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METROVICK
AUDIO AMPLIFIER

METROPOLITAN-VICKERS ELECTRICAL COMPANY LTD,

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

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

Send for leaflet No.652/4-1

TRAFFORD PARK, MANCHESTER 17
Member of the A.E.l. group of companics
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CLASSIFIED ANNOUNCEMENTS

The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : Three lines or under 7/6, each additional line 2/6.
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ** Situations Wanted,” when it is added

free of charge.

At the INCH RATE (if over |I” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s

Financial Reports £14 0s, 0d. per column, A remittance must accompany the advertisement. Replies to box numbers should be addressed

to : ‘‘ Electronic Engineering,”’ 28, Essex Street, Strand, London, W.,C.2.

month for insertion in the following issue.

Advertisements must be received before the l4th of the

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.1I, Room 88),
Empire Hotel, Bath.
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 expericnced in
light current, electro-mechanical,  precision

mechanical and electronic equipment are parti-
cularly needed. Candidates must be British
subjects of 2! years of age and upwards, who
have had practical workshop experience (pre-
ferably an apprenticeship) toucther 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 js available at some
Establishments. Applications, stating age and
details of technical qualifications, apprentice-
Shﬁ? (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.
for design and development of remote power
controlled gear and servo systems D.5I1/51-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.701/51-A. 3. Electrical
Engineer for work on instrumentation for
measurement of pressures, stresses, vibration,
etc.,, and for the design of trials apparatus,
D.512/51-A. Candidates should possess a Ist
or 2nd class Honours Degree in mechanical or
electrical engineering or equivalent qualifications
and have had at least 3 years’ rclevant 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 £720-£910. 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-
pericnce, or interest, in development and
experimental design work in the field of elec-
tronics including communications equipment,
servo  mechanisms and microwave
Candidates with the qualifications outlined below
are asked to make early applications for the
vacancies. Scientific Officer glass. Ist or 2nd
class Honours Degree or equivalent qualifica-
tion in physics or electrical engineering. Grade
and salary wifl 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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Candidates required for ~

Electrical Engineer.

techniques.

(minimum age 31) £960 to £1,295. Senior
Scientific Officer (minirmum 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
Natjonal 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.523/51/A). Application forms
ohtainable from Ministry of Labour and
National Service, Technical and Scientific Regis-

ter (K), Almack House, 26-28 King Street,

London, S.W.1, quoting appropriate reference

number. Closing date 14th Januaw,w19;626
2

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 photograpbic 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 clectronic circuit
work and some knowledge or experience of the
principles and practice of magnetic recording
would be an advantage. (Ref. A368/51-A).
Candidates for both posts should have a Ist
or 2nd class Honours Degree, or equivalent
qualification, in the appropriate subject, with
at least 3 years' post-graduate research experi-
ence. Salary will be 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.l, quoting appro-
priate reference number. Closing date 26th
January, 1952. W 2370

APPLICATIONS are invited by the Ministry of
Supply from Physicists and E'ectrical 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 wili 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.SU. 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 A380/5IA. “Closing
date 14th January, 1952. W 2381

CITY OF COVENTRY Education Committee.
Coventry Technical College. Principal: H. V.
Field, B.Sc., Wh.Sch., M.I.LE.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 Ist
January, 1952, or as soon as possible after that

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-
tisernent. W. L. Chinn, Director of Education.

date.

ELECTRICAL ENGINEERS and Physicists are
invited to apply for the following post at the
Royal Aircraft Establishment, Seuth Farn-
borough, Hants. 1. Principal Scientific Officer,
to act as Deputy Leader of tearn 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 Qfficer 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 Ist 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.0. (minimum age 31), £960 to
£1,295. S.5.0. (minimum age 26), £720 to
£910. S.0O., £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.l, 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 exem%)ting 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-
minjature equipment, and production in the
radio industry. Salary: Within the range £600-

ELECTRONIC ENGINEERING




OFFICIAL APPOINTMENTS (Cont'd.)

£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.1l. 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 ¢n-
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.s. Unestab-
lished, periodical competitions for established
pens.ionable 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 Il or IIl 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 knowledee of electronic techniques.
Appointment will be as Scientist Grade III on
the scale £445 x £25 to £845 per annum, or
Scientist Grade II on the scale £645 x £30 to
£99§ per annum, according to ability and ex-
perience. At least three years’' research experi-
ence is_essential for appointment as Grade II.
(Ref. TT/400). (ii) Electronics Engineers to
design and construct electronic devices for re-
search.  Appointment wiil be as Scientific
Technologist Grade | 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). Apply in writing, giving fu'l
particulars (in chronological order) of age, edu-
cation, qualifications and experience (with
dates) to National Coal Board, Establishments
(Personnel. Hobard House, Grosvenor Place.
London, S.W.|. marking envelope with the
relevant TT Relerence Number quoted above.
Original testimonials should not be forwarded.
Closing date 12th January, 1952, W 2329

RADAR AND ELECTRICAL Contro! Equip-
ment Technicians wanted for work of National
Importance. Vacancies exist in London and
Home Counties. Good prospects exist for
advancemnent. Salary scale £460 x £20 p.a.
rising to £570 p.a. Apply giving full details of
qualifications, experience and area preferred. to:
|A.A. Group Workshop R.E.M.E.. Shrapnel
Barracks, Woolwich, S.E.I8. 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, Wakefieid.
Tel. 3196/7. Expenses will be paid for alt
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 hkighly paid and
interesting posts for suitably qualified appli-
cants.  Vacancies exist in Senior (salaried
grades) and for Junior Engineers in various
categories: (a) Physicists with experience in
electronic problems. (b) Physicists with ex-
perience in  optical work. (c) Electronic
Engineers with Servo-Mechanism experience
(d) Electronic Engineers with experience of low
frequency work and measuring systems. (e)
Electrical Engineers with experience: in small
motor design and development. Applicants
for Senior posts should possess a good Univer-
sity Dg:gree 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, W.1. W 2136.

AN EXPERIENCED celectrical 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 cngaged
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
1s in connexion with a major guided weapon
project for defence and offers good prospects
and starting salary. Applications should te
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, 1.0.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). w13

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 probleins and test data on a
statistical basis required. Experience ol servo
mechanisms desirable but not essential. Writc
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 cxists 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
1o Box No. W 2371,

A VACANCY exists for a Broadcast Receiver
Engineer expcrienced 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 simitar laboratory experi-
ence. Salary will be commensurate with pre-

vious  experience. Applicagions 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 Dep_arlment,
E.M.I. Factories Limited, Hayes, Mlc{;i/le%egg.

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 fuil 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 Personne! Services, 24
Gillingham Street, London, S.W.l, 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 glec-
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.

CLASSIFIED ANNOUNCEMENTS
continued on page 4

BRITISH INSULATED CALLENDER’S CABLES LIMITED. Telecommunications Research

Laboratory, Kirkby, Nr. Liverpool. The

ment work on all aspects of cable manufacture

for enthusiastic technical staff of all grades.

Laboratory is engaged in research and develop-
and
App'ications

testing.  Progressive opportunities exist

will be welcomed from Tele-

communications Engineers, Electrical and Mccanical Engineers, Electronics Engineers, Senior

Mathentaticians, Physicists.

Candidates will be considered for interview on the basis of their

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 seiected 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 4 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 (Cont’d.)

DIGITAL COMPUTORS: There are vacancies
in the Computer Section of Ferranti Limited
for the following:- (a) Circuit Engineer, c¢x-
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. (¢) 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.

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 0 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 Officc
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, EM.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 Development Labora-
tories engaged on [ong-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, Cngineer 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 Laboratdries ol The General Electric
Co., Lid., 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 clectrical 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 cxceptional 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
Limitcd, 1 Park Road, Hampton Hill, Middle-
sex. W 1385

ELECTRONIC ENGINEERING

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
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,

instruments and

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 experfence 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-
fars and quoting Ref. 440C to Central Pgrson-
nel Segvices, 24/30 Gillingham Street, London,
S.W.I, 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 Ciarks, 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, osciilators, wave analysers,
etc, Qualifications to H.N.C. standard. Pre-

[erence given to applicant with experience on
gyroscopic/electro-rnechanical 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 thc
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., \l;/ug:lgl.
2

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

*to work on radio valve design and development.

Applicants should be of Degree standard.
Whilst experience of this type of ,work is desir-
able, it is not essential and otherwise suitable
candidates will be considered. Write giving full
details quoting Ref, 497D, to Central Personnel

Services, English Electric Co.. Ltd.. 24/30
Gillingham Street, London, S.W.l. 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
<alary 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 stafl
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 applllcants
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, Ed"\]Bu;’_%?S

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 deeree 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,w](zesntj

7

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
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EKGO powef unit 1033A

An H.F. oscillator type Power Unit designed in conjuncticn 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. Qutput voltage is continuously variable from 500 to 3,000 volts and is virtually
unaffected by mains variations up to 4 10%. This Unit may be used with confidence

wherever a highly stable voltage is needed.

E K G 0 electronics . .

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

COLE LTD. (Electronics Division) 5 VIGO STREET, LONDON, W.{

ﬁFERROXCUBE

FERROMAGNETIC FERRITE

FOR TELEVISION

THF_ 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

OTHER APPLICATIONS

JANUARY

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.

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

RROMAGWNETIC FERRITE

| Mullard rerroxcuse

MULLARD LIMITED .
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SIUATIONS VACANT (Cont'd.)

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,
1o 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.
Sevéral 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 dnd experience. Prospects
of promotion are good and the posts fall within
the Company’s Pension Scheme. Apvlication
forms Personne! Officer, Mullard Research
Laboratory, Cross =Oak Lane, Salfords, Nr.
Redhiil, Surrey. . i W 2363

PHYSICISTS or Light Current Engineers with
knowledge of girtuit 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. Apblications, stating  age,
technical qualifications and experience, auoting
Ref. 862B. should be addressed to Central
Personnel Services, English " Electric Company
Ltd., 24/30 Gillingham Street, London, S.W.I.

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 advantage.
Salary £450-£650 according to qualifications
and experience. Box No. W 205I.

PLANNING ENGINEERS with jig and tool
design and estimating experience required for
Electronic Division of Cole, Lud.,
Malmesbury, Wilts. -Apply Personnel Manager,
stating age, experience and salary required.

W 2352

RADIO MECHANICS required for work on
cenlimetre 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 218C

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,
s‘&vi-‘%ay week of 394 hours. Apply Box No.

SALES MANAGER required by large long-
established Engineering Company, Must have
ﬁrsg—clas_s technical knowledge, preferably with
University Degree in Electrical Engineering.
Exle_nstve experience of Electronics essential.
Posmon offers wide scope for really live man -
posuessing 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

ELECTRONIC ENGINEERING

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 Scheine and new en-
trants will be required to pass a_medical exami-
nation. Applications giving detai's 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 gooed salary will be paid to the
right man for this responsible position. Writc
giving full details, quoting ref. 921 to Central
Personnel Services, English Electric Co. Limited,
24.30 Gitlingham Street, London, S.W.1.
W 2248
Metropolitan-
require for their

SENIOR DRAUGHTSMEN:
Vickers Electrical Co. Lutd.,
Trafford Park works, a number of senior
draughtsmen preferably with experience in
Radio and 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
D.O.”” 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, Shernali Street, Waltham-
stow, E.I7. W 2269

SENIOR TELEVISION Development Enginecr
required by well known Radio and Television
Manufacturer in London area. Applicant must
have a wide cxperience 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-£1,50C 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 systems
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
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 Labor-atory and Field work connected
with Guided Missiles Project. Applicants to be
between 20 and 35 years of age with, at least,

should ,

Nationa! 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 resul!s
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 19!
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 himse!f
with Company’s activities, including some
months abroed beforé taking charge of new
project. Salary according to experience. Appli-
cations will be handled at Director level in
strict confidence 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 American manu-
facturing firm for work in Italy. W 2392

" 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, fuli
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 C€O. 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. Applv
by letter stating age and experience to The
Personnel Manager (Ref. CHCM. W 2254

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, C.R.O., oscillators,
ete. Applicants will be responsible for the
cdevelopment of rescarch 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—Pametrada

Wave Analyser
Type D-489

Whatever the waveform, whether a simple
electrical oscillation consisting of a funda-
mental and a few harmonics, or the most
complex vibration waveform, made up of ™
many unrelated frequencies, the Muirhead-
Pametrada Wave Analyser can be relied
upon to select each component quickly
and accurately — quickly because the
flat-topped variable band-width response
curve simplifies tuning (especially when
the frequency is fluctuating) — accurately
because the stable resistance-capacitance
tuned filter circuit ensures constant per-

centage accuracy at all frequencies.

Features

Wide frequency band —19c/s to 21kc/s in Off-peak response proportional to percentage
3 overlapping ranges mistuning

Frequency accuracy constant over entire range Output frequency is that indicated by tuning

. . dial and is available for oscilloscope viewing
Response substantially flat over entire range

. Octave discrimination better than Jodb
Flat-topped response curve — narrow or wide

bandwidth selected at will Mains operated from a separate supply unit

For Full Details Write for Bulletin B— 663

MUIRHEAD & Co. LTD. __ eccion
PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM * KENT : ENGLAND ELECTRICAL INSTRUMENTS

Telephone : BECkenham oo41 Telegrams & Cables : MUIRHEADS ELMERS-END 62K
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SITUATIONS VACANT (Cont'd.) GLASSBLOWING repetition and scientific, by
e Hall Drysdale & Co. Lid., of 58 Commerce
Road, Wood Green, London, N.22. ’Phone

quency electronic techniques, including the use

of magnetic amplifiers. Preference will be BOWes Park 7221-2. W 109
given to applicants with previous experience in PROTOTYPE AND SMALL quantity produc-
designing equipment to aviation requirements. tion. Due to expansion of premises, a well
Salary according to qualifications and experi- equipped firm of electronic engineers can offer

ence. Please quote reference 3/EN. W 2385 capacity for the manufacture (}f prototypes and
. . small production quantities of laboratory and
WAYNE KERR require several engineers for  gimilar type electronic gear. Only first-class
design and development work on electronic ok required. Box No. W 1387
equipment. The development programme is y . i -
varied and ranges from S band oscillators and ~TRANSFORMERS and all types of electrical
Q meters to H.F. Signal Generators, Audio winding to specification and highest standards,
Tone Sources, and precision D.C. measuring Jarge or small quantities, good deliveries, quo-
equipment. There is a particular need for a  ‘ations by return. Wiiflo Products, 230-254

senjor engineer with a good Degree and a back-  Brand Street, Glasgow, S.W.L. W 2387

ground of practical achievement, who will take  yQUR COPIES BOUND, handsome volumes

a leading part in the laboratory and who will imit” Blue Leather, Gold Lettering. 10s. 6d.

%ahfy for a salary in the range £900-£1,250.  each, post free. C.W.O. Jerome Alcock,
he salaries for the remaining posts are in the Cheadle, Stoke-on-Trent W 1384

range £600-£850 depending on qualifications and < =

experience. Write to The Technical Director, FOR SALE

Wayne Kerr Laboratories Ltd., Sycamore

Grove, New Malden, Surrey. W 2364 AMERICA'’S famous magazine Audio Engineer-

ing, 1 year subscription 28s. 6d.; specimen
copies 3s. eacg Selnzd forE([)ur free b%oklet
quoting all others; adio ectronics, adio
SITUATIONSIANTED and Tele. News, etc. Willen Limited (Dept 9)
ELECTRONIC ENGINEER. Fluent German, 101 Fleet Street, London, E.C.4. W1
reasonable French. Age 44. General know- MAGSLIPS at 1/10th to 1/20 of list prices.
ledge of modern practice. Requires progres-  Huge stocks. Please state requirements. .
sive well paid position within reach of W. Logan, Westalley, Hitchin, Herls. W 116

London. W 1374
ondon.  Box No. W MERCURY SWITCHES are made by Hal

HIGHLY QUALIFIED Engineer, 36, good Drysdale & Co. Ltd., of 58 Commerce Road,
personality and  excellent linguist, widely Wood Green, London N.22. ’Phone’ BOWes

travelled, offers services as technical liaison Park 7221-2. W 107
evm%;glor representative abroad. Box No. MINIATURE STEEL BALLS and Ball Bear-
ings Swiss and German Precision Work. Quick

- delivery. Distributors: Insley (London) Limited,

WANTED 119 Oxford Street, London, Tel.:

SCOPHONY Torque Motors, Full details, type Gerrard 8104 and 2730. i w,143
Etc. to Box No. W 1386. PURE BERYLLIUM FOIL 0.005-in. thick:
Elgar Trading Limited, 240 High Street, Lon-

don, N.W.10. W 141

SERVICE
STUDENT has for disposal the following tech-
FIRST-CLASS Maintenance Service of electronic  nical journals in unmarked condition. Eleven
and electro-mechanical apparatus. Greater  vols. “Journal Scientific Instruments’® 1941 on-
London area. Sub-contracts undertaken. Phone wards; two -vols. ‘‘Journal Applied Physics’
BRIxton 6745. W 1358 1950/51 (Eleven of the foregoing volumes are

bound by the publishers); six vols. *‘Instiument
Practice” (Vol. 1 mcomplete) three binding
cases for same. Cost £65. Offers please.
Seville, Oaklea, Waterfoot, Rossendale,\{l.a&c;i

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.L,

3 Clinton Place, Seaford, Sussex, Tel.: 2\'34!383

TOROIDAL COILS- wound, and latest potted
inductors to close limits. Bel Sound Products
Cob., Marlborough Yard, Archway, N.19
w139
WEBB’S 1948 Radio Map of the Workd, new
multi-colour printing with up-to-date call signs
and fresh information; on heavy art paper,
4s, 6d., post 6d. On linen on rollers, 11s. 6d.,

post 9d. 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.LE.T. (Dept 337C), 17 Stratford Place,
London, W.1. W 142

FREE ! Brochure giving details of courses in
Electrical Engineering and Electronics, covering
A.M.Brit.LR.E., City and Guilds, etc. Train
with the Postal Training College operated by an
Industrial Organisation. Moderate fees, E.M.IL
Institutes, Postal Division, Dea/ E.B.29, 43
Grove Park Road, London 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 enmled
Modern Practice in the Testing and Application
of Magnetic Matenals w1|l be given on ednes-
day evenings at ., beginning on 39th
January, 1952. Fee or the course 20s. Full
particulars are obtainable from the Se&g/etzaary.'

Looks Like

FUV'CMME(A’ 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 permeabilityandextremely
low loss and coercivity.

SHIELDING. Shields and screening boxes made from Mumetal ARMATURES. Low coercivity and rapid magnetic response
sheet are many times more effective than anyother shielding make Mumetal ideal for the armatures of relays, solenoids,
material of similar thickness. An infallible remedy for low moving-iron meters, gramophone pick-ups, etc.

frequency induction troubles in compact (amplifier)
assemblies.

FORMS. Mumetal is available in sheet, strip, rod or wire; we

o ) also produce standard shields to fit all C.R. tubes and
MINIATURE COMPONENTS. Really diminutive yet efficient transformers. It is ductile, can be stamped cleanly, drawn or
transformers and inducters are now possible, thanks to rolled; non-scaling, does not rust.

cores made of Mumetal or in special circumstances its
companions, Radiometal and Rhometal.

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

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.
1864 Head Office : 22 Old Broad Street, London, E.C.2. Tei: LONdon Wall 7104. Enquiries to: Telcon Works, Greenwich, S.E.10, Tel : GREenwich 3291

Founded
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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

JANUARY 1952
B

for a pipe line

BARR .

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 7!

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 ?

AEGISTERED TRADE MARK

TUFNOL
L\ ELLISON Product

228
255

BIRMINGHAM °

ELECTRONIC ENGINEERING
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‘CINTEL’
UNIVERSAL VALVE TESTER

This instrument will produce a fami'ly

=

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:—

CINEMA-TELEVISION LIMITED

‘A Company within the J. Arthur Rank Organisation

| WORSLEY BRIDGE ROAD - LONDON - S E 26
Telephone : HITher Green 4600
| SALES AND SERVICING AGENTS
FE. C. Robinson & Partners Ltd.,, H. Hawnt & Co.,, Ltd, Atkins, Robertson & Whiteford Ltd.,
287, Deansgate, Manchester, 3 59, Moor St., Birmingham, 4 100, Torrisdale Street, Glasgow, S.2 I I EL

)
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TRANSMITTERS
ACITORS FOR
gchANIlflgll)RIAl ELECTRONIC EQUIPMENT

¢ very Specia] Nature of th
a

ese types,

to Provide fo eﬂ‘iciency
use, Specific designg must
t

idua] needs.

HUNTS Specialige in
€nquirjeg from designers

such Work ang

are mos¢ welcome.
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~ Uonstant output-

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) . . . £1.1.0

~ EDISWAN

THE EDISON SWAN ELECTRIC CO., LTD., 155 Charing Cross Road, London, W.C.2

Member of the A.E.IL. Group of Companies

8P58
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DUBILIER TUE

™

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

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

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

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

MAKERS OF THE WORLD’S
LTD., DUCON WORKS,

DUBILIER CONDENSER CO. (1925)

JANUARY

1952 13

LAR CAPACITORS

\
A

D. “Minicap” Tubular Paper Capacltors for miniature
application combining minimum size and weight with
excellent electrical properties. it
We shall be pleased to forward full technical details
of these Capacitors upon request, and our technicians
are always at your service for consultation w1th
regard to their use. :

DUBILIER

CAPACITORS

FINEST CAPACITORS
VICTORIA ROAD, NORTH ACTON, W.3

ELECTRONIC ENGINEERING



C.l2y

Can this Instrument

solve a problem for YOU?

&y Here, in the Physics Laboratory of a Here are some details:
f,g' prominent research establishment, is a The Double Beam
, COSSOR Double Beam Oscillograph Tube presents two

stmultaneous inde-
pendent traces over
the full diameter of a
90 mm. screen, and

in use. Many other industries, ranging
from nylon spinning to the manufac-
ture of jet engines, now use this

versatile instrument. Typical everyday provision is made for
applications are the tracing of noise, the measurement of
strain and vibration; and the answer both input voltage
to long-standing industrial problems and time upon the

is often provided. Our technical ad- Gallitmatad dials, L=
manent photographic

visory staft- will quickly let you know records may b mads
whether the Oscillograph can help using the Cossor
with your problems. Model 1428 Camera.

COSSOR

Double Beam O0SCILLOGRAPHS
Please address enquiries to :—

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

 ELECTRONIC ENGINEERING 14 JANUARY . 1952




FOR

HIGH-
FREQUENCY
INSULATION ~ g

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

Photograph by permission of the Standard Telephone & Cables Lid.

Ny B

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 1}” 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.

R“lmeﬂos LOW LOSS .CERAMICS

BULLERS LIMITED, é Laurence Pountney Hill, E.C.4. Phone: MaNsion House 9971 (3 lines). Grams: * Bullers, Cannon, London’

== S o5 . ©- ....:  BL3
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A.T.M.

WIDE BAND

Dimensions 7" x4}" x2}" overall. Weighi
431b. approx. Construction complies with
climatic and weather-proof requirements of
the relevant Inter-Service specifications.

INSERTION LOSS —db

The “A.T.M.” wide band 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.

INSERTION LOSS
BALANCE RATIO

o
v

BALANCE RATIO

FREQUENCY — Mc/s

Characteristics of Wide Band Matching Transformer.

60082 Balanced: 7582 Unbalanced. Power rating: 1 watt.

AUTOMATIC TELEPHONE & ELEGTRIG GO. LTD.

(RADIO & TRANSMISSION DIVISION)

Strowger House,

Telephone: TEMple Bar 9262

Arundel Street, London, W.C.2

Telegrams: Strowgerex, London.

MATCHING UNIT

Ar14061-B 107

ELECTRONIC ENGINEERING 16
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The “Belling-Lee” page
forEngineers

B7G VALVEHOLDER

LIST NUMBERS This valveholder complies with R.C.S. 251 and has full

Inter-Service* type approval. It isintended to fill the gap

L 718/F Flange Eei:iveen the cheaper types and the very expensive P.T.F.E.
olders.

*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. ~

:406'_234, _  "940'DIA_ (65675 0, 406" CHASSIS

[10-327]595" 23:88M/m 16:67MiM | 1032 Shill e

| Mg Mgl /\ | | MM F?LL-E}

250 |- | dNC | i [ 250,

|635 | £ | i f'—‘—n{»_ l635 MM
: 1 e Y

TIN I | ;
DIPPED: | L720/F \ /0 e

b {ES
STANDARD RETAINING CAN L 72| FOf, "ALVES U TU 12 "o wIN/MOJALL USED W: i H L 720/S

'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. )

S CENLIRnES It is very similar to the B7G and can be supplied either
L 720/S Skirt with fixing flange, with a skirt, or with a skirt and screen-
ing can.

LIST NUMBERS

L 721 Screening Can . o .
eening Limited quantities are now available from stock.

BELLING & LEE LTD

CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND

JANUARY 1952 17 ELECTRONIC ENGINEERING
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Write for fully descriptive pamphlet, or for complete catalogue of all ** Avo’” Instruments.

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 unskitled 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 —r100 V. on the control grid.

3 A special form of polarised relay is in-
corporated to give protection against
inadvertant 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.

S8 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.

What
do you
expect

FESTER,

The answer is, of course, not to think of
an emission tester when you can have
so much more.
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.

Here is a precision

Lloe

CHARACTERIST/IC

ey,

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

7 Tt 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
10 megohms.

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

I0 It subjects the valve under test to working

voltages.

II It will carry out tests on small thyratrons,

tuning indicators, etc.

I2 Tt 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.

WINDER HOUSE

DOUGLAS

THE AUTOMATIC COIL WINDER & ELECTRICA QUIPMENT CO. LTD.
6éﬂ o€ ViCroria 3404-9 0l

STREET LONDON s.w.I

ELECTRONIC ENGINEERING
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MARCONI

serves

mankind

A

% .

g

7

-
s, L,

AN

.

s

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 exteqdcd 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

JANUARY 1952
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The book

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.

£

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

MAKE SURE OF YOUR COPY — SEE YOUR RADIO DEALER NOW!.
00000000 AR
5/ (plus ninepence for
—m PoOstage and packing
( )) if you send for it)
cirfui{: ele. ete.
%llllllllllllllll”llll||||||||HI|||||||||||||||I|I|||||||||||||H|||||]||||||||||||||||||||||||l||||l|||f||||||l|i||||||||||||||||l||||||l|llIlIIIIIIlIlHIllIHﬁ

HE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2

-
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"ENGLISH ELECTRIC

electronic insulation tester

N

. :n‘;\,‘s“.m«:us oF o

. .
1ONISATION (‘% M
N

”
Q

o

Designed for industrial electrical testing
1t provides for the first time 10=KV D.C. in a truly portable equipment having
the following outstanding features :

Non-lethal output adjustable from 500 High accuracy on comparative tests.
to 10,000-volts. Rejection of surface leakage current.

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

Price £85 - Size: 15'%10"%6” - Weight: 23 Ibs.

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

Industrial Eiectronics Dept. Stafford

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

EIN. 1.

JANUARY 1952 21 ELECTRONIC ENGINEERING
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ANOTHER % FRODUCT

Manufactured by :—

Scorc

DUREX ABRASIVES LTD. wish to announce
that as from June l4th, 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.

H BOY

MINNESOTA MINING & MANUFACTURING COMPANY LTD
|1 67, STRAND, LONDON, w.C.2, and SLOUGH
ELECTRONIC ENGINEERING 22 JANUARY 1952



EMOTROL

e Electronic Motor Control ¢

5y

AR AR A -
\ : ) ) _

* 4
. -

Of the many notahle electronic erigineering achievements by BTH,
the “ Emotrol’ system is-an outstandinig contribution-to meet the
needs of industry for precision; wide-speed-range; motor control
gear. ; o o " N
This system can, in_ faét; be applied in practically any industrial
process. Applications: include :;—machine;tp_ols,._knittin% machines, -
conveyors, printing presses, ‘papefinaking machinery, fans, reeling
and tensioning drives, glass making machines, dynamometers, etc.

SPECIAL FEATURES:—

* Speed ranges of 100 to 1.

* 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.

Typical panel
showing enclosure

Member of the AEl group of companies

JANUARY
E

1952

BRITISH THOMSON-

COMPANY LIMITED,

» Current limit feature — gives
automatic smooth acceleration
and protects theelectricalappara-
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.

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

b

THE L

 —— e S -4

HOUSTON.

RUGBY. ENGLAND

A$318
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Ionisation Testers

Y IONISATION

IRMEC 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 ﬁ
the current to a low value, ensures the maximum safety for both operator and equipment
under test. :

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

THE 20KV IONISATION TESTER, TYPE 755, which is
illustrated on the left,” operates on the same principle as the SKV
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.

Further details of these or any other Airmec instruments will be forwarded gladly upon request

AIRMEC orarors  JLIMITED

HIGH WYCOMBE °* BUCKINGHAMSHIRE °* ENGLAND
. TEL.: HIGH WYCOMBE 2060 ’ CABLES : AIRMEC HIGH WYCOMBE

ELECTRONIC ENGINEERING 24 : JANUARY 1952



An entirely
new

development in
lubrication

RAGOSINE
ANTI - SGUFFING PASTE

Provides very low metal to metal friction for indefinite
periods, and is therefore excellent for lubricating isolated
Though costing

spots and providing **dry lubrication
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 0Oil
v

packing from :

RAGOSINE OIL CO. LTD.
MINERVA WORKS,
WOODLESFORD, nr. LEEDS Telephone : Rothwell 2164
London Office : IBEX HOUSE, MINORIES;, LONDON, E.C.3

JANUARY 1952
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MULLARTD
DEPARTMENT .

LTD

Heater Capacitances
A 837 | @ 4.0 uuF
In 0175 A | coue 2.8upF
Ca-gl 0.02 ppF
‘ Characteristics
Va 120 v
Ve 120 V Limiting Values
Vel —-20V V. max. 180 V
L 7.5 mA p. max. 1.7 W
Iz 2.5 mA V2 max. 140 V
gm 5.0 mA/V Pg2 Max. 05 W
Ya 0.34 MQ I, max. 18 mA
Base BIG

COMMUNICATIONS AND
CENTURY HOUSE

LowNoise R Pentode

w power consumption

The combination of good slope to capacity ratio,
low noise factor, and,l(_)w power consumption makes this
new Mullard R.F. pentode an ideal valve for use in all
types of communications equipment oijerating at V.ILF.
Its slope to capacity ratio approaches unity, and
this makes it specially Sllit;ible for use 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 6AKS5 and may be used as a direct replacement

for this valve.

For full technical information on this and
other valves in the Mullard range please write to the

address below.

Mullard

INDUSTRIAL VALVE
SHAFTESBURY AVENUE . LONDON . WC2
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Commentary

N important anniversary occurred last month which,

although marked by appropriate references in the
scientific press, received very little attention from the
general public.

1t 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 sensatron through-
out the civilized world at the- time and in*a remarkable
leader of the day The Times prophetically refe;red>to it as

“an event, the importance of which it is impossible to over-
value.”
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 trme 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
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Other equally sensational results followed in quick .- by.a prominent newspaper.

journey to predict what lies ahead, for what has already™
passed before us has exceeded the wildest forecasts made -
in 1901. If the first fifty years can be regarded as the: wire- -
less age, what we are now entering into will be’ withotit
doubt the all-electronic era, the outlines of Wthh we can
only dimly percelve at present

L% * . %

The i.mpact-of'television on our way of life and ithe
destruction which it threatens to the gentler ‘arts’and rntel-' d
lectual pursuits is a subject which has given Trise to con~"
siderable comment*on both srdes of the' Atlantlc smce the IFa
War, .« mg

Many of the arguments put forward have, we feel, been

. used before.~ -A:hundred years ago the invention of photo

graphy aroused - similarforebodings in the minds” of Wit

" Victorian ancestors. and we wouid like to-quoté- wnhbut i
- further, comment extracts from:a letter published.in 1851+

4 Slr, s=I beg to brirg tolyour"
notice the serious harm likely to come from the increasing:

* popularity Jof photography. ~Since Mr.*Talbot * and “M¢!

Daguerre perfected their processes-for fixing a living i Qgep"

g()'\
increase in the popularrty of thls qnnatural pastime.

“ Already, I am informed the- ‘fascinations of ‘the- photo- 'f
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 1 can
myself vouch unhappily from my own family circle that '
idleness and vanity are encouraged by the constant- posing
for portraits, and the subsequent porlng over them in ™
unhealthy crouchlng 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 Engiheer 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 wéek by week with :
only four exceptrons and it is now within easy reach of its -.
first centenary—a remarkable record of which any ]ournal
might be proud.
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‘"The Activities and Equipment of

an Industrial Electronics Laboratory

. (Part 1)
By G. H. Hickling,* B.Sc., AM.LE.E.

This series of articles is of the *integrating” type: i.e., no claim is made 1o present material
not previously published, but the author has endeavoured to give a constructive review of the whole
subject. . :

MANY articles have appeared in the technical press
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 | 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

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
electrical 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

the detector devices and the electron
or  ‘“transvertors ” diffraction camera
which, in general’ Fig. 1. General view of part of an Industrial Electronics Laboratory are ~ both ah-eady .
m a k e electronic well established tech-

measurements possible. As an underlying theme it is
intended to show how, by enlightened planning on the basis
of standardized * unit® instruments, 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 o
measurement, the other in that of automatic control. The

* C."A. Parsons & Co.. Lid.
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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/s
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.

Apphed 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.
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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.’r* 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
¢ategory 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 bty 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 properlieg 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 stroboscoplc
study of machmery in motion; the cathode-ray engine
indicator*®** and  the’ exploslon pressure recorder-—the
latter employed possxbly in conjunction with photographlc
observation using micro- -second flash tubes.*® (The measure-
ment .of surface temperatures in inaccessible p0s1tlons

ELECTRONIC. ENGINEERING




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.
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. - Flg 6 shows a typlcal pair of
electrodes with micrometer "screw adjustment  for cali-
bratmg K .

Besides its many uses for strain and displacement indica-
tiofi; the electronic equinment 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 °

-
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Industrial Type Eguipment

The work of the industrial electronics research labora-
tory, it' may be said here, includes the maintenance, and
when necessary the de51gn 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 capacitaiice pick-up electrodes with micrometer adjusiment
for static adjustment

are obtained with uniform response over the whole shaft
speed range from.irev/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 engmeermg 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,

L)
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greater significance 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 eqoi t for bal g 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,***
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.
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supplies and other auxiliaries, has been regarded as anm
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 p.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

& 4
*
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Fig. 8(a). A double beam infra-red specirometer 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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very sensitive means of identification of the constituents,
while study-of 'the spectra of known Substances -affords"in
turn further information on thé structuré-of molecules.” Tt
is in fact found, using modern high grade" spectrometers,
that the individual spectral lines themselves, in'-thé “case
of gasés having simple molecular structures, hdve a “ fine
structure ” with a number of “sidebands,” associated ‘with
rotational vibrations of the individual molecules, somewhat
analogous to the sidebands of a radio carrier in sound
broadcasting: e '

‘Fig. 8(a) shows a recent infra-red spectrometer with its
associated electronic amplifying 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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Percentage Abserption
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Vibration- Rotation Spectrum
for Hydrochloric Acid Gas

2 3 456 7 8 9 1012314

Absorption” Spectrum for O-lmm of Cyclohexane
(Recording time 20 minutes)

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 Ic/s. For this purpose the radiation beam in the
spectrometer is itself interrupted at about 16¢/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 6¢cfs. The test is a comparative one; ie., 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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A portable radiation pyrometer.

S

(To be continued)

Radio Direction Findihg

Radio Research Special Report No. 21.

During the war miuch 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.

JANUARY 1952



Eq ulpment for &

A Portable 73 Watt Loudspeaker Amphﬁel

By D.E. L. Shorter* B.Sc.,

\coustic Measurements

(Part 5)

AMIEE and W, Wharton*AMIEE

o 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.

IN 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 7+ 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. 7, is a magnetically
screened input transformer designed for connexion to any
source not 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 R,,. Negative feedback from a tertiary
winding on the output transformer T, is injected between
the low-potential end of R,, and earth. The circuit is
similar to that of the 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 1mA); 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 madé
very long to minimize the phase shift introduced at low
frequencies.

Choice of Qutput 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

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 10
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 (L.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 10kc/s
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.

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 bé
noted that the feedback loop of a class AB amplifier may

* Research Department, B.B.C. Engineering Division.
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Fig. 1.

Circuit diagram of the 74 watt amplifier

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 eccurs 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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Fig. 3. Total harmonic distortion

times, but the equivalent effect was obtained by increasing

"the amplifier load in the same ratio; in the case of a

pentode or tetrode output (constant current), the effect is
the same provided that allowance is made for the resulting
change of gain.

The resistance-capacitance combinations R,, and C,,,
R,, and C,,, and capacitors C;, C, and C,, were intro-
duced to bring the loop gain and phase shift characteristic
above 20kc/s to the form required for stability.

The gain of the feedback loop in the working frequency
range, with the amplifier terminated in its optimum load,
is 25db.

H.T. Supply

The largest single item in the amplifier is the mains
transformer T, and various expedients were considered for
reducing this component to a size in keeping with the other
circuit elements. One method of achieving the desired end
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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 74 watts
of tone. The signals applied to the amplifier usually consist

db  VOLTAGE LEVEL OF SINGLE TONE EQUAL
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Fig. 4. Intermodulation distortion

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 H.T. load for the latter con-
dition is S0mA 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
S0mA rectified current.

The H.T. rectifier was also chosen
on the basis of intermittent load. In
the first models, a cold cathode recti-
fier rated at 75mA p.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 p.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.SmA 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. :
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~GAIN: 18.5db (volts). Single frequency input required to
give 74 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 MID-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 74 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 1kc/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 ..”Depésit:ibn' B "H.E. Crystal Electrodes
by' Vacuum Coating

By L. Holland *

OR various reasons it is desirable that the electrodes

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 desiréed 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-
tapneously 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-
<harge and even by traces of oxygen degassed from the
<hamber walls. For the sputtering of the latter metals
«iffusion 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.
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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. 1. loterior view of
sputtering plant

Showing the exhaustion

equipment  and  high

tension power  supply.

The cathode is attached

by insulators 1o 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 01= SPUTTERED FiLM : v

“The mean free path of aif “at the sputtermg pressure is
inthe - region of 0.5mm, consequently sputtered: atoms will
have many collisions with'-gas molecules before they are
trapped on intercepting surfaces. Although the sputtered
atoms may leave thé 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-
tion 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 prodice 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

T

Sputtering chamber iayout

{A) chumber door. (B) insulator. (C) cathode. (D) glass cylinder. (E) rubber

seal. (F) needle valve. (G) -ve connecting rod. (H) discharge shield tube.

A glow discharge froin 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 space.
Crystals to be coated are placed on the tripod rable.

Fig. 2.

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 for two cathodes of different dlameters

This is shown by plomng the optical density of the deposued ﬁlm méasured across the
diaméter of .the receiving plane. . Cathode (a) was operated at 3KV with a current
density of 150 ,u.A/cm‘ and cathode (b) at 1 SkV 500 /.rAlom‘

tamination by orgamc compounds etc., and in the dis-
charge gas compesmon mustobvpusly affect the sputtering
rate.

There are many factors Wthh must be ‘considered 1t
repeatable results are desiréd; the effect of slight changes in
the gas*densuy, cathode temperature and input power on
the deposition rate is shown by the following experl-
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-appreciably with spuattering 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 depesition rate changes with the sputtering period

In curve () 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 densny
is constant throughout, but the cathode temperature is increasing with time : in
curve () both cathode temperature and gas density do not vary and the daposmon
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 temiperature 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™* — 10~°mm Hg, such pressures are
easily obtained with present high speed oil diffusion pumps.

ELECTRONIC ENGINEERING

A modern plant that has been used for coating crystals is
shown in Fig. 5.* The chamber is exhausted by a silicone
oil diffusion pump having a baffled speed of 50 litres/sec
and 10~*mm 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).

CRrYSTAL 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.

CRrYSTAL FREQUENCY CONTROL UNIT.

The control unit, which is designed for use inside the
vacuum chamber of a plant similar to that shown in
Fig. S, 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 n.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 pesition. 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 4in. square can be coated in a single evapora-
tion from a source located at the top of the vacuum
chamber, approximately 1gm of gold being vaporized to

7)

——

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) chaindrive. (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 0.2u 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 2u so that the
gold deposited on to the chamber walls is less than that
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normally experienced with filament type heaters. To
deposit a gold film approximately 0.2y 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
t(i 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

CRYSTAL } ?
(=
T
)

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.

external control handle, ie., 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 B.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 4Mc/s 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 measures 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

+

RATE
o MEASURIN
, CIRCUIT
RATE
o . : ME ASURING
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~ Bias _

Fig. 1. Fig. 2. A thyratron used for

Pentode limiter for pulse
pulse levelling

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.
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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 lirear response can be

————+
RATE
IMEASURING]
CIRCUIT "
RATE
EASURING|
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L= |
—Bias — Bias
Fig. 3. Blocking oscillator Fig. 4. A single shot multivibrator for

for pulse equalizing pulse equalizing
obtained up to 30,000 pulses per second with a periodic
input, i.e., minimum spacing between pulses 30uS.

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 FEccles-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 toan 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

Rate Measuring Circuits

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

o§ 3

+
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Input circuit with low resolution time

Fig. 5.

consist
resistance.

Consider first the integrating function; a pulse input as
in Fig. 6(a), is fed to capacitor C through resistor R,
which is effectively infinite during the interval between
pulses (for example, a pentode valve, a switched triode or

essentially of a capacitance shunted with a

pentode or a coupling diode). The voltage developed
across C (V.) 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 eftective 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

JANUARY
H

1952

<

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(2). Input pulse. (b) Voltage developed across C (V)

1f g is the charge deposited in capacitor C by each pulse,

the transient appearing across the capacitor is of the form

Vv = q/C E—t/CR (2)

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

o0
Ve = nJ [ B e R B o e a a0 a5 g aa B a6 58a080630000 3
0
= nj g/c STUCR di n[ _4CR t/cR]
. - C >
=ngR “)

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 ¢ of the input pulse is not
critical provided that the coupling capacitor C; becomes

Ve

() (®)

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 ¢ > 6C;Ri. If no anode current is flowing in the driv-
ing valve, its anode will be at H.T. line potential. C will
be charged to the full H.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 g = EC; is trans-
ferred from C; to C through D, From Equation (4)

V.= nECiR &)

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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Vs
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For range switching, the most useful variable, of the
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 Ci, Vs
(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 V. 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

k__‘ o
CL'E% A;’ VALVE

VOLTMETER
M

—Bias
Fig. 9. Simple integrating and measuring
circuit

g —

R
N %

Ve=I,R

Fig. 8. Equivalent
circuit of Fig. 7

D Fie. 10. D

iode pump

integrating circuil c -J- R V:L\EliER
3 VOLTM

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, Ci = 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., 100M from the H.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 C; ( in the same example of 50pF capaci-
tance) will not be more than 2 microseconds.

As already explained, there is a fluctuation in V. 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
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given by
el o0
(AV) =n j vidt =n J

| cme s

a 0
CRg’ E-M,CR] _ nRg?
The r.M.S. value,

qZ/C:! E—zc/CR dt

2ct - 0 2C

AV,=qVnR/2C
AV¢/V, is termed the standard deviation (s.D.)
qVnR/2C

D.= AV /V, =
S.D AV./ ngR

_ \/ nR_ 1
~ N 22°CR* © V2nCR
After the ratemeter has reached an equilibrium condi-
tion, the fractional probable error (p.e.) of a single read-
ing is given by
-675
P.E. = 0:675 AV, /V. = —0—6—— ........ 8
V2nCR

The significance of Equation (8) is that if a large number
of observations are made, the error will be less than the

1 Za
HO™ *
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Ho”
_IO-B FIOOk
ho® ) 1Ok
A T T T T T T IO-IOM\I T T T Ik
-5 -l -0'5 o -5 i -0'5 e}

Fig. 11. Characteristics of a typical diode with negalive anode vollage

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 -

n Readings (per cent)
1 50

2 18

3 44

4 07

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 ¢, from
Equation (3),

t t
Vc(tl):”J‘ th:nj

o o

tl
cn[ AR sua]s

o

a/C S di

nqR(1 —Z~4/%F).

At a time ¢,, V. differs from its ultimate value by

ngR St/C®
If 1, is the equilibrium time as defined,

0675

ngR S~4ICR — 202
= V2nCR

. ngR
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. —t,/CR = log. 675 — % loge 2nCR
. t, =CR (0394 + loge 2nCR) ........... ®)

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 V./R is
a current of reasonable magnitude.

A system of more general use is to apply the voltage V.
to the grid of a cathode follower. Fig. 12 is a method of

so doing, when the integrating circuit is at a p.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 (V) 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

Vo = nCR (E-Vy)

If the signal swing on the grid of V, is AV, and the gain
to the cathode of V. is A4, then the voltage variation at the
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cathode of V,.
Vi = 4 x AV,

Total input voltage Vi = AV + A x AV = AV (1 +A4)
Vs . .
Ve = T A and grid potential of V', =V.+ AV,

With input at a rate 7, Vs = n,CiR (E — (Vi + AVY)
With input rate ns/2, V = n:/2 GR(E — (Vg + AV:/2))

This gives a mid-scale error 2 LV

per cent.

Therefore AV, must be as small as possible, i.e., 4 should
be as large as possible.

By mcludmg a suitable combination of positive and nega-
tive feedback in the circuit, loop gain A4 can be increased
almost to infinity. However with normal values, e.g.,
A = 100, E = 50V = V,, then AV, = 05V 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 (Vz + AV:/2). As described earlier,
this will enable equilibrium to be rapldly 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.

—

~Ling
Fig. 14. Voltmeter with negative feedback

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 ¢ seconds at a mean rate of n pulses per
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second the probable error will be

v ST5 . cent

E. =~ percen

Calculating the probable error of a ratemeter if the read-
ing is averaged over ¢ 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

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 Susec to
I0msec 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

STABILIZED
POWER_SUPPLY
+300V
-100V
GM { }
TUBE H INPUT [ |
> AMPLIFIER C AMPLITUDE | | s:‘}'xl'piic AMPLITUDE MEié\jFEING VALVE ‘
DISCRIMINATOR ITER
o” e LIMIT i VOLTMETER PANEL METER
Fig. 15. The ratemeter type 1037A
E.HT. PARALYSIS
SUPPLY CIRCUIT
‘..J input to the discriminator, (b) from a probe unit for which
PROBE UNIT INPUT v | _ Y power supplies are provided, (c) negative pulses fed into
* ELECTRO MECHANICAL an internal amplifier with a gain of 2, 10 or 50.
Sirect INPUT REGISTER A stabilized positive E.n.T. supply, variable from 550

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.

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.

;
|
f

The Ekco ratemeter type 10374

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
34in, panel meter is included. An external recording meter
may be connected; this can be 5SmA 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.
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to 1,700 volts, is included in the unit. It is of the L.F.
Oscillator type, and is intended primarily for Geiger-Miiller
tubes. E.H.T. voltage may be measured on the same meter
as the discriminator bias voltage. Ripple is less than 1mV
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,f B.Sc., A.RIC.

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 i, 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, — #; 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 i, — i,
produced when all of this second type of ion are deposited
is dependent on the concentration of that jon in the
solution.

* Mullard Electronic Research Laboratory, Salfords, Surrey
+ Mullard Material Research Laboratory, Mitcham, Surrey
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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
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Fig. 1. Current/Applied potential Fig. 2. Current waveform at a

fixed potential

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 photographicaily
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 p.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 ¥, and a
small resistor R is included in series with an electrode, in
this instance the cathode.

Fig. 3 (lef0). Circuit ensabling 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 ¥, the changing current
through the cell will set up a varying potential v 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 §ystem is that the potential across
the cell is never known exactly, for although ¥ may be
determined precisely, the cell potential is actually (¥ — v)
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 § which is of opposite sign to V¥, and
which is in series with it.

If the potential between / and ¢ (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 § 1s varied until at the current pulse peak the poten-
tial between e and [ is momentarily zero. At other parts
of the current pulse cycle the potential is not exactly ¥,
but as no measurement is carried out there is no harm done.
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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 - § 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

o Ay 7
Fig. 5 (left). Additional circuit enabling oscillograph to indicate zero input
voltage to a high precision
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Fig. 6 (right). Trace appearing on oscillograph—*‘a’ corresponds te zero
input voltage, ‘‘b”’ to the signal from the mercury clectrode

v 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 Smsec 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.

Methed 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-

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

Fig. 8 (right). Tracc 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. The Mullard High Precision Polarograph -

f
of about 100uA tp an accuracy of 0.1uA, differences of
0.0InA being visible.

STABLE SIGNAL Llrl.\IE OR POINT NECESSARY

In all these disprlays 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 iiz¢0 the oscillograph amplifier varies
over a wide range, and it 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 p.c. amplifier
is used, these difficulties all vanish and, apart from small
thermal drifts, the proper presentafion 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.

ot

Conclusions

The first working polarograph ‘on the lines which
have been described made possibiigy #de znalysis of solu-

-
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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
C. H. R. GenTrY, G. NEWSON, Metallurgia 41, December (1949).

An Atomic Heating System

At the Ministry of Supply Atomic Research Establish-
ment, Harwell, a building containing eighty offices now
draws its heat direct from BEPQ, the large experimental
atom pile.

Atomic Pile

Uranjium Rods

‘[tnlet Underground

Outlet Underground
Duct

ZHeat Exchangers  Air In Air in
By Pass I'nlet Filters
Dampers
Secondary
Circuit
Pump
Exhaus

Fans

Radiatofs

ir discharge up 200 ft. stack

The atomic heating system

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 *

D 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 ErecTor unit which is mounted
just below the SENsING HEAD and to the rear of the vertical

* Teledictor Lid.

A rear view with the covers removed. The sensing head and ejector unit can be seen on

the vertical chute behind the rotary hopper.
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The coin sorting machine

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
the vertical guide and are conveyed by an alternative s
to the SILVER receptacle.

Each machine will handle a range of denominatkons, 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 latter operation
brings into circuit one of a number of conkrols that have
been adjusted previously for the various sizes of coin.

An automatic monitor is included in t'ie main electronic
unit and gives immediate warning to the operator in the
event of a valve or circuit failure. Simwltaneously, it dis-

connects the EJECTOR solenoid and

so ensures that all coins pass now
into the cupro-nickel container. The
silver already sorted thus remains
uncontaminated.

In view of the enormous number
of coins involved in this sorting

operaion, much of the utility of a

machine such as that just described

woald have been lost had it not
been possible to achieve a high rate

Q% 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
adequate for present needs.
This note is published with the
f permission of the Superintendent,
. Royal Mint, London, and the
* Directors of Teledictor Limited,
SDudley,_ in whose laboratory the
“electronic unit was developed.
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A Selt-Interpolating Crystal Calibrator

for Setting Up and Measuring Radio ' Frequencies

By D. Cooke

MODERN practice in radio communication and certain

types of rR.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
with 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 fo 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 f; and f; + f.
where fi = nf..

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 m + xkc/s when m is an integer. The
value of m 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, i.e., 0-100kc/s. Harmonics up
to the 25" 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.
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8,548kc/s, it is only necessary to turn the dial to figure
“48”, ie., 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°
moyvement, the equivalent scale becomes 25ft.
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Fig. 1. The interpolating principle. Sideband spectrum when interpolating
oscillator Frequency is (a) fi ke/s, (b) F; 4+ x ke/s, (¢) fj + 100ke/s

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

ELECTRONIC ENGINEERING



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 range

Fundamentol range

[e] O O
O (O]

Fig. 2. Arrangement of interpolating scale for harmonic operation when

fo = 100ke/s

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, ie.,
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 500¢/s, all com-
ponents, desired or undesired, can be identified by the
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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%, 4 or 8%, etc.,
being emhanced 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.
Furthermpre 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 f.. 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, ie., 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
O+HT.
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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 LZCICE, 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-
iator so as to depress crystal harmonics below the nuisance
evel.

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.
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“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 Secrefary, Mr.
B. A. Pettit, at 41, Kingsway, London, W.C.2.” tr
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A Simple Electro-mechanical Voltage
Stabilizer

By J. V. P.

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
ot 1-2 seconds and consequently does not smooth short
duration fluctuations, but is eflective for Jonger 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.

A

Varjac

Mechanical
tabilized R (':::plmg Bridge Soitzed
unstabilize everyi Load |stabilize
input _‘qnd
npy MJX( Amphﬁu

A}

Fig. 1. The principle of the stabilizer

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.

Fig. 2.
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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

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 R, and R,.

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 rR.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 85Al, 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 v = 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

s<x<y—3s
a balance is unobtainable.

Consequently the condition for balance is
s>v—sors>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
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Further, if

An Optical Projection Comparator

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

WITH 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.
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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.

Tt 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., AM.LE.E.

Calculating aids are shown to culminate in the computors 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
communication with and within the machine.

the mathematical concepts which are
Mathematical Logic and
ordinary arithmetic are introduced. Finally, “digital” and * analogue”

necessary for
its connexions with
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..,
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, Lid.
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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 %4,

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 7. 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.

“Inrur” 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.

“Qutput ™ displays the answers, usually by actuating a
tele-typewriter.

_“ ARITHMETIC ORGAN " provides the arithmetic opera-
tions 4+, —, +, 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 l
CONTROL

MEMORY
ARITHMETIC 5
ORGAN

Fig. 1. Organization of computor

In order to follow the machine procedure, consider an
addition such as 4 + 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 4 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 (4 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}x‘3 XiYi

Although it may be needed several times in one pro-
gramme, a sub-routine is inserted only once and is linked-
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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 4 + B = C is programmed by linking cores (4),
(+), (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 ariih-
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 SMc/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 r'* digital place to the
left of the decimal point carries ““ weight” 10",

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 help.

The choice of ten as the base or radix is not, however,
very important. It is a natural radix because vertebrates
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are normally born with ten fingers. 1t 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 1.

To take a small binary number, thus

1101 =1 x 22 4+ 1 x 22 4+ 0 x 28 4+ 1 x 2°
= 8+4+0-+1=13 in decimal notation.

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

1. The symbol appearing in the r'® digital place to the
left of the binary point carries weight 27*;

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-oftf ” 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 =0+ 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 : Yin., Yin., ... Yisin. etc,
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(sliding n-ary point).
argument,
Accordingly, machines represent numbers *“ Congruent
modulo M ” only; if the number # is indicated, it may really
stand for another number »’, 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+ kM.

Neither possibility invalidates the

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=5-2x17.
—4 =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 representatlon of real numbers on a line
is familiar, (Fig. 2).

Congruent numbers are represented better on a circle.
(The modulus = 6 in Fig. 3).

0987 654324012345 67

+@
+0

10 |l

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.

12
17 & 13
il - 7
5 i
-l -3
Tig.
Circle ol' congruenl
numbers
16 )
() s
4 2
-2 5 -4
B 5 :
N 9
3
-3

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.
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Signed Numbers

For the purpose of arithmetic, it is practlcally
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 ny be the coded word which represents
the actual number A.

The complements code then implies that
na = A if A is positive, but that
ny =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

‘ My /2.4‘@ NOT
~Mb  NEGATIVE -2 -| $ I 2 POSITIVE 2 )1 PERMITTEDA-IM
P T e ——
- P —
NOT AVAILABLE | 4 , ____ .. o o~ IR

_M | -M/2+| | NEGATIVE 0o

| 2POSITIVE

CODED NUMBER SEGMENT

Fig. 4. lllustration of complements code

Assuming that M is an even number, then for A positive,
OSA :I’IA—M/Z—I
for A negative
—M|2=4=< —|,ie, M/2=Zny=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 4 = —1 is coded into the
largest word available, ny = M —1; the largest negative
number A = —M/2 is coded into ny = 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 4, B and A + B are restricted as above; this is obvious
if 4 and B are both positive. If one is negative, say A4,

then
nya =M+ A =M — |A], so
ny +ns =M — |A] + |B[;
if B <|A|, no end carry arises and the word sum repre-

sents the negative number (4 + B);
if B> |A|, an end carry is generated but suppressed; the
positive number (4 + B) corresponds to the sum of the
words.
The sum also works out correctly, if both 4 and B are
negative, so that in all cases of addition
na + Ay = N(A+B).
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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 (4 — B) = A + (—B),
) Na-B == ns + AN-B.
Now, if B is positive, n.s = M — |B|, and
if B is negative, n-s = — B = |B|, so since

Bl = (|B] + M) (mod M), then
in each Case n-y = NuM-B
=M - ns.
Hence
naA-B = Na + Nu-B.

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

A_g0 = 10* — 300
=(10*~1) — 300 + 1
=9 x 10°+ (9 —3) x 10° +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 10* — 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 = 10281,
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 4 and B are positive that

Nna X HAB = N(a.B)-
If A is negative and B is positive, then
nang = (M + A)B = MB + AB,

whereas the product AB.,* a negative number, should be
coded as

Rsgo + N_gpy =

nas = M* + AB,
which may be written
nas = nang + M(M — B) and, on coding (M - B),
= nans + M nu-3
= nahs + M(M — ng).

Similarly, if both 4 and-B are negative, the product of
the code words must be corrected by adding in M(M — ng)
+ M(M — ny).

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 =10°, the com-
plements would be shifted 6 places to the left.

Decoding also requires discrimination:

if na < M/2, then A = ny, but
if na > M/2, then A = ny — 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 nsg is taken as a double length word, with
modulus M?.
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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:
() ny =ay x 2P + ap-y, x 2°7% 4
the symbols

.+ a, x 2° where

a=0o0rl,r=1to p.

The modulus is then M = 2° and, in the code, comple-
ments are taken with regard to 2°. The numbers repre-
sented by the word are confined to lie in the closed interval
(=20-1, 200 1),

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

(2) A = na — a, x 2%

for if A is positive, ap = 0, A = n,,

and if A4 is negative,a, = 1, A = ny — 2°.
Combining (1) and (2),

Then by the con-

el
T

A= —a, x 2° + a, x 27 + @2r!
r=1
p—1
= @2 (=2+1) + 27!, hence

r=1

p—1

B)A = —a2*' + 2 a2'',
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 )

=207t = 2P P~ e, — 2071 = 2P~ (mod 2P).
Hence, it is natural to take the weight of the last digital
place negative, i.e., as (—2°7') and not as 2°~'. 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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The Prediction of Audio—Frequency

Response

No. 2—Circuits with Two Reactance Elements a2

By N. H. Crowhurst, A.M.LLE.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,

L L, Cyr? i1 or
T LGy | 2C,R? 2L,
-E
2 S T e e e 3b
YT LGy (3b)
while for low frequency cut-off networks,
r:!Cs L 5
o= —E.LCs ...cooviiiininn. (5b)
fy
1| T
| [T
NS N db at 4
I~ N db at 4
STHINN
M R db ot 4
NN
4 f2
A
Fig. 4. [Illostrating the use of Chart 6

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

— E : 4 2
db loss = 1010g,,,[1 + (1 +r/R>(x + 2x )]
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Substituting x = 1 gives the attenuation at the transition
frequency,

E 2
db i= 10 T
at fi = 10 log [1+3(1+r/R)]

Use of Charts 5-8

Chart 5 serves a purpose for the transition case similar
to that served for the peaking case by Chart 1. The method
of reference is self-evident. Chart 6 gives a series of
respense curves for values of db at f; between -01 and
20. The reference frequency is fi, and the appropriate
curve is selected by finding the one whose loss at f; 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 reference 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 8
D at 7
-
I Zan
N A @ at £
N T 1A
= | A4
= =
TS == =i
| ) db_peak or at 4
[1] NN RN
| L TN T
N ~ T~ I A
S s
N | LT ORISR
IT‘ ‘ N~ ~J ™ ™~ at /-
NI SNiSa

3
Fig. 5. Ilustrating the use of 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 S.

A valve of a.c. resistance 50k(2 is coupled to the follow-
ing stage by means of choke capacitance coupling. Choke
130H; Coupling capacitor 0-02uF; Grid leak 0-25M(.

(Continued on p. 38)

ELECTRONIC ENGINEERING




ol

I'5

‘08 .

03 04 0§ 06

o2

&x Yy

SHYOMLAN 440 -LND ADN3ANOIYS HOIH Ty 4O SHUOML3IN 440-LND ADNINOI¥S MO Wl

/]
w/ N o ®» n~ 9 m m 2 o
AT~ o - Q QO Q Q ..
~ s LTI T T T T T T T T T T 1 T T U1 T T LT T I T T
J_/W NG N O SO O O O 5 6 O O 1 :,_b_ :%__ - =
< © &Mﬂlim = Q ® o wuw m « 1%0 MO M ox e 2
<
N NN I e B e e e e LS SR U A W NS AW A
AN N [N < n o N © o - o~ ) < n o
SRS SNPNIN o Q O o0 6 o Iy &
NP N NS SHYOMLIN 440 -1LND ADN3NO3Y¥4 HOIH @M&O SHEOML3IN 430-LND ADN3NO3H4 MO %
5 AN : N K]
N N
AN D N N
P TS NC N
AN /f / N
N N \ \ N & "
RN Y X N | N f//2 " Q@ rM..
NN N \ N N ~N O —(3
AVANAY N \ N % X
A X N /// - 3 3
N [ A N N 2 .
X | N N //
h / / 3 AV AN 77
: 4 N N
NN RN NN n N\ W
Al ANA VAN @ VAN N
AP NN NEY N N N SN
'\ L\ Y \ //
AV A% AN N @
NEVRVRY B mwim : \WAY AV N mmy SANR .~
X N\ A AV X \ \ X /0
1\ AY N N X AVEE N N\ AN = =1
\WAVAVAVAWAN AVENAN > )
X; AWAY A AVERAWAN N n
AY N A N\ /7/0
a% \ A\ N A ™ v
AV X =\ - AY = LR RHS . A LT 0
AVAVAN N \Y \ \. \ AN AN \ [ 2
X X / A N
N XTIk AN L WAN I AV % L g N
AYAN AN L A\ < AVAY X AN AV X NLITT O
AN ! AM Al A N X Jlﬂ . =
DA AN AR N N\ NEANAN AY \ M II7Or.
; AN 1 \ X \ b \ ANER ¥ \ - T
NIX AVAY WAEAY i3 8% W NAVATR | HT~-O
ANAN ANV SN A \ N AV AN Y HAWAN Iame A
W T A% N \ 13 \ AN ¥ ) )
NNV \ _ \VAVAN X SR KN 1
) N . 3 N N\ AN N \ 1\
H N \ \ \ NN RAVAVAVAY \ \
AVR \ N YA \ ANN R Y A T
I\ M N \ \ \ N R AAVAVAN \ AVANAY AV
N \ AVA A N\ \ \ ) ANNN DK M
AV ¢ < A A 3 S \ I / N 3
] A N\ ]
q ANRN N NNEN ] A A\ AN \ \
N \ LYANAVBNAY \ AR
\ A X NIYINTY N N NN \
AN\ N N NN \
N\ R N \
- ) AY AY N \ A\ N\ B, Y \ T
N \ N\ AV \ 8. LY AAN AW
A AV %X ;4 B Y NN AN \ AVIAY
AY hY AVALY N N 8% b \
LY N N AN AY \ It
AY \ X \ \ % \
AWAN X, AN 1
N a \ RWAN NN N NEN A NI N 5 N \ 1
N A \ A N \ i T
NN A A\ 3 8 2% ATWATAY IE !
AV N AN i WY T
AV X X AN Z \ )\ )\
AWAVAVAY ¥ K A¥ N T il
\ D X A Al N 1 1
m/‘// \ XX XX T T . X O\ ANN NN N % TETALRY Cfaﬂ,zﬁ
wn < O o o ~ 0 n < ) o~ - @ Qv o oo - =0
- = (]
Y1V ep o 000 00O oo w

frequency

of transiti

At

Chart 5.

1952

JANUARY

34

ELECTRONIC ENGINEERING



FREQUENCY CUT-OFF NETWORKS
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This employs the circuit of Fig. 2(b), in which
r = 025M() and R = 50kQ}. Evaluating,

PG _ 625x10°x2x107 o

2L, 2x 130 - ’

L, . .. - 130 1.'3.'

2R*C, T 2x25%x10°x2x 10~ '

1 S 25%10°
s =48+ 13 — 1 =51 =

wi*LyCs I3 1=SE R =

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 fo/fi = 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: o

fifi .. 02] 03 | 047105 06(07 |08 |09 .0
‘dbloss | 27 | 204 |16 |127 | 103 | 84 | 7 585 | 5
fifi .| 15| 2 25 | 3 35| 4 45 | s

db loss 251 1481 0981068 0.5! 039 | 031 0.25

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 = 10*, R = 10° as before.

L, 775 x 10~*
: 2x2:5%x107°x 10"
2-5%x107°x 108
2L, T 2x775x 102 1012

witlsCy, = 00155 +1-612— 1=0-613. r/R=0-1 as before.
Applying these values to Chart 5, gives db at fi as 2:9.

Reference to the auxiliary scales gives f4/fi = 1-33, The
following values are tabulated from Chart 6:

= 00155

fifi .. ..702 (03 (04 05| 06] 07 08 1.0

db loss ] 012026 046 072] 1.05| 14| 19 29

i . s |2 25 |3 | 35| 4 | a5 5

db loss 16 93 [125 151 1175 | 196 | 215 | 232
Example 7. g

The coupling of Example 4 is reduced to k = 0-0025,
retaining Q, = 53; Q, = 212; f. = 1Mc/s.
Applying the principle by which (14) is. obtained as a
counterpart- for (8), the corresponding formula for the
transition case becomes,

o 'm — k2Q2 ¥
db at f; = lOlogl,,[l + 3(1—: K°Q* )] (19)
and
fi=1fl2QVm — k*Q* ............... (20)
. m — k*Q? 2:125-0-07 .
1 . = = 192
evaluating, ¥ kQ° 1+ 007 192.  Applying

this to Chart 5 as a value of wi?L.Cp and using the left-harid
edge (as if r/R = 0) the db at f; is found to be 10-8. The
frequency, given by (20), is

fi = 10°%/212V2-005 = 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. :

ELECTRONIC ' ENGINEERING

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/f ¢ from 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 reldtive frequencies greater:than unity, that
is the frequencies nearer mid-band, or with less than 90°
phase shift, give reference figures on the upper -half of
the chart, while the frequencies beyond this point appear

"in the lower half of the chart.

fifg .. .. | 001 0.02| 003 0.04; 0.06| 0.08

0.1 ¢ 015
Ref. .. .. [100 |50 |34 |255 [167 |124 | 99 | 65
Tré . .. 0z | 03 04| 06| 07 08 |09 10
Ref. .. .. | 48 | 305! 21 i 105! 07 | 045] 02 0

The above reference figures appear on the. upper half

for H.F. cut-off networks and on the lowér 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 r.F. cut-off
networks.

e .. .. |12 | 14 16 18 | 2 | 3 | 4 6
Ref. .. .. 037 | 07| 095| 123 15| 27| 381 59
fireg .. .. 18 10 [20. |30. |40 [60 |8 100
Ref. .. ..179 10 tios 30 14 [e60 !s0 lioo

Applying these reference figures to Chart 8, and tabulat-
ing results for 6db peak and S5db at fi, 1.F. cut-off net-
works, and for 7-6db, -1db peak and 2-9db at f; for H.F.
cut-off networks, the following table has been compiled :

Tire .. 001 0.02]0.03 004006 0.08| 0. 0.15| 02 | 0.3
6db peak L. | 179° | 179° 179° 178° | 178° 177° | 177° 175° | 173°  170°
) 4 | 24| & 4y | 12| 36 V| s |
sdbat fiLF, | 178° 177°| 1767 | 175° | 173°  171° | 168° | 163° | 158° | 147°
53 | 4y | 45 | 32 20| 5| 50| 30 30
,
79 db peak | ©0°| ©0°| | 0°| 1°| 1°. 20| 3°| 4| 7°
HE [14.27 28| 4| S| 25| 55| 24| 36| 50| 45
0.1db  peak | 0 1°| 20| 3°| 4°| 6 92| 11°| 15°| 23°
HE. a5 | 30| 15 5| 30| s 300 200y 30
29db at fi| 1°, 20| 3| 4| 6 8 10°‘ 15| 20°| 30°
H.F. I
) 04 06|07 0809 10| 1.2 1.4 16| 1.8 | 20
6db peak | 166° | 153° | 143° | 131° 111°] 90° | 52°| 36° | 28°| 23°| 19°
L.F. ‘ 30° _ 30 |
5db at £i 137° | 118<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>