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in. de clehr-tcca:
This was the claim we made for our A.D./47
Amplifier and it has since been proved by out-
side laboratory and audible tests. Distortion
figure .01 per cent. measured damping factor 40
times, microphone and pick-up inputs, speaker
and cutting head outputs, 10 -valve circuit
with triodes cathode follower outputs

The well-known straight line response " Super
Fifty Watt " Amplifier which has inputs for
electronic mixing for microphone and gramo-
phone is suitable for all portable and permanent
installations. Standard output impedances are
15-60-125 and 250 ohms, but modulation outputs
are available for modulation purposes. The high
efficiency, coupled with a valve life of over
5,000 hours from the outputs in this well -tried
design, with many thousands already in use, en-

sure trouble free operation under all conditions

VORTEXION LTD
257-261, THE BROADWAY
WIMBLEDON, LONDON, S.W.19

Telephones : LIBERTY 28 14 and 6 2 4 2/ 3.
Cables: "VORTEXION, WIMBLE, LONDON."

STORTIONLESS

Write for full details of " Super Fifty Watt "
Amplifier, C.P. 20A. 15 -watt Amplifier for
12 -volt Battery or A. C. Mains operation and the

Vortexion Record Reproducer Chassis
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THE MICANITE & INSULATORS CO. LTD
Empire Works, Blackhorse Lane, Walthamstow, London, E.17

kers of MICANITE (Built-up Mica Insulation), Fabricated and Processed MICA, PAXOLIN(Synthe

sheets, rods, tubes and cylinders), HIGH VOLTAGE BUSHINGS and TERMINALS for indoor and outdoor use. EMPIRE
Varnished Insulating Cloths and Tapes and all other forms of Electrical In;ulation. Suppliers of Vulcanised Fibre,
Leotheroid, Presspahn, etc. Distributors of Micof12x-Durcittrbe Sleevings and Ksnutuf Injection Mouldings (P.V C.).
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CLASSIFIED ANNOUNCEMENTS
The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. Box number 2/- extra, except
in the case of advertisements in "Situations Wanted" when it is added free of charge. A remittance must accompany the
advertisement. Replies to box numbers should be addressed to : Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand,
London, W.C.2 and marked "Electronic Engineering." Advertisements must be received before the 10th of the month for insertion

in the following issue.

OFFICIAL APPOINTMENTS
acancies advertised:are restricted to persons or employ -

tents excepted from the provisions of the Control
ngagement Order, x947.

'1.B.C. invites applications for two posts in the
Television Section of the Research Department, Kings-
' nod, Surrey, as follows : (a) A post in a grade rising
v annual increments of £50 to a maximum of £1,100
tr annum. Candidates must have an honours degree

Physics, or equivalent qualification, and experience
photographic reproduction in colour or allied pro-

;sses. A knowledge of the physiology of colour
clevision and of modern methods of colour matching is
ttsirable. Some knowledge and experience of
I sion practice would be an advantage. Preference

11 be given to candidates who have carried out
::iginal research and have made contributions in these
,olds. The work will entail investigation of colour

tics as applied to television. (b) A post in a grade
ling by annual increments of k3o to a maximum of
.itio per annum. Candidates should preferably hold
)degree or an equivalent qualification in Physics or
cctrical Engineering and must have experience in
lour photometry. Some knowledge and experience
television practice would be an advantage. Applica-

)ms, stating age, qualifications and experience, should
c.1) the Engineering Establishment Officer, Broad-

iit.-tt mg House, London, W.r, within seven days of the
!I is a rance of this advertisement.
.13.C. invites applications for the post of Engineer in

Transmitter and Aerials Section of Research
 parttnent. The successful candidate will be based
:itially at Oxford and later at Kingswood, Surrey.
trplicants must possess a University degree or
tiivalent qualification, and have a sound knowledge

j,, radio fundamentals with a good mathematical back-
ound. An aptitude for original investigations is
'sett tial. Research experience in the radiation and
mpagation of waves or in allied subjects is desirable.
,a, work involves theoretical and practical investiga-
ens on aerials, transmitters and systems of
Mutation. The salary is on a grade rising by annual
renients of f3o to a maximum of £680 per annum.

' tplications, stating age, qualifications and experience
ould reach the Engineering Establishment Officer,
'40adcasting House, London, W.', within seven days
1 the appearance of this advertisement.
lE UNIVERSITY OF MANCHESTER Depart
:tnt of Electrical Engineering. Applications are

`,cited for appointment to the staff of the Royal
,c,iety's Computing Machine Laboratory, with the
otus of Lecturer in the University. Knowledge of
;ttronic circuit techniques is essential. Salary scale,

'too to (,boo per annum. Initial salary according to
( alifications and experience. Membership of F.S.S.U.
) it Children's Allowance Scheme. Further particulars
Jun the Registrar, The University, Manchester, 13,
whom all applications should be sent not later than

)me 4, 1948.
','SIIVERSITY COLLEGE OF SWANSEA. The
'puncil of the College invites applications for either

Assistant Lectureship in Engineering (commencing
ary, £450 per annum) or a Lectureship in Engineer.

's;. (salary on the scale £500 to £750 per annum,
'.ording to qualifications and experience). Qualifica-
lns in Electrical Engineering are essential and some
tjperience in Electronics is desirable. Further par-
ittlars may be obtained from the Registrar, University
Iillege, Singleton Park, Swansea, by whom applica-
cms must be received without delay.

SITUATIONS VACANT

(ENIOR RADIO ENGINEERS and Designers
tiouired by large manufacturer in the East London
*ca. Suitable applicants must have adequate

1.inical knowledge and experience in the design of
dio and television equipment. State age, qualifica-

tt,ns, experience and salary required to Box 279, E.E.
,k

14GINEER required for laboratory investigation
Id measurements in conjunction with radio and
'Itctronic devices. Experience in electron optics
csirable, with ability for original design. Applicants
tiould have reached accepted standards of education
d carry adequate production -design experience.
est London area. Apply, giving age and full details
education and experience, to Box 271, E.E.

A LARGE VALVE MANUFACTURER (S.W.
London) requires Graduates in Physics or Electrical
Engineering as assistants in cathode ray tube develop-
ment. Must have had some experience of design or
manufacture of cathode ray tubes or similar articles.
Should be capable of working in this field under
direction. Salary, £Soo plus, according to age,
experience and qualifications. Reply to Box E.E. 584,
L.P.E., ceo, St. Martin's Lane, W.C.2, quoting
reference C/246.
RADIO ENGINEER required to control test and
repair section of Service Department in large radio
factory, S.E. London area. Applicants should have
first-class knowledge of servicing, repair of radio, and
television receivers. Good organiser essential. Write,
stating age, experience and salary required, to Box
269, E.E.
TECHNICAL ASSISTANT required for the
Electroencephalographic Department of a Hampshire
hospital. Applicants should have sound knowledge of
radio and preferably some knowledge of physiology.
Salary according to experience and qualifications, but
not less than the scale recommended by the E.E.G.
Society. Box 272, E.E.
TECHNICAL SALES REPRESENTATIVE with
extensive knowledge of electronic equipment required
by manufacturer in London area. Applicants must
have technical qualifications to degree standard and
must be conversant with current developments. State
qualifications, experience, age and salary required to
Box 267, E.E.
ELECTRONIC ENGINEER required. Applicant
should have degree or equivalent standard. Experience
in the following fields would be of advantage : Servo
Control Mechanisms, Electronic Valve Theory, in
particular the pulse operation of valves; Magnetic
Amplifiers, Electronic Equipment for use in aircraft.
Write, stating age, experience, qualifications and
salary required, to Box 266, E.E.
TEST AND MAINTENANCE ENGINEER
required by The Morgarl.Crucible Company Limited,
Battersea, S.W.I 1. Aged 25-3o, with Matriculation,
City and Guilds Certificates or Higher National Cer-
tificate or equivalent standard. Must have practical
experience in electrical, radio and electronic test
equipment. Apply, in writing, giving details of age,
experience, qualifications and salary required, to the
Staff Manager.
MANCHESTER Firm manufacturing electronic
instruments for industrial use, requires an Engineer to
take complete charge of final assembly and test.
Applicants must have had previous experience of this
class of work and must have a thorough knowledge of
modern electronic circuit technique. Salary according
to age, qualifications and experience. Box 268, E.E.
GENERAL ELECTRIC CO. LTD., Research
Laboratories, N. Wembley, Middlesex, require men
with Higher National Certificate or equivalent
qualifications, and with some factory or laboratory
experience, for work in connexion with the develop-
ment and manufacture of electronic devices. Know-
ledge of vacuum or high voltage techniques an
advantage. Apply by letter to the Director, stating
age, experience and academic qualifications.
ELECTRONIC CIRCUIT ENGINEERS required
for research and development work; good academic
qualifications and apprenticeship, industrial or research
experience essential. Knowledge of any of the follow-
ing subjects desirable : radar and television pulse
techniques, centrimetric components, time -base
generators, A.C. and D.C. amplifiers, feed -back
amplifiers, servos, especially low power electro-
mechanical stabilised power supply units, data
transmission systems, cable form layouts. Some
mathematical ability is desirable. Write, with full
details of qualifications, experience, age and salary
required, to Personnel Manager, Sperry Gyroscope
Company Ltd., Great West Road, Brentford,
Middlesex.
ZIFF DAVIS LIMITED, publishers of " Radio
News," require a first-class man, preferably an active
transmitting " Ham," to edit and prepare for publica-
tion MSS. on practical and constructional radio.
A sound and up-to-date knowledge of all branches of
radio is essential, together with experience in radio
journalism or publishing. The position is permanent
and offers considerable scope and advancement.
Write, giving particulars of age, experience and salary
required, to Ziff Davis Limited, Grampian Building,
Western Gate, London, W.6.

DEVELOPMENT ENGINEER required for work on
experimental types of cathode ray tubes. Applicants
should possess a Physics degree and have had practical
experience in the design, development and manufacture
of cathode ray tubes. London area. Applications
should include details of qualifications, experience, age
and salary required and be addressed to Box 270, E.E.

ENGINEER required to take charge of development
of high frequency brazing technique by large manu-
facturing company in Midlands. Good opening for
young man 23-3o with sound electrical apprenticeship.
Higher National Electrical standard desired. Age,
qualifications, experience, salary required, quoting
Ref. No. 1o5, to Box 273, E.E.

ELECTRONICS ENGINEER, H.N.C. or Degree
standard, age 3o/4o, five years experience required by
Research Section of large engineering firm in the
Midlands for the construction of the vibration indi-
cating and recording gear, strain gauge recording
apparatus and the maintenance of laboratory
equipment. 5 -day week. Reply stating age, experience
and salary required to Box No. 440, 8 Serle Street,
London, W.C.2.

DEPUTY DIVISION HEAD required for laboratory
responsible for development of carrier current telephone
and multi -channel telegraph equipment. Replies from
those with suitable experience should give qualifica-
tions and salary expected. Permanent and pension-
able position with good prospects. Box 233, E.E.

SIEMENS BROTHERS & CO., LTD., Ref. 235,
Woolwich, S.E.r8, invite applications for posts as
Senior Engineers in the line telephone transmission
laboratory. Suitably qualified applicants only should
write, stating details of experience and salary required.

LOW POWER radio transmitter design engineer
required. Qualifications Engineering or Physics degree
or equivalent and industrial experience of transmitter
design. Salary' according to qualifications and experi-
ence. Pensionable position on permanent staff.
Box 249, E.E.

ASSISTANT ENGINEER for design and develop-
ment of subscribers telephone instruments required.
Applicants should have University degree or equivalent
and have had previous experience of acoustic measure-
ments. Salary will be paid in accordance with
experience and qualifications. Box 25o, E.E.
RESEARCH DEPARTMENT of Instrument -making
firm in N.E. London, requires graduate in Physics or
Engineering with good communications experience,
particularly in acoustics and electronics, including the
design of amplifiers for outputs up to 2 KW. Write,
stating age, experience and salary required, to Box 224,
E.E.

LARGE RADIO VALVE MANUFACTURERS in
the London area have vacancies for Physical Chemists :
(a) Senior Chemists (not over 35) to be responsible for
the technical control from a chemical and possibly
metallurgical aspect of development and production of
radio valves. Little, if any, research work will be
covered by this position, so that the man concerned
must be keenly interested in the speedy clearance of
production problems on the shop floor. Applicants
must possess adequate technical qualifications,
preferably an Honours degree, and experience within
the vacuum tube industry is highly desirable though
not absolutely essential. Salary would obviously vary
with experience and age. (b) Junior Chemists with
degree or similar qualifications in Physical Chemistry
and/or Metallurgy. Man required need have no
industrial experience, but the position entails very
little research work and therefore only men with a live
interest in production problems would be considered.
Salary according to age and experience. Write, fullest
details to Box 28o, E.E.

YOUNG MAN, 20-25 years, wanted for work on
electrical, electronic, etc., instruments, for research on
high-speed diesels by prominent engine manufacturer.
Practical experience in lathework, wiring and testing
essential. Progressive post. Box 281, E.E.

INDEX TO ADVERTISERS
SEE PAGE 32

A
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CLASSIFIED ANNOUNCEMENTS (Coned.)

E.M.I. INSTITUTES (associated with H.M.V.
Marconiphone, etc.) require Lecturer in Radio Com-
munications, whose duties will include some techni cal
writing. Science or Engineering degree (or equivalent)
and good practical outlook essential. Commencing
salary not less than Burnham Scale according to age,
qualifications and experience. (Minimum commencing
rate, E375, including cost -of -living bonus.) Super-
annuation benefits in addition. Apply, giving fullest
possible particulars, to Principal, E.M.I. Institutes, 43,
Grove Park Road, London, \V.4.
MURPHY RADIO LTD. have vacancies in the
Electrical Design Department for: (1) Senior Radio
Engineer with Hons. degrees or equivalent in Physics
or Electrical Engineering and several years' industrial
experience of radio receiver or television design work.
(2) Radio Engineers with good academic qualifications
in Physics or Electrical Engineering, preferably with
some industrial experience. Applications, giving par-
ticulars of training and experience, should be forwarded
to the Personnel Manager, Murphy Radio Ltd.,
Welwyn Garden City, Herts.

SITUATIONS WANTED
EXPERIENCED GENERAL MANAGER (4o),
capable of accepting full responsibility for Sales,
Development, Buying, Production, etc., with manu-
facturers in Electro-mechanical, Industrial, Electronic
or Radio industries. Chartered Electrical Engineer.
Available for interview at short notice. 'Phone
LABurnum 358o, or write Box 276, E.E.
EX-R.A.F. Wireless Mechanic desires junior post,
radio or electrical engineering, with good prospects.
Age 24, studying I.E.E. examination. Radio develop-
ment preferred but not essential. Box 277, E.E.
MR. E. JONES, 5, Park Crescent, West Bromwich,
Staffordshire, desires employment with any employer
requiring increased output of radio, electrical or radar
apparatus. Considerable experience and exceller t
record in London, Manchester, Birmingham and
Nottingham, familiar with taking full control
telephone apparatus, relays, meters and with large
quantity production assembly belt and conveyor work.
Will visit any town in Britain for interview and tender
further details.

BUSINESS OPPORTUNITIES
PHYSICIST (M.A.Oxon, A.Sl.I.E.E., F.Inst.P.),
eighteen years' experience of superintending design,
manufacture and installation of navigational instru-
ments, acoustical apparatus and light mechanisms,
desires arrangement with established company on
interesting new projects in above fields. Principals
only. Box 275, E.E.
DIRECTORSHIP offered in well -established and
highly successful West Country Electrical Manufactur-
ing Company. Applicant must have a thorough
knowledge of the Electronic Industry in addition to
experience of Purchasing, Factory Management,
Costing and Design, and should be capable of taking
complete charge. Present owners would be willing to
sell a £s,000 to Lio,000 interest in the business after
complete investigation. Write, stating age, experience
and initial remuneration required, to Box 278, E.E.

EDUCATIONAL
COMPLETE CORRESPONDENCE COURSE,
covering Amateur and C. and G.I. Examinations,
consisting of 12 lessons. Students trained for Cer-
tificates of the City and Guilds of London Institute.
Send for particulars. Orthic-Modern Institute, 72,
St. Stephen's House, Westminster, S.W.I.

SERVICE
REWINDS. Send your burnt -out mains tram -
formers, fields, chokes and solenoids for rewind.
Loudspeaker repairs. Southern Trade Services, Ltd.,
297/299, High Street, Croydon. Telephone : 487o.
GLASSWORK wanted. Electronic, vacuum and
laboratory apparatus manufactured to specification.
Kearney & Collins, 8, Ditton Street, Ihninster,
Somerset.
E.A.R.L. SERVICES. Further commissions can now
be accepted by the Advisory and Design Services, while
the Supply and Technical Publicity Services have been
extended. The Information Service will still bring
answers to electronic problems (commercial and
technical) by return of post. Inquiries : Electronic
Applications Research Laboratory, Matforcl Avenue,
Exeter.
COIL SPECIALISTS. Tuning and oscillator coils,

L.F. and mains transformers rewound and
Wound to specification. Wavewinding, L.S. repairs.
Armature and field rewinding. Rynford Industries
Ltd., 17, Arwenack Street, Falmouth, Cornwall.

MISCELLANEOUS
COILWINDING. Layer, wave and progressive
wave winding to specification. Prototypes or quantity
production of units and assemblies. Design and
development. Rynford Industries Ltd., 17, Arwenack
Street, Falmouth, Cornwall.
CHARTER for Technical Staffs in the Engineering and
Metallurgical Industries. The proposals in the Charter
have aroused great interest in the profession. They are
being widely discussed. Any Engineer or Metallurgist
may have a copy free on request. Write to the
Publishers, The Association of Scientific Workers,
15, Half Moon Street, London, W.I.
L. & G. SHERWOOD specialise in light precision
electro-mechanical engineering prototypes, assemblies
and repetition work. 306, Archway Road, London,
N.6. Office : BIShopsgate 2631.

FOR SALE

METERS, new, boxed. all moving coil flush mounting,
.24k in. round (rectifier type), o -too v. A.C., ros. 6d.
2 in. square fare, 0-40 v. D.C., 5s. Triplets, 21 in.
square face, 0-200 mA and o.-5oo v. D.C., 125. 6d.
I N22 crystal diodes, 3s. 6d. S.A.E. for complete stock
lists. Harry White, 155, Humberstcne Road,
Leicester.

VACUUM CONDENSERS, Eimac VCI2, new,
boxed, three only. 4os. each. Box 274, E.E.
ALTERNATORS, 110:220 D.C. input, Ij NW
125 Volt 500 cycle output. Ex -Naval, 125 each.
Universal motors converted from Air Ministry
generators, h.p., 4,5oo revs., 25s., incl. carriage.
Autosvn motors for remote indication, II in. by 1. in.
Make, Pioneer, 3os. each. Oscilloscope units in case,
less in. C.R. tube, nos. (postage is. 6d.). S.A.E.
comprehensive lists. Amateur Radio Service G6HP,
Canning Street, Burnley.
0 to 350 mA Moving Coil RI'. Meters, 3s. 9d. ,

generators, ball bearing for I2, 24 and 200 V01145 D.C.,
4s. 6d. Neon tubes, is ; Auterirtn I.F. chokes,
3s. 6d. ; American transformers, 25. ; valves from
Is. 6d. 230 115 transformers, 2 IS. Thousands of
electronic parts in stock. Stamp for list. Jack Porter
Ltd., " Radio," 22 .31, College Street, Worcester.
RADIO, ELECTRICAL and OPTICAL Govern-
ment Surplus Gear for sale. Receivers, components,
charging transformers and metal rectifiers. Heavy
duty slider rheostats, switches, charging boards,
meters, eddy -current heaters, Electron° recording
pyrometers, binoculars, gunsighting telescopes,
prismatic monoculars, sub -standard meters and test
gear, rack and panel assemblies, transmitting gear,
valves, cathode ray tubes. Chore Horse lighting sets,
12 V., 300 W., 1:10 each. H.R.O. receivers, £12 105.
each. in valve sets with valves for salvage, /2 each.
Prismatic loonoculars, 5os. each. Prisms and lens
from binoculars, 24s. doz., assorted. Periscope prisms,
tos. pair. 4 in. lens, blanks, Crown and Flint, los.
pair. Charging board with 6 Me s. meter, 6 H.D.
rheostats, fuses and switches at 5os. each, etc., etc.
S.A.E. for list, or better still, call and see for yourself.
H. English, The Maltings, Rayleigh Road, Hutton,
Brentwood, Essex. 'Phone : Brentwood 1685.
BRAND NEW Phase Control units, design " E,"
containing : Mains transformer, input 230 Volt
50 cps output, 250-0-250 volts, 75-o-75 volts, 4 volts
at 3 amps., 4 volts at 1.5 amps. Valves UU4 rectifier,
Thyratron GT1C, condensers, resistances, etc., in
super metal cabinet and packed in wooden container.
Only New Ex-R.A.E. Power Units, containing :

0-1 mA M.C. ureter, meter rectifier, 2 by 32 mfd.
boo VDC condensers, 2 by 300 MA 20 henry chokes,

heavy duty mains transformer, 230 volt 5o cps.
primary, sec. 350- o -35o volts at 300 niA, 2 by 6.3 volts,
5 volts, 20-0-20 Volts, 2 by EF5o, 1 by EA5o, 5U4G
condensers, resistances, thermal delay switches, fuses,
etc., complete in wooden packing case. Bargain, £6 15s.
Brand new Ex-R.A.F. Modulator Units, type 76 by
ECKO, containing : 9 valves --1 by EF5o, 3 by EF39,

by EBC33, 2 by EF36, 2 by KT33C, 4 TB's., 5 relays,
4 transformers, approx. 67 resistances and 65 con-
densers, t motor generator 24 volt input, 2 by 25o
volts at 200 mA output many other items, fuses,
etc., complete in 'octal cabinet and packed in wooden
packing case, price ,C4. All the above carriage paid.
S.A.E. list other interesting items. Cross, 19, Rivers -
dale Road, Rest Kirby, Cheshire.
THE ENOCK PICK-UP is now available in limited
quantities. Moving coil (licenced under Voigt Patents)
with precision -made polished diamond stylus. Weight
at needle point, R oz. No resonances within the
recorded range. Price, £36 15s., incl. tax. Full
particulars from Joseph Enock Ltd., 273a, High Street,
Brentford, Middlesex. EALing 81o3.

THE MORDAUNT DUPLEX REPRODUCER, as
used in the Enock Instrument, is now available
separately. Folded horn bass unit and new high note
reflector of original design, giving exceptionally smooth
response from 40-20,000 c.p.s. Even distribution over
a wide angle. Reproduction has an " atmosphere "
and realism hitherto unattainable. Price (ex works),
98 gns. Please send for particulars, or better still,
let us demonstrate. Joseph Enock Ltd., 273a, High
Street, Brentford, Middlesex. EALing 8103.
U.H.F. and S.W. COMPONENTS. Split -Stator
condensers, silver-plated coils, stand-off insulators,
ceramic flexible couplers, lore -loss valveholders,
special U.H.F. and S.W. valves, slow-motion dials and
drives, co -axial connectors, circuits, manuals. Every-
thing for the enthusiast. Valves, most British and
American types in stock. 6A7, 6A8G, 6AG6, 6B7,
6C8G, 6F7, 6F8G, 6K6G, 6N7GT, 6SA7, 6S J7, 6T7G,
6U7G, 12K7GT, I2K8GT, x2Q7GT, 12SA7, 12SR7
25A6G, 35L6GT, etc., etc. Send 21d. stamp for
components and valves lists. Inquire for whatever
you want. Eddystone Stockists. City and Rural
Radio, tor, High Street, Swansea, Glam. 'Phone : 4677
MAGSLIPS 3 in., precision made, perfect condition,
5o cycle operation, ideal remote control, angular
position indicator, phase shifter etc., 25/- each.
Potentiometers, wirewound : 300 ohms, 6 watts, with
knob, 1,200 ohms, 20 watts, ceramic, all 3/6 each;
carbon two gang, r Meg.- I Meg., 3 3o K. ohms -3o K.
ohms, i in. spindle, 3/9 each. All post free. Hopton
Radio, 1, Hopton Parade, Streatham High Road,
London, S.W.16.
IN STOCK. Rectifiers, Accumulator Chargers.
Rotary Converters, P.A. Amplifiers, Mikes, Mains
Transformers, Speakers of most types, Test Meters, etc
Special Transformers quoted for.-.University Radio.
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447.

WANTED
I WILL BUY a metal detector to detect at to feet
below ground. Write to Felix Rovira S., P.O. Box
1305, Caracas, Venezuela.

E.H.T. TRANSFORMERS, only known com-
mercial types-new. Details and price to Southern
Trade Services Ltd., 297/299, High Street, Croydon.
Telephone : 487o.

BNFRA RED
IMAGE

CONVERTER
TUBE

This is a highly sensitive photocell, which,
in addition to ordinary ray control
operations, can be used for the direct
conversion of infra -red into visible light.
Price 14:6, post and insurance I'6 extra.

Send S.A.E. for explanatory leaflet.

W. D. SALES
10 Electron House, Ruislip, Middlesex.

HILL X CHURCHILL,
Booksellers LTD.

SWANAGE, DORSET

E GUSH AMERICA
BO KS IN STOCK ON

RADIO AND
TELECOMMUNICATION

Catalogue en ppOicatIon
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For high speed relay operation

the MULLARD Triude E.V31

Mullard

In the Mullard Gas -filled Triode t; \ 31 the use of helium as a filling medium results in an extremely

short de -ionisation time. This factor offers considerable advantages for relay operation in high-speed

counter circuits. whilst at the same time serving a vast field of applications in process timers and

position control apparatus. f sed in time base generation cirouits, the E'\31 is outstanding, since the

short de -ionisation time makes it possible to obtain unusually high -frequency -.1w-tooth oscillations.

VALVE DATA
Max. Operating Frequency
Control Ratio ...
Minimum Pre -heating Time
Max. Peak Anode Voltage
Max. Peak Anode to Grid Voltage
Valve Voltage Drop
Max. Peak Anode Current
Max. Mean Anode Current
Heater Volts
Heater Current

SPECIAL
FEATURES

OF EN31
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directly

by: a photocell.
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The electrode
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of robust
construction,

and it embodies

design features
hich also contribute

to

the short de-ionisation
time.

The valve
is

capped in an octal base.

MLJLLARD

150 kc/s.
35
15 secs

1,000 V.
1,500 V.

33 V.
750 mA

10 mA
6.3 V.
1.3 A.

Mullard
THERMIONIC VALVES
& ELECTRON TUBES

ELECTRONIC PRODUCTS
(Formerly The Mullard Wireless Service Co. Ltd.)

CENTURY HOUSE, SHAFTESBURY AVENUE, W.C.2.

L T D .
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Resistance Movement. This switch
provides " Off " plus 8 accumulation positions.
Used in Army Signals Training Sets the 4o/522
brings in additional resistance as each new
position is reached, giving a consistently graduated
and measurable change of frequency. Should
have wide use in laboratory test equipment in
conjunction with valves of known resistance.

WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 -2-s

WA LT E R Type 4

vae for
ONE OF OVER 2000 ASSEMBLIES

C.R.C.15R
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features in design, loth electrical and mechanical.
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B.A.RDIFFUION PipmPs1.&2 THElA CAPACITy,

HIGH VACUUM .OIL DIFFUSION PUMPS

OIL BOOSTER PUMPS

(1

MECHANICAL PUMPS

STEAM EJECTORS

B.A.R. all -metal high capacity diffusion pumps range from 2 -in.
inlet to i6 -in. inlet. The H.2 Type iii, smallest of the range is
suitable for cryostat, vacuum furnace, large electronic tube and
coating work on a laboratory scale. It can be waxed into glass
systems easily. Delivery from stock.
The H.16, Type 112, largest of the range, combines tremendous
capacity at high vacuum with ability to work against high fore-
pressures-an unusual feature. Recommended for industrial
applications such as distillation, production coating, and vacuum
furnace work. Delivery from stock.
Full operational data about B.A.R. pumps is available upon
request and a demonstration merely awaits your request.

H - 16 H - 2
TYPE 112 TYPE III
16" BORE 2" BORE

H6.TYPE 104 C -1008-A

1,400 7,000
t..;

=
1,200 mmill1M. 2 E.,0001111-

,..:
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la Milii

,.44c,

./=
s " F.4.00 a ooez

rfl 0 ,-
4,,

200 .

1,000
..11111111

.
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d(Air)

...1'`"' '1
.01 .05 .1 .S 1 S ii4 SO 10'9

BRITISH AMERICAN RESEARCH
DESIGNERS AND MANUFACTURERS OF HIGH VACUUM GAUGES  VALVES  SEALSDIFFUSION PUMPS  STILLS  FURNACES  COATING EQUIPMENT AND DEHYDRATION PLANT
BLOCK E2 HILLINGTON NORTH GLASGOW S. W.
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MAZDA for Dependability
P.6I

A.C. MAINS TRIODE
RATING

Heater Voltage...
Heater Current (amps.)
Maximum Anode Voltage

*Mutual Conductance (mA/V)
*Amplification Factor ...
Maximum Peak Anode Current (mA.)...
Maximum Anode Watts

*Taken at Ea= 100 ; Eg-0.

TYPICAL OPERATION
Anode Voltage (approx.)
Anode Current (mA.)

6.3

0.6
250

8.0

17

30

4.0

As an oscillator
... 40

... 4 to 5

INTER -ELECTRODE CAPACITIES
*Anode to Earth ... 4.75 ,u,aF.

*Grid to Earth ... 7.0 AuF.

Anode to Grid ... 3.5 µµF.

Cathode to Heater ... 7.0 AuF.

" Earth " denotes the remaining earthy
potential electrodes and metallising joined
to cathode.

Viewed from the free

No. I. Heater.
2. Cathode.
3. Anode.
4. -
5. Control Grid.
6. Metallising.
7. Omitted.
8. Heater.

end of the base.

GENERAL
The P.61 is an indirectly heated triode
particularly suitable for use as an oscillator.
The bulb is of small dimensions and metallised.
The valve is fitted with a Mazda octal base,
the connexions to which are shown above.

Price a 9/6 plus purchase tax

C"RACTECUSTIC C,,,VE, or AVERAGE II M
MAZDA VALVE', PSI. . NIli li

II1II1
IN II ME a

1 11 WI Itming
MI 11111 II

NINO Ili El
v NIMIIIMIIII00 iMEIN

? v 11111111 KIM=MI 1111MI II,.g..
-,, Ell Ell111 NI II Mil lemu fir

.I.I If...eiriril
Jut ElI MI I 0

il IrffArlIIA ill
111FAINIVIVAWAIII II

 , voE,s 1111%1E/P:iPLIPF III II
5 0

APPLICATION

0

The valve has been primarily designed for use as an oscillator in
television receivers where it is desired to use a frequency changer
consisting of an SP.61 with injection into the grid circuit. Under
these conditions conversion conductances of the order of 2,700
are obtained with a very much better signal to noise ratio than
is obtainable with any other form of frequency changer. It should
be realised when designing oscillators for operation at these
high frequencies (32 megacycles) that the constants given can
only apply to one particular lay -out as very small changes in
the disposition of leads or the length of the leads of the oscillator
circuit will appreciably affect its performance. This valve may
also be used as an oscillator in all -wave receivers where a
combined frequency changer is not employed.

MAZDA
RADIO VALVES AND CATHODE RAY TUBES

THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2
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OR Pt
At British N.S.F. switches are lived morning, n and

night. The result is that your switch problems are ely to
come easy to us. We are also able, when standard tyes would
not be suitable, to place unique resources at your disposal for
special needs.

But whether standard or special, all OAK switches embody
the OAK equalised pressure, double -contact clip and the OAK
floating rotor. These features maintain a mechanical and
electrical efficiency that gives long life and trouble -free operation.

Other N.S.F. Products include Paper
Capacitors, Silvered Mica Capacitors, Wire
Wound Resistors, and Potentiometers.

Genuine only when bearing Pct. Nos. , with
"NSF -OAK" mark. Sole licensees of Oak Manufacturing Co. Ltd.,
Chicago. British N.S.F. Sub -licensees: A.B. Metal Products Ltd.

WITH THE EXCLUSIVE DOUBLE /
CONTACT & FLOATING ROTOR /kr,

SW/ TOMES
BRMSH N.S.F. CO. LTD. Head Office & Export Sales: KEIGHLEY, YO KSHIRE

London Office : 9 Stratford Place, W.I. Telephone: MAYfair 4234

LEAD -THROUGH "HI-LOH" CAPANTOR

Further
technical

details
furnished
on request

4 BA CLEAR.

This new Ceramic " Hi -Load " Capacitor has

been specially designed as H.T. or Heater

By -Pass and Lead -Through Capacitor.
Although very small in dimensions the capacitor

has a capacitance of 1,000 pF and it is rated at

40 KVA R.F. with a maximum R.F. current

of 20 amps. The sturdy rod forming the

lead -through connection is capable of handling

all normal currents. The high rating also makes

the capacitor suitable as a tank capacitor

UNITED INSULATOR CO. LTD. OAKCROFT RD. TOLWORTH SURBITON SURREV
Telephone: Elmbridge 5241 (6 lines) Telegrams: Colonel, Surbi ton
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FREQUENCY METER
(ELECTRONIC TACHOMETER)

for Research and Industrial use

FREQUENCY METER. TYPE No. 726.

Will provide direct measurement of frequency

from o to zo Kc/s. Most suitable instrument

for measuring frequency source containing
noise components, interference or harmonics.

Reading accuracy of better than i % of full

scale and unaffected by mains voltage varia-

tions of to %. Input Signal Voltage of oi V.

to zo V. peak to peak. Wave form may be of

any contour provided it does not pass through

zero more than once every cycle.

For use on power supply of so cycle A.C. mains,

100-130 volts, zoo-zso volts.

THE need f -or measuring frequencies between the range of

o and zo,000 cps. has become not only very common but

also an extremely important problem in Research Laboratories

and Industrial testing ; in almost every industry whether the

application is concerned with mechanical effects (such as in

tachometry or vibration studies) or in acoustic and audio work.

In electrical and audio work the voltage examined is applied

directly to the instrument. In the case of a mechanical effect it

will be necessary to convert it into an equivalent voltage change

by the use of an electromechanical pick-up device, in particular

the A irmec Photocell Unit Type 724 designed for use with

this instrument.

Works : High Wycombe, Bucks.

AIRMEC LABORATORIES LTD.
19 CHARTERHOUSE ST., LONDON, E.C.I

Telephone : Chancery 7843
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1_ any have remarked on the fine appearance

of Muirhead Decade Resistance Boxes -
but we are even more concerned with what
we put inside them.

Take, for instance, the A-25 series ; all

resistors are wound on cards by methods that

ensure very low time - constants. The in-
ternally mounted switches are protected from

contamination and have low and constant
contact resistance.

There's ore resistance work

than meets t e eye!

Write for Publication C,102/A which gives full details and specification

Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

CR(67A
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rite better
they ape made
themere oatstande3ty
the results

Bullers
Sfiee44;e

ah
MADE IN THREE
PRINCIPAL MATERIALS
FREQUELEX

An insulating material of Low Di -electric
Loss, for Coil Formers, Aerial Insulators,
Valve Holders, etc.

PERMALEX
A High Permittivity Material. For the con-
struction of Condensers of the smallest
possible dimensions.

TEMPLEX
A Condenser material of medium per-
mittivity. For the construction of Con-
densers having a constant capacity at all
temperatures.

BULLERS LOW L SS CERAMICS
B U L L E R S LTD., 6, I aurence Pountney Hill, London, E.C.4.
Teleerarns: "Bullers, Cannon, London"

Phone: Mansion House 9971 (3 lines)
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'Flat En
CATHODE

RAY

TUBE

The G.E.C. 9" diameter cathode ray
tube 6501 is intended for high quality
television reception, and is magnetically focused
and deflected. The screen fluorescence is white.
The tube end is made by a special moulding technique, which produces a screen face nearly flat, and
more constant in production than is normally possible with bulbs made by the usual blowing technique.
A picture size of approximately 200x160 mms. is obtainable with slight masking of the edges and corners.
The bulb is made of high insulating glass giving a minimum of screen charging effects.
The electrode gun is designed to give a high picture brightness, with excellent definition for a
relatively small voltage drive to the modulator.
Detailed technical data sheet available on request.

The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2.
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Announcing the New Taylor
Cathode Ray
Oseillograph

A general purpose instrument incorporating a high sensitivity electrostatically

deflected Sin. tube. A linear time base covering 10-10,000 c.p.s. with coarse
and fine frequency control is provided. Horizontal deflection can also be

obtained at 50 c.p.s. or from an external source. Push-pull amplification for

the vertical plates up to 100 k/c is provided.
Internal, 50 c.p.s. or external synchronisation can be applied to the test signal.
Provision is made for connecting directly to deflector plates.

MODEL 30A
PRICE t29  10 ° 0

TAYLOR PRODUCTS INCLUDE: MULTIRANGE A.C. D.C. TEST METERS SIGNAL

GENERATORS a .VALVE TESTERS 011) A.C. BRIDGES it CIRCUIT ANALYSERS

tip CATHODE RAY OSCILLOGRAPHS HIGH AND LOW RANGE OHMMETERS

OUTPUT METERS 00 INSULATION TESTERS MOVING COIL INSTRUMENTS

T P YL
419 - 424 mONTROSE AVENUE. SLOUGH, BUCKS. EN

ELECT ICAL INSTRUMENTS

Inductance
Meter
'114'1E M I 4S -

THIS instrument has been designed to
provide simple and direct reading
measurement of inductance values

between 0'05 microhenry and 100

millihenrys. A stable variable -frequency
oscillator is used to resonate the un-
known inductance with a fixed standard
capacitor. Provision is made for the
measurement of Q at resonance frequency.

Kerr

LTD
GLAND

Telephone SLOUGH 11381 (4 lines)

Grams & Cables " TAYLINS " SLOUGH

INDUCTANCE
.METER '

*JAYNE KERR
MeW "7.C.RATOIZIES e9

01141.1010

Calibration and scale reading accuracy are sufficient to
provide direct readings of inductance values within 2 per
cent. above one microhenry. Relative measurement can be
made with greater accuracy

1111-: WAYNE KEHR LABORATORIES LIMITED, NEW MALDEN, SURREY TELEPHONE: MALDEN 2202
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Q " METER
TYPE 31

An accurate and reasonably priced instrument for laboratory
and production use

Frequency range
Capacity range
" Q " range ...
Frequency accuracy
Capacity accuracy
" Q " accuracy  .

PRICE £85
DELIVERY EX. STOCK

100 Kc/s.-30 Mc/s.
35,on,F.-500p.p.F.
0-300

0
I% or J 1 fitiF.

5%

SAMWELL & HUTTON
Electronic Equipment Manufacturers

COMBINE WORKS,
I, GOODMAYES ROAD, ILFORD, ESSEX

Telephone : SEVen Kings 6236

Announcingl."

EDWARDS IONISATION
VACUUM GAUGE

riectbic
f,,f4-1,103p4-0ke

SEM:CONSTANT SPEED,
concealed rim drive, Electric Gramophone Unit.

SEM Engineers have been successful in producing an electric
Gramophone motor of simple, reliable and efficient design
incorporating such features as:-
Quiet running, High starting torque and Overload reserve
power, Self-lubricating bearings, Tropicalised finish.
Voltage range: 100/120 v. and 200/240 v. 50 cycles.

SMALL ELECTRIC MOTORS LTD.
BECKENHAM, KENT, ENGLAND Phone: BECkenham 0066 & 1152

Reg. London Office:
Terminal House, 52 Grosvenor Gdns. S.W.I. Phone: SLOane 0411

FULLY STABILISED ... ALL MAINS OPERATED

W. EDWARDS & (LAND

* This new equipment makes a valuable con-
tribution to vacuum measurement, being
designed for reliability, robustness, and simpli-
city in operation.
May we send preliminary information regarding
the many interesting features in the Control
Unit and in the several types of Gauge Head.
RANGE : 5 x 10-3 to 5 x 10-6 mm. hg.

mm. hg. with external galvanometer.)

LTD. LOWER SYDENHAM LONDON S.E.2 6 ENGLAND
Telephone : SYDenhom 7026 (5 lines) Telegrams : EDCOHIVAC, Phone London.
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MEASURING
Dept. E, Electrin

CONSISTENTLY

PULLIN
INDUSTRIAL

SWITCHBOARD
INSTRUMENTS

PULLIN Type S
Industrial Switch-
board Instruments
are completely
new in design.
The 4" and 6"
Round Projecting
Type case is of
pressed steel, has
a full open dial, and
can be converted
easily to flush type
by using a separate
fitment. The 6"
dial rectangular
pattern has a clean
open scale. All

types are available in Moving Iron,
Moving Coil or Dynamometer Pattern.

We can give early deliveries-write for details
Address all enquiries to

INSTRUMENTS (PULLIN) LTD
Works, Winchester Street, London, W.3

Telephone : ACOrn 46514

4NAvt >of ,.04p,
<  \

from two rectifiers each only 21 ins. long x -17, in. diameter.
An outstanding advance in metal rectifier design has resulted in
such a great reduction in size and weight that the 36EHT rectifiers
can be soldered directly into the receiver wiring. The two units
type 36EHT45 illustrated will deliver 5.3 kV output in a voltage
doubler circuit fed with line flyback pulses from a television line

output transformer.

0 WESTINGHOUSE E5)

ESTALITE
36 EHT. RECTIFIERS

Write for Data Sheet No. 60 to Dept. E. Engr. 6, Westinghouse Brake
& Signal Co. Ltd., 82 York Way, King's Cross, London, N.I.

Small quantities of these Rectifiers are available to bona -fide manufacturers
as samples.

-ALL -POWER --
CONSTANT VOLTAGE POWER SUPPLIES

SPECIAL LABORATORY UNITS

This forward mounting Rack Unit, illustrated
with cover removed, provides a constant output
voltage of 300 D.C. at any current up to 600 mA.
The output impedance is a fraction of an Ohm,
and the residual output ripple is less than 2 mV.

This is only one of the many special Power
Supply Units we are making to customers'
requirements.

ALL -POWER TRANSFORMERS LTD.
8a, Gladstone Road, Wimbledon, S.W.I9

Tel. : LiBerty 3303
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64TUFNOL is

only half the weight
of aluminium

Made of Tufnol, even bulky jigs can be lifted
and carried by juveniles. Furthermore, any shape of
jig can be made easily and accurately in Tufnol.

This is only one example of how engineers in
every industry are taking advantage of the out-
standing physical properties of TUFNOL.

Tufnol Engineers will gladly help you.

TUFNOL LTD PERRY BAR BIRMINGHAM 22B

June, 1948

Can rL1FNOL improve
your prgducts

ar plant?

205
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SOME
time ago in this column a

comment was made on the in-
evitable duplication which occurred
in various research projects. It is
gratifying, though hardly surpris-
ing, to note that the Department of
Scientific and Industrial Research
makes a similar comment on the
importance of avoiding wasted
effort.

In an introduction to their
recently issued booklet : " Funda-

' mental Research Problems of Tele-
' communications " it is stated :
" No doubt universities and indus-
trial research laboratories will
initiate investigations aiming at
solving some of the problems. The
Department would like to hear of
any such work at an early stage
with a view to the possibility of
offering advice and directing atten-
tion to any apparently undesirable
duplication of effort."

.t The wording of this sentence in
Civil Service English should not be
taken as indicating the style of the

jal book, which is actually a most use-
ful guide to the subject of telecom-
munications research and deserves
to be widely read.

It is a collection of reports of
I); sub -committees (called " working

parties " in the book-a title
reminiscent of ,sewing meetings) on
various problems in the electronic

* H.M. Stationery Office, ls. 6d. net.

Research
and radio field which still require
study. It is not only of value to the
established research laboratories,
most of which were represented on
the sub -committees, but is a fruitful
source of suggestions for post-
graduate research at universities and
technical colleges.

As an example, the report on
Circuitry cites nearly twenty mathe-
matical and practical circuit prob-
lems which offer a wide scope for
selecting that aspect which appeals
to the individual research worker.

A list of the remaining reports
gives a good indication of the wide

Self -Binders
for

ELECTRONIC ENGINEERING
WE are pleased to announce that

Easibind " self -binding covers,
which can be used as temporary or
permanent binders for ELECTRONIC
ENGINEERING, are now available.

Each self -binder will hold 12 copies
securely, and is lettered in gold on the
back, with space for the year of issue.

Price, in maroon cloth, Its. 6d.
Post orders for binders should be

addressed to the Circulation Dept.,
28 Essex St., Strand, W.C.2, and be
accompanied by a cheque or P.O. for
13s. to include postage.

field available: Wave and Line
Propagation, Valve Fundamentals,
Materials, Contact Phenomena,
Luminescence, Photo -emission, and
Television Appraisal.

The last named gives an oppor-
tunity for the less technical but
scientifically inclined viewer to take
part in the improvement of television
technique. There are suggestions
for the investigation of subjective
impressions connected with tone
range, surrounds, ambient lighting,
and other factors relating to picture
quality. Work of this nature under-
taken by organised viewing groups
should yield interesting results, and
it may be found that the criteria of
a satisfactory picture will vary with
locality and type of viewer.

Stress should be laid on the word
" organised," as there is little use in
the collecting of random informa-
tion under conditions which are not
controlled. The organised direction
of research in this or any other sub-
ject welcomes co-operation, but
only with a proper approach, and
solitary investigators may be dis-
appointed at having their efforts
unappreciated.

Those who say that there is very
little more to be found out in science
should read this Report. It may
convince them that there are still a
number of loose 'ends to be tidied
up.
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of a dot where none was intended,
a connexion wrongly appears.

The recommendation is that :

The connecting points of two wires to a
third wire should be staggered, thus:-

Apart from avoiding mistakes, the
staggered arrangement is usually
clearer. For example, if the hori-
zontal conductor is the earth -line,
it is unlikely that the two vertical
conductors have any functional
relationship : by separating the
points of contact, the separation of
function is emphasised. This recom-
mendation, which appeared in aBritish Standard Specification as
far back as 1934, has not been given
the attention it deserves. The
writer, having at last realised its
value, does not allow himself to
break this rule under any circum-
stances.

The earth or chassis line should be a
horizontal straight line drawn thicker than
any other conductor,

(but see the reference to detached
earths in Section 3 below).

Where a large number of wires are shown
as parallel lines, they should never be spaced
equally, but always in small groups according
to their functions, with wider spacing
between groups.

Equally -spaced parallel lines are
loved by some draughtsmen-they
are so easy to draw. If this recom-
mendation is neglected, it is often
necessary laboriously to trace out
single conductors by using a pencil -
point.

Wires need not be always drawn as
vertical and horizontal lines; it is sometimes
preferable to show a connexion between
two points by a single oblique line.

Sparingly used, oblique lines can
be used to draw attention to impor-
tant conductors. They are often
suitable for showing circuits con-
verging on or diverging from a
point.
3. The Use of " Detached " Contacts,

etc.

The recommendations in this sec-
tion, if observed, will reduce the
length of interconnexions by enab-
ling each part of a component to
be placed in its correct functional
position.

In a complicated diagram it is preferable
to join some components to individual
" earth " symbols instead of to the main
" earth " line.

If difficulty is experienced in
explaining this system to beginners,
it has sometimes been found useful
to suggest that the paper, on which
the diagram is drawn, is a metal
surface and that the "earth"
symbols are tags projecting from
the surface.

The detached contact system is recom-
mended for use in diagrams depicting a
number of relays.

This system, which has been used
for many years hy telephone
engineers, is the only possible
system which offers any hope of
making such diagrams intelligible.

Valve heaters may be terminated by
arrow -heads and reference letters, the
heater -supply pairs being terminated with
corresponding arrow -heads and letters.

This recommendation is already
widely observed.

When the " halves " of a " double "
valve are associated with different parts of
the circuit diagram, the valve can be split in
two.

It is not always necessary to draw the
leads connecting two multi -point plugs or
sockets; short lengths may be drawn
adjacent to each plug or socket and pointing
towards each other, each group of ends
being bracketed together with a word or
code letter. If the sequence of connexions
at one end is not the same as at the other
end, the connexions should be coded
individually.

The "detached" system can some-
times be usefully applied to H.T. or
grid bias bus -bars : a lead is ter-
minated and an appropriate note
(e.g., +500 V, -20 V) written near
it.
4. Networks

Components which are unctionally in
parallel

representing, for instance, an oscil-
latory circuit
should be drawn thus:-

NOT

This recommendation is a good
example of the increased clarity
resulting from a simple re -arrange-
ment. The underlying idea is that
the symbol -group represents a two-
terminal device AB and not a three -
terminal device ABC. In the latter,
the lead BC acts both as part of
the tuned circuit and also, perhaps,
as an "earth" line.

2 -terminal networks should be drawn
with the terminals at the same end, thus: -

0 T T

To
This network, which may form part
of the modulator of a radar, can be
regarded as an artificial line open -

circuited at the far (right-hand)
end. A pulse, entering at the left,
travels to the right, where it suffers
reflexion and returns to the left.
If the network is drawn as in the
sketch underneath, the operation is
less clear.

This recommendation is similar in
spirit to the one before it.

4 -terminal networks such as filters,
smoothing circuits, attenuators and phase -
shift networks, should be drawn as ladder
networks, thus: -

0

NOT

In case it may be objected that the
sketch underneath, is unlikely to be
encountered, it is pointed out that
this layout is often used for the
resistance -capacitance I.F.-stop filter
feeding the L.F. amplifier in a Broad-
cast set. The writer was told that
in one drawing office this practice
was due to a rule that all resistors
should be drawn vertical-a striking
example of unintelligent standardi-
sation !

Bridge circuits
should be drawn
in the diamond
shape, thus:-
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The lattice network thus :

an equivalent circuit. This con -
,}figuration should only be used when
the network is used as an attenuator
or phase -changer and not when used

;as a "null" device.
5. Frequently occurring groupings of

?symbols should be drawn in standard
recognised forms.

The single symbol (e.g., a resistor)
lis usually regarded as the "unit" of
i:iagram construction. With the

lncreasing standardisation of circuit
;ttechniques, however, a larger unit
honsisting, perhaps, of a valve and
!its associated components, may
appear so repeatedly that it is worth

Idle standardising the arrange-
ieent.

A number of recommendations
re directed to this end.

A cathode -input resistor
should be connected to the
left-hand end of the cathode

thus

A cathode -follower output
resistor should be connec-
ted to the right-hand end
of the cathode, thus

y These two recommendations corn-
jply with the left -right convention.

,t, In a multi -vibrator or " flip-flop "
circuit, the coupling condensers should

,Ibe drawn thus:-
I

This is already fairly common.
iThe writer reserves this striking
8arrangemea for this type of circuit,
lla.voiding it in the case of sinusoidal

1l t;i)osc4. a ors.
The next three items have been

Passociated with radar display cir-
rt

The " transitron " should be drawn
thus:-

The switching valve in a certain type of
time -base circuit should be drawn thus:-

NOT

The recommended arrangement
suggests that the valve shunts the
condenser.

When a condenser is connected between
the anode and grid of a valve in order to
increase the " Miller " effect, its plates
should be drawn parallel to the grid and the
anode, thus:-

NOT

The condenser plates are parallel
to the "condenser" formed by the
grid and anode.

Since there is a "cause -to -effect"
feedback path from the anode,
through the condenser, to the grid,
the writer likes to draw an arrow-
head on this lead as at X.

Potential dividers providing voltage
supplies or bias to valves should be drawn
straight and vertical, thus:-

Rectifier circuits should preferably be
drawn with the rectifying device horizontal
and the reservoir condenser vertical. No
output should be taken from the part of the
lead between the diode and the reservoir
(or smoothing) condenser.

OUTPUT

If it is thought that the second
part of this recommendation seems
unnecessary, the writer would state
that he has seen more than one
diagram in which the whole of an
amplifier came between the choke
and the smoothing capacitor.
6. Valves

Two push-pull valves should be shown as
mirror -images separated by the earth line.
A 2 -channel amplifier should not be so
drawn.

Where two or more electrodes are con-
nected together, they should still be drawn
separately but shown connected.

For example, the anode sup-
pressor and screen grids of a pen-
tode strapped together to form a
triode. This recommendation is
specially necessary if the useful
practice of writing the valve -pin
numbers round the envelope is
observed.

Connexions should never be shown as
made to more than one point (or end) of
an electrode in a valve, unless in the actual
valve both ends are brought out through
the envelope as in the case of the heater or
filament, or in the case of the anode and
grid connections of some V.H.F. valves.

Two or more valves in parallel may be
drawn as one, with a note of the number,
providing that the parallel connexions are
made at the valve electrode connexions.

The operation of a circuit can often be
clarified by the inclusion of representations
of wave -forms, thus:-

No attempt should be made to draw an
exact representation of the wave -form.

When the operation of a circuit depends
on the presence of a " stray'" quantity
(e.g., stray capacity) this should be shown
by the appropriate symbol drawn " dotted "
with an explanatory note.
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A.C. Operated Triodes
A graphical method of predicting the operating conditions of a triode deriving anode voltage

from the A.C, mains, and the use of this method in designing a sensitive relay.

SMALL electronic controls con-
sisting of one or two valve stages

have supplied in the last decade or
so a steadily increasing need by in-
dustry. In many cases because of
size, simplicity, and relative cheap-
ness it has been advantageous to
operate the valves in such circuits
with their anode voltage derived
directly from A.c. mains.

While standard text books and
articles in the technical Press have
described numerous examples of this
technique, the author feels that
little attempt has been made to
place this use of electronic prin-
ciples on a basis that would make
it readily understandable from the
non -mathematical point of view.
The purpose of this article is to
demonstrate a method of determin-
ing operating conditions and pre-
dicting performance using a method
that is an extension of conventional
"load -line" practice in investigating
circuit conditions which have too
often been over -simplified in ex-
planations such as " current passes
through the valve in half -wave
sinusoidal pulses."

Later in this articles the method
to be described will be used to illus-
trate the design of a simple elec-
tronic control. Bearing this in mind,
a few assumptions may be made
before investigating the general
case. These are :-

(1) The valve will be used as a
relay and will have maximum and
minimum D.c. equivalent values of
anode current (and no intermediate
values) controlled by some switching
arrangement in the grid circuit.

(2) The anode voltage will be
derived from a supply of 230 V
50 c / s., a common value.

(3) The valve under investigation
is a PEN 383; an A.c / p.c. mains
output pentode, in this application
connected as a triode (Fig. 1).

(4) The anode load RL will be
purely resistive requiring, at the
two maximum and minimum values
of anode current noted above, cer-
tain known power dissipations. .

e The Hutchinson Instrument Co.

By A. GRAINGE*

In this case RL - 2,000 ohms.
Two explanations'must be made:

(1) The anode current of the valve ,
passes in half -wave pulses, not
necessarily of sine -wave form. This
distortion of the current pulse occurs
because the impedance of the valve
is not constant. At the beginning
of each "positive -going" half -cycle
of anode voltage the impedance is
very high and it is not until the
anode voltage has reached an appre-
ciable value (in the valve under
consideration, 50 volts for Vg =
- 5 V) that the rise in anode cur-
rent becomes a more linear function
of the rise in anode voltage.

Moreover, in this type of circuit,
where a known power has to be dis-
sipated under certain conditions in
the anode circuit, the limiting fac-
tors of this power are the supply
voltage and the maximum safe
anode dissipation of the valve. As
power can be developed only in
alternate half -cycles, it is often a
practice to allow anode currents to
pass momentarily that are consider-
ably greater than the maximum
continuous safe current. While this
is legitimate as long as the safe
anode dissipation wattage is not
exceeded, it does often cause great
distortion of the current pulse due
to the limitation of cathode emis-
sion. It should be added that under
such conditions the valve can be a
generator of quite reasonable
" square " pulses.

(2) If the anode current pulse is
sinusoidal, and the method to be
described does allow a check to be
made on this fact, then the power
dissipated in the anode circuit is
equivalent to that of an unvarying
anode current whose value would
be 45 per cent. of the R.M.S. value
of the sinusoidal pulse (see standard
text books). Because of this, the
R.M.S. value of a sinusoidal anode
current pulse can be measured in
the anode circuit using a D.C.
milliammeter if the reading is multi-
plied by the factor 100/ 45. In the
following text this equivalent value
(R.M.s. x 45/100) will be referred to

as the "equivalent continuous anode
current" or E.C.A.C.
Method

On a set of anode characteristics
drawn for the triode connexion of
the valve, a " load -line " can be
drawn from a point on the X -
ordinate at the potential of the H.T.
source and of "slope" equal to the
anode load. Moreover, knowing
that the valve, during the half -
cycles of mains voltage that are
positive with respect to the cathode,
will have every instantaneous value
of anode voltage from zero to V2 x
230 V, a family of " load -lines "
could be drawn that would give at
any instant the value of anode cur-
rent for a given grid voltage.

This, however, is not very helpful
as no control over the grid voltage
has been considered. Fig. 1 shows
a circuit of quite conventional elec-
trode connections; the grid and
cathode being returned to "earth"
by Rs and Ro respectively. Let us
suppose that in the anode circuit
we have to establish an E.C.A.C. of
22.5 mA to maintain closed a device
that requires 1.0 watt of input
power. While calculations would
determine the exact value of Ro to
provide 22.5 mA of E.C.A.C., the
anode characteristics do not supply
the answer in a readily obtainable
manner.

To this end the " operating
characteristics " of Fig. 2 have been
drawn. On the X-axis a scale of
grid voltage is laid down and on
the Y-axis a scale of anode current
in milliamps. Alongside this latter
scale an alternative scale of
E.C.A.C.s has been provided so that
any anode current value which is
the R.M.S. value of a sinusoidal
pulse can readily be converted to
an E.CA.C. value.

The curves are constructed by
transcribing from Fig. 3 the
relationship that occurs between
anode current and grid voltage at
the interception of a "load -line"
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with a curve of constant grid
I voltage. In Fig. 3 " load -lines "
1.1 have been drawn for the peak,

R.M.S. and half -peak values of the
supply, i.e., at 325, 230 and 162.5
volts: Transcribed to Fig. 2, they
give at any instant the grid volt-
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Fig. 2. Operating characteristics of Pen 383 with RL 2 K CI.

Fig. 4. Simple thermionic valve relay.

age/anode current relationship for
the valve, taking into account the
volts drop across RL. Their greatest
use, however, is for the simple
determination of Ro.

By illustration : on the " load -
line " marked 230 volts, a point is

-28

selected opposite the E.C.A.C. value
of 22.5 mA; a straight line is then
drawn from this point to the origin
of the graph. The "slope" of this
line is the value of Rc (154 ohms),
required to maintain an anode cur-
rent in RL that will dissipate 1.0
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watt, if the current pulse is sinu-
soidal. To check this latter fact,
values of instantaneous anode cur-
rent are then noted for the inter-
ception of the " cathode bias line "
with the three "load -lines." If these
three instantaneous anode currents
are in the relation 1, V2 and 1, the
pulse may be assumed to be sinu-
soidal with a considerable degree of
accuracy. In the example worked
out above, the three anode currents
were 71.5, 50 and 34.5 milliamps at
325, 230 and 162.5 volts : a very
close approximation to sinusoidal
values and a confirmation of
assumption made in the use of the
E.C.A.C. value.

If the valve is to be used as a
relay a switching device in the grid
can be made to apply during the
" positive -going " cycles of anode
voltage a more negative bias to the
valve. Let us assume that the
power in RL must be dropped to .25
watt : an E.C.A.C. of 11 mA through
2,000 ohms. This E.C.A.C. would
be provided by a sinusoidal pulse
of 24.5 mA R.M.S. Interpolating on
the 230 V " load -line " shows a
negative bias of -17 volts. This,
in a method to be described, would
be provided by the superimposing
on the grid of the valve an A.C.
voltage, 180° out of phase with the
anode voltage and of R.M.S. value
of 15 volts. At these much lower
values of anode current the self -bias
due to Rc will be small-at 24.5 mA
approximately 2 volts of " self -
bias " from Rc are generated,
making a total of -17 volts R.M.S.
superimposed on the grid. It is
unlikely that in the " off " position
of the valve, as a relay, that con-
sideration of the wave -form of the
anode current pulse will be neces-
sary, but judicious use of the curves
.would give a good indication of the
nature of the pulse.

Electronic Control

Many industrial electronic circuits
are used as a means whereby sensi-
tive switching devices, themselves
only capable of passing currents of
the order of 10-5 or 10-a amps. con-
trol indirectly the switching of loads
of several kilowatts. The relay here
described (Fig. 4) is controlled in
the grid circuit by the contacting
of a mercury -in -glass thermometer
in which for certainty of operation,

and other factors, it is advan-
tageous to maintain low switching
currents. The relay will control a
load of 2 KW.

The intermediate stage between
the valve and the load is a hot-wire
vacuum switch-which will close a
2 KW circuit for an input power of
1.5 watts (and open the circuit to
reduction of the input power to .05
watt).

The following figures approximate
to the working constants of the cir-
cuit :

RL (hot-wire vacuum switch
control coil) -2,000 ohms.

E.C.A.C. (vacuum switch con-
tacts closed) -27 mA.

E.C.A.C. (vacuum switch con-
tacts open) -5 mA.
From Fig. 2 it will be seen that

an E.C.A.C. of 27 mA requires an
anode current pulse of 60 mA R.M.S.
and Re will have the value 66.6
ohms. An E.C.A.C. of 5 mA
requires an R.M.S. grid voltage of
-24 volts; the R.M.S. value of anode
current pulse then being 11.1 mA.

When the contacts "C.C." in the
grid (Fig. 4) are open, the hot-wire
vacuum switch contacts will be
closed and the load in operation.
On closing "C.C." an out -of -phase
voltage of -24 volts is superimposed
on the grid through the network
R., R2 and 1:11 and the E.C.A.C. of
the valve is dropped to 5 mA-thus
switching off the load.

The current flowing through the
contacts " C.C." is only 12 X 10-6
amps. and represents a power dis-
sipation in the contacting circuit of
only 250 microwatts.

While this relay represents a sim-
plification of the general scheme it
is possible to extend the field of
application so that inductive anode
loads such as contactors can be
operated when "by-passed" by the
right value of capacity.

Designs can be evolved to enable
5-10 watts to be handled in the
anode circuit while yet maintaining
very small grid input powers-which
is the main justification for this type
of relay. Adaptation of the circuit
for A.c./D.c. use is achieved by
replacing the valve filament trans-
former with a dropping resistor and
suitably amending values of Rc, R2
and R3.

Electrets
IN the May, 1948, issue of Radio

Craft an article by V. H. Laughter
describes in detail the materials,
method and equipment for making
electrets, the electrical counterparts
of permanent magnets.

If a mixture of carnauba wax,
resin, and beeswax is melted and
subjected to a strong electric field
while cooling, a positive charge
appears on one side and a negative
charge on the other. These charges
can be retained for several years
without decrease in strength.

A suitable mixture is carnauba
wax 45 per cent., white resin 45 per
cent. and white beeswax 10 per cent.
An aluminium cup about 2 in. dia-
meter and in. high is lined with
.001 aluminium foil to receive the
wax and above it is mounted a disk
of aluminium 11 in. in diameter,
also foil wrapped. The wax is
shredded into the cup and melted to
a depth of about 3/16 in., the top
plate being then lowered to make
contact with the surface of the
molten wax.

A D.C. voltage of about 10,000 is
then applied between the plate and
cup, a series resistance being in-
serted to limit the current if spark-
ing takes place. The wax should
jump perceptibly when the potential
is applied, and is then allowed to
cool gradually to room temperature
with the voltage on. When the wax
is solid the cake is carefully removed
from the plates, the foil is stripped
from the surface and replaced with
fresh foil. The electret should be
preserved in a foil wrapping in a
tin with silica gel until required for
test. The presence of the charge
can be tested by means of an electro-
meter or 1,000-megohm valve volt-
meter.

The author points out that there
is a wide field for experiment, both
in the best method of manufacture
and materials used and in the appli-
cations of electrets to capacity
microphones, pickups, and interior
elements of certain vacuum tubes.

Some do not show a positive
polarisation, although the negative
charge is less on one side than the
other; if raw A.C. is used, both sides
are usually negative.

It should be understood that the
electret represents a static charge
and is not a source of power. The
presence of carnauba, wax is impor-
tant, as electrets made withotit this
show only a temporary charge.



June, 1948 Electronic Engineering 181

The B.B.C.
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rt-Stop 99Distortion Measurement Se86 St

By B. SHONE, B.Eng.,

I. General
NFORMATION can be conveyed

± from point to point by telegraph
iii signals which may operate on various

systems : the two main systems are
the Morse system and the " Start -

STA

.M.O.E.E:' and R. T. FATE

f -

STOP

Stop " system. The B.B.C. is only
concerned with the latter type of
system, utilising a five element
code.

On this system each character is
14-xl

7 A.Alo'represented by five positive or nega-
tive signal elements preceded by a
" Start " signal of 20 mS duration,
which is always of the same polarity
and starts a printing mechanism at 4 I /

I) the receiving end. A " Stop " sig-
nal of opposite polarity to the
" Start " signal and having a mini-
mum duration of 30 mS, follows the

',, five -element code and stops the
'! receiving end printing mechanism.

The " Stop " signal continues until
the " Start " signal of the following
character is transmitted.

In mechanical " Start -Stop "
,1 systems it is important that the

polarity of the signal should be
correct throughout the time inter-
vals that the receiving device inter-
rogates the signal. The positions of
these time intervals (shown hatched
in Fig. 3) are fixed relative to the
commencement of the " Start "
signal, and the distortion with which

1

a
we are concerned is therefore or

x

- (whichever is the greater). This
b

,!I ratio is termed the Effective Distor-
tion. (The necessity of measuring

it Effective Distortion, rather than the
Distortion as defined by the C.C.I.T.
Reference (1), is given in Reference

k1, (2)).

2. Design Considerations of New Dis-
tortion Measuring Set

In the past, all telegraph distor-
tion measuring sets (T.D.M.S.)
(either mechanical or electrical)

0 have been of the recurrent variety.
11) In general such time bases are only

suitable for use with test signals of
,p a particular repetitive type.
111 Typical T.D.M.S. of this type

Designs Department, British Broadcasting Cor-
poration.

0 40;

20

eol 120

610 100
TIME SCALE

MS. FROM BEGINNING
OF START SIGNAL

150

Fig. I. (above). Undistorted teleprinter signal
Fig. 2. (centre). Distorted teleprinter signal
Fig. 3. As Fig. 2 but with operating times of

printer mechanism shown hatched

which are in use are described in
References (3), (4), and (5).

The operation of such measuring
sets gives rise to considerable diffi-
culty in the synchronisation of send-
ing and receiving equipment when
measuring over a line or radio link.
Furthermore, such sets are incapable
of measuring distortion on a circuit
while it is in traffic.

For some time the need has been
felt for a " Start -Stop " time base
capable of operation on actual tele-
printer signals.

The tremendous advances made in
radar techniques during the last war
have paved the way to the solution
of this problem, and these techniques
have been utilised in the design
of an electronic " Start -Stop "
T.D.M.S.

(In passing it is interesting to note
that the Bell Laboratories have
recently developed a " Cathode-
ray Telegraph Distortion Measuring
Set " (Reference 6) which though
using different circuits achieves an
almost similar result : experience
will show which is the better
solution).
3. General Description
3.1. Circuit Layout

The circuits used are quite conven-

CHAND, B.Sc.(Eng.)*

tional excepting for the Phantastron
Time Base and the Multiar. A
simplified circuit diagram is shown
in Fig. 4.

Incoming teleprinter signals are of
the type shown in Fig. 5a. and, on
setting the " Operate/ Calibrate "
switch to " operate " are passed into
a. resistance -capacitance pulse deriv-
ing ' (or " differentiating ") circuit
which produce's a pulse on each
change of signal polarity Fig. 5b.
Only the positive pulse which occurs
at the commencement of the " start "
signal is required. This pulse is
amplified and inverted, Fig. 5c, and
is then used to trigger the Phantas-
tron Time Base whose output volt-
age is shown in Fig. 5d. -After an
initial drop in voltage of a constant
amount determined by the valve and
circuit parameters the time -base
voltage falls linearly; at the end of
the sweep the voltage quickly returns
to its pre -triggered value until such
time as the cycle of operations is
restarted by another positive pulse.

The Phantastron type of time base
(which is discussed in detail in
Appendix 1) was chosen because,
after the sweep has been initiated,
the circuit is uninfluenced by any
subsequent pulses until the time base
has returned to its rest condition.
The sweep duration is adjusted to
approximately 125 mS so that the
whole teleprinter character up to
the commencement of the " Stop "
signal is displayed on the oscilloscope
screen, Fig. 5k, while allowing the
Phantastron adequate time to return
to its rest condition before the next
" Start " pulse is received. It will
be noticed that it is only possible for
the time base to be initiated by a
positive pulse other than the

Start " pulse if the sweep duration
is reduced below 100 mS or increased
above 150 mS. There is, therefore,
considerable tolerance available in
setting up the sweep duration.

The output of the Phantastron
time base is fed to the horizontal
plates of the cathode-ray tube
through a cathode follower in order
to avoid interaction between circuits.
The teleprinter signals are fed to the
vertical plates of the cathode-ray
tube.
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The wave -form at the cathode of
the Phantastron is shown in Fig. 5e.
This voltage, after amplification and
inversion, is fed to the grid of the
cathode-ray tube and conveniently
blacks out the trace during the time-
base flyback.

The output of the Phantastron is
also fed to the Multiar. As before,
a cathode follower is used to avoid
current surges in the Multiar circuit
feeding hack into the Phantastron
circuit. In addition, the Multiar is
fed with an auxiliary voltage and is
arranged to " fire " at the instant
when the time -base voltage from the
Phantastron equals the auxiliary
voltage.

The auxiliary voltage is provided
by a potentiometer. The range of
this potentiometer is such that the
Multiar can be adjusted to " fire "
at any point of the time base. The
details and calibration of this poten-
tiometer are dealt with later, but in
passing it should lie noticed that the
potential on the wiper of the poten-
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Fig. 4. Basic circuit of B.B.C. electronic TOMS

tiometer will be upset should any
current be allowed to flow in the
wiper. The potentiometer voltage
is therefore fed to the Multiar via
a cathode follower, whose cathode
impedance is kept as low as possible.
In this way, the potentiometer set-
tings are not influenced by current
surges when the Multiar " fires."

The wave -forms of the grid volt-
age, anode current and cathode
voltage of the Multiar (whose circuit
is discussed more fully in Appen-
dix 2) are shown respectively in Figs.
3f, 5g and 5h. It will be seen that
two voltage pulses are produced on
the Multiar cathode during each
time -base cycle, a negative one when
the falling time -base voltage equals
the auxiliary voltage and a positive
one when the time -base voltage
passes through the same value on its
fly -back These pulses are passed to an
amplifier which suppresses the posi-
tive pulse but inverts and amplifies
the negative pulse, Fig. 5j. The
latter pulse is then fed to the grid of

the cathode-ray tube and momen-
tarily increases the intensity of the
electron beam, which results in a
bright spot on the screen of the
cathode ray tube. This bright spot
can be moved to any point of the
trace by suitable variation of the
potentiometer supplying the auxi-
liary voltage.

The potentiometer is calibrated
in milliseconds by means of the
50 c / s. A.C. mains. (Should the
frequency of the mains deviate by
more than One or two per cent.
from 50 e / s. an alternative stan-
dard frequency must he used.) This
50 e/s. voltage is squared by two
diodes, and fed into the equipment
as an artificial teleprinter signal
when the '' Operate / Calibrate "
switch is set to " Calibrate." The
waveforms then occurring are
similar to those present when the
teleprinter signal was injected and
are shown in Fig. 5. As reversals
occur in this artificial signal at
10 mS intervals the potentiometer
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!;(

`i can be accurately calibrated every
10 mS by shifting the bright spot
along the trace to each of the
change -over points in the squared
calibrating signal. Thti time of
change -over is dependent upon the
degree to which the sinusoidal 50
c/s. supply is squared. As we are
not interested in obtaining an
accuracy better than 2.5 per cent.,
there is no advantage in reducing
this time below .25 mS.

The practical form taken by the
potentiometer is seven separate
potentiometers whose tapping points
are set to the Phantastron sweep
voltages corresponding to the time
intervals (measured from the sweep
commencement) of 10 mS, 30 mS,
50 mS, 70 mS, 90 mS, 110 mS and
130 mS respectively. The tapping
points of two adjacent potentio-
meters are connected to a further
potentiometer (whose impedance is
very much higher so that it does
not upset the setting of the two
side potentiometers) which is
brated ± 10 mS. The connexion
of the tapping points to this latter
increment potentiometer is by means
of a rotary switch whose settings
are marked 20 mS, 40 mS, 60 mS,
SO mS, 100 mS, and 120 mS. The
setting of the increment potentio-
meter is set to either extreme
(i.e., + 10 mS or - 10 mS) while

the seven potentiometers are
adjusted in turn, using the calibrat-
ing signal. As stated, the impe-
dance of the increment potentio-
meter must be kept high, about
4 megohms being used. As we aim
at an accuracy of ± .5 mS, this
potentiometer was constructed of
forty 100,000 ohm resistors of 1 per
cent. accuracy. It is, of course,
assumed that the Phantastron time
base is linear over the range of volt-
age covered by the increment
potentiometer, but this assumption
is well justified in practice.

The above arrangement of poten-
tiometers is convenient as it follows
from the definition of Effective Dis-
tortion, given in Paragraph 1

above, that the ± 10 mS Potentio-
meter can also be calibrated ± 50
per cent., and thus directly reads
the percentage Effective Distortion.

As has been mentioned above, the
time reading accuracy is fixed by

;) the width of the various pulses, the
i time of change -over of the calibrat-

ing signal, the accuracy of the
increment potentiometer and the
linearity of the time -base voltage
over the range covered by the incre-
ment potentiometer. In the present
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Fig. S. B.B.C. electronic TDMS waveforms

equipment all these factors have
been controlled so that the time
measuring accuracy obtained is
+ 2 mS (that is, the Effective Dis-
tortion can be measured to ± 2.5
per cent.). No difficulty would be
involved in improving upon these
figures by reducing the width of our
pulses, etc. As, however, this means
increased amplification to maintain
the amplitude of the narrower
pulses there is no point in aiming at
an accuracy greater than is required
in practice.
3.2. Advantages

In addition to the all-important
advantage of being able to measure
distortion on actual teleprinter
signals, there are other very desir-
able features:

r

Bright
Spot

Time

(a) As the brightening spot and
time base are derived from the same
voltage supplies, any "jittering" due
to voltage fluctuation is common to
both and the position of the
brightening spot relative to the
trace remains unchanged.

(b) As the spot is travelling very
much faster at the change -over
points of signal polarity than during
the rest of its sweep, all the advan-
tages of an expanded trace are
gained, without the use of
dangerously high voltages.

(c) There is a complete absence of
moving parts which would inevitably
introduce distortion.

(d) There is on the C.R.T. an
exact display of the teleprinter
signal under test which gives con-
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fidence in the results and complete
certainty as to the sense of the dis-
tortion.
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APPENDIX I
The Phantastron

The following is a condensation of
information given in References (7)
and (8).

The form of the Phantastron cir-
cuit used in the B.B.C. T.D.M.S. is
shown in Fig. 6. With the values
of components indicated, sweep
durations of 100 mS to 150 mS are
obtainable.

All voltages subsequently quoted
are positive with respect to earth
unless otherwise specifically stated.

The input required is a pulse,
negative with respect to earth, of
about 40 volts amplitude. Initially
the circuit conditions are as follows :

Voltage on suppressor grid, 26 V.
Voltage on V:, cathode, 42 V.
Voltage on V2 cathode, 47 V.
These voltages are given by a

bleeder chain RI, R3, R3, Rt.

The diode Ve is conducting and
therefore the grid of V2 is caught by
the diode in the neighbourhood of
42 volts. V2 is a VR.116 which has
a short suppressor base. Thus the
suppressor voltage prevents ally
anode current, the screen initially
taking all the space current. V.
tries to rise to Va.T., but it is caught
by means of the diode V, to 370 V
determined by the bleeder chain k,
R2, R3, R4 The initial anode poten-
tial is therefore 370 V.

The cycle of events which occur
when the Phantastron is triggered
can be divided into six stages. The
wave -forms obtained are shown in
Fig. 7.
Stage I. Initial Drop

When a negative pip is applied to
the anode of V2 via C3 and V, the
resultant drop in voltage of the

0

+2

STAGE

+ 400 v

SWEEP
DURATION

CONTROL

Fig. 6. Phantastron Time -base

3 4 5 6

I
INPUT

-40v.

CATHODE

/GRID P

20v

--

- -

o  ' °
0 v.

ANODE

SCREEN GRID

Fig. 7. Phantastron waveforms

anode of V2 is transmitted to the
grid via C2. The drop in voltage on
the grid is followed by the cathode
since the cathode load is not de -
coupled. As the voltage on the
cathode falls, the suppressor grid
voltage rises relative to the cathode,
and the anode then begins to take
current. Thus, owing to a very
large anode load (230 KO), the anode
voltage falls and ri is cut off. This
drop in anode voltage is trans-
mitted back to the grid via C2, and
V. and 17, then fall together until an
equilibrium position is reached, in
which the control grid is almost cut
off.
Stags 2. Linear Sweep

V, is now cut off, and there is no
grid current flowing, the grid tends
to rise towards through R, and
Re. This rise in V, causes a fall in
V., which in turn feeds back through
C2, and tends to oppose the original
rise of V. The anode voltage then
falls in a near linear manner at a
rate :

EH T
volts per sec., for

+ Fe,) C,
ER.T. in volts, k and H, in ohms,
and C, in farads.
Stage 3. End of Sweep

During Stage 2, falls linearly,
and Vg and V1 rise. This continues
until V. approaches the cathode
voltage. At this point the rising
Vg tends to increase the space
current, but the falling V. reduces
the anode current. Tile result is
that V. remains fairly constant.
Therefore there is little feed -back
from the anode via C, and so V,
rises rapidly towards VH.r with an
initial time constant approximately
C, (H, + 1?).
Stage 4. Initial Fly -back

As Vg and V1 rise, the voltage on
the suppressor grid relative to the
cathode falls, and so the anode
current is cut off. Therefore V.
starts to rise too, and the result is
that V. and 11, increase rapidly,
both ends of C, moving together.
The anode current then charges up
the strays from anode to earth, and
the leak H7, Rs charges up the strays
from grid to earth.
Stage 5. Remainder of Fly -back

As V, rises above 42 volts, diode
173 starts to conduct, and so is
caught at its original steady value.
The grid end of C, cannot rise any
further, and hence V. rises exponen-
tially towards with a time con-
stant CR,. But when V. reaches the
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kl

voltage on the cathode of 17i the
latter diode conducts, and so V. is
caught at its original voltage.
Stage 6. Quiescent Period

The -circuit is now quiescent until
the next pip is applied, when the
cycle will be repeated.
Sweep Duration A

The sweep period is approxi- 1,1 45,
omately : raft

(V5)0 - (Vg),,T -
dt

where (V00)0,, (172)0, are the values of
V., before triggering.

d170 ER T 
Since dt (I?- R) C_

(J7 - (17-)o} R)C,
E HT

for WO., (T7 g),. and EliT in volts,
R7, Rs in M9,, and C, in //F.

The sweep duration is controlled
by varying Rs, and in the present
circuit can be adjusted from 100 to
150 mS.

secs.

APPENDIX 2.
The Multiar

This is a " pick -off " circuit which
generates a pulse the instant a linear
sweep, which is applied to it, passes
through a given adjustable value.

The basic circuit is shown in Fig. 8
and the relevant waveforms in
Fig. 9.

Let e be a descending linear sweep
of voltage which starts and ends
above earth potential, Fig. 9,
which is applied to point " A " on
the Multiar, Fig. 8, and let a posi-
tive voltage Ei be applied to the free
end of R1. Then when e is greater
than E, the diode D, is non -conduct-
ing, and V1 is drawing grid current,
set by R2, and an anode current L
set by R3. This state of affairs holds
until e approaches Ei, when DI con-
ducts and connects the secondary of
the transformer T to the grid of T7..
Assuming the rate of descent of the

t
de

sweep is great enough to make C, --
d

much greater than the current
in 1?1, V, will then start to cut off,
the sawtooth appearing on its grid
via C.. Since the primary of the
transformer is connected in the valve
cathode circuit, the falling anode
current produces a voltage across the
transformer secondary and conse-
quently on the grid via Di and C.

An oscillation will therefore build
up in the circuit provided the trans -

INPUT T

R2

lIM

/6
2

Fig. 8. Multiar

MULTIAR INPUT
-e e

E1

ZERO VOLT'S

CUT-OFF
VOLTAGE OF V.1

Ia

R4/a

V/ ANODE

Lp/R

+4001.;

EF.S0

Fig. 9. Multiar waveforms

PULSE
OUTPUT

former is non phase -reversing. The
turns ratio of the transformer and
the circuit gain are made such that
the first half -cycle of this oscillator
will cut V1 right off, thereby inject-
ing a step function of current of
amplitude L into the transformer,
see Fig. 9c, which in turn produces
a pulse voltage across Ri and L, in
parallel of amplitude R01n which
decays back to zero with time con-
stant, 1,11?,. The induced voltage
in the secondary of the transformer
T is added to the descending saw -
tooth applied at A, and appears at
the grid of 172 via D, as shown in
Fig. 9, and provided the decay
time LI R is suitably chosen, V.
will not conduct again until the
return stroke of e, during which
small pulses of reversed sign are
produced : here the action is unlikely
to be regenerative as the pulse is
such as to tend to make D, non-
conducting and the grid of 17i can-
not rise faster than it would under
the influence of /R flowing into the
grid -ground stray capacitance.

Thus, if E1 is derived from a poten-
tiometer, a pulse initiated at any
point of the sweep is available.

JUNE MEETINGS
Institute of Physics

Electronics Group
Summer Meeting

Date : June 12. Time : 2.30 p.m.
Held at : Lecture Theatre, London

School of Tropical Medicine, Keppel
Street, London, W.C.1.

Discussion : " Substances of High
Permittivity."

Opening papers-" A Survey of Ferro -
Electricity " by Vera Daniel, Ph.D.
" Theory of Dielectrics and Ferro -
Electricity " by A. F. Devonshire.
" High Permittivity Tih nates " by
D. F. Rushman, Ph.D., A.R.C.S.

Those wishing to attend piease notify
the Hon. Secretary before June 3.
Hon. Secretary: G. W. Warren,

Research Laboratories, General Elec-
tric Co,. Ltd., North. Wembley,
Middlesex.

The National Physical
Laboratory
Open Day

The National Physical Labora-
tory at Teddington is holding
from 2.30-6 p.m. on Monday,
June 21, an Open Day to which
representatives of industrial
organisations are being invited.

Accredited representatives of
industrial organisations interested
in the work of the Laboratory are
invited to apply to the Director,
National Physical Laboratory,
Teddington, Middlesex, not later
than Saturday, June 5.

Institution of Electronics
N.W. England Section

Date : June 4. Time : 6.30 p.m.
Held at : The Reynolds Hall, College of

Technology, Manchester.
Lecture : " Television."
By : L. C. ;Testy, B.Sc.,
Hon. Secretary : L. F. Berry, 105 Birch

Avenue, Chadderton, Lancs.

The Television Society
Formation of Midland Centre

As television broadcasting will be
extended to the Midlands in the near
future, it is essential for all interested
in this new science to have a common
platform for study, discussion and
practical construction. The Television
Society, which was founded in 1927,
has therefore formed a Midland Centre
with Headquarters in Birmingham. The
inaugural meeting was held in April at
the University, Birmingham. The next
meeting will take place on June 2, at
the University.
Hon, Lecture Secretary : Dr. W.

Summer, 169 Mary Vale Road, Bourn -
vine, Birmingham, 30.
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Making Small Apertures in Metal Plates

T N certain optical and electrical
1- devices it is necessary to provide
small circular apertures in metal
screens or diaphragms. These may
be required to be of diameters
as small as 0.025 mm. (0.001 in.) or
less. It is, of course, quite out of
the question to drill these holes,
and consequently more elaborate
methods have been used. These
processes include closing in a larger
hole by compressing the metal by
suitable punches, or by making the
diaphragm in sections, each contain-
ing part of the hole. These methods
are shown in the accompanying
sketch at A and B.

A serious fault of the contraction
process is that precise location of a
hole or a group of holes is extremely
difficult and also the holes are
usually distorted from the desired
round or other shape in both planes
as shown at C in the sketch. The
complexity of a sectionalised dia-
phragm embodying a system of holes
usually precludes the adoption of
this alternative.

In the process to be described
these faults are avoided and almost
any layout of small holes can be pro-
duced and the diaphragm or plate
containing these holes can be of any
reasonable thickness.

For simplicity it is assumed that a
circular hole 0.025 mm. is to be
pierced in the centre of a brass or
steel disk 2.5 cm. diameter by 0.3 cm.
thick.

The first stage is to accurately
mark the position which, if the disk
has been turned on the lathe, may
be done before removal from chuck
or faceplate by the use of a small
centre drill. The plate is now
drilled with a conical hole, the
included angle of which should be
60°, for reasons which will appear
later. This conical drilled hole
should enter the plate to within
approximately 0.1 cm. of the other
side.

An accurately ground steel conical
punch of the form shown at D in the
sketch is now located over the hole
previously drilled. This punch is
also of 60° angle and consequently
will fit the drilled hole. Pressure is
now applied either by a press, or
less satisfactorily by a hammer until

A

C

D

I> 0

SPLIT ACROSS HOLE
AND GROOVE CUT
IN EACH HALF

DRILLED PLATE

PUNCHED PLATE

r AW
GROUND PLATE

PARALLEL LAPPED OR
BROACHED PORTION
OF HOLE

the punch point is within 0.01 cm.
of the undrilled side. This distance
can be determined by measurement
over the punch and plate or by the
use of a height gauge or depth
gauge.

The undrilled surface is now
ground away until the extreme point
of the punch deepened hole is visible,
and the grinding may be continued
until the hole is the desired dia-
meter. A useful control of this
dimension is given by the fact that
if a 60° angle punch is used the in-
crease of diameter is equal to the
amount taken off the surface of the
plate (sin 30° = 0.5).

If the thickness of the diaphragm
does not exceed 0.05 cm. the drilling
may be dispensed with and the
conical punch indentations made
direct in the plate, these being first
located by very small punch marks.
It is then necessary to provide means
for holding the punch upright, this
being conveniently done in the
absence of a suitable press by pro-
viding a bush or collar through
which the punch can slide.

Instead of the grinding process,
the conical punched side of the plate
may be covered by an acid -resisting
paint or wax and the outer surface
etched away until the holes are the
desired size. Aluminium diaphragms,
of course, may be etched by an
NaOH solution.

An objection to the process is that
the holes are of conical form. This,
of course, is of positive value in
certain optical apparatus as a means
of reducing reflections within the
hole. In other cases when a parallel
hole is desired the initial hole may
be lapped until a portion of the cone
is enlarged to parallel. This is not
difficult, as it is the initial piercing
that is the usual difficulty and the
enlargement by lapping or broach-
ing is comparatively simple.

This, process is also applicable to
the production of holes in hardened
steel. In this case the plate is
suitably hardened after drilling and
indenting by the conical punch and
the unpunched surface ground away
as described.

Holes made in this way are not
subject to distortion on hardening,
and the edge of the hole is not
damaged by the high temperature
required for hardening the steel.

H. E. HOLMAN.

Communication from Electrical
and Musical Industries, Ltd.

Cathode -Follower Precautions
Users of miniature tubes are

cautioned against employing the
GAGS and GAK5 types in cathode-
follower circuits, since the internal
shields of these types are connected
to the cathodes, and are not there-
fore capable of being grounded, as
such shields should be, according to
an application note in Radiotronics.

Recommended. types for cathode -
follower service are the 6AU6 and
the 5BA6, both of which have the
internal shields connected to the
suppressor grid. Optimum con-
nexions for these tubes are with the
suppressor grids at the same D.C.
potential as the cathode, but with
an effective by-pass to ground.
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Fig. I. Effect of varying the inductance of an inductively loaded
amplifier working into a capacitive load

tco

Z=R

FREQUENCY LOG SCALE

Fig. 2. Impedance -frequency curve of high-pass filter circuit

A Bass Correction Circuit for Moving Coil Pickups

THE February, 1947, issue of
ELECTRONIC ENGINEERING con-

' tained an interesting bass lift circuit
for moving -coil pickups. There are
usually several methods of tackling
any' problem, however, and the

,( present writer ventures to put for-
ward a circuit which has some
attractive points. It is, so to speak,
a by-product of work in another
field, but fits in almost ideally with
the requirements of bass correction
for gramophone records.

As anyone who has used wide -
band audio- or video -frequency
amplifiers knows, the response at
high frequencies can be extended by
using inductances in series with
anode resistances. What perhaps is
not so widely known is that there
is a critical combination of resis-
tance, inductance, and capacitative
load which ensures a sensibly flat
response up to any given frequency,

,;1 without any resonances. In work-
ing with such circuits it was noticed

t that after the cut-off frequency the
attenuation began at the rate of
6 db. per octave, which is such a

4 significant figure to anyone in-
terested in moving -coil pickups that

1 further investigation was obviously
called for.

An inductively loaded amplifier
id; working into a capacitative load
;;'i boils down to the circuit of Fig. 1.

Although at first glance this has the
it appearance of a tuned circuit, it
is need not necessarily produce any

resonant effects. The curves of
Fig. 1 are those obtained with differ -

By N. WINDER, A.M.I.E.E.

ing values of inductance : (a) is the
response when too much inductance
is used, and (c) when Loo little.
Terman states that the condition for
the ideal curve (b), using pentcde
valves, is that at the required cut-
off frequency the resistance should
be made equal in magnitude to the
reactance of the condenser, and that
at the same frequency the reactance
of the coil should be half of that
figure. That is at
and I Xe I = R. This should be a
useful tip to designers of C.R. oscil-
loscope amplifiers.

In applying this for bass boost the
first step is to turn the circuit from
a low pass to a high pass combina-
tion, and this can be done simply by
interchanging the positions and
magnitudes of the two reactances,
as in Fig. 2. Now at cut-off fre-
quency 1 Xc = R and I XL =
Under these conditions the impe-
dance of the circuit at differing fre-
quencies follows the curve of Fig. 2.

If such an impedance is used for
negative feed -back in the cathode of
a pentode valve, the output from the
anode will have ,a reversed charac-
teristic, and will accordingly be of
the form desired. It will have a con-
stant output down to any given
frequency, followed by a sensibly
linear increase for two, three, or
more octaves according to the values
chosen. Fig. 3 gives the complete
circuit for such a pre -amplifier, and
except for one warning and one piece
of advice, readers interested more
in results than in derivations mav

skip the rest of this article. The
warning is that any inductance so
early in an amplifier is prone to
pick up hum, and care should be
taken in positioning. In some eases
it may even be necessary to screen
the choke in a mu -metal box. Those
who have a choke somewhere near
the required value, but not exactly
the 5 henries specified, can use their
choke, but must alter the resistance
and condenser to suit, making the
resistance equal to the reactance of
the choke at 300 c/s., and making
up a bank of condensers such that
their reactance at 300 cis. is half
that of the choke. 300 c/ s. is
chosen as the cut-off frequency to
accommodate the slight bend in the
response curve, and so allow the
bass compensation to be in full
swing from 250 c/s. down. Stand-
ing bias for the valve is obtained by
making up the D.C. resistance of the
choke to 200 ohms (not more if it
can be avoided).

Several questions must still remain
in the minds of most readers, and
it is proposed to be a little more
exact about the frequency correc-
tion obtained, and also to examine
the influence of such factors as
mutual conductance of valve, and
the resistance element of the choke.

With a pentode valve with feed-
back in the common grid and
cathode circuit, the stage gain is

gn.RL
where gr = mutual conduc-1 + gn1

tance, RL = effective anode load and
Z impedance in the cathode. When
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the impedance of Fig. 2 is substituted for Z, and due
consideration paid to phase shift in the network, the for-
mula becomes considerably lengthened but is still workable.

It is : Stage gain =

gn.RV

16fcc 32fco

(R + 1?e)- + (XL - Xe)
[R + Re + gro(R Re + XIXe)]2 + [XL(i + gu,R) Xe(1 +

where Re is the resistance of the
choke. Since gmRL is the gain with-
out feedback the portion of the
formula under the square root sign
becomes the frequency correction
factor. Fig. 4 shows the application
of this formula to a high -slope pen-
tode in the circuit in Fig. 3. The
4

3

3

2

2

Fig. 4 (above). Stage gain
curves derived from the
formula of col. i, showing
effect of resistance in choke

Fig.S (below). Curves show-
ing effect of variation in
gm on stage gain
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curves show a frequency response
nearer to the ideal than any the
writer has yet seen. The output
from the highest frequencies down
to the cut-off frequency is flat to less
than 1 db., and the change at cut-
off frequency to a linear rise is sharp
and without peaks.

Effect of Resistance in the Inductive Arm

The effect of appreciable resis-
tance in the choke is to modify the
response, and the manner of so
doing is brought out by curve B
of Fig. 4. The sharpness of the
Lend at cut-off frequency is slightly
reduced, and after an initial rise
below cut-off frequency it begins to
flatten out well before the curve of
the resistanceless choke (curve A).
Nevertheless, curves C and D show
that with an A.C. resistance of 500
ohms the rise in bass response can
be maintained for a sufficient
number of octaves, provided that
the feedback at high frequencies is

High
Slope

Pentode

Fig. 3. Pre -amplifier and bass boosting circuit
for pick-up

increased. Curves A and B are with
a feedback resistance of 5,000 ohms,
and Curves C and 1) with 10,000
ohms.

In considering any particular
choke the reader should remember
that the D.C. resistance only
measures the copper losses of the
windings, whereas with audio -
frequency currents the iron losses
also come into the picture. The
A.C. resistance is accordingly greater,
but by how much depends on each
individual choke.

How much resistance can be
tolerated depends on how much
stage gain can be sacrificed. With
the main feedback resistance R
equal to 5,000 ohms, and L and C to
suit, the D.C. resistance of the choke

(concluded at foot of next page)

are°
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A Method of Measuring Cloud Heights

Fig. 2. Photo -electric Ceilometer ' with amplifier at left,
discriminator and power supply at right

Fig. I. Vertical beam projectors used by the U.S. Weather Bureau
for measuring cloud heights

TIDE U.S. Weather Bureau has introduced a method of measuring the height of clouds and rain and snow
ceilings up to 20,000 ft. A mercury arc projector is used in conjunction with a photo -cell pick-up unit,

and an intense beam of modulated light is directed vertically against the cloud.
The scattered spot formed on the base of the cloud is detected by the pick-up unit and the height

determined automatically by triangulation. The work has been carried out at the National Bureau of
Standards, and equipment built to the Bureau's design has proved satisfactory even in severe weather.

would have to be kept down to $0
or 40 ohms, but the stage gain
would then be at a maximum, and
the output would, in fact, be of the
order of one volt R.M.S. with an
average moving coil pickup and
transformer. With R equal to 10,000
ohms, and the reactances adjusted to
suit, the stage gain would be
approximately halved, but half a
volt is sufficient to load most normal
amplifiers, and with this combina-
tion of values a choke with its D.C.
resistance made up to 200 ohms
would be quite satisfactory. This
not only enables a conveniently
small component to be used, but
also takes care of the standing bias
for the valve.

Effect of Mutual Conductance

R.F. pentodes vary widely in their
mutual conductance. It is, how-
ever one of the characteristics of
negative feedback amplifiers that
gain is only slightly dependent on
mutual conductance, and this is well
brought out by the curves of Fig. 5.
In assessing the figure for any valve
it is unsafe to take that published
by the manufacturer-not because
of any turpitude on the part of the
maker, but because the published
figures are taken under different
operating conditions. In the circuit
now under discussion a fair approxi-
mation would be to take 30 per cent.
of the maker's figure. From Fig. 5
it is evident that any high slope R.F.
pentode is suitable, but that a valve

with low mutual conductance would
fail at the lower frequencies unless
a larger value of feedback were used,
with consequent reduction in stage
gain.

In conclusion readers are reminded
that pentodes do not act as pentodes
unless the screen is adequately de -
coupled, and it would obviously be
foolish to go to the trouble of com-
pensating for bass deficiencies on
records, and then throw away the
results by inadequate decoupling.
The decoupling condenser in the
screen circuit is essential. More-
over it should be. returned to
cathode, and not to earth, in view
of the undecoupled nature of the
cathode load.
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The Chromoscope
A New Colour Television Viewing Tube

IDEALLY, a colour television
receiver should contain a single

viewing tube, comparable in simpli-
city and cost to the viewing tubes
used in the present black -and -white
television receivers. The associated
circuits required for the addition of
colour must be relatively simple and
inexpensive, and the overall cost of
the colour receiver should compare
favourably with that of black -and -
white receivers. Such an ideal could
easily be achieved if it were possible
to obtain different colour phosphors
which fluoresce at critical electron
beam velocities. A change in colour
could then be produced merely by
changing the beam velocity. Un-
fortunately, however, all known
phosphors fluoresce with increasing
brilliance_ as the beam velocity in-
creases and there are no known
phosphors which fluoresce only at
critical beam velocities.

The chromoscopet is a relatively
simple, all -electronic colour televi-
sion viewing tube. It contains a
single electron gun, a single com-
posite colour screen and relatively
simple and inexpensive associated
circuits. The incremental cost of
adding colour, using the chromo-
scope over the cost of black -and -
white television would amount to
only a few per cent. of the cost of
the receiver. The chromoscope is
basically a sequential colour tele-
vision system. Since it is an all -
electronic sytem, the colour interval
can correspond to the line frequency,
the frame frequency, the picture fre-
quency or any other desired interval.

Description
As shown in Fig. 1, the chromo-

scope consists of a cathode-ray tube
which contains a single electron gun
and a specially designed colour
image screen. The image screen is
composed of four parallel, semi-
transparent screens, three of which
are coated with phosphors corres-
ponding to the three primary
colours, red, blue, and yellow (or
green). The fourth screen serves as

* Professor of Electrical -Engineering Northwestern
University, Evanston, Illinois.

t Patents applied for. Experimental tubes are
being developed by the PuMont Laboratories.

By ARTHUR B. BRONWELL

DISTANCE

DISTANCE
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Fig. 2. Plot of potential or electron velocity
in the vicinity of the colour screens. Only

the high potential screen will fluoresce

a constant -potential screen, and will
be described later.

The individual screens are
separated a short distance apart (of
the order of one to three milli-
metres) and are electrically in-
sulated from each other so as to
permit independent control of the
screen potentials. Any one colour
screen can be caused to fluoresce
and the others to be extinguished
by placing a high positive potential

on the screen which is to fluoresce
and a low potential on the other two
colour screens. In order to obtain
a three -colour television picture, it
is therefore merely necessary to
commutate the screen potentials so
as to place a high positive potential
sequentially on the three colotir
screens.

The colour pictures formed on the
three separate colour screens are
optically superimposed and the
colour image has the appearance of
originating from a single three -
colour screen. The resulting tele-
vision picture call be viewed either
directly or by means of a conven-
tional television projection system,
although, for reasons explained
later, a projection system is pre-
ferred.

The basic principle of operation
of the chromoscope is that a freely-
moving electron has a velocity
which is proportional to the square
root of the potential, or, specifically,

2Ve
= -

where v is the electron velocity, V
is the potential at the instantaneous
position of the electron, and e/in is
the charge -to -mass ratio of the elec-
tron. By virtue of this relationship,
the velocity of an electron increases
as it approaches a low -potential
screen. The screen construction is
such that approximately one-third
of the electrons strike each screen.
However, only those electrons which
strike the high potential screen have
sufficient velocity to cause fluores-
cence.

The fourth screen in the image-
screen assembly, that nearest the
electron gun, is a constant -potential
screen. This screen is relatively
transparent to light and electrons,
and is given a high positive poten-
tial. It serves to shield the region
between the electron gun and the
image screen from potential fluctua-
tions resulting from variations of the
colour screen potentials and there-
fore prevents defocusing errors. The
only potential variation in the
chromoscope (excluding the deflect-
ing potentials), therefore, occurs in
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Fig. I. Diagram of Chromoscope tube ar.anged for direct viewing

ii the immediate vicinity of the three
colour screens. Since the spacing
between screens is of the order of
a few millimetres, these potential
variations do not adversely affect
the focus of the electron beam.

Fig. 2 shows a plot of screen
potentials for a red, blue, green
colour sequence. Since the electron
velocity is proportional to the square
root of the potential, the plot in
Fig. 2 may also be interpreted as
a plot of electron velocity in the
region of the colour screens.
Screens

One type of screen construction
consists of a close -mesh, parallel -
wire screen, containing small -
diameter wires or metallic strips
placed close together and welded or
brazed to a metallic frame. The
phosphor is then deposited upon the
wire screen. For a 525 -line picture

{ definition, each colour screen would
contain at least 525 parallel wires.

11 The screens are relatively trans-
parent to light and electrons, while
presenting sufficient phosphor sur-
face for the formation of the picture.
In a 525 -line screen, the wire struc-
ture would be no more visible than
the line structure in the ordinary
black -and -white television picture.

The three colour screens, together
with the constant -potential screen,

4 are clamped together and inserted
i) into the cathode-ray tube as a unit,
11 with leads brought out for the
,)potential connexions.

The constant potential screen con-
sists of a grid of very fine wires, but
relatively coarse mesh. In this way
the screen is almost completely

transparent to light and electrons,
while, at the same time, serving to
maintain a constant potential in the
plane of the screen.

The screens normally have an
ambient D.C. potential of from
several hundred to several thousand
volts. The additional potential
required to produce full brilliance
is keyed by either multivibrators or
keying circuits. Three such multi -
vibrators or keying circuits are
interlocked so as to operate sequen-
tially at any given instant and only
one such circuit operates to apply
a high potential to its corresponding
screen. Those circuits can be
synchronised by either the horizontal
or -the vertical synchronising pulse.
Features of the Chromoscope
Colour flicker and colour break-

up can be completely eliminated by
synchronising the colour interval
with the horizontal sweep frequency
instead of with the vertical sweep
frequency. Successive lines of the
picture would then be scanned in the
red, blue, gree/i colour sequence and
the colour repetition rate would be
sufficiently high to prevent colour
flicker or colour break-up. Since the
chromoscope is an all -electronic
colour system, it is just as easy to
synchronise the colour with the
horizontal sweep frequency as with
the vertical sweep frequency.

It is the opinion of the author
that a sequential system in which
the colour is changed at the end of
every line offers the only satisfac-
tory solution to the perennial
problem of how to receive high -
definition television pictures on

either a black -and -white or a colour '

receiver, with a minimum band-
width and approximately the present
black -and -white television standards.

The chromoscope is particularly
well adapted to changing the colour
at the end of each line.

Phosphors which have a fairly
long persistence can be used, since
it is not necessary to erase the pic-
ture at the end of every frame. In
this respect, the chromoscope is
superior to the revolving colour disk
system in which each picture must
be erased before the next colour
filter comes into position.

The colours can be blended in any
desired ratio in the chromoscope by
merely adjusting the screen poten-
tials. Thus, when the red colour
is being scanned, it may be found
desirable to have the blue and green
colour screens fluorescing at 20 per
cent. or 30 per cent. of full bril-
liance. This may be accomplished
either by the _use of long -persistence
screens or by applying sufficient
potential to the various colour
screens during the extinction phase
to cause partial fluorescence.

Although the chromoscope is still
in the developmental stage, it
appears to offer a relatively simple
and economical solution to the tele-
vision problem. The tube construc-
tion is only slightly more costly than
that used in the black -and -white
receiver and the associated circuits
are relatively simple. The incre-
mental cost of colour television,
using the chromoscope, over black -
and -white would be relatively small
in comparison with other proposed
systems.
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A Two -Phase Telecommunication System
Part 2. Multi -channel and Multi -group Systems

By D. G. TUCKER, Ph.D., A.M.I.E.E.*

4. Multi -Channel Systems
IF the system is to be of multi-

channel type, it should preferably
be arranged that the whole group of
channels lies within an octave (or
some other range depending on the
carrier harmonics present or pro-
duced in the circuit), so that the un-
wanted carrier -harmonic products lie
outside the range of the receiving
band-pass filters; in this case, filters
are not required at the sending end,
and the channels can be combined
by resistance or hybrid coil arrange-
ments.

The use of filters in a multi-
channel system requires a considera-
tion of the phase variations likely to
be produced by :

(1) 'Variations in value (due mainly
to temperature) of the components
of the filters; and

(2) variations in the basic fre-
quency.

The magnitude and importance of
this is readily seen from an example.
If the channel bandwidth is 50 c/ s.,
then a filter designed to this band-
width will give approximately 6°
change of phase shift per section per
1 c/s. change of frequency. If a
tuned circuit were used for receiving
the " pilot " or frequency -control
tone, and this were 750 c/ s., with 30
db. discrimination required against
signals 50 c/ s. away, then the Q -
value would be approximately 200,
and the phase -shift near resonance
would change by about 40° per
1 c/ s. change in frequency. It is
thus clear that both variations in
component values and in frequency
must be restricted to small values
if excessive crosstalk is to be
avoided. Moreover, it is not desir-
able to use varied types of selective
circuit for different channels. A
certain measure of compensation is
provided if the carrier supplies at
the receiving end are fed through
filters identical to those used in the
channels themselves, because then
the relative phases at the demodula-
tor will not vary if the temperature
is uniform throughout the equip-
* Post Office Research Station.

ment. But this still requires that
the filters used to select the carrier
frequencies at the sending end, and
that used to select the pilot from
the line, should not produce much
phase variation. This can be
achieved to a limited extent by
avoiding the need for highly -selec-
tive filters by using suitable har-
monic generating equipment at the
sending end (assuming all channel
frequencies are derived from a com-
mon basic frequency, in which, say,
only odd harmonics are generated in
one circuit, and even harmonics in
another'; and systems in which even
further separation is effected with-
out filters may be possible. The
changes in the pilot receiving filter
may be minimised by providing as
great a frequency separation as
possible between the pilot and the
nearest signal frequencies, so that
extreme selectivity is not required.
Changes in the selective circuits in-
volved in a frequency divider can be
minimised by using minimum
amounts of selectivity as discussed in
Reference 4.

The use of ordinary components
(iron -dust -cored inductors, clamped-
mica condensers) is likely to give
rise to variations of critical fre-
quencies of about 1 part in 104 per
1° C. change of temperature, so that
over a normal range of about 10° C.,
about 0.1 per cent, change of fre-
quency may occur. This obviously
indicates that ordinary components
will be suitable only if the channel
bandwidths are greater than about
1 / 10th of the midband frequency (on
the basis of 25 db. crosstalk ratio).
Otherwise special components or
temperature -controlled ovens will be
necessary.

As regards the stability of the
basic frequency., this is likely to be
less difficult to maintain than that
of the filters, but although the effect
of battery variations is easily made
negligible by the use of lamp -
stabilisation,' the effect of tempera-
ture can only be eliminated by pre-
venting changes of temperature of
the tuning unit by enclosing it in a

temperature - controlled oven. As
the amount of equipment to be so
treated is small in this case, this is
quite feasible. The use of resistance -
capacitance tuning' may lead to
greater stability, since the tempera-
ture coefficient of an RC unit can
easily be made less than that of an
ordinary LC unit. In this connec-
tion, it is worth noting that RC
filters also can be made,' by utilising
feedback effects in valve circuits.

Another possible source of phase
error is lack of symmetry of the
band-pass filter characteristics about
the carrier frequency. The effect
is the same as was discussed in Sec-
tion 3 in connection with the line
in a single -channel system, but as it
is in this present case difficult to
obtain linearity, it is best to specify
symmetry. If the filter charac-
teristic is not symmetrical, the phase
of the virtual carrier will vary 'with
varying frequency of sideband
signal, and the unwanted signals in
a channel can then be eliminated by
adjustment of the phase shifters only
for one particular frequency of un-
wanted signal.

Yet another source of phase error
may be non -linearity of the filter
components. If the value of an in-
ductance, say, varies with signal
amplitude, then the critical fre-
quencies of the filter will be shifted,
with a corresponding change in
phase -shift. This trouble can be
avoided by using filters only at low-
level points in the system, or, in
the case of the carrier -supply filters,
only with constant levels.
5. Multi -Group Systems

If a very large number of channels
is to be worked, it will be desir-
able and generally necessary-to
divide them into "groups" of, say,
5 to 10 two-phase channels. All
groups will be identical and will
consist of the specified number of
channels arranged in adjacent fre-
quency bands, and most of the
requirements discussed earlier will
need to be met for all groups. Each
group will then be modulated as a
whole, as a single-sideband, sup-
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pressed carrier, signal, into some
particular range in the frequency
hand to he transmitted to line.
Super -group modulation can also
be employed, if necessary. There

I. is no greater difficulty in operating
such a system than for one basic
group, provided certain precautions
are taken and certain methods
adopted, as follows.

The group modulating frequencies
must he carefully synchronised be-
tween the two ends, and compensa-
tion for variations in phase -shift in
the line must be provided. This can
be effected thus : Two pilot tones are
transmitted (for each super -group
if more than one set of groups is
used), one of frequency double that
of the other, say, f and 2/. Assume

A that the line phase characteristic is
. linear and let the linear phase inter-

cept he c5.,. Then one pilot consists
! of a frequency f with line phase
:I angle 95ii + 01, designated as

f sb., 4- 0,, and the other consists of

2100,2700 c/s &c.
500 c/s

600c/s

OTHER
EVEN-NUMBERED

GROUPS

H
HYBRID
COIL

ODD
NUMBERED

GROUPS

200 cA

1800, 2400 c/s Bc.

Fig. 2a. Sending end of typical system

a frequency 2f with angle +

i.e., 2f / +20, Then if any group
carrier frequency is nl, it will need
to have a phase angle of 0" + nO,
if no phase error is to he introduced.
The group carrier can he given this
phase angle if it is produced by
modulating the (n - Oth harmonic
of the difference between the pilots
with the lower nilot itself, thus :
Group carrier = (11 1)[ 211 st,. 4- 2,
-- f/0 + 0,] f < 5

= 1Ij Oft irfb,

This pilot system can be fitted in
with the requirements of the chan-
nels themselves, by using a basic
frequency for the channels which is
a sub -multiple of the difference
between pilots and is therefore
obtainable by using a frequency -
divider, or by transmitting a third
tone differing from one of the pilots
by the basic frequency.

With this system complete cmil-
pensation is obtained for phase shift
in the line and associated common

TO LINE

equipment, provided the phase
characteristic is linear throughout
the frequency range of one set of
groups. Variations in either the
intercept or the slope of the phase
characteristic after line-up will pro-
duce no error on any channel.

An example in which the channels
have a width of 50 e,/s., and the
basic frequency is 50 c/s., is given
below :----

Channels 325- 375 c s. carrier 350 c $

375- 425 c s. 400 c s

425- 475 c s. 450 c s

475- 525 c 5, 500cs.
525- 575 c 5, 550 c s

Basic Group 325- 575 c s

Pilot Tones (250), 300, 600 c s

Higher Groups 625 - 875 c s group
carrier

925-1.175 c 5

etc

1,200 c $

1.500 c s

This frequency allocation meets
the various requirements specified.

In selecting the single sidebands
of the higher groups, care must be
taken that the filters used have a
sufficiently linear phase eharacteris
tie over the frequency range of the
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group. This is best achieved by
connecting in parallel only alternate
groups, or even every third group,
so that the group filters can have a
band width greater than that of the
group itself, and thus have a reason-
ably linear phase response over the
working band. The two or three
sets of paralleled groups can then be
combined by means of hybrids. In
the case of the second group shown
in the example above, it would not
be feasible to eliminate the leak of
input to the group modulator from
the output signal by means of a
filter, owing to the closeness of the
unwanted frequency band (325-57.5
c/ s.) to the wanted sideband
(625-875); if a balanced (ring) modu-
lator gave insufficient suppression of
the input signal, then a larger fre-
quency gap could be left, or a
double -modulation process used.

The block schematic of a typical
system, using the frequency alloca-
tion discussed above, is shown in
Fig. 2. A continuously variable
phase -shifter (a detailed example
circuit arrangement is shown in

FROM

LINE

EQUALISER

to
I-

-J

I.

Fig. 1) is shown in the carrier
supply to each channel; this enables
an initial adjustment to be made to
take up the difference in phase shift
between the signal channel and the
carrier generating circuits. It could
also be used, if necessary, for day-to-
day adjustment to take up the effect
of varying temperature, which varies
the phase -shift in the filters, as dis-
cussed earlier. A typical circuit
arrangement for the channel equip-
ment at the receiving end is shown
in Fig. 3.

The limitation to the number of
groups to be included in a super-
group is the narrowness of the band-
pass filters used for selecting the
groups. While the band is relatively
wide (i.e., relative to the mid -band
frequency), phase variations in any
channel due to temperature varia-
tions in the group filters are pro-
bably negligible, but when the band
is narrow in relation to the mid -
band frequency, these variations
become important, in the same way
as discussed for the channel filters
in Section 1.

325-375

IU1
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No 2 GROUP'1\_ 425-475

EVEN
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I I
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GENERATOR
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900c/ s

OTHER
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6. Conclusions

The fundamental principles of a
two-phase transmission system have
been discussed, and it has been
made clear that if two signals are
to be transmitted in the same fre-
quency band by this means an
extremely high degree of phase
stability is required throughout the
system. The system depends for its
operation on the fact that a twin-
sideband signal with suppressed
carrier requires a demodulating
carrier of correct phase; if the
phase of the demodulating carrier is

/ 2 radians different from that
required for optimum demodulation,
no output at all is obtained. Two
such signals in the same frequency
band can therefore be separated on
demodulation if they were originally
modulated with carriers of the same
frequency but different phase (pre-
ferably %7/2 radians difference), and
are demodulated in each of two
branches by carriers of phase such
that one signal is eliminated in each
branch.

HYBRID
COIL

PHASE I

}........PHASE

SP LITTER

CONTINUOUSLY VARIABLE
PHASE -SHIFTER TO COM-
PENSATE FOR MISCELLAN-
EOUS PHASE SHIFTS IN

SYSTEM

/200c/s

--NJ/

FREQUENCY
DIVIDER

HARMONIC
\GENERAT.R

50

Alternative schemes
Fig. 2b. Receiving end of typical system

TWO-PHASE

CHANNEL

No /

PHASE 2

OTHER
FREQUENCIES

350c/5

ODDS

iEVENS 40CV/s
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Modulator 2

3500./s.CARRIER
from Variable
Phase Shifter

0

Fig. 3 (above). Two-phase channel equipment (receiving end) -350 c/s. channel

Fig. 4 (below) Variable phase -shifter (0-360 ) for 350 c s. channel (receiving end)

HT.+

0°-90°Variable
Section

Practical in designing
such 11 system, for single- or multi-
channel working, have been
cussed, and suggestions made for

p suitable equipment.
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An rnproved Pulse Frequency Divider

THE well-known step -divider
circuit (see Fig. 1) provides a

simple, reliable, and accurate
method of frequency dividing in
pulse circuits. It has, however, a
few minor limitations which make it
unsuitable or uneconomical for
certain applications in its basic
form. Two of these limitations are :
(1) the leading edge of the output
pulse is not coincident with either
edge of the input pulse, and (2) the
width of the output pulse cannot be
easily adjusted, which makes it
necessary to provide a separate
multivibrator if an output pulse of
controllable width is required.

A brief description of the function
of the circuit will be useful at this
stage.

The valve V1 is switched on by
the incoming pulses, its anode
swinging from the full H.T. potential
to about the knee of the valve
characteristic. Immediately the
current in the valve is switched off,
the anode potential begins to rise
towards the H.T. potential, so turn-
ing on the diode V3. The capaci-
tance from the anode of V1 to
ground (consisting of stray capaci-
tance and C3 in series with C4) is
now charged up to H.T. potential,
the anode potential rising on a
normal resistance -capacitance charg-
ing curve. A step of potential whose
rising edge follows this curve is
thus generated across C4.

When 171 is again turned on, its
anode potential falls rapidly to the
knee of the valve characteristic,
173 is turned off, and V2 is turned
on, thus substantially restoring C3
to its original state of charge and
leaving the increment of charge in
C4. Each time VI is switched off,
therefore, a step of potential is
generated across C4. At a pre-
determined potential the following
circuit is triggered, generating the
output pulse and restoring the
charge in C4 to its original condi-
tion. The output circuit is there-
fore triggered by a potential which
is rising on a resistance -capacitance
charging curve which starts as the
valve V1 is cut off, i.e., at the end
of a positive input pulse.

In an interlaced television system
it is essential that the leading edge

(Continned at foot of next page)
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Fig. 2. Improved circuit giving output pulse of adjustable width
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IJ

LONDON - BIRMINGHAM
TELEVISION RELAY

AN extensive series of field trials
over the route of the London

to Birmingham Television Radio -
Relay Link, which the G.E.C. is
designing and supplying to the
British Post Office, is now being
carried out. Temporary masts,
such as that illustrated in Fig. 1

have been erected on the sites
selected for intermediate stations,
and propagation tests are being con-
ducted between them.

Each mast has been fitted with a
suitable cradle to accommodate the

Fig. I. The tem-
porary masts on
which the para-
boloid aerial can
be raised or

lowered

Fig. 2, Close-up
of the paraboloid
aerial and the
television labora-

tory

(Photos by courtesy of
the General Electric

Co. Ltd.)

LINKS IN THE CHAIN
The following sites have been selected
for the permanent erection of aerial
masts in the London -Birmingham
Television Relay :
Grimsdyke House, Harrow Weald

Zouche's Farm, Dunstable
Blackdown Hill, nr. Charwelton

Turners Hill, Rowley Regis

special 14 -ft. diameter
aerial system, and the
raised and lowered to

paraboloid
cradles are
investigate

variations in receiver signal strength
at different heights.

Two mobile laboratories each
equipped with C.W. and pulse trans-
mitters for the appropriate fre-
quency range, together with re-
ceivers, display systems, and re-
corders, complete the equipment.
Contact between the two mobile
laboratories is maintained by deci-
metre -wave communications trans-
mitters and receivers, the portable
mast for which may be seen in
Fig. 1.

of the frame synchronising pulse
should bear a constant time relation-
ship to the leading edge of the
master frequency pulse from which
line and frame synchronising pulses
are generated. It is clearly prefer-
able, therefore, that the frame
synchronising pulse generator should
be driven from a divider in which
each successive stage is driven from
the leading edge of the incoming
pulse, and with as little delay as
possible, as any incidental delay is
likely to be variable.

In the circuit of Fig. 2, V1 is
switched on by the incoming pulse.
The diodes V2 and V3 are connected
the opposite way up from those in
the circuit of Fig. 1, so that each
time V1 is switched on a negative
step of potential is generated across
C4. Since V1 turns on to a high
current, the capacity from its anode
to ground is rapidly discharged and

the falling edge of the step across C4
therefore is sharp. An inductive
resistance R7 in series with C4
sharpens this edge still further and
creates a negative overshoot.

When the potential across C4 has
fallen sufficiently the overshoot on
the falling edge of the step causes
the diode T74 to conduct, thus taking
the grid of V6 negative. This allows
V7 to start conducting, which re-
duces the current in V6 and positive
feedback occurs until V6 is cut off
and V7 grid is at its maximum posi-
tive potential. The cathode of V7
is thus raised in potential and causes
the diode T75 to conduct and restore
the charge in C4 to its original con-
dition, i.e., the voltage across C4 is
equal to the voltage at the cathode
of the diode V2. The grid poten-
tial of V7 now falls until V6 begins
to turn on when positive feedback
again takes place and restores the

multivibrator V6 177 to its original
condition with V6 on and V7 off.

The width of the pulse on the
anodes of V6 and V7 is determined
by the effective time constant of
C7, R16 and R17; the end of the leak
in this case being returned to a
point on the common cathode resis-
tance in order to increase the effec-
tive time constant, thus making the
discharge more linear. This gives
177 more time to restore the charge
in C4.

The division ratio of the circuit
is adjustable by the potentiometer
R5. Within design limits the adjust-
ments of division ratio and output
pulse width are independent.

It will be seen that the circuit
described is driven from the leading
edge of a positive input pulse with
a minimum amount of delay, and it
provides an output pulse of adjust-
able width, thus obviating the neces-
sity for a separate pulse generator.
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Electronic Equipment
A monthly record of British electronic apparatus, components, and accessories, compiled from information
supplied by the manufacturers. Many of the items were shown for the first time at the recent industrial
exhibition, and a further selection will appear next month. Enquiries should be sent to the manufacturers
at the addresses given, and it would be appreciated if this journal were mentioned as the source of information

Valve
Millivoltmeter

THE type TF.899 is a

high -impedance milli -
voltmeter for use at fre-
quencies between 50 c/s.
and 100 Mc/s. and has
three ranges covering 0-
150, 0-500, and 0-2,000 mV.
The instrument is mains
operated and uses a triode
detector in a bridge circuit
with a moving coil
meter as an indicator. The
triode is housed in a probe
unit which is detachable
for use at high frequencies, the input
capacitance being approximately 7 pF and
the resistance greater than I meg. at 1 Mc/s.

Marconi Instruments Ltd.
St. Albans, Herts.

Armature " Drop " Tester
THE mains -operated tester shown will

locate open- and short-circuits, faults,
crossed connexions, and coil resistance
variations in all types of armature up to
10 in. long, with commutators up to 3 in.
diameter, cores up to 6 in. diameter.
Weight approx. 15 lb.

Runbaken Electrical Products,
71 Oxford Road, Manchester I.

V.H.F. Bridge Type B.80I

THIS is an admittance bridge designed for
I use in the frequency range of 1-100 Mc/s.,

with direct reading accuracy of the order
of 2 per cent.

A fixed ratio of 9 : I between the un-
known and the standard is obtained by the
combination of a 3 : I voltage transformer
and a 3 : I current transformer.

The standard of sdsceptance is provided
by a 60 pF variable capacitor in parallel
with a 6 pF vernier, both designed to have
minimum series inductance.

With the " Unknown " terminals open,
the bridge is adjusted to balance with both
the standard capacitors half -engaged. Allow-
ing for the 9 : I ratio, this gives a range of
susceptance measurement corresponding to
0-+250 pF with one standard capacitor and
0-7E25 pF with the other.

The conductance standards comprise two
drums of high stability carbon resistors

with a continuously variable resistor to
bridge the steps of the drum. The first
drum balances conductances of 0-100 mmhos
in 10 mmho steps (10-100 ohms and infinity)
and the second balances conductances of
0-10 mmhos in I mmho steps (100-1,000
ohms and infinity). The continuously
variable resistance covers the range 0.1-
1.5 mmho (666-10,000 ohms).

An alternative model, B.70I, having a
3 : I transformer ratio, gives improved
discrimination of low conductances at the
highest frequencies by restricting the
susceptance range.

Wayne Kerr Laboratories, Ltd.,
New Malden, Surrey.
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R.F. Heaters

HE " Deltron " Model D.I0 plastics
preheater shown above has a power

output of 2 kW at 18 Mc/s. operating
frequency, and will heat 2 lbs. of pre -formed
powder through 100 deg. C. per minute
approximately. The efficiency is 60 per cent.
and the overall dimensions 4 ft. 6 in. high
by 2 ft. wide by 2 ft. deep. Weight 400 lb.

Fitted with process timer, automatic lid
opening, and variable electrode spacing.
A warning light indicates when the clearance
gap is too small, and the gap can be adjusted
while heating is in progress. An hour meter
and filter unit are also incorporated. Suit-
able for unskilled labour.

Delapena & Son, Ltd.,
Zona Works, Cheltenham, Glos.

A new R.F. heater for pre -heating mould-
ing powders, with an output of I kW
continuous rating at 27 Mc/s. On a 50 per
cent. duty cycle the rating can be increased
to 1.25 kW.

On an average the heater will plasticise
I lb. of moulding powder in I minute, and
the large electrode area (10 in. by 8 in.)
enables 4 lb. of powder to be plasticised
at the same time if required.

Operation is entirely automatic and the
timing range is adjustable up to 6 mins.

British Thomson -Houston Co., Ltd.,
Rugby.

Centrifugal
Switches

THE wide and growing
popularity of the small

single-phase motor, parti-
cularly in the fractional
horse power class, has

called for a simple, yet
reliable means of self-
starting. A range of
centrifugal switches has

therefore been developed
by the Plessey Company
suitable for 2, 4 or 6 pole
c/s. motors up to I+ h.p.

The switches are avail-
able in two sizes, large and small; the small
one shown being suitable for 4- h.p. motors,

in. dia. shaft and the large for motors up
to 11 h.p., and I a in. dia. shaft.

Each switch consists of two parts, one
being mounted on the rotor and the other
on the stator end shield. When the motor
attains some 72-82 per cent. of synchronous
speed the rotor portion expands radially and,
by engaging with the outer tongue of the
stator portion, opens the switch and

disconnects the motor starting winding.
When the motor is switched off and slows
down, the contraction of the rotor re -sets
the switch for the next start. These
switches are now in production.

The Plessey Co., Ltd.,

Ilford.

F.M. Receiver -Tester
TYPE TF.913 (below). This a.c. mains

operated instrument combines a crystal -
standardised c.w., f.m. and a.m. signal
generator with an audio frequency power
meter in a single assembly of notably small
size and weight. The carrier range is

21-168 Mc/s. in three bands of 21-42, 42-84,
and 84-168 Mcls., and the output, which
has high and low limits of 0.1 V, and 1 uV,

may be frequency modulated up to a maxi-
mum deviation of 75 Kc/s. on the low
frequency band, 150 Kc/s. on the medium
band or 300 Kc/s. on the high frequency
band, or may be amplitude modulated to a
depth of 30 per cent. over the complete
range. The internal modulation frequency
is 1,000 c/s.

Marconi Instruments Ltd.,
St. Albans, Herts.
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New Relays

AT the 8.I.F., Birmingham, Messrs.
Londex showed new additions to their

range of relays for A.C. and D.C. operation,
in addition to miniature relays and mercury
switches.

The photograph above, shows a minia-
ture multiple contact relay, Type ML C,
used extensively in telecommunication
equipment.

Londex Ltd.,
207 Anerley Road, S.E.20.

Sensitive Microammeter
A 4 -in. rectangular -cased meter (semi-
r-Iflush type) with a full-scale deflection of
only 5 microamperes. This firm also
manufactures a complete range of standard
moving -coil and moving iron instruman.s
from 5 uA CO 5 KA and 2.5 mV to 5 KV d.c.,
and 8 mA to 100 A and 2.5 V to 1 KV a.c.

Victoria Instruments Ltd.,
Midland Terrace, Victoria Road, N. W.10.

New Speaker for T V
Receivers

ANEW 8 -in. loudspeaker
unit, type TI7 824 3, has

been designed to have an

exceptionally low leakage field
for use in television receivers.
The flux density is 7,500, and
the gap flux 30,000 maxwells
approximately.

The design of a 6 -in- in-
verted loudspeaker, proto-
types of which were shown
at the R.C.M.F. Exhibition,
has now been completed
and supplies will be forth-
coming shortly. The overall
depth of the speaker is only

1 in.
Goodmans Industries Ltd

Lancelot Road, Wembley, Mddx.

Elargol and Elargothene
IN a brief article in Electronic Engineering,
June, 1947, a short description was given

of Elargol and some of its applications.
Elargol is a silvering agent which allows

for conductive lines and areas to be applied
to any material, including low -temperature
plastics.

By developing the Elargol technique
further, Messrs. Ward, Blenkinsop & Co.,
Ltd., have succeeded in evolving a mass -
production method to print any given
circuit of any dimensions on to plastic.
This service is now available to the industry,
whose circuits and components can be
printed in Elargol on their own materials,
the cost involved being lower than that for
any other known method of production.

Under the name of " Eiargothene,-
polythene and polystyrene film of thick-
nesses between 0.0005 in. and 0.003 in.,
silvered in the centre, will be available,
This silvering, like all silvering with Elargol_
is firmly adhering, flexible, and has the
conductivity of block silver.

Miniature Relay
THE Elliott miniature

moving coil relay has
been designed for use in
low voltage circuits for
warning control, or other
purposes. It measures only
I; in. by in. by in. and
weighs 11 oz. The operat-
ing power is 10 uW for one
model.

Elliott Bros. Ltd.,
Century Works, Lewisham,

S.E. 13.

Portable Miniature
Transreceiver

THIS V H F crystal -controlled hand a -171S-
mitter- receis,er weighs only 10 lb

complete with batteries 1 he tuning ;."

pre-set to an,, frequency in the opei atmg
channel i65-95 Mc s l and the r tinge -s

I mile in built-up areas and 2-3 miles in
line -of -sight range

The over all dimensions are onk 9111 b 7

by 3 in and the power is obtaared fr 0111 a
90 V " Dr ymax layer -type battery with a
2 V Exide cell for the low-tension supply.
Consumption 20 mA when transmitting,
with 700 mA L T. The instrument is
available for export, the valves being
interchangeable with AnlerL,J11 types

Radii.) Ltd,,
177 Ed04-Jit Rv.id, W.2.

Tufnol Rod and Sheet

AN
electrical insulator with high

mechanical strength of about half the
weight of aluminium, arid capable of being
machined accurately. It resists corrosion
by mild acid solutions and by sea water,
and can be stored for long periods without
deterioration. In addition to the basic
forms of sheet, rod, tube, and angle shown
in the photograph, Tufnol can be moulded
into special shapes for quantity production.

Tufnol Ltd.,
Perry Bar, B1 miinghurn 22B.
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NOTES FROM THE INDUSTRY
Clix Radio Components

The sales of Clix radio and television
components manufactured and hitherto
marketed by British Mechanical Pro-
ductions, Ltd., are now being handled
by the General Accessories Co., Ltd.,
of 21 Bruton Street, London, .W.1, which
is the wholly owned subsidiary of
British Mechanical Productions, Ltd.,
and is their selling organisation through
whom all Clix products, in future, will
be marketed.

" Metal Powder Report "

Is published privately each month
by Powder Metallurgy, Ltd., Common-
wealth House, 1/19 New Oxford St.,
London, W.C.1. It gives considerable
technical data on its subject from the
points of view of both manufacture and
application. A special section is devoted
to Electronic applications.

Marine Radar Specifications

A booklet entitled " Marine Radar :
Performance Standards " containing the
new marine radar performance specifi-
cation, 1948, which supersedes all
previous U.K. specifications for mer-
cantile marine radar equipment, has
been published by H.M. Stationery
Office, for the Ministry of Transport,
price fourpence.

Davy -Faraday Exhibition, Paris

An exhibition to commemorate the
work of Davy and Faraday is now
being staged at the Palais de la
Decouverte, (which operates under the
aegis of the University of Paris) with
the close collaboration and support of
the Royal Institution, the I.E.E. and
the Science Museum. The managers
of the Royal Institution have made
available for the purposes of the
exhibition some of the original appara-
tus used by Faraday in his experi-
ments, and pieces of his laboratory
and office equipment, while the Council
of the I.E.E. have lent a number of
Faraday manuscripts, including his
Commonplace Book, chemical notes and
a number of letters.

Bran's " Radio Valve Vade Mecum "

Universal Services, of 13 Newburgh
Street, Regent Street, W.1, and 91

lc York Street, Baker Street, W.1, have
' been appointed agents for the distribu-

tion of the publication of P. H. Brans
entitled " Radio Valve Vade Mecum."
The price is 17s. 6d. plus 6d. postage,
and copies are only obtainable by
post, as they are despatched direct
from the publishers offices in Antwerp,
and only one copy is available at the

) moment to each recipient. -

Coiled Springs

Prompt delivery can be given of
coiled compression springs from 12
S.W.G. to 37 S.W.G. by A. W. Gregory
and Co., 4 Great St. Thomas Apostle,
London, E.C.4. Finer and heavier
gauges according to material in stock.

Canadian International Trades Fair

British Machine Tools (Export) Ltd.,
29 Waterloo Street, Birmingham, 2,
who are exhibiting Toroidal Potentio-
meters and other electronic equipment
made by Messrs. P. X. Fox, Ltd., of
Yorkshire, at the above Fair are also
interested in the representation of
other firms manufacturing electronic
equipment and who are desirous of
selling in the Canadian market.

Eddystone Essay Competition
Home Section

The judges of this competition, Mr.
John Clarricoats, general secretary of
the R.S.G.B., Mr. Austin Forsyth,
editor, Short Wave Magazine and Mr.
G. Parr, editor, ELECTRONIC ENGINEER-
ING, have agreed that in their opinion,
the most meritorious essay was con-
tributed by :

Mr. R. C. Jennison, 28 Park Drive,
Grimsby,

who selected as his subject " Applica-
tions of the New Microwave Amateur
Radio Channels."

Other papers considered worthy of
special mention were :

Mr. K. Parvin, Thayer Street, Lon-
don, W.1. (" Band Planning.")

Mr. H. Turner, Laurence Road,
Eastlands, Rugby. (" Band Plan-
ning.")

Mr. D. H. .Johnson, Old Avenue,
West Byfleet, Surrey. (" The
Relative Merits of British and
American Communications Equip-
ment.")

Mr. W. D. Old, Trevenson Road.
Carb Brea. Redruth. (" How I
Visualise the Application of the
New Micro -wave Channels that are
Shortly being Allocated to Radio
Amateurs.")

The general standard of the entries
was considered high, hut, in the
judges' opinion, those mentioned above
were outstanding as technical contri-
butions on their respective subjects.

The Mazda Valve Manual

The Publicity Department of the
Edison Swan Electric Co., Ltd., 155
Charing Cross Road, W.C.2 state that
additional Data Sheets are now avail-
able to those registered holders who
have not already received them. A
postcard, quoting the serial number of
the manual and full address is all that
is necessary.

Philips Amplifiers

Commencing on May 1, 1948, the
Amplifier Department of Philips Elec-
trical, Ltd., instituted a compre-
hensive tie-up with the radio and
electrical trade throughout the country
for the supply of sound reproducing
equipment. Mr. Donald Robinson has
been appointed manager of Philips
Amplifiers.

The new scheme is to be based on
rental maintenance as an additional
outlet to the normal outright sale
method, and enables the trader to
participate in long term rental business
without any financial commitment.
Arrangements have been made with
the Modern Telephone Co., Ltd., of 139
Tottenham Court Road, London, W.1,
to undertake the rental maintenance
distribution of Philips Sound Repro-
ducing Equipment.

Change of Name of Mullard Wireless
Service Co., Ltd.

The Mullard Wireless Service Co.,
Ltd., has recently changed its name to
Milliard Electronic Products, Ltd.

B.S.I. Yearbook

The Yearbook of the which
has just been published, gives a subject
index and a synopsis of each of the
1,400 British Standards now current.
The Yearbook, price 3s. 6d. post free,
can be obtained from the Publications
Department, British Standards Institu-
tion, 24 Victoria Street, London, S.W.1.

E.M.A. Dinner

A successful dinner meeting of
the Electronic Manufacturers' Associa-
tion was held at Kettner's Restaurant
on Tuesday, April 20. The President,
Major W. H. Berriedale-.Johnson (of
the Channel Islands Radio Egineering
Co., Ltd.), was in the Chair, and the
principal guest was Mr. David
Gammans, M.P. for Hornsey.

In the course of his address Mr.
Gammans referred to the great harm
that the purchase tax was doing to
the industry. lie appealed for the
abandonment of what he called " the
1939 mentality " which led to a closed
shop in this and other industries. It
was nonsense and harmful to the spirit
of initiative and private enterprise, on
which so much depended, to say that
because a man was not engaged in such
and such a trade in 1939 he should not
be in it today.

The Chairman, Mr. If. A. Knox (of
the Magneta Time Co., and the British
Vacuum Cleaner and Engineering Co.,
Ltd.), thanked Mr. Gammans for his
speech and proposed the toast of the
guests, to which Mr. Willis responded.
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New books

ELECTRONICS
By F. G. Spreadbury, A.M.Iust.B.E., Lecturer in
Physics and Mathematics at the Working Men's
College, London. An authoritative, up-to-date
work on this important subject ; invaluable to all
engineers in this field and to all students of physics.
700 pages. 55s. net.

ELECTRONIC
DEVICES

By Henry A. Miller, A.M.I.E.E., M.I.E.S., F.R.S.A.
A useful guide to the principles and functions of
modern electronic devices. It meets the needs of
practical engineers and students. Its. 6d. net.

Pitman
Parker Street, Kingsway, London, W.C.2.

C Paper Wastage
prolongs

the Book Shortage I

SAVE PAPER

M. I. T.
RADIATION LABORATORY SERIES
RADAR BEACONS, by Roberts. 36s.

LORAN, by Pierce, McKenzie and Wood-
ward. 36s.

KLYSTRONS AND MICROWAVE
TRIODES, by Hamilton, Knipp and Kuper
45s.

TECHNIQUE OF MICROWAVE
MEASUREMENTS, by Montgomery.
60s.

MICROWAVE DUPLEXERS, by Smullin
and Montgomery. 39s.

CRYSTAL RECTIFIERS, by Torrey and
Whitmer. 36s.

MICROWAVE MIXERS, by Pound. 33s.

MICROWAVE RECEIVERS, by Van
Voorhis. 48s.

THEORY OF SERVOMECHANISMS,
by James, Nichols and Phillips. 30s.

COMPUTING MECHANISMS AND
LINKAGES, by Svoboda. 27s.

(Postage extra)
We have the finest selection of British and
American radio books: Complete list on

application

THE MODERN BOOK COMPANY
(Dept. E.5)

19-23, Praed Street, LONDON, W.2.

Radar Aids to Navigation
By John S. Hall. Vol. 2 in the Massachu-
setts Institute of Technology, Radiation
Laboratory Series. 408 pages, price 30s.

T" present volume is the second
in an ambitious series of 28 volumes

written by the war -time staff of the
Radiation Laboratory, Massachusetts
Institute of Technology, and dealing
with all aspects of radar.

The first of the series has already
appeared under the title " Radar
System Engineering " and gives a
general introduction to the funda-
mentals of radar and to the principles
of design of radar equipment. The
present volume deals specifically with
the use of radar for the purposes of
navigation. It is mainly concerned
with description of equipment and of
possible future uses of radar, and is
not much concerned with its use during
the war or with giving a coherent
story of its development. The book
has been written by a large number
of authors, but the editors have per-
formed their task so well that it reads
with a fair measure of continuity. It
is very well illustrated and it is only
a pity that the war -time. restrictions
on the quality of paper have made it
impossible for the printers to do full
justice to some of the excellent photo-
graphs.

The use of the word radar in this
country has not been exactly the same
as in the U.S.A. Here one has tended
to include within its scope such pulse
navigational systems as Gee and Loran
which grew up naturally beside search
radar and used very much the same
techniques. In America, however,
such systems are now excluded from
the meaning of the word. It is per-
haps for this reason that micro-
wave radar is allotted such a large
proportion of the book while the Gee
and Loran systems, which played a very
much larger part, particularly in air
navigation, during the war, are
quickly dealt with in a short sub-
section of a chapter.

The book is divided into four parts.
Part I deals with the basic principles
of radar and with non -radar naviga-
tional systems (including Gee and
Loran). The first chapter on the prin-
ciples of radar is doubtless included
to make the work comnlete in itself.
Chapter 2 deals with C.W. Navigational
aids and the so-called hyperbolic
systems and seems to us to be the most
inadequate part of the book.

Part II deals with airborne radar
and is almost exclusively concerned
with the type of microwave airborne
radar known in this country as 112S.
It deals primarily with 'the naviga-
tional aspects and not with the use cf
this type of radar for blind bombing,
its main use during the war. A series
of excellent pictures showing radar
maps is given which illustrate very
well what can be done in this respect
with the most advanced type of equip -

BOOK
ment available at the time of writing.
A word of warning, however, seems to
be necessary in the interpretation of
these pictures. Most of the best
pictures were obtained with equipment
using extremely narrow beams and at
flying heights of the order of 7,000-
8,000 ft. ' These narrow beams were
normally obtained either through +he
use of wavelengths of the order of 1.25
centimetres or with extremely large
antennas. As used during the war
flying heights greater than 20,000 ft.
were much more common and the use
of such large antennas on operational
aircraft was out of the question, so
that pictures with very much poorer
definition were normally obtained.
While such radar maps with high
definition are very desirable from a
navigational point of view, particularly
if microwave radar is used in civil
aircraft, the serious limitations imposed
by the size of aerial which can readily
be carried in civil aircraft should be
realised. The use of wavelengths
shorter than about 3 centimetres
except at fairly low heights is un-
fortunately ruled out by atmospheric
absorption. The wavelength of 1.25
centimetres on which most of the
experimental work with narrow beams
was carried out is particularly un-
fortunate in this respect as it lies near
the peak of a strong water vapour
absorption band. This limitation is
indeed stated, but it should be borne
in mind throughout when examining
the pictures and in particular during
the chapter on engineering and
economic considerations, in which a
case is made for the use of microwave
radar on civil airlines. The arguments
brought forward are interesting but
we cannot altogether agree with the
conclusions, as it seems to us that the
most difficult problems from a civil
aviation point of view are not those
of navigating along an airway but of
landing in bad weather and of control-
ling large numbers of aircraft in the
vicinity of an. airfield. There is an
interesting chapter in this part of the
book on radar altimeters, a field in
which the American work was consider-
ably ahead of developments in this
country.

Part III begins with a fairly full
description of microwave ground radar
systems. Much of the material in this
section has already been given in
Volume 1. The chapter on traffic
control is, however, interesting as it
gives the point of view of the scien-
tific staff of the Radiation Laboratory
on this important subject. Another
interesting section in this part is that
on radar aids for landing. In includes
a description of the British BABS
approach system, and the American
GCA system now being used at some
of our major airports.
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Fit EV I EWS
Part IV deals with shipborne radar

and is perhaps the most satisfying part
of the whole book. This may be
because the use of microwave radar
for the purpose of navigation and
collision warning at sea is more
obvious and straightforward and equip-
ment to meet the requirements more
readily available. When considering
the use of microwave radar for air
navigation in peace -time one is always
up against the problem of weight and
complexity. See, for example, the
figure of 184 lb. all -up weight proposed
for a " utility " microwave radar
equipment in Chapter 6. For ship-

! borne purposes weight requirements
are much less stringent and there can
be no doubt whatever that the map-
ping of coastlines and estuaries by
microwave radar is of the utmost use
for navigation in coastal waters and
will become common practice in mer-
chant ships very soon. Some excellent
pictures are given in this section show-
ing the use of high definition radar
for this purpose. Fairly large anten-
nas may be used on board ship so that
narrow beams are readily available to
give this definition. Particularly
interesting are some pictures showing
the location of storms by shipborne
radar.

The reader who is not familiar with
radar technique and language will find
the book difficult to read in parts, but
he will also find much to interest him.
On the other hand, the technical
worker in this field will not wish to be
without this very full account of the
American work on this important
subject.

R. A. Salim

Radio Data Charts
by R. T. Beatty, D.Sc., revised by J. McG.
Sowerby, B.A. Fourth edition. (Iliffe &

'Sons Ltd., 7/6). 93 pp. ; 44 abacs.

FIRST published in 1930, this collec-
tion of nomograms has been a stan-

dard work of reference for radio receiver
,'designers for many years. It reduces
the labour of calculation in upwards of
40 routine design problems and obviates
possibilities of error in the interpreta-
tion and application of formulae.

The subjects covered range from the
design of as. coils and transformers to
the calculation of loudspeaker dividing
networks and include problems relating
to parallel -wire coaxial and quarter-

Cwavelength transmission lines.
1/4 Each chart is accompanied by an
)explanatory introduction and worked

nd the student will find theJiexamples,,charts an invaluable adjunct to the
lordinary textbooks on radio engineer -
)mg.

Directional Antennas
By Carl E. Smith, published by the Cleve-
land Institute of Radio Electrdnics, Cleve-
land, Ohio.

THE contents of this book are even
more specialised than the title

would lead one to believe. Although
the first 50 pages deal with the theory
of directional patterns in a more or
less general way, the remaining 50
pages consist of a collection of hori-
zontal polar diagrams of two and three
element tower arrays. This section of
the book consists, in fact, of no fewer
than 15,160 polar patterns which, for
the few whose work lies in this
direction, can be of inestimable value.
In the present case the chief virtue of
the book is the fine collection of polar
diagrams, the value of such a col-
lection can be best appreciated by
those who have had personal experi-
ence of calculating a Large number of
polar diagrams-the fatigue and bore-
dom involved has to be experienced
to be believed !

In the present case the polar dia-
grams were all obtained on an electro-
mechanical calculator. Three views of
this machine are given, but strangely
enough there is no mention of the
principle on which it works. Those
who are interested in the machine
itself will, however, find a full descrip-
tion in one of the references quoted
(Carl E. Smith and E. L. Gove, Elec.
Engr. v.62 p.78, February, 1943) while
another reference (H. Paul Williams,
Elec. Comm. v.21 No.2. p.103, 1943)
gives a description of a similar ma-
chine which was developed at about the
same time in this country.

The contents of the theoretical part
of the book will be familiar to antenna
specialists but its inclusion is ob-
viously essential for reference purposes.
Part I also contains a number of use-
ful graphs including a valuable set of
mutual impedance curves.

In his preface the author states that
he has paid special attention to nomen-
clature and would welcome any con-
structive suggestions. This is, of
course, a topic on which there are as
many viewpoints as there are engineers,
and it would seem out of place to
enter into a discussion on this subject
in this review. Where units are con-
cerned, however, the reviewer feels ho
must register a protest against the
use of " millivolts per metre at one
mile." With the increasing use of the
M.K.S. system, it is high time that
we dropped the use of miles in scien-
tific literature-particularly when they
are mixed up with metres in the one
and same expression. Apart from other
advantages, the fact that the velocity
at light happens to be 3 x 109 metres
per second introduces easily remem-
bered numbers in radiation formulae
(as shown, for example, in equation
(3) of the book where the distance is
specified in metres instead of miles).

H. PAUL WILLIAMS

H. K. LEWIS & Co. Ltd.

LENDING LIBRARY
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Books and new editions are

always available
Bi-monthly list of new books
and new editions sent post free

to subscribers regularly

THE LIBRARY CATALOGUE
Revised to December, 1943

containing Classified Index of Authors
and Subjects. Demy 8vo. pp. viii 928
To Subscribers - - Its. 6d .net
To Non -subscribers - - 25s. net

(Postage 9d.)
Supplement, 1944 to December, 1946
To Subscribers - - 2s. 6d. net
To Non -subscribers - - 5s. net

(Postage 4d.)

LONDON: H. K. LEWIS & Co. Ltd.
136 GOWER STREET, W.C.I

Telephone : EUSton 4282

IMPORTANT BOOKS

RADIO'S CONQUEST
OF SPACE

by

D. McNICOL, Past President of The
Institute of Radio Engineers (U.S.A.) .

Demy 8vo. 374 pages. 53 figures.
18s. net.

TELEVISION SIMPLY
EXPLAINED

by

R. W. HALLOWS, T.D., M.A. (Cantab)
M.I.E.E.

FOREWORD BY
COMMANDER A. B. CAMPBELL, R.D.

Crown 8vo. 198 pages. 16 plates.
9s. 6d. net.

(POSTAGE EXTRA)

CHAPMAN & HALL, LTD.
37, Essex Street, London, W.C.2
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ABSTRACTS OF
ELECTRONIC LITERATURE

MEASUREMENT

The Wire Resistance Strain Gauge
(P. Savic)

An important property of the
resistance strain gauge is that it can
be used with equal success in tension
and compression. The performance of
resistance gauges is analysed, and
certain outstanding advantages they
possess over the older mechanical type
are mentioned. The problem of cement-
ing resistance gauges to the test surface
is examined, and it is stated that there
is considerable scope for further
development. Some basic circuits used
with resistance strain gauges are
explained, including a circuit diagram
of a carrier -type strain recording
amplifier with phase discriminator.

-Research, December, 1947, p.98.

New Scale -of -Ten Recorder
(R. D. Lowde)

The special features of the instru-
ment are its compactness and small
cost. Its operation is best described
as that of scaling by a 2 (2+1) pentode
` flip-flop " scale -of -two pairs being
employed throughout. These units are
designed so that buffer stages are not
required. In the output stage addi-
tional provision is made for a recorder
resolving 1/20 sec., with which stati-
stical loss on random counting becomes
1 per cent. at an average rate of some
4,000 counts/ min. The resolving time
of the scaler is less than that of an
ordinary Geiger -Muller tube, and
although not developed as a high -
frequency instrument, the model will
scale a regular pulse input up to fre-
quencies of the order of 100 Kc/s.

-Jour. Sci. Inst., December, 1947,
p.322.

Visual Measurement of Short Pulses of
Direct Current

(P. F. Ordung)

Within recent years engineering'
applications using pulses of direct
current as short in duration as a micro-
second and repeated several thousand
times per second have become impor-
tant. Such pulses may have ampli-
tudes that are greater than 100 A. This
paper discusses the techniques and
precautions which are essential for
oscillographic observations of such
pulses. Particular consideration is
given to' the problem of determination
of the band widths required for
measurement of such pulses, and of the
resistors for metering such currents,
and of properly terminating the coaxial
transmission line used for connecting the
metering element to the oscillograph.

-J. Franklin Inst., January, 1948,
p.37.*

INDUSTRY

Electronic Computor for Printing
Control

(J. W. Ludwig)

Speed of a multicolour web printing
press is tripled by application of an
electronic -hydraulic system that holds
running register accurate from zero to
0.001 inch. Register marks actuate a
phototube whose output is compared
with a sample of a sine wave taken at
the same instant.

-Electronics, November, 1947, p.109.
A Symposium on Recent Developments

in Relays
(W. B. Ellwood, J. T. L. Brown and C. E.

Pollard)

The two types of relay described are
claimed to give high speed of perfor-
mance over long periods as required in
telephone plants. The switch of the
glass -enclosed reed relay comprises a
pair of magnetic reed springs of permin-
var, mounted inside and in opposite
ends of the tube. The performance of
the relay is discussed. The mechanical
construction of a mercury -contact relay
which has been developed by the Bell
Telephone Laboratories is described.
Attention is paid to contact behaviour.
operating characteristics, stability and
acceleration of contacts.

-Elect. Engng., November, 1947,
p.1,104.*

C. R. TUBES

Performance Characteristics of Long -
Persistence Cathode - Ray Tube
Screen's. Their Measurement and

Control
(R. E. Johnson and A. E. Hardy)

Cathode-ray tube indicators employ-
ing long -persistence screens have been
developed for use in Radar, Teleran,
and other systems where field -repetition
rate is in the order of seconds. Tube
performance in such applications is
dependent upon the phosphorescent
intensity of the screen following a given
excitation. This parameter in turn is
dependent upon the fluorescent inten-
sity rate of build-up and rate of decay
of the phosphor components. In this
paper, a laboratory system for pulse -
exciting long-nersistence cascade -type
cathode-ray tube screens and quantita-
tively evaluating these characteristics in
finished tubes is described. Correlation
of these valves with field performance
is illustrated.

A range of efficiencies of screen com-
ponents was measured under steady-
state conditions in the conventional
manner and compared with their perfor-
mance in cathode-ray tube screens

under pulsed excitation. It is shown
that the efficiency of the blue zinc -
sulphide phosphor layer is a good
indication of its performance but that
the efficiency  of the yellow zinc-
cadmiumsulphide phosphor layer (phos-
phorescent) phosphor bears no consistent
relation to ultimate screen performance.
A method for pulse -exciting the phos-
phor with blue light which gives values
correlating with screen performance is
described.

The thickness of each phosphor layer
and the exhaust -bake t?mperature
employed in tube processing have been
found to affect screen characteristics
appreciably. Average curves are
presented to show the effect of each
variable.

-RCA Review, December, 1947,
p.660.

CIRCUITS

Design of an Ultrasonic Analyser
This description of an ultrasonic

analyser applies to the Brush Hyper-
sonic Analyser for laboratory testing
and inspection of materials. The
material to be inspected is interposed
between the ultrasonic frequency trans-
mitter and the receiver; if a diminution
of energy occurs the material probably
contains a flaw. Each transmitter is
capable of handling three or more sets
of transmitting transducers, depending
upon the length of cable used to
energise the transducers. 'The receiver
comprises a 5 valve, resistance -capaci-
tance coupled wide -band amplifier to
which the receiving transducer is con-
nected.

-Electronics, December, 1947, p.102.
A Note on a Parallel -Tuned

Transformer Design
(V. C. Rideout)

An analysis of the parallel -tuned
transformer used in radio -frequency
amplifiers has been made for a slightly
over -coupled case. The resulting design
formulae are simple and practical. Two
cases are discussed : (a) the so-called
matched transformer, with resistance
loading on either side; (b) a trans-
former with loading on one side only,
which has the same pass -band and
phase characteristics as the matched
transformer but gives 3db more gain
when used as an interstage. A special
arrangement of (a) where the matched
transformer design is used with one
resistor removed, giving a transformer
with a considerably double -humped
pass -band characteristic and about 6db
more gain, is also discussed.

-Bell Syst. Tech. J., January, 1948,
p.96. *

Abstracts supplied by the courtesy of Metropolitan -
Vickers Electrical CO. Ltd. Trafford Park, Manchester
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IS10 A selfish fellow this-the iron
curtain of radio, never allowing a
hint of its business to leak out ;
making and breaking contact with
the positive action of a diplomat
saying " No."

Whilst isolationism, so complete,
is frowned upon in a human being,
it becomes an outstanding feature
to be commented upon with pride
in a switch of this nature.

These units are characterised by
an exceptionally low and constant
contact resistance, and are double
pole units rated to operate at
10 amps. 250 volts.

PAINTON
KINGSTHORPE I NORTHAMPTON

VALVES FOR RESEARCH
& ELECTRONIC CONTROL
PHOTO -CELLS IGNITRONS THYRATRONS

RECTIFIERS SPARK GAPS

VALVES FOR THE
CENTIMETRE WAVE BAND

MAGNETRONS  KLYSTRONS  CRYSTAL RECTIFIERS

THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND. A3767 N;



18 Electronic Engineering June, 1948

The Model 1035 is a general
purpose0scillograph, consisting
of a Double Beam Tube Unit,
Time Base, Y Deflection Ampli-
fiers and internal Power Supplies.
The two traces are presented
over the full area of a flat screen
tube of 90mm. internal diameter
and operating at 2 kv. Signals
are normally fed via the Amplifiers, with provision for input
voltage calibration. The Time Base is designed for repetitive,
triggered, or single stroke operation, and time measurement is
provided by a directly calibrated Shift Control. For photographic
recording, Model 1035 and Model 1049 have provision for the
attachment of a Camera, Model 1428, which may be operated
either manually or by motor drive. A similar camera, Model
427, is also available for use with Model 339 Oscillograph.

MODEL 1049
INDUSTRIAL OSCILLOGRAPH

is designed specifically for indus-
trial use where the main interest is
in, the observation and measure-
ment of low frequency phenomena.
Its presentation is generally similar
to that of Model 1035 and a com-
prehensive specification includes
4 kv. tube operation for transient
recording.

Further details on application to :
A.C.COSSOR LTD,INSTRUIVIENT DEPT., HIGHBURY,LONDON, N 5

BIG BEN
and

GARDNERS
Somerfield
AUTO
transformer

In addition to types suitable for operating
American receivers and other non-standard

equipment from 200/250 volts A.C. mains,
there are " Somerford " Auto Transformers
especially designed for use with domestic,
industrial, and laboratory equipment when the
supply voltage is different from the normal operat-
ing voltage of the apparatus, varying from 170/250
volts either step-up or down. Fitted with semi -
shockproof recessed sockets for simple and easy
connection.

GARDNERS
Somerford Auto and Voltage

Change Transformers
Leaflets of all Gardners Products from :

GARDNERS RADIO LTD., Somerford, Christchurch, Hants.
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DELARON
laminated plastic

Almost ALL electrical and mechanical

specifications can be met by DELARON

Laminated Plastic Material, which is

made in five paper and three fabric

grades. Thicknesses from .008 inches.

Colours: natural and black. Finishes:

matt, satin or polished.

Advice on choice of grade, and Delaron

Technical Handbook free on request.

De La Rue Insulation Limited
IMPERIAL HOUSE

84/86 REGENT STREET, LONDON, W.I

Telephone : Regent 2901 Telegrams: Delinsul, Piccy, London

Designed for use in

midget radio receivers
and other apparatus

where space is limited, the
AB-Type M -I is ideally

suitable for such tasks as

wave -band and meter switching, etc.

Small though it is, features such as

heavily silver-plated brass stator contacts

and rotor contacts of a special alloy, also

heavily silver-plated, combine to give
very low contact resistance, noiseless

operation and long life.

Available in all popular switching
combinations.

TYPE M- I
MINIATURE

ROTARY SWITCH

GIBMetal
Metal Products Ltd.,Great South-

West Road, Feltham, Middlesex
Hounslow 6256 Feltham 2865

" OAK " WAFER SWITCHES, SINGLE OR MULTI -BANK 
TOGGLE SWITCHES FOR ALL PURPOSES PUSH-PULL

SWITCHES  ROTARY SWITCHES

DAI 8/47
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ormeability
Timed I. F. Tratafortner

PRICE 8/9 each

Supplied in Cartons
The I.F.T. 67 is a new development, inasmuch as it is the same size as a

standard electrolytic condenser, being Ii" diameter x 2.1" high. It is
secured to the chassis with the same type clip. With a minimum Q of

90 in can, it is ideal for modern receivers.

TYPE I.F.T. 67.

Send for full particulars

R.M. ELECTRIC LTD., Team Valley, GATESHEAD. 11

ARE YOU INTERESTED IN HIGH-FIDELITY REPRODUCTION ?
SPEAKERS
Goodmans' Single Cone, 12 in.
Good mans' Double Cone, 12 in.
B.T.H. Single Cone, 12 in. ...
Vitavox, 10 watts, 12 in.
Vitavox, 20 watts, 12 in.
Wharfedale Corner Unit ...
Wharfedale WI0c/s. 3 and 15 ohms
Wharfedale Golden, 3 and 15 ohms

£ s. d.
6 15 0 Connoisseur with transformer
8 8 0 Wilkins -Wright Moving Coil
6 IS 0 Lexington Junior Moving Coil
7 0 0 Shefi De Luxe Moving Coil ...

11 0 0 Rothermel Crystal U 48
48 10 0 Rothermel Crystal Senior ...

7 0 0 Marconi No. 14 Lightweight Moving Armature
3 IS 0

HIGH FIDELITY OUTPUT TRANSFORMERS
Baxendale W.W.
Williamson W.W.

(To Order

MATCHED VALVES
6V6
6L6
P27/500-(PX25)

KT66

MICROPHONES
Rothermel D104 5 5 0
Rothermel DI04, with handle and switch 6 17 6
C.R.T. Masks, 9 in., Black ... 10 0
C.R.T. Masks, 12 in., Black ... 15 0
C.R.T. Masks, 9 in., White ... 11 6
C.R.T. Masks, 12 in., White 18 0

s. d

4 10 5

8 4 2

4 4 6
3 9 0

1 17 7

3 5 0

5 8 4

Conrad Gramophone Motor and Turntable, A.C. 4 13 9

6 3 0 Non -Magnetic Turntables (Collaro Type and Garrard
4 4 0 Type) 2 0 3

each 10/6 (plus 4/7 P. Tax)
each 15/0 (plus 4/11 P. Tax)
... each 22/6 (No P. Tax)
each 13/6 (plus 4/5 P. Tax)

each 15/0 (plus 4/1I P. Tax)

PICK-UPS

Rubber Macs for above

AMPLIFIERS
Sound Sales Feeder Unit " DX plus I "
Sound Sales 6 -watt Amplifier
Sound Sales I2 -watt Amplifier
Sound Sales -VC] Tone Control Unit

" TELEVISOR " CHASSIS
Complete Chassis Assembly with all screens and gantries

and valve holder holes punched out

Chrome Handles, 3 in.
AVO Electronic Testmeter

8 8

25 5 7

15 16 3

20 14 0
11 7 9

per pair
35

15 0

6 0
0 0

TELE-RADIO (1943) LTD.
177a & 211, EDGWARE ROAD, LONDON, W.2

'Phone: PAD 6116 and 5606. AMB 5393
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TYPE VH5 4 0/8

LOCTAL VALVEHOLDERS
FOR LOCK -IN TYPE VALVES

EBL2I, ECH21, 7A7E, 7B8, etc.

A double -plate laminated valveholdet

designed with 8 special sockets and

centre spigot socket meeting the re-

quirements of the B8G and B8B range

of Loctal Valves.

THE GENERAL ACCESSORIES CO. LTD., 21 Bruton St., London, W.1 Tel. MAYfair 5543

FOREMOST IN VALVEHOLDER DESIGN

S
fo

Resistors produced by the cracked

carbon process remain stable to ±
of initial value.

'Tolerances ± 0:0 ± 2 ± 5 ":

Low temperature co -efficient.

Wiwyn
garb iw resistor

WELWYN ELECTRICAL LABORATORIES LTD.

Welwyn Garden City, Herts. Telephone : Welwyn Garden 3816-8.
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STYLUS UNIT

NEW MECCA
ffrr pick-up

z%fie-d-ze

"DECOLA"
de luxe

ELECTRIC RECORD

REPRODUCER

ER BONDERS LIMITED
FLEXILANT WORKS .DUNSTABLE  BEDS

ENGINEERS IN RUBBER BONDED TO METAL
TELEPHONE: DUNSTABLE 803 A-5

R S

1/1

. undeniably a most
successful loudspeake

Goodmans 12- P.M. Loudspeaker T/2 is undeniab

a most successful loudspeaker. Soundly construct

in every particular, it provides radiogram manufa

urers and users of P.A. equipment with a mediu

heavy duty reproducer that is robust yet capable

providing a very high standard of reproduction;

GOODMANS INDUSTRIES LTD., LANCELOT ROAD, WEMBLEY,
MIDDLESEX. TELEPHONE: WEMBLEY 4001 (9 LINES)

Write for
Technical
Data Sheet
A 68
describing
this and
other
loudspeakers

SPECIFICATION: TYPE T2
erall Diameter l''.5 16' Os fall Depth 01. 16"

Fundamental lir,onanee 75
:Max. 11.rt- 12. Kruk on 4 ft. baffle

(15w. horn loaded)
Voir, 0,11101p -dance 15 ohms at 400 r.p.,
Total Flux 145,000 maxwrli,
'Nett weight 12 lbs.

Telegrams : Goodmans, Wembley 4001.
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TRANSFORMERS
W.A.B. Hermetically Sealed Transformers were developed

during the war to meet the requirements of the Services for a
unit which would operate continuously under conditions of
high relative humidity and high ambient temperature.

A patented method of internal construction ensures that
the weight of the Transformer is taken directly on the fixing
bushes and not on the case, thus preventing a risk of damage
to the sealing of the case when the unit is subjected to
mechanical shock.

All Transformers in this range are so constructed that they
can be used for either chassis or baseboard mounting.

W. ANDREW BRYCE & CO. LTD.
SHENLEY ROAD, BOREHAM WOOD, HERTS

Telephone: ELStree 1870, 1875 and 1117
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STYLUS UNIT

NEW DECCA
ffrr pick-up

,tee
"DECOLA"

de luxe
ELECTRIC RECORD

REPRODUCER

RUBBER BONDERS LIMITED
FLEXILANT 'WORKS  DUNS,TABLE  REDS.'

ENGINEERS IV RUBBER BONDED TO METAL
TELEPHONE, DUNSTA.BLE

. . undeniably a most
successful loudspeake
Goodmans ir P.M. Loudspeaker T/2 is undent

a most successful loudspeaker. Soundly construe

in every particular, it provides radiogram nnanufa

urers and users of P.A. equipment with a median

heavy duty reproducer that is robust yet capable or:.

providing a very high standard of reproduction'''

GOODMAN S INDUSTRIES LTD., LANCE LOT ROAD, WEMBLEY,
MIDDLESEX, TELEPHONE WEMBLEY 4001 (9 LINES)

Telegrams : Goodmans, Wembley 4001.

tat

RB BR

Write for
Technical
Data Sheet
A 68
describing
this and
other
loudspeakers

SPECIFICATION: TYPE T2
Overall Diameter 12.5/16"
Fundamental Resonance
Max. Power Capacity

Voice Coil Impedance
Total Flux
Nett weight

Overall Depth 6.9/16"
75 c.p.s.

12w. peak A.C. on 4 ft. baffle
(15w. horn loaded)

11 ohms at 400 c.p.s.
145,000 maxwells

12 lbs.
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TRANSFORMERS
W.A.B. Hermetically Sealed Transformers were developed

during the war to meet the requirements of the Services for a
unit which would operate continuously under conditions of
high relative humidity and high ambient temperature.

A patented method of internal construction ensures that
the weight of the Transformer is taken directly on the fixing
bushes and not on the case, thus preventing a risk of damage
to the sealing of the case when the unit is subjected to
mechanical shock.

All Transformers in this range are so constructed that they
can be used for either chassis or baseboard mounting.

W. ANDREW BRYCE & CO. LTD,
SHENLEY ROAD, BOREHAM WOOD, HERTS

Telephone: ELStree 1870, 1875 and 1117
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,01

STYLUS UNIT

NEW DECCA
ffrr pick-up

"IDECOLA"
de luxe

ELECTRIC RECORD

REPRODUCER

RUBBER BONDERS 1LIMITED
FLEXILANT WORKS  DUNSTABLE  BEDS

ENGINEERS IN RUBBER BONDED TO METAL
TELEPHONE: D UN STAB LE 803 1 5

Goodmans ir P.M. Loudspeaker T/2 is undeniaM.

a most successful loudspeaker. Soundly construct

in every particular, it provides radiogram rnanufa

urers and users of P.A. equipment with a metlium

heavy duty reproducer that is robust yet capable 4-
skk.providing a very high standard of reproduction

GOODMANS INDUSTRIES LTD., LANCELOT ROAD, WEMBLEY,
MIDDLESEX. TELEPHONE WEMBLEY 4001 (9 LINES)

Telegrams : Goodmans, Wembley 4001.

R9 Be

Write for
Technical
Data Sheet
A 68
describing
this and
other
loudspeakers

SPECIFICATION: TYPE T2
overall Diameter 12.5/16"
Fundamental Resonance
Max. Power Capacity

Voice ('oil Impedance
Total Flux
Nett weight

Overall Depth 6.9/16"
75 c.p.s.

12w. peak A.C. on 4 ft. baffle
(15w. horn loaded)

15 ohms at 400 c.p.s.
145,000 maxwells

12 lbs.
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TRANSFORMERS
W.A.B. Hermetically Sealed Transformers were developed

during the war to meet the requirements of the Services for a
unit which would operate continuously under conditions of
high relative humidity and high ambient temperature.

A patented method of internal construction ensures that
the weight of the Transformer is taken directly on the fixing
bushes and not on the case, thus preventing a risk of damage
to the sealing of the case when the unit is subjected to
mechanical shock.

All Transformers in this range are so constructed that they
can be used for either chassis or baseboard mounting.

W. ANDREW BRYCE & CO. LTD,
SHENLEY ROAD, BOREHAM WOOD, HERTS

Telephone: ELStree 1870, 1875 and 1117
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AND BRING MY DADDY HOME SAFE...

The light in a child's eyes as
he prays for daddy's safety is
something so touching that no
man or woman can remain unmoved.

Designers and manufacturers of
Radio Communications Equipment
carry a heavy responsibility in
the safety of passengers
travelling by land, sea and
air. At vital moments radio
communication is the 'safety
line'. Transformers are a very
important component in such
equipment and Parmeko Ltd., are
proud to have made their
contribution to the Electronic
,industry.

PARMEKO OF LEICESTER.

Makers of Transformers for
the Electronic, Signal,
Luminous Tube, Oil Ignition
Industries, etc..

-POUND FOOLISH

The responsibility of a buyer is to buy in the best

market. Too often this is interpreted as purchasing

from the cheapest source. With resistors this is

usually a fatal policy.

Any premature breakdown of equipment can cost

more in goodwill than will ever be saved by buying

the cheapest resistors. True, the buyer can always

change his source of supply but it may be too late

to save the good name of his own product.

In the long run it is far cheaper to specify -

I 11

RESISTORS
THE BRITISH ELECTRIC RESISTANCE CO. LTD.
QUEENSWAY, PONDERS END, MIDDLESEX

Telephone : Telegrams :
Howard 1492 Vitrohm, Enfield
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ij

INVERTED
<MOUNTING

UPRIGHT
MOUNTING

TROPICAL

IN RECTANGULAR METAL C ANS

CAPACI- DIMENSIONS IN INCHES LIST
TYPE TANCE PRICE

A B C E FttF EACH

TYPE 62 *0.25 2) i i 2) - 5/3
350 v. D.C. working *0.5 2) i 1 23 - 5/6

(at 60° C.) *1.0 2) I i 23 - 6/6
*2.0 2) 2 I 2) - 7/9
*4.0 2) i 1) 2) - 11'6

8.0 4* ) 2) 2 20;9

TYPE 82 *0.25 2 2 2 2) - 5 6
500 v. D.C. working *0.5 2) 2 2 2) - 5,9

(at 60° C.) *I 0 2) 2 2 2) - 7 -
2.0 2/ 2) 11 2) - 8'9
4.0 2-?, 2) 2/ 2) 1) 15 -
8.0 4* I) 33 2 2) 253

TYPE 92 *0.25 2) 2 i 2/ -
750 v. D.C. working *0.5 2) 2 2 2/ - 6,6

(at 60° C.) *1.0 2/ 2 I 2) - 7/6
2.0 2.? 2) 2) 2) 1) 12/9
4.0 4-* 2) 2) 2) I) 18/6
8.0 4-f) 2) 4) 2) 3) 3I/ -

TYPE II 1 *0.25 2) 2 2 2) - 69
1000 v. D.C. working *0.5 2/ 2 1 2.1,, - 7/9

(at 60° C.) 1.0 2i) 2) I) 2A - 11/-
2.0 433 2) I) 2% - 15/9
4.0 4+R 4) I/ 4) - 22/6
8.0 433 4) 2) 4) I) 40/3

TYPE 12IB *0.1 2) 2 2) - 7/-
1500 v. D.C. working 0.5 2 -?6 2) II. 3 - 10/ -

(at 60° C.) 1.0 4)3 21 I) 2) - 13/9
2.0 41i 3) I) 2) - 19/-
4.0 4,1i 3) 2) 3% Ik 31/-
8.0 4)3 5) 3) 5) 2) 59/9

TYPE 131 0.1 2-A. 2i 1) 2s -
2000 v. D.C. working 0.5 4-* 21 13 2g - 11/9

(at 60° C.) 1.0 4* 2) I) 3 - 15/6
2.0 4-1R 2) 2) 3 I) 24/9
4.0 43 4) 2) 5) I) 41/6
8.0 ' 4)) ,q 5) 5) 4) 81/9

NOTE. -If inverted moun ing (through chassis) Lyle required, add suffix " IM," when ordering
* Denotes plain soldered seams (others, rolled seams)

T.C.C. Capacitors in metal cans have a world-wide reputation for toughness
and long life. Their electrical characteristics, which are the result of
intensive research and development, unquestionably put them in the
forefront of capacitors for trouble -free tropical working. Complete
hermetic sealing ; careful vacuum filling and impregnation ; and design
that affords the lowest possible inductance, combine to permit continuous
working under the most arduous conditions, including temperature's up
to 71° C. They are available with top or bottom brackets as illustrated.
Full range given in List 132, sent on receipt of lid. stamp.

IN THE BEST SETSTYOU'LL SEE T.C.C.

THE TELEGRAPH COIH'ENSER CO., LTD.

NORTH ACTON LONDO Telephone, ACORN
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NEW TYPES FOR
MIDGET RECEIVERS

HEARING AIDS
METEOROLOGICAL

INSTRUMENTS
ETC.

THE SCIENTIFIC
VALVE

BRITISH MADE

HIVAC LIMITED
Greenhill Crescent, Phone HARROW

Harrow on the HilI.Middx 0895

EEL

EVANS
Harlow

PHOTOELECTRIC EQUIPMENT

THE DENSITOETER
HE EEL P.R.U. Densitometer,

I designed in conjunction with
the Pneumokoniosis Research
Unit of the Medical Research
Council, is a simple, compact,
direct reading photoelectric
instrument, to measure the
optical density of stains on filter
paper.
This instrument may be used for
many other purposes where it is

desired to obtain a meter reading
indicating the comparative densi-
ties of materials.
Supplied for either mains or
battery operation.
Write for full particulars of this
and other EEL photoelectric equip-
ment, incorporating the famous EEL
selenium cell.

A product of

ELECTROSELEN I UM LTD.,
Essex

because they are :-

INDIVIDUALLY DESIGNED

RIGOROUSLY TESTED

MECHANICALLY SOUND

ELECTRICALLY PERFECT

TRANSFORMERS
51, NORTHGATE STREET, DEVIZES. Phone 536

.IRON

DUST

CORES

High Performance -Strength -Stability.
Close electrical and mechanical toler-
ances. Grades to suit various appli-
cations.
23-25 Hyde Way, Welwyn Garden,
Tel: Welwyn Garden 925 City, Herts.

eti E.E.6.
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FORMl
HONES

MAGNETIC
AMPLIFIERS

OPEN, CANNED OR
NERNETICALLK SEA

ASSOCIATED ELECTRONIC
ENGINEERS LTD.

DALSTON GARDENS, STANMORE,
MIDDLESEX.

ItLEPHONE: 7E0EGRAMS
WORDSWORTH 4474 S.6 MORONIC, STANMORE

iicatinti&
ROTARY SWITCH

Anew, heavy-duty 30 amp. switch of robust construction suit-
able for multi -circuit operations and capable of giving a long
and trouble -free life. Can be built up into t, 2, 3, 4 or 5 -cell
units providing a large range of contact combinations.
Send for folder giving full particulars.

Mae by
AUSTINLITE LTD.

(Department j.)
LIGHTHOUSE WORKS

SMETHWICK
BIRMINGHAM

PRODUCT
Propriefoos CHANCE 13110THERS LTD.)

RR
PRODUCTS

ransio vniers

aanitiachirin0

. .(/)

beaCon ro I

gevelofinieva
Ibr

TELEPHONE BRADFORD 24902

R.R. DEVELOPMENT LABORATORIES LTD

BARNARD RD BRADFORD . YORKSHIRE

AiVeterevtitee./4444

CHASE PRODUCTS (ENGINEERING) LTD.
27 PACKINGTON ROAD, LONDON, W.3. ACORN 1153.4
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MIST MIENT... but NOT
"Laboratory"
Price !

The ' Advance' Type E Signal Generator places an
instrument of laboratory class within the financial scope
of every radio service engineer and experimenter.

The discerning engineer will appreciate its accuracy and stability, its exceptionally
wide range which covers all frequencies required for radio and television receivers
and its accurate attenuating system which enables sensitivity measurements to be made
on highly sensitive rec,ivers up to 60 Mc/s. Send for fully descriptive pamphlet.

Range : 100 Kc/s-60 Mc/s
on fundamentals (up to 120
Mc/s on Second Harmonic).
Accuracy :

Guaranteed within ± I%
Attenuation : Constant im-
pedance system embodying a
matched 75 ohms transmission
line.
Stray Field : Less than 3
microvolts at 60 megacycles.
Illuminated Dial :

Total scale length 30"
Power Supply :

110-210-230 volts.
Dimensions :

13' x 10" x 71 dcep.
Weight : 15 lbs.

The

ADVANCE COMPONENTS LTD., Back Road, Shernhall Street,
Walthamstow, London, E.17. Telephone : LARkswood 4366'7.

THE "FLUXITE
QUINS " AT WORK
" Your clothes line won't

budge," panted EE
It's fixed tight with
FLUXITE strikes me"

Bawled 01 "Yes, you're
right

You can pull all your
might

That clothes line's our
aerial, see 1"

For all SOLDERING work-you need FLUXITE-the paste
flux-with which even dirty metals are soldered and " tinned."
For the jointing of lead-without solder ; and the " running
of white metal bearings-without "tinning" the bearing.
It is suitable for ALL METALS-excepting ALUMINIUM-
and can be used with safety on ELECTRICAL and other
sensitive apparatus.
With Fluxite joints can be "wiped" success-
fully, that are impossible by any other method

Used for over 40 years in Government
Works, and by leading Engineers and Manu-
facturers, OF ALL IRONMONGERS-
IN TINS -10d., 1/6 and 3/-.

The " Flux.it  Gun
puts Fluxite
where you
wont it by
a simpl

pressure.
Price 1/6 or

filled 2/6.

ALL MECHANICS WILL HAVZ

FLUXITE
IT SIMPLIFIES ALL SOLDERING

Write for Leaflets on CASE HARDENING STEEL and TEMPERING
TOOLS with FLUXITE also on " WIPED JOINTS." Price Id. each.

FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E.1

Tel MUSeum 4539

ALEC DAVIS SUPPLIES LTD.
18, TOTTENHAM COURT ROAD,

LONDON, W.I. Tel.: MUSeum 2453

We are now able to offer a wide range of ex -Government Surplus Valves, all of which have been fully testedon our own premises
D1 ...
EA50
EB34
EBC33
EF36
EF39
EF50
P61 ...
P M256
PM24D
SP4I
SP61
S130 ...

3/6
4/-
1/-
4/6
5/6
5/6
6/-
3/-
3/-
5/6
3/-
3/-
3/6

954. " Vari-Mu " Acorn R.F. Pentode.
6.3 v., 0.15 a. Slope 1.4 mA/V.
Useful up to 400 Mc/s. ... 7/6

955. Triode counterpart of above. 6.3 v.,
0.15 a. Slope 22 mA/V. Will

oscillate up to 750 Mc/s. ... 6/-

1203a. Loctal Base Short Seal UHF
Diode. 6.3 v., 0.15 a. ... 2/6

CARRIAGE AND PACKING IS

SPECIAL OFFER

RCA813. The well-known and well-

behaved large transmitting pentode,

giving an unmodulated output of

260 :watts and phone output of 175

watts per valve. 10 v. 5 a. filament.

2,000 V. anode, 400 V. screen. 120

average bias. Brand new in maker's

boxes. Each ... 57/6

Limited quantity only.

5U4G
6H6
6J5 or L63
6SH7
6V6G
7C7
12A6
12K8
I 2SR7
210LF
210VPT

8/6
2'6
4.6
4.6

 . 7 6
. 3/-
 . 6/6
... 66
... 4 6
... 2 6

3:-
4033A. STC. Class " B " Modulator

Triode. 6.3 v , 1.4a. Va 600. Slope
9 mA/V. Dissipation 225 watts. Two in
push-pull will give 50 watts audio output.
Can be used with 500 volts on plate
at 10 Mc/s.

DET20. Osram. 6.3 v., 0.2 a. Va 250.
Special Octal -based Oscillator Triode.
Anode and grid top caps. Output 1.5
watts. Useful up to 300 Mc/s. ... 7/6

6d. PER VALVE AND 3d. EXTRA FOR EACH ADDITIONAL VALVE
Shop Hours-Mon./Fri., 9.0 to 5.30 (Sats., 9.0 to 1.0)
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Manufacturers of

LOUDSPEAKERS

LAMINATIONS

SCREENS IN
RADIOMETAL

PERMALLOY

SILICON ALLOYS

ELECTRICAL SOUND & TELEVISION PATENTS LTD°
12 PEMBROKE STREET, LONDON, N.I. - TERMINUS 4355
2/4 MANOR WAY, BOREHAM WOOD, HERTS - ELSTREE 2138

.P.L. BREAKD TESTE

MODEL RM 215
A mains -operated instrument providing a continuously
variable D.C. and A.C. high tension voltage. The instrument
is fully protected against overloading and the output can be
short circuited for any length of time without causing
damage.

SPECIFICATIONS
Output Voltage : 0-5,000 volts A.C. or D.C. continuously
variable from zero.
Output Current : 5 milliamps maximum for D.C. 10
milliamps maximum for A.C.
Leakage Indication : Deflection of magic -eye.
Dimensions : 14 In. by 10 in. by 10 in. (deep).

BRITISH PHYSICAL LABORATORIES
HOUSEBOAT WORKS, RADLETT HERTS

Phone : Radlett 5674-5-6

TELCON Anti-Microphonie CABLES

materially assist in the successful design of

electronic instruments intended for the

measurement of minute currents of the

order of DPI amps. Details of this range

of 'Gee' cables may be had on application.

Founded

TB1"N

1864

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.

Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wa113141

Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 1040

HERE
ios fli.e.

cowi..postelli*for
Gland seals,
Water pumps,
Refrigeration,
Paper machines,
Temperature
and Air control,
Boiler feed
regulators,
Thermostatic and
pressure -operated
appliances.

11 OW

Seamless, one-piece, metal bellows, formed in one
operation by a process unique in this country,
with a uniformity of wall -thickness unobtainable
by any other method. No annealing, no spinning,
no localised strain or thinning ; with none
of the limitations of metallic diaphragms.
These bellows, though no thicker than paper-
the walls range from 4/1000" to 7/loon"-are
tough, resilient, and combine the properties of
a spring able to withstand repeated flexing, a
packless gland, and a container which can be
hermetically sealed. Every bellows is pretested
and has a high degree of uniformity of life,
performance and reliability. In root diameters
of to 3", outside diameters 9/16" to 4P.

Send for List Nc. M 800-x.

Drayton Hydroflex METAL BELLOWS
Drayton Regulator & Instrument Co., Ltd., West Drayton, Middx.
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attenua

LOW ATTEN.
TYPES

LOW CA PAC.

TYPES

C 1

*PC

C 11

C2
C 22

C3
C 33

C 44

1

IMPED.
OHMS.

CAPAC.

ronodff'f

7.3

10.2

6.3
6.3

5.5

5.4
4.8
4.1

0.36"
0.44"

AT TEN
IMPED db/l0Oft
OHMS. 100 Mc/s.

TRANSRADIO LTD. 138A CROMWELL ROAD, LONDON, S.W.7.

U NO
Water-
proof

Drawing
Ink

AND

PEN STENCILS

STENCILS FOR ELECTRICAL
SYMBOLS 6!- EACH

Everything for the Drawing Office

A. WEST & PARTNERS LTD.
36 BROADWAY, WESTMINSTER, S.W.I

MOULDED. RUB ER PARTS.
ENQUIRIES ARE INVITED from the
Engineering, Electrical and Motor Industries
for special Moulded Parts in Natural and

Synthetic Compounds.

i..;;;!Zr THE HARBOR° RUESBER CO, LTD,
DAINITE MICLS, MARKET MAR,JROUCk

Here's how we can help you We design and plan
to one standard only-perfection in performance.

Considering the fact that our organisation is under the
control of men who know the latest trends in circuit
design and are capable of interpreting your particular
needs. the ultimate result can only be that standard

We are manufacturers of coils of all types-to your
specification. designed to meet your particular require.
merits. in bulk, or to a limited number.

Your enquiries are cordially invited, Telephone
Mr F W Pigott-he is the principal and available to
discuss and deal with your problems from start to finish.

RADIO  TELEVISION  LEECTRONI( E  INDUSTRIAL APPLICATIONS

BROUGHTON PRODUCTS LTD
REGISTERED OFFICE & WORKS

WOODCOTE RD WALLINGTON ' SURREY
TEL  WALLINGTON 7739/1889

BRAY CERAMIC INSULATORS
for 'Lrand H.F. Components: also capacitor dielectics

Oa a
mode by

GEO. BRAY & CO.. LTD. LEEDS, 2
Established .1863 ,Phone Leeds 20981
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POTENTIOMETERS

REIM
Type P.I.W. Power Wire -Wound

RATING RANGES
20 Watts Max.

(linear)
05 Watts Max.

(graded) 100-50,000 0 Non -inductive
Characteristics : Linear, tapered, graded,
og., semi -log., inverse log., non -inductive, etc.

Full details from

RELIANCE
li'llanufacturing Co., (Southwark) Ltd.
,Sutherland Rd. Higham Hill, Walthamstow F. 7

Telephone : Larkswood 3245

10-500,000 0 Max. (linear)
150-250,000 S2 Max. (graded)

Partribge Flews
REMOVAL

Our offices at Petty France are now
closed and we wish to bring to your
notice our new address at Brixton, as
shown below. Pending the completion
of our new modern transformer factory,
our offices, stores and works will now be
located at this address.

* * * *
LONDON SALES

OFFICE
For the benefit of our many friends we
have made arrangements for the
immedizte supply from stock of small
quantities of our standard components.
These can be collected from our address
at King's Buildings, Dean Stanley Street,
Millbank, Westminster, S.W.1 (250
yards from Big Ben). Hours: 10 a.m.
to 1.0 p.m. and 2.0 to 5.30 p.m. (Mondays
to Fridays only). Kindly note this
address is for stock sales only, and all
correspondence and other inquiries
should be sent to Peckford Place.

cl Telephone: Brixton 6506

ARTRIDGE
TRANSFORMERS LTD
ECKFORD PLACE, LONDON, .S.W.9

kWitOW,A.,:s..,14,,MMOViltend,104:4*=5

Head Office : Eastwood, Hanley
Staffs., London : 125, High Holborn,
W.C.1. Factories at Hanley, Stone
and Longton. Staffs. Phone : Holborn
1951-2 and Stoke-on-Trent 5272-4.

414

NEW G.P.12
CRYSTAL PICK-UP
with permanent sapphire stylus
-was fully described in The Wireless
World's recent article " Crystal Pick-
ups - Basis of Design for Fidelity
Reproduction."
This remarkable pick-up, which r :pre-
sents the ultimate in high-fidelity
reproduction, is now available in
limited quantities through your radio
dealer, price 104/- incl. P.T.

FREE ILLUSTRATED
FOLDER describing this

new pick-up may be ob-
tained by returning the

coupon below.

r TO COSMOCORD LTD.'
ENFIELD, MIDDX

IPlease send folder of ACOS Pick-ups.

I NAME

I ADDRESS

3

-

ELTON

METALLURGICAL

TO.

Liquid
S Elver

We beg to announce our
change of address to
larger premises at :

42 TOWNGATE STREET,
POOLE, DORSET

Telephone No. Poole 872-3

AS/TT54
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AMBITIOUS
ENGINEERS

Have You had Your Copy of
" Engineering Opportunities " ?

Whatever your age or
experience-you must read
this highly informative guide
to the best paid Engineering
posts.

The Handbook contains
particulars of A.M.I.C.E.,
A.M.I.Mech.E., A.M.I.E.E.,
A.M.I.M.1., A.M.Brit.I.R.E.
and other important En-
gineering Examinations, and
outlines home -study courses
in all branches of Civil,
Mechanical, El ectrical,
Automobile, Radio and
Aeronautical Engineering,
Government Employment

Draughtsmanship, Building
and Plastics Matriculation, etc.

WE GUARAN TEE,
66 NO PASS- NO FEE"

If you are earning less than £10 a
week you cannot afford to miss

reading " Engineering Opportuni-
ties." It tells you everything you want to know
to secure your future. Write for your copy
of this enlightening guide to well -paid posts
NOW-FREE and without obligation.

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
337E, SHAKESPEARE HOUSE, 17, 18, 19,

STRATFORD PLACE, LONDON, W.I

1114111

TRANCE OF PRECISION BUILT
transformers & chokes are specified
by engineers who require accuracy
and reliability to Trofiteal Standards.

TYPE APPROVED
BY THE ROYAL AIRCRAFT ESTABLISHMENT

fitetatl (waist: Derry's (Short Ware) Ltd.
25, High Holborn, London, W.I.

R.T.S. ELECTRONICS, KING STREET, EXETER.
Telephone: Exeter 2132. Cables 8 'Grams Teleolslon... Exeter.

THE TELEVISOR
The following can be supplied from stock :
Complete resistor kit (88 resistors) ... E2 10s. Od.
Chassis set, ready drilled, Time Base

and Power finished in maroon (4
chassis) 10s.0d.

G.E.C. 6501 Cathode Ray Tube £12 10s. 3d
PEN45 and EL33, 13/11 EBC33, 12/7 EF50
(guaranteed), 10/6 EA50, 6/- CM30 Mica

Discs, 2/6.
The majority of capacitors are in stock, let us

know your requirements.
Parts are also available for the Partridge I5 -watt

Quality Amplifier, send for list.
Our new Price List covering components for
High Fidelity equipment is now available.

ROGERS DEVELOPMENTS CO.,
106, Heath Street, Hampstead, London,

N.W.3
Telephone : HAMpstead 6901
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THE TRIX ELECTRICAL CO. LTD.
1-5 MAPLE PLACETOTTENHAM COURT ROAD .1.01411011, W.1.
TELEPHONE: MUSEUM SED1 GRAMS EGMLES: TRIXADIO,WESDO, LONDON.

arleyQUAZ/ REGO TRADE MARK\pILITY
0.\

MAINS TRANSFORMERS
A.F. TRANSFORMERS
SMOOTHING CHOKES

THERMAL DELAY SWITCHES
SLIDER RESISTANCES

1124 -de

OLIVER PELL CONTROL LTD
DAM BRIDGE ROW' BURRAOE ROA 11.,S.E. 18::

Te/ephol7Pe Woolwich 1422 '

WE OFFER
A large range of used and new Test
Equipment, Converters, Recorders,
Amplifiers, Motors, Transformers, etc.

All guaranteed and at very attractive
prices.

We buy good modern used equip-
ment of all types for spot cash.

UNIVERSITY RADIO LTD.
22 LISLE STREET, LONDON, W.C.2.

Tel.: GER 4447 and GER 8582.
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Noises "off" are kept off and man-made
static is silenced by B.I.Callender's Anti -Interference Aerial when
properly installed. Sizzling, crackling background noises caused
by electric vehicles, motor car ignition systems and industrial or
medical high frequency equipment-all these are suppressed and a
quiet background established for radio programmes. Reception is
improved, for a maximum number of programmes can be enjoyed
on all wavelengths.
The aerial is a 6o ft. polyethylene insulated dipole type, with
suspension insulators and matching transformer. The 8o ft. down
lead is a fully screened coaxial cable with polyethylene plugs moulded
to each end and is matched to the receiver by a transformer with

easily fixed [suction mounting.
B.I. Callender's All -Wave Anti -Interference
Aerial will give you better listening and

°
reveal many stations you never heard before.
Write to -day for the descriptive folder No.

° ° 221N on the Anti -Interference Aerial.

Licensed under Amy Aceves & King, Inc. Patents
Nos. 413917, 424239 and 491220.

ANTI -INTERFERENCE AERIAL
BRITISH INSUL/TED CALLENDER'S CABLES LIMITED
NORFOLK HOUSE, NORFOLK STREET. L o )1r) r) , W.C.2
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