt. 
Pressure reducing valves. Hydraulic transmission. Distance 
thermostatic control. Low torque flexible coupling. Pressure 
sealed rocking movement. Pressurised rotating shaft seals. 
Aircraft pressurised cabin control. Refrigeration expansion 
valves. Thermostatic Steam Traps. Pressure amplifiers. Dif-
ferential pressure measurements. Thermostatic operation of 
louvre or damper. Write for List No.M.800-1 

Drayton METAL BELLOWS 
Drayton Regulator and Instrument Co. Ltd., West Drayton, Middlesex 

B. P. L. 
TEST SETS 

B.P.L. D.C. TEST SET - £7 5 0 

B.P.L. UNIVERSAL TEST 
£8 17 6 

B.P.L. UNIVERSAL TEST 
20,000 SIR, £11 10 0 

B.P.L. 

B.P.L. 

SETS 

SETS 

SUPER RANGER £19 19 0 

SUPER RANGER 20,000 0/v 

£22 15 0 

All prices subject to trade discount. 
Available for immediate delivery 
from our stockists, M.R. Supplies 
Ltd., 68, New Oxford Street, W.C.1. 

or write to : 

BRITISH PHYSICAL LABORATORIES 
HOUSEBOAT WORKS, RADLETT, HERTS. 

Telephone : Radlett 56741516 

DONO VAN ACCESSORIES 
FOR TOE ELECTRONIC 
APPARATUS MANUFACTURER/ 

TYPE 3.96 TERMINAL BLOCKS. Made in 
15, 30 and 60 amp. sizes. 

Type C.30 PUSH-BUTTON 
UNIT arranged for mounting 
on customers' own cover 

plate. 

Type A.I I A.C. POWER 
RELAY — 4-pole with N.O. 

or N.C. contacts. 

THE DO N OVAN ELECTRICAL CO. LTD. 

Safuse Works • Stechford • Birmingham 9 

Shop hours: Monday - Friday 9-5.30 

RELAYS 

600 or 3,000 
TYPE 

SIEMENS FPS 
TYPE 

Dept. E.E 

18 TOTTENHAM 
COURT ROAD, 

LONDON, W.1 

Tel.: MUSeum 2453/4539 

Saturday 9-1 

D.C. COIL RESISTANCE 
3,000 TYPES : 1.9(2 to 80,0000 

600 TYPES : 0.4D to 9,200(2 

ALSO LARGE STOCKS OF 
DOUBLE & TRIPLE-WOUND 
ANO SLUGGED COILS. 

CONTACTS 
3,000 TYPES : up to 8 sets. 
600 TYPES : up to 4 sets. 

3,000 TYPES : Make (M), Break (13). 
in Twin-silver, Twin-platinum, Dome-
silver (2 amp.), Tungsten (5 amp.), 
and Flat-silver (8 amp.). Change-
Over (C), in all but Tungsten : Make-
Before-Break (K), in Twin-silver and 
Twin-platinum. 

600 TYPES : (M), (B) and (C), in 
Twin-silver and Twin-platinum. 

SPECIAL 
S.T. & C. Type Polarised Relays. 
6 coils : 180 ohms + 180 ohms ± 
180 ohms -1- 180 ohms 115 ohms 
+ 115 ohms on same bobbin. 
Contacts : Single change-over. 
Dimensions : 3r 31" base ; 6r 
overall height. 

ELECTRONIC ENGINEERING 46 JANUARY 1952 



from MINIATURE TRIMMERS to 

HIGH VOLTAGE 
TRANSMITTER CAPACITORS 

No. 26. A new Mica 
Compression Trimmer 

For use in Television 
circuits. High stability 
with constant, wide capa-
city swings and long life 
at high voltage. Blade 
resilience not affected by 
continual setting. Low loss 
Rockite base and best 
Mica di-electric give very 
efficient Power Factor. 
Location method prevents 
flash-over from blade 
movement. Capacities up 
to 1,000 pF. at 1,500 or 
3,000 v. D.C. test and up 
to 3,000 pF. for 250 v. D.C. 
test. 1.225" diam. ir high. 

Here are shown just two examples 
from the comprehensive " Cyldon" 
range. For precision, stability, and 
long life, " Cyldon " superiority is 
recognised by all designers and users 
of electronic equipment. 

No. 18/5. 

Air 
Di-electric 
Trimmer 

Of high stabil-
ity and excel-
lent Power 
Factor. High 
but smooth 
operating 
torque. Metal 
parts silver 
plated. First-grade ceramic base. 
Single-hole fixing. Split stator 
and locking versions also 
available. Max. capacities from 
10-30 pF. Base nice 1"x j". 

Full details of the complete " Cyldon" range 
and list of Agents for Home and Overseas 

available from the manufacturers : 

SYDNEY S. BIRD & SONS,LTD. 
CAMBRIDGE ARTERIAL ROAD, ENFIELD,mIDDX. 

Phone: Enfield 207/-2. Grams: Capacity. En field. 

GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 
Tel.: 20981/8. Grams:" Brou. Leeds 2 

BROADWAY CHAMBERS 

P Ria 
LONDON - - - W.6 

RIVERSIDE 4141 

Quantity production of small automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and heating equipment, and telecommunication apparatus. 

JANUARY 1952 

.... Almost 
everywhere you look.... 

YOU FIND " CASTLE " COMPONENTS 

Their extraordinary variety indicates our uncommon capacity 
to meet your demands - however unusual - for Repetition 
Work in all Metals, and for Machining and Light Assemblies. 
We welcome your enquiries. 

Brrliure on request. 

CASTLE ENGINEERING 
THE 

COMPANY (NOTTINGHAM) LIMITED 

HASLAM STREET • CASTLE 

.4_ 4 
S̀INTREX' 
BRAND 

, BOULEVARD • NOTTINGHAM 

607513 

s Its exceptional purity 
'makes it especially suit-

able for electrical and à 

magnetic applications. 
Supplied in a wide range 
of mesh gradings. 

GEORGE COHEN 
SO NS 84 CO. LTD 

TELEPHONE 

EE/517/zp2o 
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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, 17s. 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) 

MICA 
DII§C§ 

DIIAPFIRAGMS 
ELEMIE1111" 51TRIPS 

CONDENSER PLA1TES 
§PECUAL §U-JAPES 

RAW MO C,,% 
WA§MERS, 

cte 

RITISH MICA CU'—BEDFORD. 

WOOLWICH POLYTECHNIC 

A course of eight lectures 
on 

COMMUNICATION THEORY 
on Thursday evenings at 7.0 p.m. 
commencing on 17th January 1952 

by 
J. E. FLOOD, B.Sc., Ph.D. 

and 
L. R. F. HARRIS, B.A. 

(both of the P.O. Research Station, Dollis Hill) 

The course deals with the modern theory of transmission 
of information. 

The fee for the course is £1 
Application for enrolment should be made to the Secretary, if 
possible prior to the date of the commencement of the course . 

ez;\ 11,0111/1100TERS 

RELIANCE 

Wire-wound and Composition 
types. Single. Ganged, Tandem 
Units. Characteristics : linear, 
log., semi - log., non -inductive. s 
etc. Full details on request. 

RELIANCE MNFG., CO. (SOUTHWARK), LTD:, 
SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.I. 

Telephone: Larkswood 3245 

"SPEARETTE" 

MINIATURE .„¡,4* • *- VALVE. 

WIRING JIGS 

SPEAR ENGINEERING CO. LTD. 
TITAN WORKS, WARLINGHAM, SURREY. 

Telephone: Upper Warlingharn 2774. 

MAGSLIPS AND SELSYNS 
for immediate delivery 

THE SERVICE ENGINEER'S 
FIRST CHOICE 

3 in. Magslip Transmitter AP 6547 for use as a remote 
indicator of high accuracy or a synchronous link of medium 
to rq ue. 

3 in. Magslip Transmitter AP 10855 for use as a synchronous 
link. 
3 in. Magslip Hunter AP 6543 fitted with heavy silver contacts 
for the automatic control of electrical apparatus. 

3 in. Magslip Coincidence Transmitter AP 10636 for elec-
tronic servo control. 
3 in. Magslip Transmitter No. 5 AP. 10861 (sine/cos Re-
solver), the most useful general purpose Magslip. 

Admiralty Selsyn APW (5.12512) torque 45 lb. in. far 230 v. 
50 c.p.s. operation. 

Many other types available. 

Write for our brothu're and price list. Export enquiries invited. 

SERVOTRON1C SALES, Abbey Rd., BELVEDERE, Kent 

HIFI LTD., ISO, HIGH STREET, LYE, 
STOURBRIDGE, WORCS. Telephone: LYE 261 

OECD TRADE MARK 

Fits( 
C4, 

ROMENIS 
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TRANSFORMERS 

BY 

A.I.D. 

APPROVED 

AMOS of EXETER, 79/80 Cowick St., Exeter. Phone: 
2132 

WILKINSON'S OF CROYDON 
AUTO TRANSFORMER, 230/115 volts 500 watts 50 cycles, 
fully shrouded, new. Made by Met. Vic., £4 10s. each. 

RECTIFIERS, SELENIUM, 4 wave 12 V 200 mA, 2s. 6d. 
each ; 444 V 40 mA, 9s. 3d. each ; Voltage Doubler, 168 V 
40 mA, 7s. 6d. each ; 24 V 25 amp. Funnel cooled, 87s. 
each ; Bridge type 24 V 75 mA, 3s. 4d. each ; 36 V 2.5 amp, 
27s. each ; 48 V 75 mA, Ss. 7d. each ; 48 V 150 mA, 6s. led. 
each ; 96 V 600 mA, 31s. each ; 96 V 2.5 amp, 66s. each. 

MIRROR GALVANOMETERS 30 microamps per standard 
scale 20" sweep strong construction 5" by 3-", £ 10s. each. 

PHOTON ULT1PLIER No. 93IA, ideal for film scanning, 
spectography, alpha counting, colorimetric measure-
ment, etc. Supplied complete in light-proof chamber 
with lamp and holder already wired with the complete 
resistor network. 90/-, post free. 
BLASTING GALVANOMETER, Scale 0-25. Westing-
house. With leather case. New and boxed, 55s. each. 
TELEGRAPH RELAYS, No. 4121 C, 40s. each. 

19, LANSDOWNE ROAD, CROYDON 
CRO : 0839 

“J.B." SERVICE (BEXLEYHEATH) LTD. 
5 MAYPLACE ROAD WEST, BEXLEYHEATH, KENT 

OFFER 
SIGNAL GENERATOR, NAVY MODEL, TYPE LAD. 

FREQUENCY COVERAGE, 2,700-2,900 Mc/s. POWER 
SUPPLY, I I5V, 50-80 CP/S. THIS INSTRUMENT 
CONSISTS OF A MICRO-WAVE CAVITY OSCILLA-
TOR USING A 446B LIGHTHOUSE TUBE AND IS 
INTERNALLY PULSE MODULATED. £45. 

MODULATOR UNIT BC-1203-A (TEST EQUIPMENT 
1E-45-A) DESIGNED FOR USE WITH SIGNAL 
GENERATOR, TYPE 804C OR EQUAL. £0. 

GALVANOMETERS, MIRROR TYPE, PERMANENT 
MAGNET FIELD, SENSITIVITY 30 MICROAMPS PER 
STANDARD SCALE. 20° SWEEP. £7 10s. EACH. 
(SPECIAL PRICE FOR QUANTITIES ON APPLICA-
TION.) 

PRESTCOLD REFRIGERATION UNIT FOR RIVET 
STORAGE METERED TEMPERATURE DOWN TO 
10° C. REDUCED PRICE TO CLEAR LAST ONE. 
£100 EX-LONDON. 

-combines with beauty 
soundness of DESIGN in 

OX LEY 
AIR 

DIELECTRIC 

TRIMMER 

OXLEY DEVELOPMENTS CO. LTD. 
ULVERSTON. NORTH LANCS. TEL: ULVERSTON 33416 

Width: ld.5 arm. m a. Reek 1-,1 
to 8pF-7.5 ala. 1.8 to 20oP-10 aim. 2 to t4p7 
-11 mina. 2 to 32DY-12m/m. Law: Straight Me 
capacity. Power Factor: Lea than .001. leardatient 

Over 2,000 megohmi. Voltage: 500 0.0 

Miniaturised 
Transformers 

The high efficiency of these 
very small transformers is 
due to the special lamina-
tions, hydrogen annealed 
after stamping. Size of 
Transformer shown : }" 
X 7/16" X dia. bobbin. 

Primarily developed for hearing 

aids, the miniature transformers 

we manufacture have been found 

eminently suitable for use in small 

portable radios, radio control 

work, communications and model 

making. Inquiries invited for 

miniature transformers in small or 

large quantities, also for other 

miniaturised components. 

JOHN BELL 81 CROYDEN 
117, HIGH STREET, OXFORD 'Phone 48362 

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 

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 
("1-I.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. I I, 43, Grove Park Rd., 
Chiswick, London, W.4. Please send, without obligation, your 
FREE BROCHURE. I have marked the subjects which interest ale. 
EMech. Eng. CElect. Eng. CDraughtsmanship FRadio CTelevision 
CProduction Eng. DAoto. Eng. LAeronautical Eng. ECivil Service 
EGeneral Cert. of Education (Matric). 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. 

ADDRESS 

INSTITUTES- The College backed by an Industry 
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Three "Electronic Engineering" Monographs 

RESISTANCE 

STRAIN GAUGES 
By J. Yarnell, B.Sc., A.Inst.P. 

Price 12/6 

This book deals in a practical 
manner with the construction 
and application of resistance 

gauges and with the most 
commonly used circuits and 
apparatus. The strain-gauge 

rosette, which is finding ever 
wider application, is treated 
comprehensively, and is 

introduced by a short expos-

ition of the theory of stress 
and strain in a surface. 

• 

ELECTROPHYSIOLOGICAL 

TECHNIQUE 
By C. J. Dickinson, B.A., B.Sc. 

(Magdalen College, Oxford) 

Price 12/6 

The author describes the use 

of electronic methods as 
applied to research in 
Neurophysiology. Chapters 

are devoted to modern 
techniques for time marking, 
stimulating production and 
recording of mechanical 
movement. 

VOLTAGE 

STABILIZERS 
By F. A. Benson, M.Eng., 

A.M.I.E.E., M.I.R.E., Univer-
sity of Sheffield. 

Price 12/6 

This monograph describes the 

various devices employing 
saturated elements, glow-

discharge tube circuits and 
thermionic valve arrange-

ments for voltage stabiliza-
tion. A comprehensive 
bibliography is included. 

Order your copy through your bookseller or direct from:— 

Electronic ngineering 
28 ESSEX STREET, STRAND, LONDON, W.C.2 

Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd., 28, Essex Street, 
Strand, W.Ca. Registered for Transmission by Canadian Magazine Post 



Long before any condenser assumes its physical 

shape on the production line, prototypes will 

have undergone life and breakdown tests, and — 

even before that — it will have been laid out on 

the drawing board. Side by side with this 

development work, there is a section devoted 

to the design and construction of the unique 

machines which have made possible the large 

scale production and testing of T.C.C. Con-

densers. Here is leadership — made, and in 

the making. 

Qyest and Test-3ymbols 

Condenser Perfection 

SPECIALISTS IN CONDENSERS SINCE 1906 

THE TELEGRAPH CONDENSER CO. LTD • RADIO DIVISION • LONDON • W.3 • Tel : ACORN 0061 (9 lines', 
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Whatever the Climatic Conditions 

Canadian Admiral Corp., Mahon, Ontario. Tandberg, Radiofabrikk, Oslo, Norway. Luxor Radio Factory, Mata/a, 
Sweden. 

ERSIN MULTICORE 

Du Mont Factory, Newark, U.S.A. 

Even after a period equi-

valent to 25 years' 

exposure in Europe or 

the U.S.A., all Ersin 

Multicore soldered joints 

were found to be 

completely free from cor-

rosion or fungus growth. 

Murphy Radio Ltd., Welwyn Garden 
City, England. 

ensures 

For more than 12 years, the 

non-corrosive qualities of Ersin 

Multicore Solder have been 

proved in actual use. Prolonged 

subjection to intense cold, 

abnormal heat and extreme 

humidity resulted in no deterio-

ration whatsoever of connections 

soldered with Ersin Multicore. 

Invictas, Brazil. Philips Saovedra, Buenos ,eres, Argentina. 

CORROSION-FREE JOINTS 

African Lamps Ltd., Johannesburg. 

Leading Radio and Television manu-
facturers all over the world know that the 
efficiency of their equipment depends on 
the quality of the solder they use—that 
is why if they are making domestic or 
" Services" apparatus they prefer Ersin 
Multicore Solder. 

Philips Electrical Co. (India), Calcutta. Amalgamated Wireless (A ,,st,rilia) 
Sydney. 

SIZE 1 CARTONS 5/- RETAIL 

Catalogue 
Ref. No. 

, 
Alloy 

Tin/Lead 
S.W.G. Approx. Length 

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 

ERSIN MULTICORE SOLDER 
(77Ze7à/pg eIIJí/e1 4i iA€ 7ÎW 

MULTICORE SOLDERS LTD., RIMIER H 3USE, ALBEMARLE STREET, LONDON, W.1 o REGent 1411 

7 lb. reel 
for factory use. 

Size 1 Carton for 
Service Engineers. 
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