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VROCESS
OF ELIMINATION

Radio interference can be eliminated
. . . and B.I. Callender's make the anti-
interference aerial for doing it !

By a patented combination of aerial
and transformers it cuts out all static
caused by local electrical disturbances
without loss of volume. It is simple to
install, and when well sited, makes possible
the maximum choice of programmes
against a quiet background.

Write to -day for folder No. 221 N
containing further information.

Licensed under Amy Acmes & King, Inc.
Pawns Nos. 413917, 424239 and 491220.

INTERFERENCE Atilitriela
r t

BRITISH INSULATED CALLENDER'S CABLES IIMITED
NORFOLK HOUSE, NORFOLK STREET, LONDON. WC 2

ANTI-



:ectranit_ Engineering March, 1948

RoLA

Remember the Rola G.I2, most famous of all pre-war 12 in.
speakers ? Now, the G.12 is back with all the special
features that made it so popular before, plus the more
powerful Alcoma II magnet and plus special dustproof
suspension completely protecting the coil and magnet gap.
Thanks to the new magnet and up-to-the-minute manu-
facturing techniques, Rola are able to offer you in the new
G.I2 a speaker of even greater sensitivity and tonal brilliance
than its predecessor combining more compact design with
cleaner lines.

Write to -day for full particulars.

BRITISH ROLA LTD. FERRY WORKS  SUMMER ROAD  THAMES DITTON  SURREY
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CLASSIFIED ANNOUNCEMENTS

1

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.

SITUATIONS VACANT
cancies adveeFtred are restricted to persons or employ -
ts excepted from the provisions of the Control of
agement Order, 1947.

ADING COMPANY requires junior development
ineer (inter-B.Sc. standard), preferably with
erience in radar or communications work. Com-
cing salary between £'35o and ..nio (according to

erience), with excellent prospects for advancement.
/87, E.E.

NTI LIMITED require for Vacuum Physics
oratory Physicists or Engineers, graduates or with
'valent qualifications, preferably with experience of

etronic vacuum work or U.H.F. valves. Application
from Personnel Manager, Ferranti Limited,

y Road Edinburgh, 5.
CHNICAL WRITER. Electronic engineers seek
tact with technical writer able to assist in prepara-

of sales literature. Box 203, E.E.
,

IOR DESIGN ENGINEER required by
vincial Radio Manufacturer opening new laboratory
onion area. Extensive laboratory experience in

gn and development of radio and television
rivers essential. Able to train and encourage junior
I. Good salary and prospects. Reply to Box 211,
I., stating age, qualifications, experience and salary
aired.
CHNICAL ENGINEER required for senior
'Hon with Electrical Instrument Company.
?licant should have sound electrical qualifications
i his industrial experience should cover the design,
nufacture and application of electrical measuring
iruments and electronic testing equipment.
plicant should state salary required and when he
id be free to take up appointment. North London
a. Box 209, E.E.
VELOPMENT ENGINEER required for West

;radon area. Must have industrial experience,
ferably of audio frequency amplifiers, and education
at least Inter. B.Sc. standard. Write, stating age,
erience, education and salary required to Box
, E.E.
CEINICAL REPRESENTATIVES required by
nufacturers of electronic instruments and industrial
tipment, including RF. heaters, preferably having
a car. Write, stating experience, salary required,

to Box 210, E.E. .

tAUGHTSMEN required for radar telecommunica-
and electro mechanical instruments. West

don area. Apply in confidence, stating age, details
xperience, and salary required, to Box 206, E.E.
CHNICAL ASSISTANT required by well-known

npany, situated West London district, for investiga-
a of improved processes in cathode ray tube
nufacture. Degree in Chemistry or an equivalent
dification desirable. Industrial experience on

ar work an asset. Applications, which should
dude full details of training, experience, age and
ary expected, should be addressed to Box 207, E.E.
ECTRONICS ENGINEER, H.N.C. or Degree
ndard, 5-10 years' experience, required by leading
lneering firm in Midlands for the design and
struction of electronic vibration indicating and
ording gear strain gauge recording apparatus, and
teral development work of electronic laboratory.
e -day week. Reply, age, experience and salary
uired, to Box 427, 8, Serie Street, London, W.C.2.

SST GEAR ENGINEER required for servicing
ctrical test gear in inspection department. Apply
Personnel Dept., E.M.I. Factories Ltd., Blyth

ad, Hayes, Middx.
STRUMENT MAKERS required for prototype
d similar work of an interesting nature. Five-day
ek. Excellent working conditions. Apply in person,
write to Personnel Dept., E.M.I. Factories Ltd.,

yth Road, Hayes, Middx.
I0 ENGINEER required for technical investiga-
work on large-scale radio receiver and component

duction. Education up to Higher National
tification or City and Guilds Final. Apply by letter
Personnel Dept., A/T. E.M.I. Fa'ctories Ltd., Blyth
ad, Hayes, Middx.

UGHTSMEN required for jig and tool drawing
ce. Must be familiar with electronic equipment

truction. Manchester area. Apply, giving full
'eulars of experience, qualifications and salary

uired, to Box 213, EX.

MANUFACTURERS OF WIRELESS EQUIP-
MENT in South East England require immediately
two experienced Estimators. Applicants with work-
shop and/or drawing office experience on light electrical
equipment, with previous estimating experience, should
apply, stating age, qualifications, experience and
salary expected, quoting Ref. 89 to Box 2o5, E.E.
ENGINEER REQUIRED to take charge of Type
Approval and Life Test Laboratory. A knowledge of
the necessary procedure is not essential but is desirable.
The position is one of responsibility, and applicants
should have had at least five years' experience in a
senior position on the design of components, light
electrical appliances or electronic equipment. State
full particulars of experience, age and salary required
to Box 201, E.E.
LEADING RADIO COMPANY requires the services
of a fully qualified and experienced Communications
Engineer as Chief Engineer in charge of Domestic
Radio and Television Research and Development.
Salary £1,2oo-£1,5oo per annum. Age not less than
35 years. State full details of experience to Box 204,
E.E.
TECHNICAL ASSISTANT required to take charge
of electro-encephalographic apparatus. Must have
experience in electro-encephalography and general
knowledge of radio mechanics. Salary £5oo, rising by
£2.5 to £600 per annum. Placement on scale according
to experience. Non-contributory pension scheme
recognised under National Health Service Act. 
Application form obtainable from Physician Super-
intendent, Crichton Royal Mental Hospital, Dumfries.
ENGINEERS required for employment on develop-
ment of radar, communication and electronic
equipment. Applicants must possess a degree in
Engineering or its equivalent. Salary £400 to £600
per annum, according to qualifications. Reply, stating
age, experience, training and qualifications, etc., to
Cossor Radar Ltd., Wren Mill, Chadderton, Nr.
Oldham, Lancs.
DESIGNER -DRAUGHTSMAN required for factory
NOrthern area. Must be conversant with radar and
radio equipment construction. Reply, stating age,
full details of experience, training and salary required,
to Box 214, E.E.
A SENIOR RADIO DEVELOPMENT ENGINEER
is required by the South Western Division of a leading
Radio Company. Candidates should have had practical
experience in radar work and be capable Of controlling
sections developing radar and atomic energy electronic
equipment. Commencing salary will be £600 upwards,
according to qualifications and experience. Housing
accommodation is likely to be made available in the
near future to the person appointed. Full details
should be submitted immediately.
The Company is also appointing a Junior Development
Engineer (Inter. B.Sc. or equivalent). Candidates
for this post must have had practical experience in
radar and communications equipment design. The
commencing salary will be f.,35o/C400, with every
prospect and facility for advancement. Full details
of qualifications and previous experience in writing
to Box 2/2, E.E.
ENGINEERS required for employment on mechanical
design of radar, communication and electronic equip-
ment. Applicants must possess a degree in engineering
or its equivalent, and be capable of producing designs
suitable for small and mass scale production. Write
stating age, details of experience, training and
qualifications, etc., .to Cossor Radar Ltd., Wren Mill,
Chadderton, Nr. Oldham, Lancs.
DEVELOPMENT ENGINEERS required by radio
manufacturers in Essex for work on centimetric waves.
Candidates should possess a University Degree,
preferably with telecommunications as a subject.
Age 25-35. Salary according to age and experience.
Apply, quoting Ref. 91, to Box 215, E.E.
QUALIFIED MATHEMATICIAN required. At
least seven years' experience in industry or Government
establishment. Must have had experience in circuit
analysis, etc. Write Box N57o3 A. K. Advtg., 2r2a,
Shaftesbury Avenue, W.C.2.
RADIO COMMUNICATIONS EQUIPMENT
Electrical engineering and physics graduates are
required for work in this field, preferably with experi-
ence in research and development in telecommunica-
tions and with a good Honours Degree. Apply by
letter only to the Director, Research Laboratories of
the General Electric Co. Ltd., North Wembley,
Middx., stating age, experience and qualifications.

SITUATIONS WANTED
GRADUATE ENGINEER (Mechanical Faculty) with
wide experience ; managing director of big tele-radio-
corn. factory abroad ; specialist in mass production.
tool and machine fixture designing, time and motion
study; thorough kin of limits and precision
fittings for engineering, etc., now seeks appointment in
London. Box 195, E.E.
PHYSICAL CHEMIST, own laboratory, high
qualified, offers services for research and development
work on physical or chemical problems. Box 2/7, E.E.
YOUNG ENGINEER, 21, B.Sc. (Hons.), with some
experience of factory technique, keenly interested In
telecommunications, desires progressive position in
design or research work involving tome academie
application. Box 218, E.F.
vso,t:o slum Ill Vs:D. Secretary

, mieal work in
Il9s 219, E.E.

PHYSICIST, B.Sc., F.Inst.P. 38, experienced in
electronic engineering and vacuum prsctice, is available
for research in thermionic.s, VZICI14.101 physics applica
tions, or instru RICH ts. Box 221, E. E.

BUSINESS OPPORTUNITIES
DIRECTORSHIPS OFFERED in small newly
formed company (with ie.-, subsidiaries) to capabb
man expert on amplifiers and general service work.
Ample scope with great possibilities. Capital required
up to ir,ocio. Write Box 202, E.E.
BRITISH PATENT No. 565.206. It is desired to
secure the full commercial development in the United
Kingdom of British Patent No. 565,206 which
relates to apparatus for transmitting picture
between spaced points, either by way of the grant of
licences or otherwise on terms acceptable to the
patentee. Interested parties desiring copies of the
patent specifications should apply to Stevens, Langner,
Parry and Rollin...son, 5 to 9, Quality Court, Chancery
Lane, London, W.C.2.

EDUCATIONAL
UNIVERSITY COLLEGE, SOUTHAMPTON.

Diploma in Electronics.
An advanced course of Honours Degree Standard,
covering the entire field of Electronics, with special
emphasis on Receiver Design and Line Technique, will
commence at the beginning of October, 1948.
The course will be full time for one academic year. The
College will grant a Diploma by examination to students
who successfully complete the course. Entry qualifica-
tion is normally a university degree or its equivalent.
Further details may be obtained from the Assistant
Registrar.
COMPLETE CORRESPONDENCE COURSE
covering Amateur and C. and G.I. Examinations,
consisting of is lessons. Send for particulars. Every -
man's Correspondence College, 72, St. Stephen's
House, Westminster, S.W.t.

FOR SALE
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. GER. 4447.
POWER UNITS featuring small size 6 in. by 5 in,
captive bead terminals, plug type mains counect,,r.
on/off switch and indicator lamp and 6.3 volt 5 mop,
Two tvpes 25o volts So rnA bum level 0.25 per cent -
price 14 ; 350 volts too mA, price ia tos. James S.
Kendall, Assoc.Brit.I. R.E. , A.M.I. R. R. t33,ton
Road, Biimingham, 17.
COMPONENTS and valves available at attractive
prices. Send for list. Trade list available. Waits, 38.
Chapel Avenue, Addiestone, Surrey.
EX-R.A.F. Loran I lid lc., t r with 5 in, electrostatic
c.r,t. with time base. o v.ti V,  including 6SN7, 6146,
6S J7 and calibrated zoo Ii, ev,tal, for
conversion to oscillograph, o 1", x L. k.

INDEX TO ADVERTISERS
SEE PAGE 28
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CLASSIFIED ANNOUNCEMENTS (Coned.)

ELECTRICAL CONTRACTOR has valuable stock
for disposal. The items include conduit, switch gear,
domestic fittings, fluorescent fittings, tubes, etc., etc.,
to the approximate value of £4,000. Write Box 216,
E.E.
THE ENOCK PICK-UP is now available in limited
quantities. Moving coil with precision made polished
diamond stylus., Weight at needle point, * oz. No
resonances within the recorded range. Price (in Great
Britain), £32 13s. 4d. .inc. tax. Please send for par-
ticulars, or better still, let us demonstrate. Joseph
Knock Ltd., 273a, High Street, Brentford, Middlesex
(EALing 8103).
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
realisni hitherto unattainable. Price (ex works),
98 gns. Please send for full particulars, or better still,
let us arrange for a demonstration. Joseph Enock
Ltd., 237a, High Street, Brentford, Middlesex (EALing
8103).

COPPER WIRES, enamelled, tinned, litz, cotton,
silk covered. All gauges. B.A. screws, nuts, washers,
soldering tags, eyelets. Ebonite and laminated
Bakelite panels, tubes, coil formers. Tufnol rod.
Flexes, permanent detectors, earphones, etc. List
S.A.E. Trade supplied. Post Radio Supplies, 33,
Bourne Garden's, London, E.4.
ELECTRONIC ENGINEERING. 75 copies, June,
2941, to date. Apply J. Ramage, 45, John Street,
Larkhall, Lanarks.
MAZDA CRM 91 Television Cathode Ray Tubes'
£7 los. each.' Few only. 229, Hale Lane, EDGware
7322.
SHORTWAVE COILS, chokes and condensers,
slow-motion dials and drives, chassis, panels, cabinets,
nuts and bolts, rotary switches, electrolytics, miniature
components, resistors, etc., etc. Extensive range of
components. American and British valves, Vitavox
speakers and microphones, Sound Sales feeder units
and amplifiers, Gardner transformers, radio circuits
and manuals, etc., etc. Eddystone stockists. Cata-logue, 2/d. post free. Whatever you want, write
City and Rural Radio, Constructional Engineers,. sox,
High Street, Swansea (Phone 4677).
QUALITY AMPLIFIER as recommended by G.E.C.
and built to Mr. Williamson's specification. 7 valves.
Partridge transformers, etc. Definitely the finest
reproducer yet manufactured.. 15 watts output,
Price, 425 los. Elec. motors with pick-up, /2 -ill.
speakers, pre -amplifiers, also supplied. Details from
R.T.M. Co. Ltd.," Laurel House,"141, Little Ealing
Lane, W.5 (EAT. 6962).
TIME BASE UNITS, type 28. Brand new, con-
taining ro EF5o's, 1 807, 4 EB34's, xx potentiometers
(6 with slow-motion drives), approx. 90 resistances,
condensers, relays, Yaxley switch, etc. Complete in
wooden packing case, bargain £4 15s. Carriage paid.
V1907 5,000 volt rectifier, 4 volt fil., is. each. Power
units, transformers, chokes and many other items.
S.A.E. list bargains. Cross, 59, Riverside Road, West
Kirby, Cheshire.
POTENTIOMETERS. A small quantity of Colvern
can -corrected precision type 5,000 ohms linear 3"
diameter, f" or spindle. £3 each. Rogers Develop-
ments Co., 12 Macclesfield Street, Shaftesbury Avenue,
London, W.I.

WANTED
DOUGLAS No. 3 or similar coil winding machine in
first-class condition only. Thermionic Products Ltd.,
Pratt Walk, Lambeth, S.E.II.'

SERVICE

FACILITIES AVAILABLE for radio assembly
work on amplifiers, radar and small radio chassis.
Prompt deliveries, first-class work. Write R. T. M. C.
Ltd., 141, Little Ealing Lane, W.5 (EALing 6962).
LOUDSPEAKERS-We carry on. Sinclair Speakers,
12, Pembroke Street, N.,.
LOUDSPEAKER repairs, British, American, anymake, moderate prices.-Sinclair Speakers, x 2,Pembroke Street, N.'.
FACTORY HAS TECHNICAL Staff and capacity
available for manufacturing scientific or other articles
in glass. Box i63, E.E.

MISCELLANEOUS
WE WILL BUY at your price used radios, amplifiers,
converters, test meters, motors, pick-ups, speakers,
etc., radio and electrical accessories. Write, phone or
call, University Radio Ltd., 22, Lisle Street, London,
W.C.2. GER.4447.
WEBB'S Radio Map of the World enables you to
locate any station heard. Size 4o in. by so in. 2 -colour
heavy Art Paper, 4/6, post 6d, Limited supply on
Linen, 1o/6, post 6d.-Webb's Radio, 54, Soho Street,
London, W.x. 'Phone GERrard zo8g.

MORSE Practice Equipment for Class -room orIndividual Tuition. Keys Audio Oscillators for both
battery or main operation. Webb's Radio, 14, Soho
Street, London, W.x. 'Phone: GERrard
PHOTOGRAPHY. We specialise in advertising and
catalogue -photography, and in series photographs for
instruction sheets. Our pictures tell the story. BehrPhotography, 44, Temple Fortune Lane, M.W.Ir
(SPEedwell 4298).

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.I., A.M.Brit.I.R.E.
and other important En-
gineering Examinations, and
outlines home -study courses
in all branches of Civil,
Mechanical, El ectr i cal,
Automobile, Radio and
Aeronautical Engineering,
Government Employment

Draughtsmanship, Building
and Plastics Matriculation, etc.WE GUARANTEE,

"NO PASS-NO FEE"
If you are earning less than E10 aweek you cannot afford to miss

reading " Engineering Opportuni-ties." It tells you everything you want to knowto secure your future. Write for your copyof this enlightening guide to well -paid postsNOW-FREE and without obligation.

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
337E, SHAKESPEARE HOUSE, 17, 18, 19,STRATFORD PLACE, LONDON, W.I

VOTZ, 90K...6

3-arned
It4 excetteitt

9ecikn1cal
garit4 dept,

secondkond Books on eery sohjett.
New t

We BUY Bvoks,tool

119-125 ClIARING
CROSS RD

LONDON WC2

c'erivrs
560 (16 fides; 4, 0/ 9-6 (ire sat6)

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

AS/TT54
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improved nd lighter cases.

Similarly, engineers are using
TUFNOL, a comparatively new
material, with advantage to im-
prove their products and pia it.
In practically every i idustry
TUFNOL has proved to be the
solution to tricky problems-as
improved gear wheels, textile

 TUFNOL. a a comparatively new material. Made in
the forms of sheets, tubes, rods, bars, angles and
channels.
 For quantity production, some components can
be moulded to shape during manufacture.
 Light in weight, strong, electrical insulator,
resists corrosion, unaffected by wafer, oil or
petrol. Does not warp. Is not attacked by
rodents or termites.
 Can be machined easily and accurately.

bobbins, aircraft pulleys, chemical
trays ;.ind electrical insuLt rs
to name only a few of the
thousands of different uses.
C..ir TUFNOL improve your
products or plant?' Write for
fuller details or ask for one of
our technical staff to call o o you.

TUFNOL
rhe

An ELLISON Product made by TUFNOL LTD Perry Barr Birmingham 228 89
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ONE IN A THOUSAND
Fifteen years ago we introduced the first British -made low -loss ceramic. Today
the range of FREQUENTITE components covers more than a thousand pieces
of every shape and size.

With such a store of manufacturing experience we are able
to offer advice backed by practical knowledge on your insula-
tion problem. Please consult us before you finalize your design.

STEATITE & PORCELAIN PRODUCTS LIMITED
Head Office : Stourport-on-Severn, Worcs. Telephone : Stourport Ill. Telegrams : Steatain, Stourport.

s.p.r7
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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

DAI8/47

arse

t11.5
vAa7,-*I.Ds

-WI
parlse

of liaraleo

Ilelq0.etically

sealed

TransforvLers

aria aloli.e5.

Deleloped

to operate

-a118.er

saollormal

colAditioTis.

?000
0?

1;F,IOVTg

le.lcers Trans
Of forrs.



March, 1948
6 Electronic Engineering

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

duringthe 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, EHA WO D, HERTS

Telephone: ELStree 1870, 1875 and 1117

LEAD -THROUGH "HI -LOAF CAPACITOR

Further
technical
details

furnished
on request

0
rn

4 BA.CLEAR.

`1"

This new Ceramic " Hi -Load " C
H.T.apacitor

has

been specially designed as 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 SURREYTelephone: Elmbridge 5241 (6 lines) Telegrams: Colonel, Surbiton
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MAZDA
HIGH VOLTAGE RECTIFIER

19.H.1

This High Vacuum Half Wave Rectifier is now available for use in

Industrial or Amateur Electronic Equipment. Its main characteristics are :

FILAMENT VOLTAGE
FILAMENT CURRENT
MAX. FEAK INVERSE VOLTAGE (Working)
MAX. PEAK INVERSE VOLTAGE (No Load))
MAX. PEAK ANODE CURRENT
MAX. MEAN ANODE CURRENT
MAX. VALUE OF RESERVOIR CONDENSER
MIN. SURGE LIMITING RESISTOR
MAX. OVER-ALL LENGTH
MAX. DIAMETER

4.0 v.
2.0 A.
15 KV

t 17.5 KV
600 mA
75 mA
I.0 µF

2,500 ohms.
210 mm.

51 mm.

* The filament must be switched on for 10 seconds before the anode voltage is applied.
t This rating is absolute and must not be exceeded in service.

LIST PRICE

£i 26

THE EDISON SWAN ELECTRIC COMPANY LIMITED
RADIO DIVISION

155 CHARING CROSS ROAD, LONDON, W.C.2
RE53
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Designed for/use in
midget radio receivers

and other apparatus

where space is limited, the
AB-Type M-1 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.

V
TYPE M-
MINIATURE

ROTARY SWITCH

41)
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

A hundred years ago communication between
prospecting parties and civilization was slow,
uncertain and often hazardous. Today a radio
telephony link eliminates the difficulties im-posed by distance, terrain and climate.
Geological, seismic and other prospecting
parties all over the world are specifying the
50 watts Redifon GR.49 as essential equip-
ment. This efficient new short-wave radio
telephone is very simple to operate, sturdily
built and finished to withstand tropical
conditions.

Redifon GR.49
Radio Telephone

nedifen Radio
Radio Communications Division

REDIFFUSION LTD., BROOMHILL ROAD, WANDSWORTH, S.W.I8
Designers and Manufacturers of Radio Communication and IndustrialElectronic Equipment

Scientific RC 105



rNSTRUMENT MAKERS SINCE 1800
ELECTRICAL INDICATING, TESTING AND RECORDING o INSTRUMENTS

FOR TEMPERATURE AND PROCESS MEASUREMENT AND CONTROL FUEL

ECONOMY, GAS ANALYSIS AND FLOW MEASUREMENT EQUIPMENT
SYSTEMS OF REMOTE INDICATION, INTEGRATION, RECORDING AND CONTROL

BROTHERS LONDON) LTD.
p\JTURY WORKS, LEWISHAM, S.E.I3. TELEPHONE: TIDeway 3232

AND Al ROCHESTER, KENT RESEARCH LABORATORIES AT BOREHAMWOOD
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QUARTZ CRYSTAL UNITS

V WIREMOUNTINC
BRITISH PATENT N? 678290

The type JCF,200 unit illustrated above is representative of the wide
range of vacuum type units available for low and medium frequencies.

FOR STABLE FREQUENCY GENERATION
FEATURES:

Low temperature coefficient-less than 2 in 106 per °C.
Patented nodal suspension. Mounted in vacuum ;
performance independent of climatic conditions.
Exceptionally high Q value. High stability. Small size,
3in. x fin. overall excluding pins. Fits standard minia-
ture deaf aid valve socket.

SALFORD' ELECTR'ICA
P E E L K

. .

Pone... A: 6685 //nes- Ca
, .

INSTRUMENT -S LTD.

c hes/et-
Proprietors, THE GENERAL ELECTRIC CO. LTD. En8land.

raining fits
you for entry into
numerous careers in

ELECTRONICS

The Correspondence and College Courses provided by
E.M.I. Institutes which cover recognised diplomas such as
the City and Guilds, etc., are written and supervised by
E.M.I.* scientists who are specialists in Electronic Science.
Courses are available in such subjects as Basic Radio, Basic
Television, etc., and the prospectus is being constantly
extended.
With E.M.I. basic training you can eventually become a
specialist in Television, Radio and various Electronic
applications. There are also short courses for Executives,
Amateurs, Students, etc.

For full details apply to your local " H.M.V," Radio Dealer
or direct to: The Principal:

PROFESSOR H. F. TREWMAN, M.A. (Cantab.),
M.I.E.E., M.I.Mech.E., M.Brit.I.R.E.

E.M.I. INSTITUTES LTD.
Dept. 11, 43 Grove Park Road, Chiswick, London, W.4* The E.M.I. Group includes "H.M.V.", Marconiphone and other important

electronic interests.
E.43

NEFE All Steel Batteries
 Containers, Terminals

and even the Plates are
made of steel and prac-
tically indestructible.

 Active material totally
enclosed.

 Completely inert on
open circuit and does
not suffer from local
action and standing loss.

 No corrosive fumes.

 Alkaline electrolyte
non -corrosive to all cell
parts, including term-
inals.

That's why MORE LI F
there is ?ME

Now available for all purposes except private radio and private cars.

NIFE BATTERIES -- REDDITCH - WORCESTERSHIRE.
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CYCLE BY CYCLE
WITH THE

MUIRHEAD..WIGAN DECADE OSCILLATOR
TYPE D  105  A

If you are faced with the problem

of taking frequency characteristics of

filters, transformers, amplifiers, etc.,

how very convenient to be able to

shift the frequency by accurately

known intervals at the turn of a

switch ! How very reassuring to know

that you could instantly reproduce a

given frequency with extreme

accuracy, and without ambiguity !

The Muirhead-Wigan Decade Oscillator Type D ;.05  A

FREQUENCY RANGES 1 - 11,110 c/s by steps of 1 c/s; 10-111,.100 c/s by steps of 10 c/s

HOURLY STABILITY + 0.05% at all but the very low frequencies

ACCURACY ± 0.2% or ± 2 c/s whichever is the greater

OUTPUT 2 watts into a load of 6,000 ohms

HARMONICS less than F25% at 800 c/s for 1 watt; less than 3% at 800 c/s for 2 watts

POWER SUPPLY 190 - 260 v., 50 c/s

Bulletin No. B- 5 28 - D, giving more detailed information, will gladly be sent on request.

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

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

C.R.C.64a
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Important News
KM, CUSTOMS AND EXCISE HAVE REVERSED THEIR RULING ON THE

x'640'
AND THIS COMMUNICATIONS RECEIVER CAN NOW BE SUPPLIED

Free of Purchase Tax

In addition, the manufacturers have improved their
line production, enabling a reduction in cost tobe made. ,

PRICE 239 10s. NO PURCHASE TAX

This efficient general purpose short-wave receiver, is
designed to meet the exacting requirethents of Amateur -
Band Communications.

Continuous Coverage from 31 to 1.7 Mc/s with
Electrical Bandspread throughout; Eight Valves (plus
rectifier). One R.F. and two I.F. Stages. Efficient
Noise -limiter. 1o, 20, 40, 8o and 16o metre Amateur
Bands calibrated. Beat Frequency Oscillator. Flywheel
Control on Bandspread. Vacupm. mounted Crystal
Filter Adapter for Battery Operation.
The " 64o " has outstanding signal/noise ratio and
extremely good image rejection. Provision for external
connection of " S " Meter.

Available Ex -Stock from

14, SOHO STREET, OXFORD STREET, LONDON, W.I.
Telephone GERRARD 2089. Shop Hours : 9 a.rn.-5 I 5 p.m. Sots. 9 a.m-Ip.m

DIRECTLY M E SURES
10,000 MEG01-1-is
at low voltage.
A compact, highly sensitive instrument for 'measuring Insulation
Properties and Leakage Resistance without destructive breakdown ;
also suitable for Moisture Determinations. A guard circuit is
provided for proper elimination of surface leakages:

Range : 0.x M SI to io,000 M
Test Potential : Less than 5o volts.
Power Supply : Self-contained dry batterieS.
Dimensions : 4}"x 7k" x 4' deep.

Data sent on request to :-
DAWE INSTRUMENTS LTD., 13o UXBRIDGE ROAD,HANWELL, LONDON, W.7 Telephone: EALING 6215
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Continuously in Service,
Day and Night

Noon over Nanking. Dawn over the Atlantic.
Blackness over the Andes. In all parts of the world,
at all times of the day and night, Marconi built stations
are in operation, broadcasting or sending telegraph
messages and giving unrivalled service. Wherever
ships and aircraft are plying, you will find Marconi
apparatus guiding them, every hour of the day, every
day of the week. Pioneers in Wireless Communica-
tion fifty years ago, Marconi's still maintain their
leadership. Behind every new development there will
be Marconi's accumulated experience. Behind every
new piece of Marconi equipment there will be the
honoured name as an assurance of maximum efficiency.

)

\ /

the greatest name in wireless
MARCONI'S WIRELESS TELEGRAPH COMPANY'LTD.,

MARCONI HOUSE, CHELMSFORD, ESSEX.

NEW WAYS
of obtaining

E.,H T
for cathode ray tube
and supplies

SEE THE EXHIBIT OF

° WESTINGHOUSE 0

ESTAUTE
METAL RECTIFIERS
AT THE FORTHCOMING EXHIBITION OF

THE PHYSICAL SOCIETY
WESTINGHOUSE BRAKE .& SIGNAL CO., LTD.
82 YORK WAY, KING'S CROSS, LONDON,

UNIVERSAL IMPEDANCE
MODEL UB 202

BRIDGE

This is a self-contained universal bridge which measures
resistance at DC, Capacity and Inductance at 1000 Cycles. The
necessary bridge voltage and null detectors are incorporated
in the instrument. Measurements in condensers can be
carried out with applied polarising voltage and inductances
can be measured with superimposed DC.

Resistance Range .01 ohm to I megohm
Capacity Range 10 pf to 1000 mFds.
Inductance Range 10 ihH. to 1000 Henries.

For particulars of this and our full range
of 'measuring instruments write to :--

BRITISH PHYSICAL LABORATORIES
HOUSEBOAT WORKS, RADLETT, HERTS.

Telephone : Radlett 5674-5-6
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MERCURY. VAPOUR RECTIFIERS WITH AN ASSURED

B. I. F.

We will be exhibiting
at Olympia,

Stand No. H. 45

Write for
technical data
on these and
other Mullard

valves

These three Mullard rectifiers owe their reputa-
tion for dependability to closely controlled
manufacturing processes. Below are some of the
reasons why more and more designers are specify-
ing the " RG " range.

Stable Emission. The special double spiral
filaments are so designed that the emissive coating
is firmly keyed to the wire.

Long Life. The use of zirconium to eliminate
" foreign " gases reduces positive ion bombard-
ment of the cathode.

High Voltage Tests. All valves are subjected to
rigorous back -arc tests.

RG I -240A

Peak Inverse Voltage - - - 4,700 V max.
Mean Anode Current - - -250 mA max.
Two Valves in a Single -Phase Full -Wave Circuit

will give 1,500 Volts at 500 mA.
Filament Voltage - - - - - 4.0 V
Filament Current 2.7 A

RG3-250

Peak Inverse Voltage _10,000 V max.
Mean Anode Current - - 250 mA max.
Two Valves in a Single -Phase Full -Wave Circuit

will give 3,150 Volts at 500 mA.
Filament Voltage - - - - - 2.5 V
Filament Current 5.0 A

RG3-1250

Peak Inverse Voltage 13,000 V max.
Mean Anode Current - 1.25 A max.
Two Valves in a Single -Phase Full -Wave Circuit

will give 4,140 Volts at 2.5 amps.
Filament Voltage - - - - - 4.0 V
Filament Current 7.0 A

Mullar
THERMIONIC VALVES & ELECTRON TUBES

THE MULLARD WIRELESS SERVICE CO. LTD., TRANSMITTING & INDUSTRIAL
VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.z

M VT20
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I TNDER the title : " Radio
Repairs-Racket or Not? " a

reporter on one of the Sunday
papers has written of his experiences
in having a receiver repaired at a
number of dealers.* The price
charged him for repairing a fault
due to a wire deliberately broken
off under the chassis varied from
lis. to 27s. 6d. In no case, says
the reporter, was he informed that
the wire had been deliberately dis-
connected, and he implies that the
charge for repair by even the most
reasonable dealer was excessive.

Mr. H. A. Curtis, Secretary of
the Radio and Television -Retailers'
Association, has ably defended the
retailer by pointing out what is com-
mon knowledge to the experienced
radio serviceman-that a set cannot
be repaired without a thorough
test, first to determine the fault,
and then to make sure that the
repair is adequate.

It is Mr. Curtis' opinion that an
average charge of 17s. 6d. for repair-
ing a simple fault is not excessive,
having regard to the time and skill
involved, and most servicemen will
agree with him.

(As to the reporter being kept in
ignorance of the fault which he
himself had produced, there is no
reason for the dealer to suppose
that he would be any wiser when he
was told. If a watch will not go,

if does it help, the owner to be told

Service
by the repairer that the pallets are
too deep on the scape teeth?)

Nevertheless, there is sufficient
justification in many cases to
warrant hard things being said
about the radio repair trade. Again
quoting _Mr. Curtis : " There is
nothing to prevent anybody with
or without experience, with or with-
out equipment, and with or with-
out conscience, to set up as a radio
expert."

This is the condition which the
industry is doing its best to remedy,
handicapped by the absence of
legislation which protects the publics
in other directions. No one can
call himself a dental surgeon or a
solicitor with impunity, yet the
words " radio engineer ' or

NOW IN PRESS
A new

ELECTRONIC ENGINEERING
MONOGRAPH entitled

ELECTRONIC MUSICAL
INSTRUMENTS
By S. K. Lewer, B.Sc.
will be available shortly.

Orders can be placed through the
regular booksellers or with the
Publishers at 28 Essex St., Strand, W.C.2.
Price 3s. 6d., or 3s. 9d. including postage.

" service engineer " are used or
abused by many who have no
shadow of claim to technical know-
ledge.

The increase in television receiver
sales will aggravate the problem,
and, as Mr. G. H. Watson sug-
gests,f it might be good policy for
manufacturers to limit their sales
to dealers with personnel of recog-
nised standing. One well-known
manufacturer has 'already given a
lead in this direction, and it is
hoped that restrictions will be
successfully imposed before tele-
vision finds itself in the same plight
as radio service.

It is too much to hope that the
radio engineer will be protected in
the same way as other professional
men, but more can be done to
educate the public into an apprecia-
tion of the difference between quali-
fied and an unqualified service. For
example, a label could be affixed
to each receiver sold, recommending
that it should be taken only to a
qualified dealer for repair, the term

qualified dealer " being explained
by propaganda in the press and in
poster form. The bona fide dealer
should be pleased to co-operate in
a scheme which would ensure recog-
nition of his status and discourage
the dabbler and less scrupulous
competitor.
* Sunday Dispatch°, Feb. 15.
t Radio Section, I,F , Insensate.; Feb, 14,
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Modern

Geiger- Milner

Tubes

By O. J. RUSSELL, B.Sc.*

THE Geiger -Muller tube still
largely retains its reputation of

being a temperamental laboratory
device. While it is certainly not an
easy matter to produce robust and
stable Geiger -Muller tubes of stan-
dardised characteristics, these arc
now produced commercially. Many
tubes are, in fact, fitted with
international octal bases, and uni-
formity is often such that a tube
may be changed without necessitat-
ing any apparatus adjustment what-
soever. When it is considered that
a G.M. tube is actuated by single
atomic events, this is a combination
of stability with sensitivity that is
virtually unparalleled.

A brief recapitulation of the modes
of operation of the Geiger-MUller
(" G.M.") tube is all that can be
given here, as this is adequately
covered in the literature.'" While
various geometrical constructions
are employed for specific purposes,
the most generally employed elec-
trode structure is that of a
cylindrical cathode with an axially
disposed wire anode. The tube
filling consists usually of an inert
elementary gas, with or without
more complex gases-often organic.
The complex gas added to the tube
filling plays an important role in
the discharge mechanism, and
operates to quench the discharge
initiated by an ionising event.
Without some quenching mechanism
the discharge, once initiated, would
continue. Quenching may be effected
wholly or partially by these appro-
priate circuit arrangements. It is
7 Research Dept., Alltools Ltd., Brentford.

1;1

Typical Geiger -Muller tubes.
Type numbers, reading from left to right-
(Top row)
GT3 A small alpha particle and X-ray tube.
GT2 A small beta -ray tube.
GTI A small gamma and cosmic ray tube.
(Bottom row)
GTI I A supersensitive beta -ray tube for isotope tracer work, especially with solutions.MRCI A beta -ray tube for medical, biological and other isotope tracer work, with a solution -holdingskirt for ' radiological assays.' 
GTXI A special type for X-ray diffraction work, sensitive even to soft X-rays and to very low intensitiesof a few quanta per second.
GT2I A general purpose robust gamma and cosmic ray tube suitable for portable work.

therefore customary to classify
G.M. tubes into internal and
external extinction types, according
to whether the discharge is quenched
by the use of suitable gas mixtures,
or if quenching is to be obtained
by external circuit arrangements.
However, this distinction is of types
rather than of applications, as it
is common practice to utilise inter-
nal extinction tubes in conjunction

with external extinction circuits, as
this often offers considerable prac-
tical advantages.

A crude but convenient analogue
of the G.M. tube is the triode gas
discharge tube. The G.M. tube,
when a low potential is applied,
behaves as a simple ionisationchamber. The, pulse. produced by
the ionising event is dependent onlyupon the ionising ability of the
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vent. At increased values of the
pplied potential, a measure of
gas amplification " occurs, and

fie pulses, while still proportional
the ionising power of the ionising

ent, become larger. As a matter
f interest, amplifications up to 10'
ay be obtained in the proportional
gion, and with a moderate degree

additional amplification the
ulses may be made to operate
cording devices, or be displayed on
cathode ray tube-the pulse ampli-
de being proportional to the

.)nising power of the, event.
1 As the applied potential is in-
-eased still further, the propor-
onality falls off. While the
bsolute value of amplification
icreases, it is relatively lower for

,,rong ionising events than for weak
nising events. With further in -
^ease in potential a point is reached
hen all pulses, whatever the ionis-
g power of the event, are of the
ime magnitude. This is the
ireshold of the Geiger regime, and
iroughout the Geiger region pulse
ze still increases with applied tube
otential. The limit of the Geiger
egion with further tube potential
creases is reached when the 'tube

oes into a continuous discharge.
the Geiger Region,

owever, the pulse magnitude is
idepenient of the ionising power of
e ionising event.
For practical operation it is desir-
ble that there should be a large
oltage range above the threshold,

' ithin which stable operation can
e obtained. It is this criterion
,hich should be applied in choosing
tube for practical operation. Much
aluable work has been done with

' iakeshift tubes with only a few
olts of usable operating region.
Jowever, the wide expansion of the
'pplication of such tubes, especially
iir semi -industrial and industrial
urposes, requires tubes insensitive
) slight voltage changes, and
enerally uncritical as to circuit
arameters. The operating charac-
ristics can be most' conveniently
etermined by testing in conjunc-
on with the circuit to be employed.
f the voltage applied to the Geiger
'ube is slowly increased the count -
g section commences at a fairly

tarp limiting voltage, and increases
pidly until the characteristic

ounting rate for the tube de-
rmined by the natural background

Cosmic radiation and other
diations that may be present, is
ached. The threshold of usually

observed oounting action is not

Fig. I. Simple resistance quenching relying on
voltage drop through Rq to quench discharge.
Rq varies from HP ohms to 10' ohms according

to type of G.M. tube

Fig. 2. Neher-Harper extinction circuit. Vo
biased to cut-off, conducts when pulse from
G.M. is applied to grid. This increases voltage
drop through Rq, and extinguishes the tube

Fig. 3. Neher Pickering extinction circuit.
Vo normally conducting cuts off when G.M.
tube fires, thus lowering the voltage and

extinguishing the tube

necessarily the threshold of the
Geiger region, as the counting
device often requires a certain pulse
level before operating, and in
general the observed counting
threshold has no fundamental signi-
ficance. It is, of course, quite
possible to count below the threshold
of the Geiger regime, although pulse
amplitudes will then be dependent
upon the ionising powers of the
ionising events. This mode of
operation is often employed for
certain applications.
The " Plateau

Over a range of potential above
the Geiger threshold the counting
rate should be: sensibly constant.
This range is spoken of as the

" plateau " for the tube. As the
voltage is increased the limit of the
plateau is reached, and a rapid in-
crease in counting rate occurs as the
tube approaches the condition of
continuous spill -over. It is obvious
that the range of the plateau is 'an
important criterion of tube perfor-
mance. It can be stated as a general
guiding rule that a tube having a
large plateau will tend also to have
a flat plateau. Tubes having small
and by no means flat plateaux are
still common. A plateau measured
in tens of volts with a high .ate of
change of counting rate is regarded
in some quarters as satisfactory,
and even as the normal charac-
teristic of the G.M. tube. With
modern technique, however, a
plateau of two or three hundred
volts, that is flat to within normal
experimental error, is a routine
manufacturing standard. It is un-
desirable for critical work to use
tubes that require close control of
applied voltage and circuit condi-
tions for reproducible results. A
tube with a limited plateau is, in
fact, undesirable as this is usually
an indication of the occurrence of
spurious counts and hence of un-
reliability.

It is with tubes of such limited
characteristics that circuits designed
to suppress poor performance are
applied. One typical arrangement
consists of a multi -vibrator triggered
by the discharge. As spurious dis=-
charges often occur immediately
after a true discharge, by suitable
choice of time constant the multi -
vibrator can be in an insensitive
state while the immediately follow-
ing spurious discharge takes place.
The effect is artificially to flatten
the plateau, as the spurious secon-
dary discharges no longer affect the
multi -vibrator during the recovery
period. The counting circuits
operated from the multi -vibrator
pulses do not record the close spaced
G.M. tube spurious pulses following
upon the true discharge pulse. The
serious hysteresis and large tem-
perature coefficient effects commonly
present with such tubes are not
necessarily affected. There is a
danger with such arrangements
that the anomalous behaviour of
poor G.M. tubes may be concealed,
and large errors could conceivably
be introduced without their being
suspected. The resolving power for,
fast counting rates is in any case
reduced. It should be mentioned
that circuits applying large reverse
quenching pulses to the G.M. tube
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are also employed. These have the
object of reducing the recovery
time of the tube when dealing with
extremely high counting rates. It
should be realised that for normal
quantitative purposes very high
counting rates are not in general
necessary or desirable. The re-
covery time of a G.M. tube itself
being normally of the order of 10-s
to 10-4 second, the associated cir-
cuits are necessarily required to
resolve to this limit at least, a not
very stringent requirement.

Typical Performance
As an example of a typical

plateau performance, a curve is
given of actual figures taken on a
mediuin sized " Alltools " Cosmic
& Gamma type counter tube in con-
junction with standard Geiger -
Muller counter apparatus. This
tube, far from being specially
selected, has, in fact, been in con-
tinual service for years before the
figures shown here were taken.
Even so, the plateau is so flat that
the statistical fluctuations of the
random Cosmic ray Ickckground
necessitate a long count (in this
case ten minutes), in order to reduce
normal statistical fluctuations to
an extent in which any possible
slope to the plateau can be detected.
By chance, the actual deviation of
the recorded counts within the
plateau region are considerably less
in this series of observations than
the expected random fluctuations of
the cosmic ray background. It is
clear that even on a ten-minute
count any voltage dependence of
counting rate is negligible in com-
parison with the statistical fluctua-
tion of the background. No apology
is offered therefore for drawing the
plateau as an accurate horizontal
line, as the experimental points are
shown.

The performance of such tube
illustrates the reliability that can
be obtained in precision work. With
high performance tubes, a stability
of counting of the order of 0.1 per
cent. over long periods is obtained,
without the use of special circuits.
Thus points taken at eight -hour
intervals for decay curve plots
deviate by less than one part in 700
from the expected decay curve.
The flat, wide plateau makes critical
voltage control unnecessary, simpli-
fying circuit arrangements. The
very obvious stability engenders
some considerable confidence in
critical determinations dependent
upon accurate measurements of
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Fig. 4. Measured plateau characteristics of Geiger MUller-tube.

counts small compared with the
background count rate.

It is perhaps as well to mention
briefly the limitations imposed by
the unavoidable presence of the
background of cosmic radiation.
This being a random series of
ionising events, there will be a
readily calculable probable devia-
tion on any one determination of
this background. This, of course,
applies to any determination of
similar random events, as for
example, nuclear disintegrations.

As the background count is a
statistical average, for a count
averaging N, the probable error may
be taken as P.E. = 0.6745 A/N.
The standard deviation 0- = VN
is a more convenient parameter and
the square root of any total count
of random events is a useful guide
to the accuracy attainable in any
determination.

On a one minute count, with an
average value of 40, the standard
deviation will he ± 1/40 = 6.33
counts or 15.9 per cent. If we now
take a ten minute count, the
average total count will be 400, and
the standard deviation will be
1/400 = 20 or 5 per cent.

For the case, as often happens,
where we are interested in the detec-
tion of a feeble radiation level
giving a very small count, it is
necessary to ensure that the slight
increase is greater than the likely
statistical fluctuations in the back-
ground. The probability of fluc-
tuations about the mean value can
be exactly calculated. Thus values
that have a fluctuation greater than
five times the probable error occur
less than once in a thousand times.
As five times the probable error is

1500

approximately 3.37 times the
standard deviation, we can con-
veniently take four times the
standard deviation, i.e., 4VN as a
variation from the mean that is
significant with small chance of
error. If results are duplicated, the
reality of the significance of an in-
crease of counting rate is higher
still. Carrying the conclusions a
step further, if N. is the average
background, and Na is the average
intensity of a source of radiation,
then the combined count is (N0 +
N0), and the standard deviation
associated with this is

QS = ± V (N. +
The error associated with the

background determination is
if,, V No .

The radiation source count is
(No + N0) - Na = N0, but the
standard deviation of the figure
obtained by subtraction of the back-
ground reading from background
plus radiation source, is

Qz = 022.

The precise determination of
counts small compared with the
background is thus a lengthy
process.

The present great interest in the
development of isotope tracer tech-
nique, involving, as it does for
biological applications, the mini-
mum of material, throws the ques-tion of attainable precision into
prominence. While tubes and
equipment reliable to an order of afew per cent. are employed largely
in this work, the gain in using
modern tubes stable to the order of0.1 per cent. is very real. It is
desirable to stress that the statisti-
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cal limits of precision are only
attainable with apparatus of abso-
lute accuracy, The errors due to
unreliable apparatus, in particular
tubes of doubtful performance, can
be treate-d statistically, but as this
is identical with the introduction of
very large random errors into the
determination, the calculation of
errors on a simple statistical basis
leads to a false confidence in the
accuracy of the results. While this
should be appreciated as an axiom,
in practice it is readily overlooked.
The confusion and errors likely in
much preliminary isotope tracer
work, render warnings on this score
imperative.
Potassium Determination

As an example of work using
tubes and equipment capable of
long and reliable operation, we
may take the determination of
natural potassium. It is well
known that the majority of radio-
active isotopes of interest for
tracer investigations are Beta -ray
emitters, and their deterpaination
hinges upon accurate measurement
of their Beta activity. Naturally
occurring potassium contains a
Beta -emitting isotope K40, present
in all normal potassium compounds
to the extent of 0.012 per cent.
This provides an interesting method
of estimating natural potassium.

Employing a high sensitivity
Beta -counter tube of stable design,
with a cathode of six centimetres
active length, the background count
when unshielded in a laboratory of
rather higher background than the
normal cosmic ray background was
found to be 39.6 per minute, with a
standard deviation of ± 6.3 counts.
Using 10 ml of a 10 per cent. W /V
solution of KCl, i.e., approximately
0.5 gm of potassium element, an in-
crease of 71 counts per minute was
obtained.

To a good first approximation,
taking the background as 40 per
minute, and the activity of 1 gm. of
KC1 (0.5 gm. Potassium) as 70
counts per minute, on a ten minute
background count, the total count
is 400, and the standard deviation

1/400 = 20, This standard devia-
tion of 20 corresponds therefore to
a standard deviation of ± 2 counts
per minute. From statistical
reasoning, an increase of four times
this, that is ± 8 counts per minute
could be taken as a significant in-
crease with a possibility of error less
than one in a thousand. This cor-
responds roughly with the detection
(rather than estimation) of 0.1 gms.

of. KC1 (or 0.05 gm.) of potassium
under the conditions of the quoted
experiment. By taking a longer
count, say, 100 minutes, this con-
centration could be estimated with
fair accuracy, in fact, approxi-
mately 10 per cent. Where the
expected increase is only a small
fraction of the background count,
it is sufficiently accurate for many
purposes to take the standard devia-
tion of the background as the devia-
tion of the quantity being measured.

The necessity for tubes capable of
operating reliably and stably for
long periods is at once apparent, for
in general an N -fold increase in pre-
cision of a given determination re-
quires an AP -fold increase in counting
time.

The above consideration of the
estimation of potassium shows that
under the conditions of the original
experiment 0.05 gm. of potassium,
that is 10 ml. of 1 per cent. KC1 solu-
tion can be estimated. As it is not
necessary to effect a complete
chemical separation, the count time
of 100  minutes compares very
favourably with chemical deter-
minations. The conditions by no
means represent ideal conditions as
with a moderate degree of shielding,
such as may be readily provided by
two to three inches of lead, to re-
move the less penetrating compo-
nents of the cosmic radiation, the
background count may be at least
halved. Further, owing to the
marked absorption of Beta -radia-
tion in the aqueous solution, a much
thinner film of liquid surrounding
the tube may be used without
greatly reducing the, count. By this
means, the sensitivity for small
quantities of potassium may be en-
hanced. It is found possible to
determine in practice concentrations
of the order of 0.3 per cent. of potas-
sium to ± 10 per cent. conveniently.
Spectrographic potassium deter-
minations are, of course, much more
sensitive, but have the disadvan-
tage that their precision is low, and
is not appreciably increased at high
concentrations. The radioactivity
method of determination increases
in precision with concentration, and
offers some special advantages over
chemical methods of determination.
Special Types

The above consideration of the
statistical limitations applying to
isotope detection serves to stress
the necessity for absolute reliability
and uniformity if. the full capabili-
ties of Geiger -Muller tubes are to
be realised. While it is of the

first importance that a G.M. tube
should have stable characteristics,
it is of some importance that tubes
should also be uniform in charac-
teristics among themselves. The
controls employed to produce stable
tubes can confidently be expected
also to produce reasonably uniform
tubes. A test of a group of G.T. 11
thin -walled Beta Counter tubes,
from differing production batches,
gave a statistical standard deviation
of average background counts of 5 per
cent., which is highly satisfactory.

The tendency of the modern G.M.
tube design towards uniformity and
reliability has been coupled with
the production of a large number of
specialised types for specific appli-
cations. In the smaller sizes, where
it is practicable, these are provided
with international octal bases for
rapid interchangeability with
standard G.M. counter equipment.
Some of these types are shown on
p. 70. They fall into four groups.
Those specifically designed for use
as counters for alpha particles pro-
vided with extremely thin film win-
dows; those designed for Beta ray
counting, with thin walls; X-ray
types for spectrum analysis and
scanning technique material inspec-
tions, etc,, and finally, counter
tubes for gamma and cosmic radia-
tion. The tube.lengths vary, from
small two-inch bulb low background
tubes, up to tubes five feet in
length designed for stray radiation
monitoring purposes. In addition
multiple and other special types for
specific applications are produced.
It should be noted, however, that
tubes designed for special purposes
are often, equally serviceable for
other applications. With regard to
service life, it is of interest to note
that the provision of stable and
uniform tubes also ensures a very
long useful life. A tube life of ,the
order of 10" counts is by no means
exceptional, representing several
years' service at a counting rate of
a thousand a second. It is perhaps
necessary to record that the tubes
illustrated and discussed are entirely
of British evolution, design and
manufacture.

Thanks are expressed for the kind
permission of the directors of
Messrs. Alltools Ltd., to publish the
above article, and accomPanying
illustrations.
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A New Electro-Acoustic Transducer
Operating with Short Pulses

By G. BRADFIELD, B.Sc.*

BOTH magneto - striction and
piezo-electric electro - acoustic

transducers have in the past mainly
been used for generating continuous
waves or damped trains of oscilla-
tions. For either of these types of
oscillation, the acoustic wave could
be considered as traversing and re -
traversing a path of limited length
in the transducer, losing part of its
energy into the acoustic load at
each encounter with the loaded
interface. The method of wave
generation in the devices now to be
described differs from this because
the wave originates in a location
remote from the ends of the mag-
neto-strictive or piezo-electric body
in which it is propagated. This
method of generation inevitably
gives rise to two waves moving in
opposite directions. By permitting
one wave to propagate freely in the
generator body while the other is
being launched from the end of
body, this latter wave can be used
for exploration without interference
from the former.

Magnetostriction oil
Rod

Fig. I. Wave generated in magneto-striction
rod

Methods of generation of such
waves are illustrated in Figs. 1 and
2 for the cases of generation in
magneto-strictive and piezo-electric
media respectively. In Fig. la
there is a short coil embracing a
rod of the magneto-strictive material
and when current is passed through
this coil the flux density varies
along the rod as shown in Fig. lb.
According to the characteristics of
magneto-striction materials a strain
* Nalverk

is set up in the body of the material
which, in the steady state, would be
as shown in Fig. lc. Immediately
this condition is set up the wave
travels simultaneously to the left
and right with a velocity c where :

c = P.
E being the Young's Modulus of
the material of the rod and P its
density. An exactly similar state
of affairs occurs in the case of the
piezo-electric generator of the type
shown in Fig. 2, where application

Piezo-electric __Electrodes
Bar

(1)

Fig. 2. Wave generated in piezo-electric bar.
45 X -cut Rochelle salt transducer

of a potential difference to the pair
of electrodes causes a field intensity
which falls off with the distance
from the centre of the electrodes as
in Fig. 2b in a very similar manner
to Fig. lb. This causes a strain in
the piezo-electric material as in
Fig. 2c for the static case.

These waves travel freely along a
rod of magneto-striction material
and can, indeed, travel for con-
siderable distances substantially in
the original form of Fig. lc, or 2c.
If a rod of nickel is polarised over a
short length and a short coil
embraces this length, when the
travelling strain wave reaches the
coil, the permeability, of the
material is changed, thus, for the
polarised stretch, changing the flux
linking the coil.

Fig. 3. Voltage wave from nickel rod

The flux changes with time with a
curve similar to that of Fig. lc.
The resulting voltage wave on the
coil is, thus the differential of such
a curve, as shown in Fig. 3.

In the case of the piezo-electric
device the resulting charge on the
electrodes will vary with time
according to the curve of Fig. 2c,
and the curve of voltage against
time on a light load will be of
similar shape.

A wave of the form shown in
Fig. 3b has rather a wide frequency
spectrum which is roughly of the
form shown in Fig. 4. The fre-
quency of, maximum energy has
a value c//: where 1 is the length
between maxima on Fig. 3, and c
is given in Equation 1.

It has been found, in the
case of the generation of these
waves in a rod of nickel, that the
length / is about ten diameters of
the rod so that this is the wave-
length of the main frequency in
the rod. A considerable proportion
of the total energy is, however,
present on higher frequencies.
The wideness of the frequency
spectrum can result in dispersion

tt

Frequency

Fig. 4. Frequency spectrum of wave of Fig. 3

b

Fig. 5. Degeneration of wave -form of Fig. 3 by
phase -shift of the harmonics. (b) shows less

shift .than (a)

phenomena, because the velocity
varies with the wavelength whenthe latter is of the same order
as the rod diameter. For the 5th
or 10 harmonic the wavelength is
only 1 or 2 diatheters and accord-
ingly the velocity of propagation is
considerably slower than when a
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wavelength as many as ten times
the rod diameter is being propa-
gated. This progressively delays
the high frequency components of
the wave and they become more
and more out of phase with the
lower frequency components. As
will be evident from oscillograms
below, degeneration of the simple
waveform of Fig. 3 occurs and
results in a wave as sketched in
Fig. 5.
Apparatus for Generating and Demon-

strating Short Waves

One of the simplest pieces of
apparatus for generating these
waves is the magneto-striction
device shown in the photograph of
Fig. 6. A close-up of the polarised
section of the rod with its pick-up
coil is shown in Fig. 7. It is not
essential to use polarisation in the
case of the transmitting coil as a
unidirectional current pulse can be
employed. The rod used is made of
nickel, / in. diameter and about 3 ft.
long.

Fig. 7. Close-up of the interior of the receiver
coil box showing permanent magnet (left), iron

pole pieces, and bobbin -wound coil

It is possible to generate waves of
a similar type.in three separate rods
and launch these into a body with
suitable phase relationships so as to
give greatest augmentation in a
certain direction. This principle
can be demonstrated by the equip-
ment shown in Figs. 8 and 9.

Use of Apparatus
The simple equipment as in Fig. 6

permits some interesting- experi-

Fig. 6. Magneto-striction device and display equipment. The rod is shown on the left,
with the pickup coil in a screening box near the top. The transmitter coil is further

down the rod

ments to be performed. At the top
end of a rod, another rod of any -
desired material can be supplied, in
general a thin film of vaseline being

added to avoid the presence of an
air film and so give better acoustic
contact. Some of the acoustic
energy is reflected at the contact
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0

Target
Sloc

10

Sponge rubber
damping
block

Three
magneto
striction rods

Coil
shifting
mechanism

face because there is never a perfect
match between the two media. The
energy which succeeds in passing
through the interface travels in the
new medium and is then reflected
from the upper end of the test piece
to travel down towards the genera-
tor again. When it meets the inter-
face between the magneto-striction
rod and the test piece partial re -
flexion and partial transmission again
occurs and the transmitted wave
travels down to reveal its presence
in the pick-up coil on the magneto-
striction rod while the wave re-
flected at the interface after its
downward travel returns up the test
piece again to repeat the cycle just
described. The result is a succes-
sion of reflected waves re-entering
the magneto-striction generator and
being revealed during their passage
through the pick-up coil. The wave-
forms obtained in the operation of
the apparatus are of considerable
interest and some are shown in Fig.
10. Fig. 10a represents the normal
operation of the apparatus and Fig.
lob shows what happens when the
coils are moved so as to increase the
length of rod between the trans-
mitter and the pick-up coils. The
second wave A2 in Fig. l0a repre-

Fig. 8. Steerable sonic beam
Fig. 9. (right) Close-up of rear of coil-shifting

mechanism

Fig. 10. (below) Oscillograms of the waveforms
obtained by the apparatus of Fig. 6

Fig. 10. (a) Normal
operation showing direct
wave and first reflexionNo test object

(b) As Fig. 10a but trans-
mitter coil moved further
from pick-up coil. No

test object

(c) As Fig. 10a but on
slower time base. A3
and A4 are waves re-
flected from lower end
of rod. No test object

sents the reflexion of the energy
from the end of the magneto-stric-
tion rod in the absence of a test
piece, while on the left hand the
wave Al has only traversed the dis-
tance between the transmitter and
the pick-up coils. The phase
change of the reflected wave should
be noted and also the way in which
the increased path has started to
introduce degeneration of the wave-
form owing to appearance of the
higher frequencies out of phase.
That this is a matter of path length
can be clearly seen in Fig. lob
where the total distance traversed
for the reflected wave is the same
as the total distance traversed for
the direct wave in Fig. 10a. These
two waves have suffered a similar
amount of degeneration, while the
waves traversing a longer path
length are more seriously degenera-
ted. (See also Fig. 11c.) The
velocity in the test pieces can
readily be deduced from the dis-
tance between successive peaks and
this is an elegant method of measur-
ing velocity in various materials
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is

even with short test pieces. Fig.
11a, b and c represent oscillograms
for a short length of bakelite, in a
steel rod, and in a length of nickel
steel rod respectively. In the case
of the nickel steel rod, the rod itself
has been cut obliquely and smoothed
and brazed to make a very neat
joint, but in spite of this, refiexion
takes place at the joint as shown
by the wave at x in Fig. 11c.

The test piece or the main rod it-
self can be modified by mounting
diaphragms on the rod, (which,
incidentally, cause very little
irregularity in the rod), by taper-
ing the rod to a point, by stressing
the rod locally or by clamping the
rod in a damning material such as
sponge rubber. Much useful in-
formation concerning acoustic coup-
lings and propagation can be
obtained thereby in a simple
manner.

Steerable Beam "

The operation of the equipment
called steerable beam device,"
shown in Figs'. 8 and 9, is as follows.
The rods each carry a transmitter
coal and a receiver coil, at a fixed
distance apart, as an assembly
which can slide on the rod so that
the relative phasing of the waves
in the three rods_ can be adjusted.
Each of the waves in the rods,
which are about 10 or 12 micro-
seconds long, arise from the same
current pulse, the three coils being
connected in series. In a similar
way the received pulses in the pick-
up coils are added and the combined
pick-up is displayed on the screen
of a cathode-ray tube against time
elapsing after the start of the trans-
mitted current "pulse. When the
coils are arranged so that all the
pulses leave the ends of the rods in
phase a strong reflexion is obtained
from the opposite side of the plate
12 in. away. This is shown in Fig. 12a.

Fig. I I. Oscillograms
of various test pieces.

Bakelite test piece,
10.3 cms x 1.55 cms-
dia. Velocity of Super-
sonic waves = 3300

m/sec

Steel Test Piece 11.3
cms x 1.25 cms - dia.
Velocity of supersonic

waves -5400 m sec

Spliced nickel steel test
piece, 37.2 cms x.62
cms dia. Velocity of
supersonic waves =5040

m/sec

Transmitted pulse Reflexion from the opposite
side of the plate

Fig. I2a

Transmitted pulse Reflexion from slot target

Fig. 12b
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On moving the coils, which is
done mechanically by a knob con-
trolled gear so as to retard one
pulse in, say, the left-hand rod with
respect to the pulse in the centre
rod, and advance the pulse in the
right-hand rod by a corresponding
amount with respect to the pulse inthe centre rod, the echo fromthe opposite side decreases and

spreads," while that from the
slot target increases in amplitude
as is shown in Fig. 12b. This echo
becomes a maximum when the coils
are in a position such that the three
waves encounter the slot simul-
tanedusly. The signals displayed
have been rectified in order to
simplify the picture. The " bear-
ing " of, for instance, the slot target
found by experiment corresponds
closely with that calculated from a
knowledge of the separation of the
ends of the rod generators, the velo-
city of the nulse in the iron plate
and the relative time delays of the
pulses in the generator rods.

Practical Application of the Principle

Only a little has been done
up to the present to apply the
above described waves practically,
although
great. One example which has just
recently been tried is a piece of
equipment which can be applied to
concrete slabs and which will enable
a reflexion from the lower surface Fig. 13. Transmission and reflexion

short pulses in concrete slab

of the slab to be obtained to give
an indication of the thickness of the
slab. The first experimental equip-
ment of this type is shown in Fig. 13
and consists of a in. square lami-
nated nickel rod, 2 ft. 6 in. long
with the upper end encased in
sponge rubber and the usual trans-
mitter and pick-up coils. This shows
echoes in slabs 1 in. and 2 in. thickand it is hoped that later designs
will improve on this range. There
appears to be a fair possibility that
the magnitude of the reflected signal
would reveal whether the concrete
slab had an air cavity under it or
was resting firmly on the sub -soil.

Piezo-electric crystal generatorsof this type have been tried and
have given very short wavelengths
which should be suitable for search
for flaw detection in metals.
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PERMEABILITY TUNING CO
IDERMEABILITY tuning coils of
.0 the kind in which the coil is
mounted on a tubular former con-
taining an axially diiplaceable
ferro-magnetic particle core are
commonly used in radio receivers
for tuning radio frequency and other
circuits to resonance. Usually a
cylindrical core is mounted on the
end of a screw -threaded brass rod
which projects through a screw -
threaded aperture in the chassis or
other part of the receiver and the
core itself fits loosely in the coil
former so that, in general, there is
considerable lateral play and it is
difficult to obtain precise adjust-
ments.

This difficulty can be overcome
by using a core with a cylindrical
bore and slidingly mounting it upon
a fixed rod of suitable size co -axial
with the coil.

The rod may also be used to form
one element of a variable condenser
adjustable simultaneously with the

10

6 7

2 I

11

Fig. I (top). End view, and
Fig. 2 (below). Side view of coil

adjustment of the coil and an
arrangement of this kind- is shown
in the accompanying Figs. 1 and 2.
Fig. 1 shows in section a side view
of the coil and Fig. 2 an end view.

1 is the coil former, 2 the coil
winding and 3 the co -axial rod. held
by a rubber grummet on the
mounting bracket 4. 5 is the high

ILS

frequency core formed with a cylin-
drical bore 6 and mounted on theend of the adjustment rod 9.

The bore 6 of the core 5 is lined
with a metal sleeve 7 forming the
adjustable element of the condenser,this element being separated from
the stationary element of the con-
denser, i.e., rod 3, by a thin sleeve
8 of insulating material. A coatingof ceramic may be applied to either
the inner surface of the sleeve 7 orto the rod 3 to form the insulatingsleeve.

By providing a close fit between
the rod 3 and the insulating sleeve
7, lateral play is avoided and precise
adjustments are possible.

The condensers may be shunted
across the coil winding 2, by con-necting the rod 3 by lead 11 to
terminal -12 on the coil and by con-
necting sleeve 8 to the earthed endof the coil, via lead 10 and earthed
adjusting rod 9. -- Electrical 81.
Musical Industries, Ltd.
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High Vacuum Pumps
Their History and Development

By R. NEUMANN, Dipl. Ong., A.M.I.Mech.E.

AS may be safely stated, the
diffusion pump is now the one

most commonly accepted for very
high vacuum work in laboratory,
research and industrial applications
and an enormous number of articles
in physical, chemical and technical
journals as well as a very extensive
patent literature have appeared
since its invention by Gaede in 1913.

Its principle will perhaps best be
understood by quoting from Gaede's
first patent," although the drawing
shows a design (Fig. 17) which since
then has been replaced by much
more efficient ones. A quantity of
mercury is contained in the lower
part of a tube heated from outside
at its bottom and connected at its
top to the vessel to be evacuated.
In the upper part of the tube a steel
cylinder closed at its top and fitted
with a slit is supported by a circular
trough. The outer wall of the tube
opposite the steel cylinder is water-
cooled. A tube of small diameter
concentric with the steel cylinder
communicates with the mercury
sump and with the fore -pump and
carries also a water-cooled jacket.

The slit in the steel cylinder forms
a " diffusion diaphragm," the width

li'of the slit being of the order of mag-
nitude of the mean free path of the
molecules. When mercury vapour
passes the slit, gas molecules, diffus-
ing from outside the steel cylinder

' into the Hg vapour stream, are
carried away to the fore -pump.
Vapour molecules, diffusing in the
opposite direction, are condensed

, and flow back to the Hg boiler.
' This explanation appears to be

simple enough although it may not
give the whole picture. The pheno-
mena are somewhat complicated and
even quite recently it has been
stated" that " quite a considerable

I amount remains to be done before
the full theory of operation is under-
stood."

The complication became first
apparent when shortly after Gaede's

i first publication Langmuir published
his ideas and a modified design of a
high vacuum pump which did away
with the narrow slit used by Gaede

land replaced it by the .opening

Fig. 17. Gaede's first diffusion pump

Fig. 18 Langmuir's metal diffusion pump
(" umbrella type ")

between the mouth of the nozzle and
the condensing wall, the so-called
throat. The new train of thoughts
was influenced by his previous
investigations on the surface effects
encountered in the blackening of the
bulbs of incandescent lamps. In his
opinion the diffusion effect was of
smaller importance than the con-
densation effect which prevented the
Hg molecules from being scattered
in all directions when striking the
wall of the outer vessel, and thus
impeding the rapid transport of the
gas molecules from the recipient to
the fore -vacuum. He therefore

Part 3 Diffusion Pumps

called his pump a condensation pump
and it is 'still frequently called so in
U.S.A., although of late the name
diffusion pump is used there too to
some extent.

In fact, Gaede's and Langmuir's
pumps are based on diffusion as well
as on condensation. Gaede himself,
though not approving of Langmuir's
explanation, admits that Langmuir's
design brought a marked improve-
ment in raising the suction speed
attainable in the ratio of about 50 :1,
and in his later designs he aban-
doned the narrow slit and adopted
the " umbrella type " as first shown
in Langmuir's publications and
patent (Fig. 18), as well as his
increased speed of Hg vapour flow.
It is interesting to note that accord-
ing to paede a simple water jet
pump may be used for evacuating
an X-ray tube if a diaphragm is
interposed between the pump and
the tube and thus the diffusion
principle is applied. But the action
is very slow.

As the opinion was frequently
expressed that both the Gaede and
Langmuir pumps were actually
based on the Bernoulli effect (which
forms the basis of the ejector prin-
ciple) both inventors and others
showed how and why this principle
is not effective at the very low
pressures at which diffusion or con-
densation pumps are called to work.
Molth an" based his investigation
on a calculation of the dispersal
of the flow lines according to
Maxwell's distribution of molecular
speeds. With the comparatively
low speed with which the vapour
emerges from the nozzle of an
ejector, eddies are formed by the
flow lines and the air molecules
enter these eddies and are carried
away. In the high speed jet of the
diffusion pump a small amount of
vapour molecules leaving the nozzle
move in counterdirection to the
general, e.g., downward, flow of
vapour. The air molecules fly
through these thin rising molecular
swarms of the vapour bunch as the
mean free path in this rising part Of
the stream bunch is large. Thus
they are carried through into the
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part of the stream bunch flowing
downwards. Here the mean free
path is so small that the air and
vapour molecules are pulled down
by the vapour stream and led to the
fore -vacuum. If the free path of
the air molecules in the rising part
of the vapour bunch is small com-
pared with the width of the opening
then the air molecules collide so
frequently with the vapour mole-
cules in the upper part of the bunch
that practically all air is pushed
back by the vapour. Thus, diffu-
sion stops and the pump fails to
work. This may be the case if the
pressure in the fore -vacuum is too
high or if the heating of the Hg is
excessive. With sufficiently small
pressure in the fore -vacuum the
vapour may be adjusted between
wide limits by adjusting the
heating."

The " historic controversy " be-
tween Gaede's and Langmuir's
theories in explaining the working
of the vapour stream pump has
quite recently been discussed by
P. Alexander.71 His aim was to
extend the working range of the
pressures obtainable by Hg vapour
pumps and to attain with these
pumps similar high suction speeds
which have been obtained by modern
oil diffusion pumps. His theoretical
considerations are based on Max-
well's molecular speed distribution
and he brings experimental evidence
based, on the one hand, on measur-
ing the mass of Hg passing though
the nozzle in unit time, and, on the
other hand, on the spreading of
metal vapour with high streaming
velocities on glass sheets placed in
different direction into the vapour
stream. He concludes that the
diffusion principle cannot explain
the working of the Hg vapour pump
sufficiently and that Langmuir's
theory is preferable. Further
experiments by which isobars in the
space between the nozzle and the
back -pressure outlet could be deter-
mined resulted in an improved
design of the pump. It is charac-
terised by an adjustable nozzle and
adjustable throat, cooling of the
pumping chambers, both from in-
side and outside, and by diminish-
ing the diameter of the outer wall
of the pumping chamber in the
direction of vapour flow.

The design is somewhat com-
plicated and further experience
must show whether the good perfor-
mance of the pump (1,000-1,500
1 / sec. at pressures between 10-4
and 10-I mm. Hg) justifies its wider

Fig. 19. Gilson's quartz diffusion pump (Towers)
application. Witty' attributes the
difference between the Gaede andthe Langmuir pump mainly to the
difference in the so-called Ho -
coefficient which is defined as the
ratio between the actual speed ofthe pump and the conductance ofthe annular gap, i.e., the ideal
maximum speed.'

In a paper read in November,
1947, before the Physical SocietyD. G. Avery and H. Witty made a
critical survey on the work of Gaede,
Langmuir and Crawford in con-nexion with diffusion pumps. Intheir opinion the theory is best
explained in Gaede's paper of 1923.
Two processes are involved : thereduction of the backstreaming ofthe gas molecules and the removal
of the gas to the backing side. The
second process is accomplished in allthree designs in a similar manner
with final condensation of thevapours. For the first process
Gaede adjusts temperature and
vapour pressure, Langmuir designs
his pump so that a vapour molecule
would have to turn 180° if it was to
flow contrary to the pumping direc-

tion, and Crawford increases the
velocity of the vapour stream by a
special shape of the jet (see below).
All the three methods are usually
applied in modern pumps.72a

Materials used for Pump and Working
Fluid
Generally speaking, for the

apparatus proper glass, quartz or
metal, especially steel, are used as
constructional materials.

Glass has the advantage that
faults may be easily noticed. The
glass pump may be readily fused
to the rest of the glass system andit is therefore frequently preferredin laboratory work. The heat -
resisting quality of Pyrex glass
makes it especially suitable for pumpdesign.' Quartz is sometimes used
as it does not break so easily,
especially on heating to higher tem-
peratures. As an example may be
mentioned the pumping unit de-signed for general laboratory useby A. H. Gilson and sold by J. W.
Towers & Co., Ltd., Widnes(Fig. 19)." The unit contains a
quartz three -stage mercury diffu-
sion pump of robust design. Other
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examples are the " Vitreosil "
pumps manufactured by The

hermal Syndicate, Ltd., Walls-
nd. They are umbrella type jet
umps achieving pressures of

2 .x 10 -5 -mm. Hg with a backing
ressure below 1 mm. Hg. The
peeds are 0.4 1/ sec. for the single

stage, and 0.55 1/ sec. for the two -
stage design measured at 10 mm.
Hg. Steel has the great advantage
of being unbreakable and is there -
ore most, widely used in laboratory

as well as in industrial work where
rough handling cannot be avoided.
In some cases also combinations of
the different materials are used.
Thus, for instance, in one design"
the boiler and the adjacent tube was
made of metal or quartz and the
diffuser and cooler of glass, or, in
1, diffusion pump otherwise consist -
ring of metal, the leader, i.e., the
tube conveying the Hg from the
boiler to the nozzle, was made of
porcelain, earthenware, fireclay,
quartz or glass." According to
Pilon," quicker starting of the
pump is attained by making the
leader of aluminium and this, as
well as the deflector or cowl, is

r nickel- or chromium -plated and
highly -polished in order to decrease
heat losses by radiation. Special
kinds of surface treatment are also
recommended for minimising the
quantity of gas evolved from sur-
faces exposed to the vacuum."

According to Klumb," organic
pump oils may corrode steel, copper
and brass at higher temperatures
and he recommends therefore the
use of aluminium, tin, chromium or
lead for the metal parts or their
plating with one of these metals at
hose places where they are in con -
a ct with the pump fluid or

vapour.
Another combined glass and

metal design is used in Estermann
Ind Byck's pump,' in which the
umbrella type nozzle is made of
metal and all the rest of Pyrex glass.
This ensures the necessary accuracy
of dimensions and spacing of the
nozzle parts. Monel metal, stain-
less steel, brass or nickel are used
for the metal parts if butylphthalate

lis used as working fluid.
In general it may be said that

`for small laboratory work the glass
or quartz type pumps and for larger
laboratory and industrial work the
steel pump are most commonly
used. The glass type pump is fre-
quently made by the laboratory's
own glassblower.

Within the first 15 years of the

development of the diffusion pump
mercury was exclusively used as
working fluid and it is still used to
a very large extent. The preference
given to Hg over any other liquid
that could have been used was
mainly due to the previous associa-
tion -of Hg with air pumps, to its
vapour pressure for many purposes
sufficiently low, and to its chemical
stability and non -wetting property.
But mercury has also some dis-
advantages. Its vapour may be
objectionable, e.g., for hygienic
reasons. Its vapour pressure is
about 10-3 mm. Hg at room tem-
perature and if lower total pressures
are required special cold traps must
be applied. The partial pressure of
air may be as small as 10-5 mm. Hg
even without cold trap. If heavy
grease is used for tightening joints
in the system a film of this grease
deposited on the mercury may
impair the performance of the
pump."
Low Vapour Pressure Oils

A very important step for the
development of other working
fluids was made when Burch" at
the Metropolitan -Vickers research
laboratory applied the method of
molecular distillation to the frac-
tionation
refineries. Molecular distillation
had been used by Bronsted and
Hevesy of Copenhagen for separat-
ing the isotopes of mercury." Even
earlier applications may be found
in Detwiler's bibliographies and a
survey of the whole field of mole-
cular distillation was published by
Hickman." The method differs from
the usual methods of vacuum dis-
tillation in that a high vacuum is
used sufficient to give an appreci-
able mean free path to the mole-
cules, 4nd that the distance
separating the evaporating and con-
densing surfaces is less than the
mean free path. Thus a large
number of vaporised molecules
travel directly to the condensing
surface without collision with resi-
dual gas molecules or other vapour
molecules. The temperature of
vaporisation can be kept so low
that decomposition (cracking) of the
distillant is prevented.

In Burch's investigations the first
product of interest in vacuum tech-
nique was a substance " not unlike
common vacuum grease," the
vacuum pressure of which was estab-
lished by Cockcroft at the Caven-
dish Laboratory to be less than
0.75 .x 10-6 mm. Hg. But also
important less viscous substances

were produced. " The fact that
oils exist which can be distilled with-
out decomposition and which have
vapour pressures as low as 1 micro -
bar at 100° C. suggested that it
should be possible to run a condensa-
tion pump on an oil with a vapour
pressure at room temperature
negligible compared with that of
mercury, and thus to obtain vacua
of perhaps 10-' microbars without
using a liquid air or carbon dioxide
snow trap." Tests with the evacua-
tion of a low power transmitting
triode showed that actually a fine
pressure of less than 1.5 .x 10-6 mm.
Hg could be obtained. Even lower
pressures could be established if the
glassware was ovened and the elec-
trodes of the ionisation gauge
bombarded.

The greases and oils thus obtained
are now well known under the trade
name " Apiezon " products, sold by
Technical Products, Ltd., London,
and others. The vapour pressures
at room temperature are 10-5 mm.
Hg and 10- mm. Hg for Apiezon
oils A and B respectively.

While the Apiezon oils and
similarly the " Molecular Lubri-
cant " of Litton Engineering
Laboratories, California," are pro-
duced by distillation of natural sub-
stances, synthetic organic working
fluids were introduced by Hickman
and his collaborators at the Kodak
Laboratories in U.S.A. The purpose
was to overcome certain difficulties
which had been experienced with
natural hydrocarbons, e.g.', inferior
pumping speed, decomposition and
charring with continued use. The
first product used was dibutyl
phthalate" which proved to be suffi-
ciently stable, i.e., it produced the
least amount of volatiles on boiling.
But this substance had still a com-
paratively high vapour pressure and
further aromatic and aliphatic esters
were developed which are applicable
to lower ultimate pressures. The
table" overleaf shows some of the
properties of the pump oils now
recommended by Distillation Pro-
ducts Inc. (Kodak & General
Mills) :

Another organic compound used
in oil diffusion pumps and recom-
mended by the National Research
Corporation, Boston, is known under
the name of Narcod. It is a chlori-
nated aromatic hydrocarbon.

It should be mentioned that the
values for C in the above table are
those claimed by the manufacturer.
Recent investigations"' made by J.
Blears showed much higher values.
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Properties of Some Pump Oils
Name Formula A B C D

Butyl Phthalate
Butyl Sebacate
Amoil ...
Amoil S ...
Octoil ...
Octoil S ...

C61-14(COOC4H9)
2

C8H1e(COOC4H 9) 2

C,31-14(COOC,H),
C8H18(CO0C5F1,02
C61-14(COOC8F117)2
CsH18(COOC8H17),

278.1
314.3
306.2
342.3
390.3
426.3

1.0465
0.993
1.0190
0.9251
0.9796
0.9103

4x 10-5
2x 10-2
7x 10-6
2x 10-2
2x 10-'7
5 x 10-2

80
90

100
I I I

122
143

A= Molecular weight.
B=Specific gravity at 25° C
C =Ultimate vacuum attainable with fractionating pump at 25° C.D =Boiling point at I0-2mm Hg.

A few words should be added on
the use of fractionating pumps.
They have been developed for the
purpose of avoiding the injurious
effects of decomposition products of
natural or synthetic oil on sensitive
parts of the system to be evacuated.
Thus, for instance, while organic
fluids have little, or no effect on
tungsten or thoriated tungsten
cathodes, oxide coated cathodes are
injuriously affected. There are also
other reasons for refining the
organic working fluids used in diffu-
sion pumps. Even the purest liquids
acquire impurities either spon-
taneously or through interaction
with gases and vapours passing
through the pump. Due to these
impurities and to highly volatile
compounds of the working fluids the
accepted condition that the pres-
sure obtainable by a diffusion pump
corresponds to the vapour pressure
of the working fluids is seldom ful-
filled in actual work. Especially if
an oil diffusion pump is used for
molecular distillation permanent
gases are slightly, and vapours
extremely, soluble in the working
fluid; the pump becomes con-
taminated and the pump speed
diminishes." The desirability of
removing the decomposition pro-
ducts and the highly volatile com-
pounds was simultaneously recog-
nised in England and U.S.A. and
many designs were proposed for
overcoming the difficulties. It
should be mentioned that the puri-
fication of mercury by distillation
in connection with a mercury jet
pump was proposed by Stintzing."
Gaede described an oil diffusion
pump made by Leybold, Cologne,
according to his design in which by
a special adjustment of a multiple
water cooling system a fractional dis-
tillation of the working fluid was
accomplished inside the pump.°''
While McCowen and Fawcett of
I.C.I., purified the working fluid in
an external distillation column,'
self - purifying or fractionating

pumps were devised in which " the
various constituents of the un-
purified organic working liquid are
separated and take up their appro-
priate working positions in the
system.78'

In Lockenvitz's", Mahler and
Marcuwitz's" and Sykes and
Bancroft's" designs the evaporating
zones are formed by vertical concen-
tric tubes while Hickman prefers
the horizontal design for his glass
and his all -metal types. For more
detailed information on the develop-
ment of the fractionating pumps
the reader may be referred to
Hickman's article of 1040."

Repeatedly it has been proposed
to use other inorganic vapours in-
stead of mercury vapours in diffu-
sion pumps, e.g., lead, tin, bismuth,
cadmium, zinc or the like." Gallium,
either pure or compounded with
aluminium, has also been recom-
mended," and so have other fusible
alloys, e.g., Woods metal." But
the drawback of all these materials
solid at room temperature is that
great quantities of the medium
condense out in the solid form at
the limits of the cooling areas and
will finally plug the passage ways."
The same may be said of a proposal
made by Klumbl" to use solid
paraffin either alone or in addition
to fluid pump oils in order to reduce
the gas absorption of pump oils
exposed to air. Also a high heat
input is required if solid paraffin is
used. Other proposals of the same
author"' try to combine the advan-
takes of mercury and oil used as
pumping fluids, without their draw-
backs, by either using a non -
condensible vapour of phthalates,
paraffin or metals between a
mercury vapour pump and the re-
cipient, preventing mercury vapour
from entering the latter, or by com-
bining two pumps, one for the low
vacuum stage worked by mercury
and one for the high vacuum stage
worked by oil. This latter arrange-
ment is used in a pumping outfit

manufactured by Gaiffe-Gallot et
Pilon, Paris.'

Diffusion pumps designed for use
with mercury are in general unsuit-
able for use with oil for the follow-
ing reasons : the throat of the pump
may be too small and be bridged
by an oil film; the cross section of
the jet and of the vapour uptake
may be too small, so that sufficient
oil can only be conveyed by over-
heating it; excessive condensation
may occur if jet and uptake run
too cool. But small glass pumps
may be worked by mercury or oil,
and a 2 -in. all -metal pump designed
by the National Research Corpora-
tion is also suitable for use with
either working fluid.

While the inorganic vapours thus
far named-other than mercury-
will probably not play an important
part in futnre development, quite
recently high boiling silicones manu-
factured by Dow -Corning Glass
Works have been investigated which
have a very low vapour pressure
and are nearly completely resistant
to oxidation when exposed to air
while hot.

Some metals when hot act as
catalysts to the cracking of oil, while
some metals, particularly copper,
are corroded by hot oils. The use
of silicones may permit the opera-
tion of the boilers at higher tem-
perature and pressures. The pump
can be opened while it is still hot as
the silicone is stable at the tempera-
tures used.

The silicone oils are semi -
inorganic polymers in which carbon
atoms of organic radicals are linked
to the silicon atoms of the so-called
siloxane chain. The Si -O -Si linkage
is strong, heat resistant and un-
affected by water or sunlight. Also
the Si -C bond is strong. The fluids
do not decompose on exposure to
moist or dry air and are chemically
inert to aluminium, brass, copper and
steel. Their vapour pressure is as
low as, or even lower than, that ofthe best organic pump oils. Their
recovery time after exposure to air
is remarkably short. Vacua of less
than 5 .x 10- m mHg. are claimed
to have been attained. But it must,
of course, be remembered that for
pressures beloW. 10-6 mm. Hg it is
very difficult to state (a) what the
pressure actually is, and (b) whereit is, because no equilibrium is
obtainable in a system. Also the
pressures of nearly all substances
become disturbing.

The properties mentioned willcertainly lead to a very extensive
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use of silicone pump oils in future,
the more so since they may be used
in non -fractionating pumps.' These
pump oils, as well as the silicone
greases for high vacuum work, are

I supplied -in this country by Edwards
& Co.

REFERENCES

66 Gaede, German Patent 286404, 25/9/13
Ann. Phys. 46, 357, 1915.
Z. techn. Phys. 4, 337, 1923.

67 Witty, Jour. Sci. Inst. 22, 201, 1945.
68 Langmuir, Phys. Rev. 48, 1916.

Ges. El. Rev. ro, ro6o, 1916.
J. Franklin Inst. 182, '719,

1916.
British Pat. 108590/17.

69 Molthan, Phys. Z. 26, 712, 1925.
70 Gaede, Ref. 19.
71 Alexander, Jour. Sci. Inst. 23, I I, 1946.
72 Ho, Physics 2, 386, 1932.
72a Avery & Witty, Proc. Phys. Soc.

59, lore, 1947.
73 Bachmann, Rev. Sci. Inst., 16, 153,

1945.
74 Jour. Sci. Inst. 22, 38, 1945.
79 German Pat. 421633, Volmer.
76 438437, Ledig.
77 British Pat. 404190, Pilon.
78 Barrows, Jour. Sci. 'Mt. 20, 21,
72 German Pat. 559152, Klumb.
80 Estermann & Byck, Rev. Sci. Inst. 3,

482, 1932.
81 Hickman & Sanford, Rev. Sci. Inst. 1,

140, 1930.
82 Burch, Nature, 122, 729, 1928.

Proc. Roy. Soc. A 23, 271, 1929.
83 Bronsted & Hevesy, Phil. Mag. 43,

31, 1922.
84 Hickman, Chem. Rev. 34, 51, 1944.
85 Littman Engg. Labs. Catalogue.
86 Hickman, J. Franklin Inst.. 221, 216,

1936.
" Distillation Products Inc. Catalogue.
87a Blears, Proc. Roy. Soc. A 188, 62,1446
H8 British Pat. 473978, 1935.
89 Stintzing, Z. tech. Phys. 3, 369, 1922.

Gaede, Z. techn. Phys. 13, 210, 1932.
91 Wachter & v. d. Scheer, Z. techn.

Phys. 24, 287, 1943.
92 British Pat. 466514, 1935.
93 LOCkellVit2, Rev. Sci. Inst. 8, 322, 1937.
94 Mahler & Marcuwitz, 'Rev. Sci. Inst.

9. 92, 1938.
95 British Pat. 475068, 477013, 1936.
96 Hickman, Jour. Appl. Phys. II, 302,

1940.
07 German Fat. 502771, 1924, Brit. Pat.

567884, 1942.
98 German Pat. 562212, 1931.
99 Abbott, Rev. Sci. Inst. 13, 187, 1942.

Hughes & Pao Rev. Sci. Inst. 14, 254,
1943.

°° Klumb, Naturwiss 19, 6,2, 1931,
Germ. Pat. 548004, 1931.

Klumb & v. Brandenstein, Phys. Z. 33,
8, 1932.

101 German. Pat. 608296, 1931 ; 611705,
1932.

02 Ref. 10, p. 9o.
°8 Brown,- Rev. Sci. Inst. 16, 316, 1945.

Collings, Trans. Amer. Inst. Chem.
Eng. 42, 455, 1946.

(To be continued) -

90

1943

Diamonds as Radiation Detectors

From the National Bureau of Standards Report, November 1947

RADIOACTIVITY studies con-
ducted by L. F. Curtiss of the
National Bureau of Standards

radioactivity laboratory have shown
that diamonds are highly sensitive
to gamma rays and may be used to
detect this radiation in the same
way as a Geiger-Miiller counter. It
has been found that a diamond
placed in a strong electric field
initiates sharp electrical pulses when
gamma radiation is absorbed, and,
as with a Geiger counter, a count
of pulses gives an indication of the
intensity of the radiation. The
diamond counter has not yet been
tested for beta radiation, but it is
expected that a similar effect may
be observed in this case.

To use a diamond as a counter,
it is clamped between two small
brass electrodes maintained at a
difference of potential of about
1,000 volts. When a source of
gamma radiation is brought within
range of the diamond, there occur
across the electrodes pulses of cur-
rent, which after amplification may
be detected and counted on any
suitable indicating device.

The pulse -producing property of
the diamond is thought to be a re-
sult of its highly symmetric crystal-
line structure, characterised by a
very regular arrangement of carbon
atom's with relatively large inter-
vening spaces. According to this
theory, when a photoelectron is
emitted by a diamond atom as the
result of the absorption of gamma
radiation, the freed electron is
accelerated through the interatomic
space toward the positive electrode.
Within a very short distance it
acquires such high velocity that
other atoms along its path are
ionised by collision with the release
of additional electrons, which in
turn are accelerated in the same
direction. This multiplication of
charges repeats itself in rapid suc-
cession, producing a sudden
avalanche of electrons equivalent to
a small pulse of current. The larger
the diamond, the more electrons
would be involved in the sudden
pulse that is counted. This means
that the gamma -ray sensitivity of a
diamond counter should be propor-
tional to the size of the crystal.
However, adequate sensitivity is
obtained with a comparatively small

diamond. Apparently the dia-
mond quickly recovers from its
ionised state, as the pulses regis-
tered are extremely sharp. The
diamond counter is thus a very
" fast " counter, capable of indi-
cating a much greater number of
pulses per minute than is, possible
with the ordinary Geiger -Muller
counter.

Industrial diamonds used as
counters must be colourless and
absolutely free of flaws; about one
diamond in forty meets these speci-
fications.

Diamonds tested in the Bureau's
laboratories have been found to
have a sensitivity per unit volume
equal to or greater than that of any
counter constructed by man. One

A diamond mounted in the counter chamber

of these diamonds, measuring about
in. on each face, has approximately

the same sensitivity for gamma
radiation as a laboratory -construe.
ted Geiger -Muller counter of the
usual type. Many diamonds are
larger and would thus be much
larger and would thus be much more
sensitive. There is no appreciable
cost difference between the diamond
and an ordinary counter. However,
one of the important advantages of
the diamond counter, in addition to
sensitivity and long life, is its small
size, permitting use inside the
human body or insmall openings in
industrial equipment.

In view of the relative abundance
and moderate cost of industrial
diamonds, as well as the simplicity
and apparent indestructibility of the
diamond counter, it is probable that
Geiger -Muller counters may be re-
placed by diamond counters for
many applications.
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agnetic

hfiers

By S. E. TWEEDY, .Sc.*

Part 2.

Design and Performance

Self-excited Transductors
IN a preceding article the charac-

teristics and design procedure for
transductors cored with mu -metal
was discussed, and it was seen that
such devices may give an amplifica-
tion between the power dissipated in
the D.C. ,windings and the power
controlled in the load, values up to
about 400 or so being obtainable.
It was pointed out though that high
gains were only obtainable when the
maximum output power demanded
was considerably lower than the
possible value obtainable from the
given frame size.

We shall now discuss magnetic
amplifiers proper, in which high
gains are realisable without such a
limitation. Such magnetic ampli-
fiers are distinguished from the
transductor by their employment,
in one form or another, of self -
excitation.

In one type of self-excited trans-
ductor a second D.C. winding carries
the A.C. output current after rectifi-
cation. The winding is therefore
sometimes referred to as a feed -back
winding. For practical and design
considerations, this self -excitation
current may be considered as an
additional D.C. current, whose effect
is identical to that of the separate
D.C. currents controlling the simple
transductor, although this is not
strictly true due to the pulsating
* Electro Methods, Ltd

Fig. 17. A typical magnetic amplifier

nature of the former. We shall,
however, use this concept in the
following analysis.

The curve CAB of Fig. 10 repre-
sents the relation between the aver-
age A.C. output current and the D.C.
current of a particular transductor
at a given A.C. voltage. Such curves
are easily derived from measured
characteristics such -as those of
Fig. 8.* For other A.C. voltages
the corresponding curves will be
close to the one drawn, over the
central straight portion which
is the portion corresponding to
the dotted parallelogram in Fig. 8.
This curve, in the case of a
self-excited transductor, represents
the relation between the average
A.C. current and the total D.c.
current which latter is comprised of
the self -excitation current, the con-
trol current and, perhaps, a: bias
current.

Now the self -excitation current
(ignoring rectifier imperfections) is
at all times proportional to the A.C.
output current. We may therefore
draw a line such as OD to represent
this relationship, the slope of the line
depending on the degree of self -
excitation (measured in ampere -turn
ratio) employed. Supposing that no
additional D.C. current is flowing,
the working point must be on
0I) and must also be on CAB.
The amplifier will consequently work
* Part 1, p. 42, February into.

at E, the point of intersection of
these two lines, and an A.C. current
OH will flow.

To cause the working point to rise
to G, say, a signal of amount FG
only is required, since JF is provided
by the self -excitation. In this way,
characteristics such as are drawn in
Fig. 11 are obtained, which show the
relation between output current and
control current for an amplifier
having a fairly high self -excitation.
The separate curves refer to different
A.C. supply voltages.

An interesting' property of the
arrangement is evinced when the
self -excitation is over -dimensioned.
In Fig. 12 the characteristic CAB
of Fig. 10 is re -drawn, together with
a line OD representing such a self -
excitation. In the absence of a
signal, the working point is evidently
D. If a signal opposing the self -
excitation is applied, lines parallel
to OD and displaced horizontally by
the amount of the signal may be
drawn. At a signal of value OJ, for
instance, the working point will be
at K. For a signal of value OF,
however, which is just greater than
that for a line tangential to CAB
at E, the A.C. current will suddenly
fall, the working point becoming N.
Now if the signal is re-established
at OJ, the working point will be L
instead of K. When the signal falls
to. OH, which is just less than that
for a line tangential to CAB at G,
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A.0
OUTPUT

CURRENT

O

TOTAL O.C.0 UR RENT

Fig. 10. Action of self -excitation

A.C.
OUTPUT
CURRENT

TOTAL D.C. CURRENT

F JNO
Fig. 12. Action of over -dimensioned self -excitation

he A.C. current will suddenly rise,
,he working point being P. It

should be noted that working points
j3uch as M are unstable. This results
n a characteristic of the form shown
n Fig. 13, which is useful in cases
where a. trigger action is required.

Design of Self-excited Transductors

Design procedure for self-excited
ransduetors follows closely that for
he simpler types, and is best based
n an E -I characteristic. It is there -
ore of interest to consider the effect
ff self -excitation on such a charac-
eristic, 13articularly within the area
f the parallelogram of Fig. 8.
ithin this area, the lines for

arious constant control current
emain parallel equi-spaced straight
Ines, but as the self -excitation is
increased, so they gradually move
urther from the vertical. In fact,
hen the self -excitation is of the
rder of 100 per cent., they become

A.C.
OUTPUT

CURRENT

D.C. CONTROL
CURRENT

Fig. II. Typical characteristics with self -excitation

nearly horizontal. At self -excita-
tions well over 100 per cent. they
even move to the opposite side of
the horizontal, resulting, as has been
seen, in instability when the control
current is varied while the A.C.
supply voltage is held constant.

In addition to this change in slope;
the lines become more spread out,
i.e., the perpendicular distance be-
tween two lines for the same incre-
ment in control current becomes
very much greater. In proportion-
ing the various windings, the wat-
tage dissipation of the control
winding is generally so low that it
may be neglected in considering the
thermal rating. The A.C. and self -
excitation. windings are therefore
dimensioned according to the
thermal limit at maximum output
power, while the control winding
and (if necessary) the bias windings
take up the remainder of the avail-
able space. Knowing the volume

of the D.C. winding and the input
power, the controlling ampere -turns
available are readily calculated and
the self -excitation may therefore
finally he trimmed to suit.

It will generally be necessary to
incorporate 'a bias winding, carrying
a constant D.C. current, derived, for
example, from the A.c. supply volt-
age over a rectifier. Thus, if it is
found that the desired range of out-
put is achieved over a control from,
say, -0.8 to +0.2 ampere -turns,
while the input available ranges
from 0 to 1.2 ampere -turns, a bias
winding supplying about -0.9
ampere -turns will be required. The
remarks about the neglecting of the
control winding wattage in con-
sidering the thermal rating usually
apply equally well to the bias
winding.

Although theoretically it is pos-
sible to deduce the E -I characteris-
tics for a given self -excitation
by assuming the principle of

equivalence ' between the self -
excitation current and other D.C.
currents, in the manner described
or in other similar ways, it is in
practice rather difficult, particularly
at self -excitations .approaching 100
per cent. This is because of the
fact that slight errors in determining
the original characteristics become
highly magnified in the process.
Imperfections of actual rectifiers is
another contributory factor. This
means that a good design should
provide means for final trimming
of the amount of self -excitation
actually employed. In the same
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way, a precise calculation of the
amount of bias necessary is tedious
and generally unreliable and it is
a wise precaution to make provision
for the final setting of the bias to
the optimum value found on final
test.

The self -excitation winding has
been referred to in the foregoing as
a separate winding. Circuits are
known, however, in which the self -
excitation current is caused to flow
in the A.C. windings, and a typical
example is shown in Fig. 14. Here
the transductor is essentially a
parallel transductor. The provision
of the rectifying elements means that
an A.C. current cannot pass unless a
D.C. current of the same value flows
in the closed circuit comprising the
rectifiers and the transductor wind-
ings. There being no reason why
this circulating D.C. should be
larger than that required for A.C.
to pass, it follows that the D.C.
ampere -turns caused by this current
are equal to the A.C. ampere -turns,
i.e., the circuit has 100 per cent.
self -excitation (actually rather lower
due to losses and rectifier imperfec-
tions). The disadvantage that the
amount of self -excitation is fixed
may be overcome by adding 'a few
extra turns over a further rectifier
in, the A.C. circuit, in the sense
desired.

Push -Pull Amplifiers : A.C. Output

It is apparent from Fig. 11 that
the use of considerable self -excita-
tion results in a loss of the property
that the output current is largely
independent of variations in the A.C.
supply voltage. In fact, such varia-
tions can cause very large changes
in the output current. To eliminate
this draw -back, magnetic amplifiers
are very commonly operated in push-
pull, and a typical circuit for a push-
pull amplifier having an A.C. output
is drawn as Fig. 15.

Two magnetic amplifier units are
used in this case, having input wind-
ings connected in series in such a
way that the input assists the self -
excitation current in one unit,
whereas the two oppose in the other.
A transformer, having a centre -
tapped secondary, supplies A.C. and
the load is connected hi the centre -
tap lead, being thereby common to
the two amplifier circuits.

It is evident that due to the cir-
cuit symmetry, and provided the
two units are identical, there will be
no current in the load if there is no
input, even if the supply voltage
and frequency changes. When an

A.C.
OUTPUT

CURRENT

D.C. CONTROL CURRENT

Fig. 13. Typical Characteristic with
dimensioned self -excitation.

Fig. 14. Arrangement with commoned
A.C. and self -excitation windings.

Fig. 15. Push -Pull
amplifier with

A.C. output.

input current flows, the current in
one amplifier unit rises and that in
the other falls, the difference flowing
through the load and creating the
useful output power. It is neces-
sary to ensure that the amplifiers
are working at the maximum sensi-
tivity, and to this end it is some-
times necessary to include in each
amplifier unit a bias winding. These
windings magnetise the cores in the
same sense as the self -excitation
windings in each unit, or in the
opposite sense in each, and, conse-
quently the inherent symmetry is
not lost.

If the load is varied in impe-
dance and the power amplification
measured for a given input, it is

over- found that for a certain load
impedance the amplification becomes
a maximum. The value of this
optimum load depends on the
amount of self -excitation used to a
certain extent, and very much on
the number of turns used for the A.C.
windings of the amplifier units, vary-
ing, in fact, directly with the square
of the number of turns. The design
procedure for such a circuit there-
fore consists of choosing the amount
of self -excitation to give the required
amplification and then adjusting the
number of turns of the A.C. windings
so that the load in question is the
optimum load. This is best done by
comparison with measured cases.
It is also possible to connect the load
across the secondary of a trans -

0 110
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Fig. 16. Push -Pull amplifier with D.C. output.

former whose primary is in the
centre tap lead of the supply trans-
former, the ratio of the transformer
being- such as to make the load
impedance as seen by the primary
side equal to the optimum load
(compare speaker transformers).
Push -Pull Amplifiers : D.C. Output

Often it is required for the output
to be D.C., the polarity of which
depends on the polarity of the in-
put. A typical push-pull circuit
possessing this feature is shown in
Fig. 16. The supply transformer
now has two separate secondary
windings, each of which feed a cir-
cuit comprising an amplifier and
a resistance over a series rectifier.
These two resistances are commoned
at one end, and the output is taken
over the two in series opposition.
Such circuits are less efficient than
the circuit with A.C. output, due to
the wasted power dissipated in the
resistances.

The remarks made about the cir-
cuit having A.C. output apply also
to this circuit, except, of course, that
an output transformer is not now
possible. Each rectifier may, how-
ever, be in the secondary circuit of

0
INPUT

9

its own load -matching transformer.

Advantages of Magnetic Amplifiers
The main advantages of magnetic

amplifiers for the amplification of
small D.C. signals may be listed as
follows :

(1) They offer an easy and effec-
tive means of amplifying D.C. with-
out the need to resort to complicated
circuits in order to achieve stability,
or to " choppers " in the input
circuit.

(2) They are as robust in construc-
tion as a transformer, and contain
no moving parts, no contacts, no
glass, and no filaments. They are
therefore practically shock -proof and
maintenance costs are negligible.

(3) The input and output circuits
are galvanically isolated.

(4) Several input circuits, all
galvanically isolated, can be in-
corporated, the amplifier responding
to the algebraic sum of the separate
input signals.

(5) An amplifier can readily be
designed to match almost any value
of load impedance, thus dispensing

with the need for output trans-
formers.

(6) The input impedance can be
designed and built to suit the con-
ditions of a particular application,
over a wide range.

Points (3) and (4) are especially
useful when the magnetic amplifier
is employed in servo -mechanisms, in
which it is often desired to obtain
an output dependent on the relative
value of several quantities, or on
one quantity and various functions
of it, such as derivatives, etc.
Construction

In many ways the construction of
magnetic amplifiers follows small
transformer practice. For single
phase units, the core is often of the
three -limb type, the centre leg carry-
ing the D.C. winding, while the outer
two bear the A.C. windings. The
writer prefers the use of two separate
two -limb cores, one for each of the
two reactors comprising the trans-
ductor, in which a better coupling
factor can be obtained, without loss
in respect of length of magnetic path
or of available winding space. The
adopted practice in this case is to
make a common winding embracing
both cores, for those windings which
excite each core in the same sense.
Thus, the A.C. windings are com-
monly wound separately on two
cores and the self -excitation, bias
and input windings are wound over
two cores. For push-pull amplifiers
this practice can be extended, some
windings embracing all four' cores.
It need hardly be mentioned that,
particularly for small units, the air
gaps in the core must be kept as
small as possible.

In Fig. 17 (p. 84) is shown a typical
magnetic amplifier unit' manufac-
tured by Electro Methods, Ltd. This
unit will operate on inputs as low
as 20 micro -micro -watts and will give
stable, power amplifications -as high
as 50,000. It has, in fact, been used
at a power gain of just under a
million. The unit is capable of an
output of about 2-3 watts at a fre-
quency of supply of 50 c.p.s.; at
higher supply frequencies the out-
put rises approximately in proport-
tion.
Applications

The following is a list of typical
applications where the magnetic
amplifier is well adapted to serve:

(1) To amplify a 10W D.C. signal
and feed the output to a switch
board type meter; thereby function-
ing as a sensitive and yet robust
galvanometer.
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(2) To operate as a pre -amplifier
to an electronic amplifier where the
incoming signal is D.C.; thereby
functioning as a D.C.-A.C. converter,
but with the advantage of providing
itself a substantial amplification.

(3) To mix and amplify several
separate signals; e.g., as a mixing
device in a servo system.

(4) To drive and control the
reversal of an A.C. or D.C. motor;
thereby it can be used as part of
an automatic control device. In
such cases the signal is frequently
derived from a thermo-couple or a
photo-ce]l.

(5) To drive a motor at a speed
dependent on the value of the input
signal; thereby functioning as an
integrating device, e.g., in measure-
ment of fuel consumption.

(6) To supply the control field of
an amplidyne.

It is finally of interest to consider
in somewhat more detail a particular
instrument in which magnetic ampli-
fiers have been successfully employed.
The instrument chosen is illustrated
in Fig. 18, being the Magnetic
Photometer Type MAP 1 developed
and manufactured by Electro
Methods, Ltd. This instrument was
originally developed to replace a
galvanometer in equipment used for
comparing the spectral reflectivity
of painted surfaces, so that tests
could be done in the factory rather
than being confined to the labora-
tory. The diffuse reflexion is picked
up by a photo -cell of the barrier -
layer type and the function of
the instrument is to amplify this
output so that it can be read by
meters of sufficient robustness.

The circuit of the instrument com-
prises two 'magnetic amplifier units
in push-pull, the arrangement being
such that .a duo -directional D.C. out-
put is obtained. The amplifier units
employed are of the type shown in
Fig. 17 and previously discussed.
The controls of the instrument com-
prise a mains switch, a switch in the
input circuit, a zero -setting control
and an input attenuator control
giving variable over-all gain. The
fitment of a zero -setting control,
while, not essential, is desirable in
applications of this type in order to
compensate for the inevitable slight
differences in the two amplifier
units, and to allow for any small
changes in resistors and other com-
porients that may occur with the
pasage of time. The variable gain
control permits setting of the instru-
ment against a standard reference

Fig. 18. Magnetic Photometer

input (in this case, the input when
a white matt panel replaces the sur-
face under test). This useful feature
eliminates errors due to long-term
variations in light source, photo -cell
sensitivity, etc.

The input resistance of this parti-
cular model is about 10,000 ohms
and at maximum gain full deflection
is obtained at an input current of
1-1/ 3 micro -amps, i.e., an input
power of 0.018 micro -watts. The
output is developed in an instrument
mounted on the panel and calibrated
0-100 per cent.,having a resistance
of 10 ohms an F.S.D. 5 milli -amps.
The output power is thus 250 micro -
watts and the power amplification
about 14,000. This amplification
has been kept low in order to achieve
good stability and a linear charac-
teristic, the departure from linearity
being less than 2 per cent. of F.S.D.
A reading of 1 per cent. of F.S.D.
is easily detected, i.e., an input
power of 2 micro -micro -watts.

For amplification from sources
other than a photo -cell, the input
resistance may be wound at any
value from about 2 ohm upwards.
In such cases, the input power
remains constant at 0.018 micro -
watts for F.S.D.; thus for an instru-
ment having an input resistance of
100 ohms, F.S.D. will be obtained
for about 13 micro -amps.

Acknowledgements are due to
Messrs. Electro Methods, Ltd., for
permission to publish the above
information, and to Mr. F. E.
Butcher and Dr. R. Willheim
who initiated and directed the
development.
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New Mazda Electron -

Multiplier

RECENTLY announced by The
Edison Swan Electric Co. Ltd.,

is a nine -stage photo -electric electron
multiplier Type 27 M.1.

Designed to operate with a maxi-
mum potential of 1,250 volts between
cathode and anode and a maximum
of 250 volts between anode and
and dynode No. 9, this device pro-
duces a maximum anode current of
2.5 mA and has a maximum anode
dissipation of 0.5 watt with a maxi-
mum ambient temperature of 50° C.

With a- potential difference of 75
volts per stage the luminous sensi-
tivity is 0.3 amps per lumen, the
current amplification (i.e., ratio of
anode sensitivity : cathode sensi-
tivity) is 30,000 and the sensitivity
at 3,750 A° is 270 micro -amps per
micro -watt. If the potential dif-
ference per stage is increased to 100
volts these figures become respec-
tively : 2.0 amps. per lumen, 200,000
and 1,800 micro -amps. per micro -
watt.

The maximum overall length is
94.0 mm., maximum bulb diameter
28.5 mm., maximum base diameter
33.4 mm. and the distance between
seal and light -centre is 49.2 ±
2.4 mm.

No indication is given as to avail-
ability.
Basing :

The multiplier is fitted with a
Magna 11 -pin base, pins Nos. 1 to 9
corresponding with the 9 dynodes.
Pin 10 is the anode and pin 11 the
cathode. Pin No. 1 is to the left
of the key looking at the base from
the pin end.
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View of Tell -Tale with front panel removed

MOST users of electricity re-
gayd " maximum demand "

as a problem of recent origin, con-
nected with the fuel crisis of last
winter, but in point of fact the sub-
ject has exercised the minds of
power engineers since the earliest
days of D.C. generation.

At that time the cost per unit was
set so high that ample profits could
be earned without considering the
utilisation factor of the generating
plant and feeders necessary to cope
with the maximum demand.

The move for cheaper electricity,
and in particular the creation of the
Central Electricity Board, drew
attention to the fact that the cost
of electricity can conveniently be
grouped under two heads, a capital
cost representing the necessary
generators and equipment includ-
ing the distribution networks, and
a running cost of so much per unit
based on fuel prices, labour, etc.

Each consumer should be required
to pay his fair share of both costs
and in order to achieve this the
maximum demand tariff came into
being.

The C.E.B. charged the distribu-
tors or retailers on a maximum
demand basis and the distributors
in their turn passed on this charge
to all their larger industrial con-
sumers. Maximum demand was
defined as the demand integated
over a thirty -minute period. It is
not within the scope of this article
to deal with the question of Kilo-

* Everett-Edgecumbe, Ltd.

watt-hour or Kilovolt -ampere -hour
metering. It is sufficient to say
that both methods are employed
and that the tendency is to use the
lAtter unit where possible so that
the consumer is penalised for a low
power factor.

In pre-war days the usual charge
was of the order of £3 10s. to £4
per Kilowatt so that where it was
possible to disconnect some ancil-
lary load, such as publicity light-
ing or the heating circuit in the
managing director's office, consider-
able saving in the electricity bill
could be made.

The Tell -Tale

This situation called for a warn-
ing device that would give the con-
sumer early notice when his loading
exceeded his estimated maximum.
An ammeter fitted with relay con-
tacts was sometimes employed, but
it suffered from the disadvantage
that the alarm would be sounded
by short surges such as are caused
by motor starting, etc.

The most satisfactory form of
maximum demand tell -tale is an
integrating device, operating in the
same units as the supply company's
meter, but working on a much
shorter time period, say five minutes
as compared with the thirty minutes
they usually employ.

The use of the apologetic term
tell - tale with its dictionary
definition of " mean informer " or
" sneak " indicates the state of
mind of its makers. Their trade in

An

Electronic

Maximum.

Demand

By J. de GRUCHY4
M.Brit.I.R.E.

instruments was largely with the
electricity supply companies, who
might easily take a dim view of this
effort to reduce their income. That
phase is past and gone because the
tremendous rise of the domestic load
in recent years, with a fantastic
tariff based on rateable value in-
stead of maximum demand, has led
the supply companies to view with
the greatest satisfaction any steps
taken by their more orderly con-
sumers to limit their peak demand.

To -day with penalties threatened
on all who exceed two-thirds of their
1946 peak demand the need for a
maximum demand tell -tale is
pressing.

The conventional watt-hour meter
and synchronous motor time base is
widely employed where the supply
company are measuring on a KWh
basis. Where, however, the charge
is based on VAh a more compli-
cated integrator is needed.

The electronic instrument to be
described* was produced to fill the
need for a KVA tell -tale with a
minimum of delay in production.
It had to employ components " off
the shelf " since the urgent demand
was for immediate delivery. For
the same reason the use of one of
the recent timing circuits embody-
ing fed -back time constant was
ruled out on account of the delays
that a patent search would involve.
Instead, a timer circuit which had
already been used in a previous
instrument was incorporated.

The conventional Kilowatt-hour
* Prov. Patent
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Fig. I. Basic circuit of maximum demand tell -tale. Both relays are
shown not operated. In use, the alarm relay in the anode circuit of the

double triode is energised.

maximum demand tell -tale has an
induction disk watt-hour movement
which is geared to a pointer moving
over the scale. An adjustable con-
tact can be set at any point on the
scale and the pointer travels up to-
wards it under the influence of the
local power demand. At the end of
the five minutes timing period the
synchronous motor resets the pointer
at zero. In effect this is a race
between the pointer and the timer.
If the timer wins the pointer is reset
if the pointer wins and reaches the
contact before the end of five
minutes the alarm circuit is
energised.

The Electronic Tell -Tale

The action of the electronic pat-
tern is analogous inasmuch as a
timer circuit defines the five minute
period and simultaneously resets
the integrating circuit. Once again
it becomes a race between the
charge on the timing condenser and
the charge on the condenser in the
integrating network. As before,
the action of the timer when it wins
is to short circuit both its own and
the integrating network condenser,
while if the integrating circuit con-
denser reaches a predetermined
voltage before the end of the five-
minute period the alarm contacts
are completed.

Fig. 1 shows the simplified circuit
diagram from which it is seen that
a pair of half -wave rectifiers provide
a positive and negative rail and that
the cathode of the timer takes up
an intermediate potential defined by
the position of the tap. When the
potential between cathode and nega-
tive rail is large compared with the
grid -cathode potential necessary to
operate the relay (say, 1 volt) the
timing period is sensibly indepen-
dent of the applied voltage over
wide limits, because the condenser

is charging to a proportion of the
applied voltage and not to some
fixed potential.

Relay 1 has two windings; the
first carries the valve current and
closes the contacts. The timing
circuit condenser discharge current
is passed through the second wind-
ing of Relay 1 and holds the contacts
closed down to a definite condenser
voltage so that the restarting volt-
age is the same in every cycle.

The integrator shown in Fig. 1 it
current operated and the voltage
term is omitted for clarity. The
current transformer feeds a rectifier
circuit and the D.c. component is
fed to the long time -constant inte-
grating network with the grid of
the detector tied to the condenser-
resistor junction. The cathode of
the detector  sits on a voltage
regulator tube to give a constant
voltage reference towards which the
condenser potential rises at a rate
determined by the current flowing
in the primary winding of the
current transformer.

The D.C. Coupling from the anode
of the integrator detector to the
alarm relay valve grid carries that
valve beyond cut-off as the Con-
denser potential approaches the
reference potential, and so releases

Fig. 2 (a). Timer
indicator circuit.

the alarm relay, causing the alarm
contacts to close. Separate con-
tacts open the anode circuit of the
relay valve so that the relay must
be reset by hand. The alarm con-
tacts remain closed until the reset
button is pressed.

This arrangement of the alarm
relay ensures that almost every type
of failure that could normally occur
will result in the alarm being
sounded, thus conforming with the
best railway signalling practice.
The use of a double triode for the
integrator detector and the alarm
relay valve ensures that a heater
fault in this valve will give the
desired result which would not be
obtained from the failure of a
separate integrator detector valve.

KVA Operation

So much for the simple circuit.
For volt-ampere operation the nega-
tive rail of the integrator is raised
up from the negative rail of the
timer by half the voltage of the
regulator valve. Only half of the
voltage previously required is now
obtained from the integrating net-
work. It will be observed that this
arrangement does not give true in-
tegration of volt-amperes, but an
addition of voltage and integrated
current. Where the two terms are
equal, and they are made equal at
the tripping potential, this sum is
closely proportional to volt-amperes
over the usual range of voltage
variation, with the proviso that the
volt term is not integrated and so
becomes the instantaneous potential
in each period.

A true volt-ampere integrator can
be provided based on the addition of
two D.C. voltages which are made
proportional to log E and log I
respectively. The complication of
the non-linear networks is not justi-
fied unless an external indication or

Fig. 2 (b). Integrator indicator and
integrator detector.
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Fig. 3. Complete circuit diagram for integrated current and voltage relay. Both relays are shown de -energised. The alarm relay R, is
normally energised. A-Alarm contacts.

recording of KVA is required by the
consumer.

An advantage of the electronic
method lies in the appearance of a
D.C. component proportional to
secondary current. This D.C. can
be taken to any control point in a
works to give an indication of
instantaneous current. An am-
meter can also conveniently be
fitted to the instrument panel to
facilitate its setting up.

A double check indicator system
may be incorporated to give positive
indication of the operation of both
circuits.

While an electrostatic voltmeter
could have been employed for this
service to show the rising voltage on
the timer and integrator condenseit,
the low potential of the latter pre-
cludes the use of an induStrial
pattern instrument. Instead, a
measurement of charging current is
made with a valve -operated micro -
ammeter. The timer circuit with its
reasonably constant voltage is easy
to cater for, but the integrator with
its wide range of possible circuit
voltage needs some different treat-
ment.

Fig. 2a shows the timer indicator
with a small resistor between the
timer condenser of Fig. 1 and the
negative rail. The indicator has a
set-up scale which is marked in
minutes of the timing period. Note
that maximum current coincides
with zero time.

Fig. 2b shows the integrator
indicator. The potential on the in-
tegrating network condenser carries
the suppressor grid of a pentode
valve -from near anode current cut-

off, so that an anode current milli -
ammeter indicates the integration of
load current. One advantage of
this circuit is the relatively large
grid base-of the order of 50 volts-
which can be obtained with a tele-
vision pentode valve such as SP61.
Another advantage is the ample
current which is now made avail-
able to ,operate the indicator. A
cathode bias resistor can be varied
to compensate for the changes in
cathode current.

Thus the indicators may be
employed for checking the operation
of the relay by placing the pre-set
control to the load current shown
on the ammeter. The pointers
should then rise in step. The timer
indicator may be checked against
a stopwatch.

The full circuit is shown in Fig. 3
and the preset control is shown as
the potentiometer across the recti-
fied output of the current trans-
former secondary winding. With
this potentiometer a fixed voltage
is selected to operate the integrating
network and the potentiometer scale
marking can be in terms of primary
current, or where the added poten-
tial term is included, in KVA direct,
taking into account the current
transformer ratio.

Although the instrument so far
described has been designed for
single-phase or three-phase balanced
load operation, it is obvious that
the current term can be obtained
from the summation on the D.C. side
of three current transformer recti-
fier combinations to give warning
when the total consumption of a
three-phase unbalanced load system
exceeds the predetermined amount.

A Simple Tone Control
Circuit

By G. H. BANTHORPE*

LIKE many other commercial
engineers, the writer is forced

to spend some of his time in finding
ways of saving components with
which broadcast receivers are con-
structed, and found an extremely
simple circuit for a tone control.
It has the merit of being not only
very satisfactory indeed, but at the
same time saves in components.

The circuit is shown below and
is seen to be merely a negative feed-
back arrangement, the amount of
feedback depending upon the operat-
ing frequency, and the position of
the tone control.

The values shown were found, by
test, to be most suitable for a typical
broadcast receiver. The control has
a particularly wide range, but at
maximum top cut it gives an
attenuation of 28 db. at 20 Kc/s.,
the attenuation falling by approxi-
mately 6 db. per octave as the fre-
quency is decreased.

* Central Equipment Ltd.
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The Cathode-Follower
By E. PARKER, M.A. (Oxon), A.M.I.E.E. Part 3. General Theory

This Part, which deals mainly with methods of constructing exact cathode -follower characteristics,
can be read without reference to Parts I or 2

10. Numerical Method
10.1. Introduction

THE linear (or " idealised ")
theory of the preceding sections

may not always give the degree of
accuracy required (this is most likely
to be so if the cathode resistance is
small or if the behaviour of the valve
at low currents is of particular
interest). In such cases the follow-
ing numerical method giving the
exact characteristies may be em-
ployed. (The word " exact " is
used here to mean simply " as exact
as the given information about the
valve.")
10.2. The Method Described

Suppose first that it is the current
characteristic that is required (for
an H.T. voltage Vht and a cathode
resistance Re). Let I' be an arbi-
trarily chosen value of the valve
current. Calculate the value of the
corresponding cathode voltage from
the 'formula V.' = l'Re and the value
of the corresponding anode voltage
from the formula V.' = Vht - V.'.
Consult the given characteristics (or
tables) to find what the grid voltage
must be to give a current I' when
the anode voltage is V.'. Let it be
Vg'. (Vs' will in general be a nega-
tive quantity-see paragraph in
small type below). Calculate the
value that the input voltage must
therefore have, from the formula
Vt' = V.' + Vg. This establishes
one point (VI, I') on the required
characteristic. By repeating the
procedure with different values of I',
any number of such points can be
found; from these the characteristic
may be sketched in.

It is the voltage characteristic
and not the current characteristic
that is required, the same calcula-
tions are made, but V0', instead of
I', is plotted against Vt'.

If V,/ emerges from the above cal- I
-ulations as a positive quantity the
value of I' chosen was too large. As'
a guide to the values of I' that will
give admissible (i.e., negative) values
of Vg, Equation (7.2) of the idealised
theory should be recalled. This sug-i

(continued in col. iii)

Triode with cathode resistance, showing
the parameters discussed in the text

10.4. The Case of Rc << Ra.

If Re is small, then the cathode
voltage V. can never become
very great and the voltage V.
across the valve can always be
taken as Vht. This means that in
the calculation described in
paragraph 10.2 above, it is
sufficient to know the be-
haviour of the valve at this
anode voltage alone, i.e., to be
given the mutual characteristic
for V. Vht only (see Fig.
16a). The cathode - follower
current characteristic is then
obtained from this mutual
characteristic by the simple
linear transformation (from the
co-ordinates V,,/ into the co-
ordinates Vi,/)

V. =-IRe + Vg
This transformation represents
simply a " tilting -over " of the
whole figure until what was the
vertical axis in Fig. 16a coin-
cides with the Re -line Ok in
Fig. 16b, horizontal distances
(e.g., the bracketed voltages in
Figs. 16a and 16b) remaining
unaltered. A series of points
on the required cathode -
follower characteristic can thus
be found by marking off along
successive lines I = I', from the
points at which they cut the
Re -line, voltages equal to the
corresponding grid voltages on
the mutual characteristic.

gents that values of I between 0 and
Vht/ (Re + R.) should be chosen until
the exact behaviour of the characteri-
stic becomes evident. The particular
value of I' that gives zero for the cor-
responding value of Vg' marks the Grid
Current Point on the characteristic.
10.3. Example

Let Vitt = 300 V and Re = 500
ohms. Take I' = 5 mA as the first
value of I. Then V0' = 25 V and
V.' = 275 V. Suppose that I'
5 mA and V.' = 275 V give the value
of V,' as -2 V. Then VI' = V.' +
V,' -- 23 V, and the point V1 = 23 V,
I = 5 :nA. has been established on
the required characteristic.

II. Algebraic Statement of the
Numerical Method

For a given anode voltage V. there
is one., and only one, value of grid
voltage V, that will produce a
current I in a given triode. This
fact can be written :

95( V., I) (11.1)
where, provided the usual tables or
curves relating V,, V. and I are
available, 95 is a known function even
though there may be no recognised
mathematical form to represent it.
Equation (11.1) is clearly one form
of the general equation to the valve
triode characteristics (compare the
linear Equations (1.1) and (1.2)).
Proceeding as in Section 2 and sub-
stituting V1 - IRe for V, and
Vht - IRe for V. leads immediately
to the equation :

Tit =IRe+ ( t -IRe, I) (11.2)
which is therefore the general form of
the fundamental current equation of
the cathode -follower (compare the
linear Equation (3.1)). It must also
be the formula by which the values
of VI were calculated from the
chosen values of I in the previous
section; a moment's consideration
shows this to be so. First, Vht -
1Re was calculated numerically; then
the corresponding value of 95 was
found from the characteristics; this
was added to IRe, and the result was
the required value of Vi. Equation
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fig. 16. Construction of a cathode -follower current characteristic from the mutual charac-
teristic when Re << R5

(11.2) is therefore the algebraic
statement of the numerical method
of paragraph 10.2.

12. Geometrical Method

12.1 . Introduction

If graphs of the anode charac-
teristics of the valve are available,
the calculation of Vi for each chosen
value of I can be carried out
geometrically instead of numeri-
cally, as follows.
12.2. The Construction

Suppose as before that it is the
current characteristic corresponding

50 100

®Vag

to an H.T. voltage Vht and a cathode
resistance Re that is required. On
tile given anode characteristics
graph draw a line passing through
the point Vht on the voltage axis
and having a backward slope
1/ Re (PQ in Fig. 17). On a new
graph (see Fig. 18) whose axes are
marked Vt and I and on which the
required cathode -follower charac-
teristic will appear, draw a line Ok
through the origin with forward
slope 11Re. (It is usually con-
venient to give the VI,/ graph a
more open horizontal scale than the
original V.,/ graph had. This has
been done in Fig. 18, and also in

Fig. 17. Conventional anode characteristics

Fig. 19b, later). Next, draw on
each graph the line I = I' where
is the arbitrarily chosen value of
valve current, and let the respective
intersections of these lines with the
inclined lines be L and M. Let the
ordinate through L in Fig. 17 be LN
and the intersection of the line
I = in Fig. 18 with the current
axis be T. Let the particular anode
characteristic (shown dotted in
Fig. 17) on which L lies, be the
characteristic V.= V.'. (The numeri-
cal value of Vg' in a particular case
can be found by interpolation. It is,
for example, about -4', volts in
Fig. 17). Finally, in Fig. 18,
measure off a distance MS equal to
V.' along the line I = I'. (Since V.'
will generally be negativt, S has
been shown to the left of 1VI in Fig.
18). Then S is a point on the
required cathode -follower current
characteristic and by repeating the
construction with different values of
I' any number of such points can
be obtained (see Si S2, S2, etc., in
Fig. 19).
12.3 Proof

The validity of the above construc-
tion is easily demonstrated. For
TS = TM SM = I'Re + Vg' (the
" + " sign is correct because is
itself negative), = l'Re+95 (ON,NL)
(using Equation (11.1) and referring
to Fig. 17), = I'Re+95(Vnt-I'Re,11
(by the construction of Fig. 17),
= Vt' (by Equation (11.2)).-

30 60

Fig. 18. Constructing the first point
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12.4. Practical Procedure

Va

Fig. 19. The procedure for constructing the characteristics

Clearly the simplest way of
obtaining a large number of points
quickly is to choose lines I =
which cut PQ exactly at its points
of intersection with the given anode
characteristics (this avoids the need
for interpolation). In other words,
draw horizontal lines through some
or all of the intersections L., L1, L2,
etc. (Fig. 19a) of PQ with the
characteristics. Then, if these same
lines are transferred to the graph
of Fig. 19b cutting Ok in M0, MI,
M2, etc., and if distances 1 V from
M1, 2 V from M2, etc., are marked
back along these lines, a series of
points, M., SI, S2, Sa, etc., on the
require& characteristic is at once
obtained. From this series of
points, the characteristics can be
sketched in as shown in Fig. 19b.
12.5. " Mirror -Image " Characteristics

Since the slopes of PQ and Ok are
numerically equal but of opposite
signs, an alternative method is to
mark these 1 volt, 2 volt, 3 volt,
etc., distances to the right of PQ
along the I = I' lines of the original
graph (see Fig. 20). If the points
so obtained are joined and the com-
pleted curve " reflected " about the
line V. = Vht and this line then
taken as the current axis of the new
"mirror -image " graph (Fig. 21),

the result is the same as that given
by the previous construction.
Fig. 21 shows two characteristics
corresponding to different values of
R. (but the same H.T. voltage)
derived by this method from the
conventional anode characteristics
of Fig. 20. The thick curves in
Fig. 20 may conveniently be called
" mirror -image " cathode -follower
characteristics. It will be seen,
further, that the inclined construc-
tion lines in Fig. 20 are, in effect,
" mirror -image " Re -lines and also
that the Grid Current Points on the
" mirror -image " cathode -follower
characteristics are their points of
intersection with the anode charac-
teristic Vg = 0.
13. The Grid Current Boundary Curve

13.1. The Grid Current Boundary Curve
Theorem

The last sentence of the pre-
vious section leads immediately
to the following theorem :

The anode characteristic
Vg = 0 of any triode, drawn
BACKWARDS through the
point Vht on the horizontal
axis of the cathode -follower
current graph, forms the Grid
Current Boundary Curve on
that graph (see Fig. 21.).

I 3.2 Formal Proof

The general equation to the
current characteristic of a cathode -
follower whose anode voltage is Vht
and cathode resistance R. is, by
Section 11, Vi = /Re+ sb(Vht-/Re,/).
The Grid Current Point on this
characteristic is its point of intersec-
tion with the Re -line Vi = /Re.
Eliminating R. between these two
equations gives :

0(Vht - Vi, I) = 0 (13.1)
which is therefore the locus of the
Grid Current Point on the VI,I graph
as R. varies, i.e., the Grid Current
Boundary Curve.

On the other hand, the anode
characteristic Vg = 0 of Fig. 20 has,
by Equation (11.1), the equation :

sb(V., /) = 0 (13.2)
And by its form Equation (13.1)
represents the curve of Equation
(13.2) drawn backwards through the
point Vht on the Vi axis. Hence the
theorem is proved.

13.3 The Grid Current Boundary Line of
Section 8

The Grid Current Boundary Line
that was considered in Section 8 is
the special case of the Grid Current
Boundary Curve when the charac-
teristics are " idealised." It passed
through the point Vht on the voltage
axis and had a backward slope
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Fig.j20. '

1 /Rs, as the
(13.1) above
expect.

o/

100 150

Va

Mirror -Image' cathode -follower characteristics.

;pi

general theorem of
would lead one to

I 13.4. Paragraphs 13.1 and 13.2 above'
assumed the Grid Current Point to be
at Vg = 0 on the characteristic. If,
in fact, grid current starts at some
value of grid voltage other than zero,
it can easily be shown that the charac-
teristic corresponding to this grid
voltage, when reversed, forms the Grid,
!Current Boundary Curve. __I

13.5 Alternative Proof of the Grid Current
Boundary Curve Theorem

A less formal demonstration of the
above theorem can be given as
follows. Consider the same valve as
before, working with a given H.T.

200 250
'

voltage and a. given cathode resis-
tance, and let the input voltage
required to reduce the grid voltage
precisely to zero be VI. Let the anode
voltage, then be Va. Then clearly

Vht Va = V, (13.3)

Suppose the valve under these con-
ditions to be passing a current I.
Then the point (V,,,/) is a point on
the anode characteristic Vg = 0 of
Fig. 20. Similarly, the point (Vi,/),
being a Grid Current Point, is a
point on the Grid Current Boundary
Curve of Fig. 21. These two points
have the same vertical co-ordinates
and, by Equation (13.3) above, the
first point is the same distance to

k

p
<6

/

/ GRID CURRENT
POINTS

Fig. 21.

100 150

Fig. 20 reversed.

2

the left of the line V. = Vht in
Fig. 20 as the second point is to the
right of the current axis in Fig. 21.
The two points are therefore
" mirror -images " of one another
with respect to these lines and so
therefore are the complete curves-
the, anode characteristic Vg = 0 and
the Grid Current Boundary Curve.

It is perhaps misleading to des-
cribe the above as an alternative
proof. It is rather an alternative
statement of the same proof since it
is merely the analysis of para. 13.2
put into words. A similar verbal
argument can be used to establish
the construction of Section 12.

(To be concluded)

Interference with Television Reception
ACAMPAIGN to eliminate

interference with television
reception has been inaugurated by
the R.I.C. in accordance with
recommendations, made by a sub-
committee appointed some months
ago to investigate the whole matter.

Although television receiver manu-
facturers, by suitable modifications
to the circuit of their current
models, have already reduced effects
of this interference to a low level,
it is emphasised that the most effec-
tive means of suppression is at its
source. The R.I.C. plan, therefore,
is to deal first with interference
from car ignition which is the major
cause. It is estimated that 85-95
per cent. freedom from such inter-
ference can be provided, without
detracting from the engine's perfor-
mance, by fitting 10,000-15,000 ohms
resistor in the high tension _lead be -

An ignition suppressor for fitting in the
H.T _supply lead from the coil. Nominal

resistance 15,000 ohms.
Belling 8.C..Lee Ltd.

tween the ignition coil and the dis-
tributor. This method is based on
the British Standards Institution's
Code of Practice, C.P. 10001,
" Abatement of Radio Interference
Caused by Motor Vehicles and
Internal Combustion Engines." The
necessary resistor costs only .1s. 6d.
and can be fitted at any garage or
radio dealer's establishment or by
the motorist himself and is a matter
of a few minutes' work.

Some motor car manufacturers,
anticipating the campaign, have

already designed their engine's
ignition systems so that the high
tension wires cause a minimum of
interference. Others are fitting
form of resistors as standard equip-
ment to all cars equipped with
radio. The Radio Industry Council
is now asking that this should
become standard practice through-
out the motor car industry, whether
cars are to be equipped with radio
or not. Garages and service
stations are asked to co-operate in
" suppressing " cars already on the
road as and when the owners visit
the garage for service. The National
Road Transport Federation, the
G.P.O., B.B.C., L.P.T.B., the
Railways, Home Office, and the
Society of Motor Manufacturers and
Traders are all co-operating in the
" drive."
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A Note on Stabilising Power Supplies
By E. 3,

TT was shown by Miller (reference
1,1) that the stabilisation of a high
tension supply could be improved
by feeding a certain fraction of the
unstabilised supply into the control
system in addition to a fraction of
the stabilised supply, as in common
practice.

Referring to Fig. 1 : a series valve
of impedance R. and amplication
factor A is controlled from an ampli-
fier into which is fed a fraction r2
of the unsmoothed supply and r.
of the smoothed supply. In the
amplifier these fractions are subject
to voltage amplification
respectively.

Fig. I. Basic stabilising circuit.

Suppose a change of supply gives
rise to a change AV2 in the un-
stabilised level and a resultant
change of A Vi in the stabilised level;
the convention being made that

V, is of the same sign as Ls Va.
The total control E.M.F. applied to
the grid of the series valve is
(roniA + r2m2A V2) and the poten-
tial drop across the valve changes
by (A Va -A V2). For a source
impedance Z., and load resistance
RL, the current change Al brought
about is :
( A V.- A Vi) (rimi A V., + r2m, A V.)

R. + Z. + RL
Now, O Vi = RLAI

so :

A V. RI, (1 - Ani2r2)
AV, R.+ Z. + 2RL+ Amin&

If m2r2 = 1 A there is theoretically
no change in output level when the
supply varies.

It is necessary that the ratio r2
should not have to be so great that
the variation r2A V2 appearing at the
amplifier is sufficient to swing it out-
side its operating limits. This
implies that there 'is a minimum
acceptable value of Am, which is
determined by the maximum value
of A V2 encountered.
* Biochemistry Dept., University College.

HARRIS, Ph.D., D.I.C.

to smoothed line :

A V.

A V.

R.(Ri 2&)+ (laginRi - PRO
(Ri + R.i)(R. + Z. Att,r2R1)

so for maximum stability :
(Ri + R.,1)

= auiL2r2
Fig. 2. Miller's Circuit.

Component Values
R, 2 M S2 127 100 kc2 C, .006 ttF

where :
iti = amp. factor of control grid.

R, I MS2 variab:e R. 75 k SZ C, .05 dui' /L2 = amp. factor of mixer grid.
R, 50 k S2
R4 25 k S2

R. 500 k
R,0 50 kn

C, 0.5 ,uF
V, 3 x2A3 Rs = anode load of mixer.

R, 500 k S2 R11 2 M V2, V, 12 SC7 R. = impedance of mixer.
R. 100 1(5) R,2 50 k Vg VR 105 And (2) for anode load returned

The circuit used by Miller (Fig. 2)
employed two stages of twin triodes
(12SC7). Additional stability was
obtained by (a) feeding the heaters
from the stabilised supply, and (b)
applying R -C smoothing to the
reference potential obtained from a
gas discharge tube. The latter
removes the instability due to short-
term fluctuations of the operating
potential.

It has been found that a multi-
grid mixer valve (12SA7) will com-
bine the required mixing action with
a high gain (Fig. 3). The reference
potential obtained from the gas dis-
charge tube in the cathode circuit
cannot be smoothed, but it is found
that the VR type of gas discharge
tube provides a very stable operat-
ing potential. It is again necessary
to feed the heater of the amplifier
from a stable supply.

The potentiometer (R2R3) across
the unsmoothed supply is so adjusted
that the mean potential of the
junction. of /?2R2 is equal to the
cathode potential of the amplifier.
The variable potentiometer RV, is
used to obtain the correct fraction
(r2) of unstabilised supply to apply
to the mixer : adjustment may con-
veniently he made by setting to
minimum hum as observed on the
stabilised line. The potentiometer
RV2 regulates the output level, The
connection of the load resistance of
the amplifier to either smoothed or
unsmoothed supply introduces nega-
tive feedback and reduces the ampli-
fier gain. The effect is small in the
former case (ca 1 per cent.), and in
the latter case it may be cancelled
by adjustment of the fraction r2.

The relevant equations are :

(1) For the anode load returned

to unsmoothed line :

A V.

V 2

RI, (R1 -
(Ri + R.') + Z. + 2Ri,) + ARI,raiRi

490k

R, 200 K
R, 10J KO
R. 33 K

lu K52
R, 150 K
R. 100 K

255v.
150mA.

R5

2

Fig 3. Use of multi -grid valve
Component Values

RV1 20 Kfl V. VR 90
RV220K2 V, VR 105

C, 10 /IF
C2 0.1 p.F
V, 3x PX 25
V2 12 SC7

for maximum stability :
(Ri+ 2R,i) -

Rs

The reason that in practice the
anode load is connected to the un-
smoothed line rather than to the
smoothed line is that the anode
current (i.) of the amplifier valve is
limited in the latter case to a very
low value. The product Rii. is
equal to the operating bias for series
valve (say 10 volts). As R. is made
high (105406 ohms) to obtain high
gain, the current would be limited
to 10-100 /lamp. and a low conduc-
tance would result.

Some measured performance
figures for this circuit are :
(a) hum level less than 1 mV
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for an output current of 150 mA at
255 volts, with 190 volt drop in the
series valves (3 PX 25's in parallel) :
(b) Variation with mains level :

Mains level, V 220 236 246
r Output -level +1.20 + 0.90 +1.15

(Nominal 255 V)
Over the input range 236 ± 5 V
the variation was less than 0.1 volt.
The figures for (b) were obtained
with choke -condenser smoothing

lbeforb the series valve. A slight
improvement was gained by shunt-
ing across the smoothing condenser
a series of gas discharge tubes
having an operating potential equal
to the value of the unstabilised level
when the mains voltage was at its
lowest. The resistance of the
smoothing choke (200 ohms) and of
the rectifier was sufficient to limit
the current drawn by the gas dis-

I charge tubes at higher mains volt-
ages. The measured outputs under
these conditions were as given in
the table below :
Mains level, V Output level, V*

(Nominal 255
216 +1.12
220 +1.14
224 +1.17
230 +1.18
236 +1.20

+1.21
It will be noted that in the circuit of
Fig. 3 a 0.1 IT condenser has been
shunted across one arm of the poten-
tiometer providing the fraction of
the smoothed supply. This increases
the value of ri for audio -frequencies,
but as the general equation indi-
cates, the optimum value of ion2r.:

)is not a function of ri, so no other
change in the circuit is necessary.

The output impedance of the
system is of importance when a
variable load is to be used. For
the general case, Fig. 1:

Zs - iint2r2R.Zo -
( + ni2r2)

and when the condition Anizr2 = 1
s satisfied this becomes Z.- Zs - RH

1 + Amin
For minimum output resistance for
D.C. changes we require in addition

a = R. = Rs + jXs). If Re ex-
ceeds R. the output resistance is
egative, so the E.M.F. increases as

more current is drawn.
At low audio -frequencies the high

eactance of the smoothing choke is
of effectively shunted by the
moothing condenser so the impe-

dance (Zs) of the source passes
hrough a maximum value as the
requency is raised from zero up -

(Continued in next column) -

Improving Fly -back Time on a Miller Timebase By V. Attree'
E

+ ye WITH the normal Miller, time -
base circuit the flyback is

exponential and its duration is
determined by the product of the
charging condenser and the anode
load (Fig. 1) e.g., if the anode load
RL is 470 K2 and the condenser C
is 0.01 AF, the flyback will be
virtually complete in 5 CRL or. 25
milliseconds.

It is well known that the flyback
time may be reduced to about CRLFig. I. Flyback time to 99'3 SCR'. by catching " the anode with a
diode at a voltage of 0.6 Ey where E
is the H.T. voltage (Fig. 2). This
arrangement does not represent a
very great improvement. However,
by using a cathode follower (Fig. 3)
the flyback time is reduced to CR'
where R' is the effective cathode
impedance of the cathode follower.

During the major part of the fly-
back the cathode follower is in grid
current, hence R' is larger than
1 / gm. It is therefore, convenient to
estimate the flyback time from the

Fig. 2. Flyback time = CR] known saturation cathode current
of the valve. This current is easily
made 40 mA. However, in the case
of Fig. 2 with E = 300 V and RL =
470 K2, the average condenser dis-
charge current is only 0.4 mA. Thus,
the use of the cathode follower has
increased the discharge current by
100 times and improved the flyback
by the same ratio. At very high
sweep speedg the timing condenser
C is small and the flyback is limited
by the stray capacity at the anode
of the Miller valve instead of the dis-
charge current through C. The
improvement in flyback at high
speeds is therefore not so great as
at medium and low speeds, i.e., theFig. 3. Flyback time - CR' improvement in' flyback is most
marked at sweep durations longerwards. A chain of gas discharge than about 1 millisecond.tubes shunting the smoothing con-

denser reduces the magnitude of this If the condenser charging current
peak value of the output impedance is 4 ILA the flyback time with the new
and so improves output characteristic arrangement is one ten thousandth
as well as stability. (0.01 per cent.) of the sweep

Another method of applying duration.
double control to the amplifier valve
has been used by Graham et al.'
The screen of the amplifier pentode
was fed . from a resistance network
across smoothed and unsmoothed
supplies, with the disadvantage of
an impedance of some 20,000 ohms
in the screen supply, so the valve
amplification is reduced.

References
Electroni 1941, 14, 11.

2 J. Sci. Instr. 1947, 24, 119.

The principle has been used in the
design of a slow sweep timebase for
biological recording having sweep
durations between 10' milliseconds
and 100 seconds. The flyback time
in this timebase in no case exceeds
one thousandth part (0.1 per cent.)
of the sweep duration. A full
description of the circuit is now in
course of preparation.

* Biophysics Research Unit, University Cotege
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Optimum Frequency Range
T N the January 1947 issue of

ELECTRONIC ENGINEERING, the
writer reviewed the various
attempts that have been made to
decide the optimum frequency
range for the " most pleasing
reproduction of speech and music.
Quite frankly, the available evidence
indicates that a non (electro)
technical audience prefers a fre-
quency range restricted at the top
end to about 5,000-6,000 c/ s. rather
than the range of some 17,000-20,000
c/ s. which we believe is necessary
to give a " reproduction " of a full
orchestra. It is known that, at
least in the case of young people
(below 25 years) this frequency
range is within the capacity of the
human ear. In spite of this it may
be said with some confidence that
in the majority of tests in which
some degree of scientific control was
exercised, it has been found that
the restricted range of some 5,000-
6,000 c/ s. was preferred. Although
many reasons for this pre-
ference have been put forward,
that finding most favour is the
suggestion that residual distor-
tion, below the level of current
instrumental technique or current
appreciation, are the real reason for
the preference for range restriction.
This suggestion was more fully dealt
with in the January 1947 issue so
that the pros and cons will not be re-
stated, but it is an obvious and
necessary step in the investigation
to check whether the preference
would still be the same if an electro
acoustic link comprising micro-
phones, amplifiers, and loudspeakers
was not used between orchestra and
audience.

Such a test was being undertaken
in America at the time the last
article was being written and it is
the purpose of this note to describe
the results obtained.

Although it would be desirable to
make the tests on a full symphony
orchestra, practical limitations re-
stricted the tests to a six -piece com-
bination of piano, trumpet, violin,
clarinet, contrabass, drums and
traps, a combination in which the
high frequency end of the audio
spectrum is well represented.

The orchestra were placed in a
section of a room partitioned off

* B.T.H. Go. Ltd., Rugby.
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from the audience, there being an
opening approximately 10 ft. by
8 ft. in this partition. This opening
could be opened or closed by a series
of shutters each about 1 ft. wide and
the full opening height, the shutters
being pivoted top and bottom so.
that in the " edge on " position,
the opening was substantially un-
restricted. The shutter vanes
actually constituted the elements

of an acoustic filter dimensioned to
restrict the frequency range to that
indicated by Fig. 1. Dr. Olsen
quotes this as being representative
of a high quality radio or gramo-
phone equipment, but based on con-
siderable experience the writer
would suggest that " exceptionally
high quality is a more accurate
description.

Two " frequency characteristics "
were available at the listening posi-
tion " range unrestricted " with
the shutters open and " range
restricted " to that of Fig. 1 with
the shutters closed. These alterna-
tive characteristics were presented
to the audience as " Position A "
and " Position B" at 15 second
intervals, while the orchestra played
two light musical pieces. The actual
shutter position was concealed from
the audience by a lightweight cur-
tain and appropriate lighting in
order to prevent the result being
biased. Separate measurement
indicated that the transmission loss
introduced by the curtain was only
about 2 db. at 10 Kc/ s.

Further detail of the actual experi-
mental layout may be noted from
Fig. 2 and the photograph, Fig. 3.
In a small room of the size indicated
even a small orchestra of six pieces
can produce more noise than is com-
fortable and the instrumentalists
would therefore tend to exert less
effort than is usual in order to bring
the sound level down to a pleasing
value. It is known that the har-
monic spectrum of most instruments
is markedly affected by a change in
effort, Fig. 4 illustrating the effect
in the case of a piano. Any change
in harmonic structure would well
invalidate the whole experiment, but
it was apparently considered that
effects of this type were negligible in
comparison with the changes in
response characteristic.

Each member of the audience was
supplied with a card on which to
record their preference and any
other comments.

The results of the experiment are
very interesting. Of 1,000 people
who heard the test, 69 per cent. pre-
ferred the full frequency range,
only 3] per cent. expressing a
preference for the restricted range.
Divided into age groups the pre-
ference remained substantially the



March, 1948 Electronic Engineering 99

Fig. 3 (a). Shutters 'closed '. Range restricted

ame except that in the group 14-20
'ears the preference for full range
vas not quite so well marked, 50 per
ent. preferring " full range," while
.1 per cent. preferred the restricted
ange. This difference is attributed
o difference in musical experience,
n. that this age group would be

ixpected to have considerable
xnerience of juke boxes and cheap
aaio receivers and little experience
f real orchestral concerts. To meet
he declared objection to light music
iy a large percentage of the
udience some 150 listeners were
sted using semi -classical music, but

Fig. 3 (b). Shutters  open '. Range unrestricted

there was no significant change in
the results, 66 per cent. preferring
" wide range " and 34 per cent.
" restricted range."

Comments on the restricted range
reproduction are typical of what
might be expected of a narrow range
reproducer, muffled, muddy, mushy,
lacking in intimacy, pushed back,
etc., but it is noteworthy that the
term " mellow " is not applied.

In a footnotej' Mr. Olsen states that
" These results are not in conflict
with any other published or reported
tests " and this appears to he a fair
statement of fact. These results

are obtained on a binaural listening
system differing in many respects
from the monaural tests reported
in the January issue and these
differences may well prove to be the
real reason for the apparent pre-
ference for a restricted frequency
range when a monaural system is
tested. The tests are an invaluable
contribution to the general effort to
narrow the gaps in our understand-
ing of what constitutes good sound
quality.

t 01"on. Frequency Range Prefrrrnee for Speech
mei 3tu,,,Ie. .1.4.S.4. July 1047.

CORRESPONDENCE -
DEAR SIR,-I have read with

interest Dr. Grey Walter's letter in
our February issue, suggesting a
,ew unit for the measurement of
oltage amplification. Logical con-
iderations would appear to be all

favour of a unit of this nature.
The comments in your editorial

egarding the inadequate considera-
'on given to suggestions of this
.nd, cause me to draw your atten-
'on to a letter of mine published
n " Nature " during 1945, in which

suggested a unit for expressing
legree of vacuum, based on similar
onsiderations to those used as
he basis of Dr. Grey Walter's
ggestion.
When considering the adoption of
vacuum unit, the proposal was dis-
ussed with a number of people
ngaged in the field of high vacuum
ork, and all appeared to be favour-
bly impressed by the suggestion.
owever, subsequent to publication
f the letter only two letters were
freeived commenting on the pro -

N ew

posal. Both were strongly in favour
of the idea, one suggesting that the
unit be called the " McLeod," in
recognition of the work done by
this pioneer in the field. This ripple
of interest soon faded away, and
although the reasons advanced in
favour of its adoption were every bit
as logical as those advanced by Dr.
Grey Walter, it would appear that
conservatism is much too strong, and
I am afraid that the new Gain units
will meet with similar reception.

However, in view of the series of
articles which you are at preent
publishing on the subject of high
vacuum pumps, it is possible that
the proposal regarding vacuum
units would be of current interest
to a number of your readers, and I
would he pleased if you could find it
possible to allow me to put forward
this suggestion again through the
medium of your own columns. --
Yours faithfully,

F. II, TOWNSEND.

Units
DEAR Sta,----Provided a new unit

is going to be useful and acc,pt,.,1
by some authorit v, such ns Ih,
British Standards I 11,11110],w, I herr
is no reason \vh.lic,.,/. cliff :11,h a
unit should not he propoN,(1
new conception. Trou1,1, only
when an old name is opt c,1 t
cover some new conception. Thus,
for noise -levels the B.S.I.
the German phon, the .11/1/-i
cans confused us all I r, l:tiniti
decibel, previously define/1 for nov,
level differences on a lo,,
I have always been in fa von r
hertz for one -cycle -per -s,,,, /11,1. It
was originated by the Gerni:LII': ;UI
used by myself in an (.1,111,w:try
book on acoustics in 193'2, I,ut it
never caught on here. This is n

pity, since on, the. great csi
pioneers in work vhich depend,. sip
much on high fr,ipioncies is rid
otherwise commcmorated in on,
units; here is an opportunity wasted.
-Yours faithfully,

L. E. C.
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A Titanium Technique
for Metal -Ceramic Seals

By H. W. GREENWOOD

AVALUABLE technique has
been developed in the Research

Laboratories of G.E.C. Schenectady,
N.Y., in which titanium hydride is
applied to ceramics in conjunction
with a metal such as copper or silver
and then brazed to provide a metal-
ceramic seal which, it is claimed,
constitutes a major advance in the
design and construction of U.H.F.
and S.H.F. tubes.*

Titanium is no longer looked upon
as a rare metal for it is, in fact,
much more abundant in the earth's
crust than most of our common
metals. In nature it occurs mainly
as oxide; indeed, the metal until
comparatively recently has been a
rarity owing to the difficulty of
reducing the oxide. In powder form
the metal is liable to take fire spon-
taneously and that property has led,
in recent years, to its preparation
in the form of hydride, in which
state it can be handled and stored
quite safely.

Titanium - hydride is a stable fine
powder of metallic appearance, non -
hygroscopic and unchanged in air.
When heated there is at first a slow
dissociation, hydrogen being given
off at temperatures above 350° C.
Above 400° C. dissociation becomes
more rapid,.but is not complete until
1,000° C. is reached. During the
whole period of heating the material
is virtually in a Pure hydrogen
atmosphere and no oxidation takes
place. It is this condition that is
taken advantage of in the new
brazing technique to be described.

The higher thermal efficiency of
ceramic insulators, supports, etc.,
and the lower losses than glass is
well known, but hitherto the metal-
lisation of ceramics has not been a
simple matter. The difficulties are,
however, generally appreciated and
known and so need not be discussed
in detail here. The new technique
consists in obtaining a vacuum -tight
bond between ceramic and metal
which can be used to join up either
with other ceramics or with metals
by a process which is extremely
simple.
* R. I. Bondley Electronics, July 1947, pp 97-99.

It consists in painting the areas
of the ceramic with a mixture of
titanic hydride and a suitable
vehicle at those points or over that
area where the seal is required.
The paint consists of 300 -mesh
titanium hydride powder and the
vehicle is a fairly thick cellulose
nitrate lacquer. The proportions of
vehicle to hydride powder should be
such as to allow of spreading in a
thin dense layer where required,
using a brush. As soon as -the mix-
ture is applied the metal to be
alloyed with the titanium to form
the seal is added either as a ring or
washer or as a, powder. It can be
pure copper, copper -silver alloy or
pure silver, Copper is best added
in the proportion of about 72 parts
by weight to every 28 parts of
titanium, say, 70 of copper to 30 of
titanium hydride paint, as this pro-
vides material having approxi-
mately the composition of the
copper -titanium eutectic.

The treated ceramic is now heated
to a temperature of between 900°
and 1,000° C., the heating being not
too speedy. The hydrogen evolved
from the hydride keeps the surface
of metal clean and acts as a screen
of pure hydrogen during the braz-
ing. At or about 900° silver or silver
solder melts and a little above that
temperature copper combines with
titanium to form the eutectic. The
molten metal spreads over the sur-
face of the ceramic and adheres
firmly, sealing it hermetically.

The joints can be made in a
vacuum and when this is. done any
absorbed hydrogen is eliminated and
dense leak -free metal results. In all
cases where ceramic to ceramic or
ceramic to metal seals have been
tested it has been found that the

actual seals have been stronger than
the ceramic itself even though it was
the steatite or magnesium silicate
variety having notably better
physical properties than glass'. The
new technique allows of joining
ceramic to ceramic as well as ceramic
to metal, while the use of high melt-
ing point solders such as silver
solder or the copper or silver
titanium eutectics as well as the
ability of ceramics to withstand
high exhaust temperatures permits
the production of tubes capable of
operation under severe conditions.
A further point is the freedom from
oxides in the seal which provides a
bond resistant to strongly reducing
atmospheres and to metallic vapour.

The technique described was
developed primarily for use in the
vacuum envelope, but it will ba
obvious that the simplicity of the
process as well as the valuable pro-
perties of the seals can be used for
the permanent attachment of sup-
ports and spacers to tube structure
such as are necessary in cathode-
ray tithes and other units of a
similar character, or for the attach-
ment of chromium, molybdenum or
other refractory metal wires to
ceramic supports. The seals pro-
vide rigid and immovable attach-
ments.

It will also be apparent that so
simple a technique is applicable in
many other fields where ceramic
components are used and that there
are probably other possible applica-
tions in industries other than the
electronic.

The following table compares
ceramic -metal seals produced by the
new technique with the more usual
glass -metal seals. The materials'
are of U.S.A. origin :

Property Magnesium Silicate Borosilicate Glass
(Alsimag No. 243) (Corning No. 704)

Dielectric constant (10.000 Mc.)
Power factor (tangent 10.000 Mc.)
Loss factor (10.000 Mc.)
Volume resistance at 300° C
Volume resistance at .700° C
Thermal coefficient of expansion
Softening temperature ° C
Thermal stability
Compressive strength
Flexural strength

5.5
0.0002
0.001 I
7 x 10"
1 x 10'

10.4 x10-6
1.440
1000

85,000
20,000

4.6
0.005
0.023
5.17x 108
1000

4.9 x 10-0

698
450

70.000 approx.
8.000 approx.
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NOTES FROM THE INDUSTRY
Next Radiolympia in 1949

The R.I.C. is planning to hold the
next National Radio Exhibition in the
i' utumn of 1949. This date has been
chosen in preference to one in 1948 to
enable the industry to concentrate on
production for export and to allow
more time for the development and

1productiou of new sets.

Radio Exports

Exports of all types of radio equip
'went in November last, amounted to
4:950,914, of which receivers and radio-
grams, accounted for £318,700, com-
ponents and valves £320,917, and
£156,535 respectively, transmitters,
navigational aids and industrial elec-
tronic equipment, £154,762. Biggest
importers of British components were
the Netherlands, Norway and Turkey
which together took over a third of
the total. Due to the restriction on
imports into India exports of all types
of British radio equipment to that
country were only 2 per cent. of the
total radio exports as compared with
i per cent, in October and over the
whole of the previous year.

New R.I.C. Chairman

Mr. J. W. Ridgeway, 0.B.E., of the
Edison Swan Electric Co., Ltd., has
been elected chairman of the R.I.C. for
the current year in succession to
Mr. G. Darnley Smith, of Bush Radio,
Ltd., Mr. C. 0. Stanley, C.B.E., of
Pye, Ltd., has been elected vice-
?hairman.

New Appointments
Philips Electrical, Ltd.

Dr. R. C. G. Williams, M.I.E.E.,
1.I.Mech.E., has been appointed Chief

ilingineer of Philips Electrical, Ltd., to
advise the Managing Director on all
technical matters. He is retaining his
recent connexion with America as tech-
Oical adviser to the North American
Philips Co.

Marconi Research

Mr. J. G. Robb, Deputy Engineer -
in -Chief of the Company's Research

aboratories, has been appointed Chief
f a new Engineering Division in con-
exion with Associated Companies, He

s succeeded as Chief of Research by
VII'. R. J. Kemp, who was Mr. Robb's
hid Assistant.

ivac

Mr. J. R. Hughes, A.M.I.E.E.,
.Brit. I.R.E., lately Technical

secretary of the B.R.V.M.A., has now
oined Hivac, Ltd. He will be respon-
ible for all technical liaison both with
ustomers and with associated com-

flies.

A Modern Home -Built
Televisor

The Second Edition of the booklet
describing the construction of this re-
ceiver is now available, price 2s. 8d.
postage included.

Orders already received are being
dispatched as quickly as possible.

Perspex Dyeing
It is not generally known that Per-

spex, cellulose accetate and similar
plastics, including moulded articles can
be dyed without damage to the trans-
parency or surface of the materials.

The Dorland Electric Company,
Limited, 59 Brompton Road, London,
S.W.3, have extensive facilities for the
dyeing of such plastics and are able to
undertake the dying of plastic parts
supplied to them or can fabricate and
dye to special requirements. All dyes
used by them have been thoroughly
tested for light fastness and are
permanent. An unlimited variety of
colours and shades are available in-
cluding shades of grey and black and
experimental pieces have been dyed with
fluorescent substances.

Among the more obvious applications
are coloured cathode ray filters, instru-
ment dials, pilot, lamp covers, etc.
More than this, the process opens up
entirely new fields of designs. Used,
for instance, in conjunction with the well
known " piped lighting " effect of
Perspex, indicator lamps can be
remotely mounted from the panel
resulting in considerable saving in panel
space.

Deaf -Aid Valve Contract
Mullard announces that they have

recently been awarded a Government
contract for 400,000 miniature valves
for use in the State sponsored
" 1VIedresco " hearing aid. The accom-
panying photograph gives an indication
of the size of the valves involved, six
DF.70s being held in the bowl of a spoon.

Six Metre Transmitting Licences

The G.P.O. have advised the.R.S.G.B.
that its request for the extension of
6 metre facilities had been granted.
This means that every U.K. amateur
may now obtain a 6 metre licence
provided he states in his application
that the facility is required for the
purpose of conducting technical investi-
gations. The permit will be held
valid until. April 30, 1948. A charge of
105. will be made for each permit
issued in order to cover the G.P.O's
expenses, and this fee should be sent
with the application to the Engineer -
in -Chief, Radio Branch, W5 / 5 Brent
Buildings, North Circular Road, Lon-
don, N.W.2,

The Garrard Engineering' and Manufacturing
Co., Ltd.

Mr. A. C. Marshall, London Sales
Representative has now, moved to
68 / 70 Finsbury Pavement, Telephone
MET 8927. The Service and Spares
Department has moved to Okus Road,
Swindon, Telephone Swindon 3405,

The Journal of the Institute of Navigation

This new journal is the official publica-
tion of the Institute of Navigation and
contains a record of all current naviga-
tional work together with reports of
the work of the Institute. Besides
original contributions of scientific value
to air and surface navigation, the
journal publishes papers read to meet-
ings of the Institute, and reviews of
contemporary books and tables of
interest to, navigators. It is published
quarterly by the Institute of Naviga-
tion, c/ o. the Royal Geographical
Society, 1 Kensington Gore, London,
S.W.7., and is available through all
booksellers. Price 6s. net, plus 3d.
postage, per issue; 25s. net for a year,
inclusive of postage..

" Klipin " Circuit Breaker
The " Klipin " circuit breaker has

been designed to meet the requirements
of a -simple,' small, and reliable circuit
breaker for the protection of small
motor appliances, electric tools, light-
ing circuits, etc., particularly where
the initial starting current is ,greater
than the normal running current.

The circuit breaker is operated by a
thermal trip and is unaffected by tem-
porary overload.

Sustained overloads open the circuit
breaker after a time delay. The trip-
ping mechanism is sensitive and owing
to its small mass is not affected by
vibration. Calibration - Standard
ranges 2.5, 5, 10 and 15 amps. Size-

x 1,4 x 2 in. Weight -4 ozs.
Obtainable from A. E. W.. Ltd.,

Imperial Works, High Street, Edgware,
Middlesex.
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MODERN RADIO
TECHNIQUE

A new series of technical monographs
edited by J. A. RATCLIFFE. The first
three titles are given below ; others
are in preparation. Full particulars
may be had from the, publishers.

Wave Guides
L G. H. HUXLEY

Based on wartime courses given at
T.R.E. 21s. net

Radio Aids to
Navigation

R. A. SMITH
Published by permission of the
Ministry of Supply. 9s. net

Principles of Radar
DENIS TAYLOR

and C. H. WESTCOTT
Ready shortly. About 15s. net

CAMBRIDGE
UNIVERSITY PRESS

THESE ARE IN STOCK
FREQUENCY MODULATION

ENGINEERING, by C. E. Tibbs. 28s.
Postage 6d.

FUNDAMENTALS OF RADIO by
F. E. Terman, 24s. Postage 8d.

RADIO AIDS TO NAVIGATION, by
R. A. Smith. 9s. Postage 5d.

TIME BASES, by 0. S. Puckle. 16s.
Postage 5d.

THE MATHEMATICS OF WIRELESS,
by Ralph Stranger. 7s. 6d. Postage 4d.

ELECTRONICS FOR INDUSTRY, by
W. I. Bendz. 30s. Postage 9d.

ELECTRICITY METERS AND METER
TESTING, by G. W. Stu bbings. I6s.
Postage 6d.

INDUSTRIAL ELECTRONIC CIRCUITS
by Walter Richter. 27s. Postage 9d.

THERMIONIC VALVE CIRCUITS, by
E. Williams. 12s. 6d. Postage 4d.

RADIO -ELECTRONIC CIRCUITS, by
Radio -Craft Library. 3s. 6d. Postage 2d.

THE WIRELESS WORLD VALVE DATA,
2s. Postage 2d.

AMATEUR RADIO MICROWAVE
TECHNIQUE, R.S.G.B. Publication. 2s.
Postage 2d.

We have the finest stock of British and
American Radio books in the Country.
Write or call for complete list.

THE MODERN BOOK COMPANY
(Dept. E.2)

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

The Principles and Practice of
Wavegu ides

By L. G. H. Huxley (Cambridge University
Press. 1947. 325 pp. Price 21s. net.)

THIS book is a survey of the recent
developments in practical wave -

guide techniques; and the author
believes the book does not suffer
because of his elementary and physical
approach to the subject. The book, in
fact, gains from this approach ; and
readers will agree with his description
of the book to the extent that some,
if not all, may. wonder why the author
chose to deviate at all from his strictly
physical approach by including the
last chapter on Mathematical Treat-
ment.

Although there exist numerous
publications on Waveguide Theory, the
beginner in the subject is likely to find
himself out of his depth from the out-
set because of its mathematical nature,
and the way in which this is greatly
divorced from the physical principles.
In many ways, waveguide theory is
but a guide to the practice. The
practice forms a separate subject. Thus
the need for a book on physical prin-
ciples has been felt for some time and,
because Dr. Huxley's book sets out to
satisfy this need, its recommendation
is self -apparent,

Any criticisms of the book must be
chiefly concerned with the waveguide
devices which the author has included
(or omitted) in his techniques, and his
description of them. Some of the
examples could not be recommended
on mechanical grounds; in fact they
perpetrate the amateur methods- of
laboratory workers which were so much
experienced during the war. We may
ask whether we now require a book
on the mechanical engineering of
waveguides. This book, in keeping
with all its predecessors, fails to recog-
nise that the best waveguide per-
formance is obtained only when the
mechanical design is as sound as the
electrical. The author describes very
thoroughly, and in excellent manner,
the application of wavelength prin-
ciples and impedance concepts to
waveguide practice. Now, the wave -
meter and the standing -wave detector
are pre-eminent in the practical appli-
cation of these principles, but this
book, like all others, is inadequate and
trivial in its description of these and
other important devices. Some of the
waveguide devices which are described
represent early examples of the art,
and later developments are omitted,
but this must naturally result from
any book 'which describes a rapidly
advancing art. The article on cor-
rugated waveguides is evidently pre-
sented for workers on Linear
Accelerators, but the treatment of this
complicated subject is sketchy and
would have been better omitted. The
treatment of impedance transforma-
tions, cavity resonators, and slots is

BOOK
excellent, albeit the last is brief.
Despite criticism of mechanical prin-
ciples, which, after all, the author
has had to take largely from other
workers, the book presents a well laid
out description of modern waveguide
practice.

This book excels in its treatment of
the physical principles. After stating
early formulae without proof, in
parallel with a description of various
waveguides and modes of propagation,
the author develops the subject in a
logical manner, without disjointedness,
using the usual physical and algebraic
techniques and analogues which are
the accomplishment of the average
engineer or physicist.

It is not clear just why the last
chapter on Mathematical Treatment
has been included in a book of this
character. The author says it con-
tains a more formal treatment of the
subject. It certainly does; and it also
forms an excellent summary of
theoretical methods. He may be
assured that many readers will dili-
gently study the first six chapters, but
few of them will turn the pages of the
last. The last chapter is for a different

one more interested
in the theoretical aspects of the sub-
ject, who may well prefer his book
wholly devoted to a theoretical study.
The present book is evidently written
for the practical worker, and the
beginner.

The time has come for waveguides
as a subject to shed its academic
appearance and to be regarded as
practical, and everyday science. Dr.
Huxley's book goes a long way towards
this end. The beginner can be recom-
mended to read it in ,a progressive
manner, and be assured that it will
lead him along a straight path, cutting
out much of the deadwood on the way.

L. W, BROWN

Radio Aids to Navigation
R. A. Smith. 114 pp. (Cambridge univer-
sity Press. Price 9s.).

THIS interesting little book gives a
very full account of the require-

ments for navigational aids for aircraft
and the methods that have been em-
ployed to meet them. Radio aids for
marine navigation are also discussed but
not in such great detail.

In a book of this length it will be
evident that there is room only for
general descriptions of the systems. No
circuit details are given, only the
general principles with a discussion of
the accuracies obtained or obtainable.

The book opens with a very short
but excellent introduction in which the
history of radio aids is summarised and
the problems of the future postulated.
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EVI EWS
Then follows a chapter in which the
history is expanded and the different
classes of radio aids defined. There-
after, the chapters are arranged in
accordance with the technical charac-
teristics of the systems described.

Chapter 3 gives a full account of the
use of beacons by aircraft fitted with
radar. This was a natural develop-
ment from radar and one which it is

1shown played a very large part in the
successful prosecution of the war, both
on land and at sea. This is followed
by a short account of the use of
V.H.F. / D.F. and the problems in-
volved. This chapter is all too short

/since, though conventional direction -
finding is rapidly giving place to more
modern methods of navigation, it has
the great merit of simplicity, a factor,
the importance of which is rightly
stressed in connexion with other
systems.

A short chapter on V.H.F. ranges
follows in which the principles are
adequately described and chapters 6.
and 7 give very full accounts of GEE
and LORAN which are easily under-
tood and of great interest, since they

are the forerunners of a class of radio
aids which is likely to prove most
important as large civil aircraft oust
heir competitors in the field of long -

;distance transport.
The e.w. systems are described in

chapter 8 which is of interest since
these systems are not generally well-
known. As a contrast, this is followed
by two chapters in which the applica-
tion of radar to navigation is described
and discussed. Then follows a chapter
on altimeters in which there is only
room to describe the different systems
very briefly and this leads on naturally
to three chapters on blind -landing
systems and airfield control. Here the
author indicates the lines along which
progress is most required if, in future,
we are to be spared the tedious delays
due to bad weather which are, at
resent, associated- with air travel.
This book is completed by a review

f navigational systems and a short,
but useful glossary.
To sum up, this is a most useful

introduction to, and summary of, the
problems of air navigation by radio
nd the methods of resolving them.

Space does not allow a discussion of the
esign or circuit techniques employed.

and if the reader requires this he must
btain the original papers to which
eference is made. In this connexion.

)a bibliography would be of assistance.
1 As might be expected of the Cam -

ridge University Press, the format of
he book is excellent and it is

llustrated by clear diagrams and
elightful photographs.

J. F. COALES

Working for the Films
Oswell Blakeston. (Focal Press). 200 pp.
10s. 6d.
rr HE increasing identity of interest
1 between electronics and kinema-

tography lends added value to a book
already of outstanding interest, which
describes, not how a film is made, but
the part played by each technician in
the making of it.

Written by nineteen leading tech-
nicians, all of whose names are house-
hold words to people in the film trade,
it covers every aspect of production.
from the preparation of the script, t,
the production and final editing. Tto
film cartoonist, and composer, and th
publicity department are not over-
looked.

The electronic engineer will of course
be primarily interested in the chapter
on sound recording. This chapter does
not profess to tell anything about the
technicalities of the craft, but it does
give a useful guide to the jobs of the
people employed in that department.

The average person who is anxious
to enter the film trade has usually no
idea of the wide variety of employment
offered, and to him this book can be
confidently recommended. . Of prac-
tical interest to him will be the list of
salaries agreed between employers and
unions for the various grades.

He will probably not realise a serious
omission : that no mention is made of
what is probably the oldest training
course in the world on the technical
aspects of kinematography : the two-
year course organised by the British
Kinematograph Society at the Poly-
technic, Regent Street, London, which
since 1931 has turned out many leading
technicians and executives.

R. H. CRTCKs

Television Explained
by W. E. Miller, M.A. The Trader Publishing
Co., Ltd. 52 p. (56 figs.) 3/6 net (postage 2d.)

FOLLOWING the success of a previous
hook by the same author dealing with

radio receiver circuits in a step-by-step
survey, it was felt that a treatment of
television receiving circuits in the same
simple style was overdue, and as a
result this book is published.

It is addressed mainly to knowledge
able members of the public who, having
some acquaintance of radio circuits, are
equally interested in their" television
counterparts; to radio service engineers
as a grounding in the circuitry they
will encounter in maintaining television
sets; and to students in radio and tele-
vision in technical colleges.

The book is non -mathematical, and is
written in simple language. In addition
to television reception circuits, aerials
and aerial systerns are fully explained,
and receiver installation and operation
is described and illustrated.

LEWIS'S
of

Gower Street

invite inspection of their stock
of books on all branches of

RADIO and ELECTRICAL
ENGINEERING

CONTINENTAL and AMERICAN
Works can be obtained under Board

of Trade Licence

Secondhand Department

140 Gower Street, VV.C.1

Large stock available

Books sought for and reported
free of charge

Large or small collections bought

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

Telephone EUSton 4282

NEW PUBLICATION

Introduction to

ATOMIC
PHYSICS

HENRY SEMAT, Ph.D.
Associate Professor of Physics.
The City College, New York

REVISED AND ENLARGED

9 6 xi 412 pages 169 figures

24s. net

Postage 9d. extra

CHAPMAN & HALL, LTD.
37-39 Essex Street, London, W.C.2.
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MARCH MEETINGS
Institution of Electrical Engineers

All meetings are held at the Institu-
tion of Electrical Engineers, Savoy
Place, London, W.C.2.

Radio Section

Date : March 3. Time : 5.30 p.m.
Lecture : " The Testing of Communi-

cation -type Radio Receivers."
By : W. J. Bray, M.Sc.(Eng.), and

W. R. H. Lowry, B.Sc.
Date : March 9. Time : 5.30 p.m.
Informal Lecture : " Automatic Tele-

graphy and Single -side -band Work-
ing."

By : A. Cook, B.Sc.

Date : March 24. Time : 5.30 p.m.
Lecture " Three -Dimensional Cathode-

Ray Tube Displays."
By : E. Parker, M.A., and P. R.

Wallis, B.Sc.(Eng.).
The Secretary : I.E.E., Savoy Place,

W.C.2.

Cambridge Radio Group

Date : March 16. Time : 8.15 p.m.
Held at : The Cavendish Laboratory,

Cambridge.
Lecture : " Electronic Calculating

Machines."
By : Professor D. R. Hartree, 1VI.A.,

Ph.D., F.R.S.
Son. Secretary : J. E. Curran, Univer-

sity Engineering Laboratory, Trum-
pington Street, Cambridge.

North-East Radio and Measurement Group

Date : March 1. Time : 6.15 p.m.
Held at : Kings College, Newcastle -on -

Tyne.
Lecture : " Activities and Equipment

of Industrial Electronics Labora-
tories.

By : G. A. Hickling.
Assistant Secretary : G. A. Kysh,

c o N.E.S., Co., Ltd., Carloil House,
Newcastle -on -Tyne.

British Kinematograph Society
Date : March 10. Time : 7.15 p.m.
Held at : Gaumont-British Theatre,

Film House, Wardour Street, W.1.
Lecture : " Phase Modulation Prin-

ciples applied to Sound Recording."
By : J. A. Sargrove, et al.
Secretary : R. H. Cricks, 2 Dean Street,

London, W.1.

Manchester Section

Date : March 2. Time : 10.30 a.m.
Held at : Manchester Geographical

Society, 16 St. Mary's Parsonage,
Manchester.

Lecture : Light Production from the
Carbon Arc.'

By : H. P: Woods, B.Sc.
Hon. Secretar y : A. Wigley, 15 Broad-

way, Walkden, Lancs.

Institute of Physics
Industrial Radiology Group

Date : March 19. Time : 2 p.m.
Held at : The Institute of Physics, 47

Belgrave Square, London, S.W.1.
Lecture : " A survey of eddy -current

methods used in non-destructive test-
ing."

By : R. Meakin.
Lecture : " Trends in American

Radiology."
By : W. Binks.
Hon. Secretary : Dr. L. Mullins,

Research Laboratory, Kodak Ltd.,
Harrow, Middlesex.

Electronics Group

Date : March 9. Time : 5.30 p.m.
Held at : The Institute of Physics, 47

Belgrave Square, London, ,S.W.1.
Group Annual Meeting followed by-
Lecture : " Comparison of Atomic and

Nuclear Energy Levels."
By : H. A. Jahn, M.Sc., Ph.D.
Hon. Secretary : Dr. A. J. Maddock,

" Sira," Southill Road, Elmstead
Woods,. Chislehurst, Kent.

Institution of Electronics
North-Western Section

Date : March : 6.30 p.m.
Held at : Reynolds Hall, College of

Technology, Manchester.
Lecture : " Microwave Telecommunica-

tions."
By : R. G. B. Gwyer, M.A.
Note : This meeting is open to Members
and Members friends only.
Hon. Secretary: L. F. Berry, 105 Birch

Avenue, Chadderton, Lanes.

The Television Society
Meetings will be held at The Cine-

matograph Exhibitors' Association, 164
Shaftesbury Avenue, London, W.C.2.

Constructors' Group

Date : March 10. Time : 6 p.m.
Lecture : " The Constructors' Group

Vision Transmitter."
By : Members of the Sub -Committee.
To be followed by a Discussion.
Group Secretary : A. E. Sarson, 22

Union Road, Bromley, Kent.
Program me Group

Date : March 17. Time : 6 p.m.
Lecture : " Studio Design."
By : N. Q. Lawrence.
Note : The Annual General Meeting
will be held at The Waldorf Hotel,
Aldwych, London, W.C.2., on April 1,
at 6 p.m. This will be followed by the
Annual Dinner also at the Waldorf
Hotel at 7 p.m. for 7.30 p.m.
Lecture Secretary: T. M. C. Lance,

35, Albemarle Road, Beckenham,
Kent.

Royal Photographic Society of Great
Britain

Scientific and Technical Group

Date : March 18. Time : 7 p.m.
Held at : 16 Princes Gate, London,

S.W.7.
Symposium on-" Photography in

Nuclear Research."
The Secretary, Royal Photographic

Society of Great Britain, 16 Princes
Gate, London, S.W.7.

Radio Society of Great Britain
All meetings are held at the Institu-

tion of Electrical Engineers, Savoy
Place, London, W.C.2.
Date : March 12. Time : 6.30 p.m.
Lecture : " The Practical use of Fre-

quency Modulation on Amateur
Frequencies."

By : D. N. Corfield.
General Secretary, New Ruskin House,

Little Russell Street, London, W.C.1.

British Sound Recording Association
Date : March 11. Time : 5.45 p.m.
Held at : The Royal Society of Arts,

John Adam Street, Adelphi, London,
W.C.2.

Lecture : " Loudspeakers -with par-
ticular reference to high-fidelity
Monitoring Reproducers."

By : D. E. L. Shorter.
Note : This is a joint meeting with the
Acoustics Group of the Physical Society.

Date : March 25. Time : 7.15 p.m..
Held at : E.M.I. Studios, 3 Abbey

Road, St. Johns Wood, London,
N.W.8.

Lecture : " High Quality Disk Record-
ing."

By : W. S. Barrell.
Hon. Secretary : R. W. Lowden,

Napoleon Avenue, .Farnborough.
Brit. I.R.E.
London Section

Date : March 11. Time : 6 p.m.
Held at : The London School of

Hygiene and Tropical Medicine,
Keppel Street, London, W.C.1.

Lecture : " The Principles and Prac-
tice of Panoramic Display."

By : D. W. Thomasson.
Publications Officer, 9 Bedford Square,

London, W.C.1.

North-Eastern Section
Date : March 10. Time: 6 p.m.
Held at : Neville Hall, Westgate, New-

castle -on -Tyne.
Lecture : " The Calculation of Elec-

trode Temperatures in the Radio
Valve."

By : L A. Harris.
Local Secretary: M. A. Boardman, 20

Princes Avenue, Gosforth.
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RHODIUM

Advantages

I. I,ieliable contact.

2. Low contact pressure.

3. Long life.
4. Freedom from tarnish.

5. Ihin films used for protec-
tion where there is no
mechanical wear.

kk

Data Sheet No. 2053 gives further infor-
motion on the Engineering properties and
uses of Rhodium - sent free on request

JOHNSON, MATTHEY CO., LIMITED,

wiftpe-wleoe
RANGE OF
ADJUSTMENT

VIA 41.0.pr..Km. ur....... a FA .. radmw. rArAn am mom . A rA 100

N' dr

oori

0:16, 19

SIW.. MA I '/AIII rAl 0 IA PA I I A WAr m.e.. rim NI

/

1

All current carrying surfaces to have an electro-deposit
of silver 0:001 inch thick followed by rhodium 0.000015
inch over all. Rhodium on sliding contact surfaces to

be increased to 0.0005 inch thick.

One of the specialised services of

Johnson. Matt hey
GARDEN, LONDON, E.C.I.HATTON

Instrument Individuality
The new Universal Bridge exemplifies the principle that individuality
in instrument design is without virtue in itself; each innovation must
directly contribute to functional efficiency and the evolution of a
completely satisfactory measuring unit.

For general purpose use, the Universal Bridge Type TF 868,
contains the necessary elements for the measurement of inductance
and capacitance at 1000 c/s (1,uH-100H and li.cp.F -100µF),
and for d.c. resistance measurements (0.152 to 10MS2). Elaborations
which would add appreciably to complexity or cost have been
intentionally excluded.

By an ingenious mechanical arrangement, a single dial, in com-
bination with a range selector, provides direct reading of L, C & R,
without risk of confusion and without recourse to multiplying
factors. Full specification and description available on request.

MARCONI INSTRUMENTS LTD
THE UNIVERSAL BRIDGE, TYPE TF 568

ST. ALBANS, HERTS. Telephone: St. Albans 6161/5. Northern Office: 30 ALBION STREET, HULL. Tel.: Hull 16144.

Southern Office: 109 EATON SQUARE, S.W.I. Tel.: Sloane 8615. Western Office: 10 PORTVIEW ROAD, AVONMO'ITH. Tel.: Avonmouth 438.
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TELE - RADIO (1943) LTD.
HAVE AVAILABLE from stock and can give immediate delivery in the
following resistances.

ERIE and Morgan Crucible

WATT
1.5 megohm @
2.0

2.7

4.7

6d. each
6d. >,

6d.

6d.

15 megohm
20

25

30

40

It

@ Is. 6d. each
 2s. Od.
 2s. 6d.
 3s. Od.
 4s. Od.

)7

I WATT
50 megohm @ 5s. Od. each
60 5s. Od.

70 5s. Od.

100 5s. Od.

Also Available -Precision Resistors
.7 ohms 9.095 ohms

2.005
3.250
3.52
8.04

I77a

10.000
14.300
20.120
20.25

.l" Accuracy
37.08 ohms 380.0 ohms 5,000 ohms 16,660 ohms
81.9 500.0 5,700 17,000
83.8 570.0 6,300 18,182

143.9 710.0 6,360 36,400
179.8 2,000 9,095 50,000

All Precision Resistors Po Accuracy 5 - each.

EDGWARE ROAD, PADDINGTON, W.2
TELEPHONE : PAD. 6116. PAD. 5606

CONSISTENTLY
//)

.L.T

Each type is available in single or multi-range versions,
and either an Industrial Model with First Grade Accuracy or a
Precision Model with Sub -Standard Accuracy can be supplied.
The movement is carefully shielded against extraneous magnetic
fields. The case is of cast alloy with all black finish, carrying
handle and resilient rubber feet.

Type PD -
Dynamometer Wattmeter
Also available:
Type PC -Moving Coil.

P11- Rectifier, Moving Coil.
El -Moving Iron.

SUSTAINED
ACCURACY

GOOD
DAMPING

ROBUST
CONSTRUCTION

MODERN
APPEARANCE

PULLIN
PORTABLE PATTERN

INSTRUMENTS
MEASURING INSTRUMENTS (PULLIN) LTD
Dept. E, Electrin Works, Winchester Street, Acton, W.3. Acorn 4651/4.

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-
ments. in bulk, or to a limited number.

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

RADIO  TELEVISION  ELECTRONICS  INDUSTRIAL APPLICATIONS

BROUGHTON PRODUCTS LTD
REGISTERED OFFICE & WORKS

WOODCOTE RD  WALLINGTON  SURREY
TELEPHONES  WALLINGTON 7739/1889
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cg fie 1684 series of esci loseafies are already well known. Ole

new .01,1 II rela. ins the clesirahle features of this series -1c. shift's,

resfionse flat to video frectuencies, dc. confiled .symmetrical mfdifiers ore

lode.axes, synchronisation, 'etc. cgt incorfiorates many new

features in design, loth electrical and mechanical 011Q such imfirovement

is that the grids of the amklifoers are hroug 41 out at 6arllt. fiolential

ena 1 lin g the instrument to 4c used more easily orfr .c. measurement..

To tep h one ELSTREE 1137
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RYAWORDS WO

ERMETICALLY SEAL E°

DATA SHEET N?2
AMPLIFIER TYPE 84

The Type 84 amplifier is recommended for general purpose
investigation of A.C. and combines simplicity, light weight, ease
of control with excellent performance.
Single -ended input is employed with P.P. cathode -follower
output. A two -position switch gives maximum gains of 25 and

. 600 approximately ; in both cases the high impedence introduces
negligible load on the signal source. In the minimum position]the
gain control is so arranged that an overloading input voltage
causes a deflection considerably in excess of the screen diameter.
A switch arranges the internal connection to Y plates to terminals
on the front panel with. D.C. or A.C. coupling, and for single or
P.P. input, the amplifier being inoperative. Falling off in'response
at high frequencies is quite gradual and substantial gain remains at
500,000 m. cps.

Lydi ate Ash
LABORATORIES.

LYDIATE RR. NEAR BROMS6ROVE  WORCS.

GINEERS LTD
ELECTRONIC ,STANMORF

FOUR MODELS ARE AVAILABLE
TYPE 84Y, uses voltage supplies from Time Base Type 84.

TYPE 84YP, with self contained power pack.

TYPE 84XYP, as 84YP but incorporates two identical amplifiers :for X and Y
axes.

TYPE 84C, to special order, two amplifiers cascaded for use on Y axis to give
voltage gain of 40,000.

FULL DETAILS OF ANY OF THE ABOVE SENT ON REQUEST



March, 1948 Electronic Engineering 19

TYPE VH5 4 0/8

LOCTAL VALVEHOLDERS
FOR LOCK -IN TYPE VALVES

EBL2 I , ECH21, 7A7E, 7B8, etc.

A double -plate laminated valveholder

designed with 8 special sockets and

centre spigot socket meeting the re-

quirements of the B8G and B8B range

of Loctal Valves.

BRITISH MECHANICAL PRODUCTIONS LTD., 21 Bruton St., London, W.1 Tel. MA Yfa t r 5543

FOREMOST IN VALV EHOLD ER DESIGN

The use of modern
) high-energy magnetic

materials in these instruments gives an
exceptionally high torque/weight ratio ;
and mechanical simplification gives
greater reliability, longer life. Full
particulars of range on request.

BALDWIN INSTRUMENT CO., LTD., BROOKLANDS WORKS,
DARTFORD, KENT.

Telephone: DARTFORD 2989
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The New
66

ISC
HIGH, FIDELITY SPEAKER
Occupying a unique position in the field of
loud speaker development, the B.C.C.
"DISC" Speakers combine lightness and
high fidelity to a hitherto unattainable
degree-the, result of many years of
research.

Specially designed for compactness, the
B.C.C. "DISC" Inverted Dynamic Speaker
has reduced speaker space and weight to
the absolute minimum ; the magnet is
inverted in the hollow of the cone. This
makes it particularly suitable for the present
vogue of miniature and personal radio.

Model No. L.23 5 in. Speaker-i in. thick.
Weight .q oz. Impedence
3 ohms. Power handling cap-
acity, 3 watts peak.

Model No. A.51 312 in. Speaker-a in. thick.
Weight 3 oz. lmpedence
3 ohms. Power handling cap-
acity, I watt peak.

Model No. M.21 27 in. Speaker-a. in. thick
Weight 2 oz. Impedence
3 ohms. Power handling cap-
acity, -1 watt peak.

BRITISH COMMUNICATIONS
CORPORATION, LIMITED

GORDON AVE, STANMORE, MIDDX.
GREMSDYKE 1455/6

CONTRACTORS TO H.M. GOVERNMENT

Engineering March, 1948

NOW WE ANNOUNCE
the first accessory to our model 1200 Oscilloicope

MODEL 1400 VISUAL ALIGNMENT
SIGNAL GENERATOR

This unit provides the most efficient and effective .method of
aligning the I.F. and H.F. circuits of a 'radio receiver., On
the oscilloscope screen the performance curve of the tuned
circuit is shown visually, and rapid accurate alignment is easily
accomplished.
BRIEF SPECIFICATION
The unit conists of an oscilla-
tor, frequency modulated by
means of a reactance modula-
tor, with the linear sweep
from our model 1200
Oscilloscope.
Frequency Range : 400-550
kc. -800-1100 kc. A built-in
frequency, changer enables
other bands to be covered
with the aid of an external
signal generator. The fre-
quency sweep deviation is
adjustable from zero-I00 kc.
peak to peak. The sweep
voltage is derived from the
oscilloscope time base thus
eliminating sync. setting. The
output is variable from .1 my
to 1 'v.
Dimensions 7" wide'51" high

4" long. Price £8.
MODEL 1200 Oscilloscope, as illustrated,

Trade enquiries invited

Price £32.

INDUSTRIAL ELECTRONICS
229, Hale "Lane, Edgware, Ivliddx. Tel : EDG. 7312

Makers of Industrial Controls and Precision Instruments

"UNO"

UNO
Water-
proof

Drawing
Ink

AND

PEN STENCILS

STENCILS FOR ELECTRICAL
SYMBOLS EACH

Everything for the Drawing Office

IL WEST PARTME S LTD.
36 BROADWAY, WESTMINSTER, S.W. I
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DELIVERIES

IMPROVING
ON ALL

INSTRUMENTS

The "AVO" TEST BRIDGE
A self-contained 50 -cycles Bridge of
exceptional accuracy for direct measure-
ment of all normal values of condensers
and resistances. Except at extreme ends
of scale, accuracy is within 5%.
Facilities also provided for condenser
power factor measurements and leakage
tests by the flashing neon method;
resistance, capacity and large inductance
measurements against external standards.
May also be used as a valve voltmeter
indicator for measurement of audio and
radio frequency voltages.

CAPACITY
.000005-.005 mFd.

.0005-.5 mFd.
.05-50 mFd.

Size :
7r x x 4I"

RESISTANCE
5-5.000 ohms.
500-500,000011MS.
50,000 ohms to 50
megohms.
Nett Weight :
4 lbs. /2 ozs.

E are steadily
catching up on the ever-
increasing demand for

AVO " Instruments, and
orders are being dealt with
in strict rotation. We are
pleased to announce, hoiv-
ever, that we can now give
delivery from stock of the
three instruments here
illustrated.

OTHER "AVO" INSTRUMENTS
THE MODEL 7 UNIVERSAL AVOMETER
THE MODEL 40 UNIVERSAL AVOMETER
THE "Avo " SIGNAL GENERATOR
" Avo " VALVE CHARACTERISTIC METER

" Avo " ELECTRONIC TESTMETER
THE UNIVERSAL AVOMINOR

THE Avo " LIGHT METER
ETC. ETC.

 Complete descriptive Booklet available on application to the Sole Proprietors and Manufacturers :-

The " AVO " VALVE TESTER
Indicates mutual conductance direct
in mA/ V. Tests at makers' specified
electrode voltages. Any valve base
arrangement set up ; easily operated
multi -roller Universal Selector
Switch. Tests Cathode/Heater In-
sulation of an indirectly heated valve
when the valve is hot ; emission of
diodes and rectifiers ; indicates
filament continuity and electrode
" shorts." Coloured scale indicates
valve as " Good " " Indifferent " or
" Replace." No calculations of any
kind involved. Works from A.C.
mains.
Complete with Universal valve panel
fitted with multi -roller Universal
Selector Switch enabling all English,
American and Continental valves to
be tested. Valve data book contain-
ing test details of nearly 2,00o
English and American valves also
supplied.

The D.C. AVOMINOR
A si-inch moving coil meter for
making D.C. measurements of
milliamps, volts and ohms. Total
resistance is roo,000 ohms, and full
scale deflection of 300 v. or boo v. is
obtained for a current consumption
of 3mA. or 6mA. respectively.
Supplied with pair of leads, inter-
changeable testing prods and
crocodile clips, and instruction
booklet.

Size, : x 3-i" x
Weight : 121 ozs.

CURRENT
0-3 milliamps
o-6
0-30
0-520

VOLTAGE
o-6 volts 0-120 volts
0-I2 0-300 
o -6o o-600 

RESISTANCE

0-I o,000 ohms o-600,000 ohms
o -6o,000 ohms 0-3.0 megohms

THE AUTOMATIC COIL WINDER . & ELECTRICAL EQUIPMENT CO LTD.WINDER HOUSE DOUGLAS STREET LONDONSWI TELEPHONE V ICTORM340419
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Complete Plants
FOR APPLICATIONS OF HIGH VACUUM
16

W. EDWARDS & CO. (LONDON) LTD.
LOWER SYDENHAM, LONDON, S.E.26, ENGLAND

In addition to a wide range of pumps, gauges, etc., we design and
manufacture complete high vacuum plants. Illustrated is one of
several research and industrial units developed for the increasingly
important processes of depositing thin metallic and non-metallic
films on metals, glass, ceramics, plastics, etc., by the evaporation or
cathodic sputtering techniques.

9 SOME IMPORTANT FEATURES OF THE E.3 EVAPORATING UNIT
AS SUPPLIED FOR "BLOOMING" OPTICAL EQUIPMENT

WORK CHAMBER in "Pyrex" or
stainless steel containing :

1 Radiant Heater
9 Work Support
3 Bombardment Electrodes
/S Evaporating Sources
5 Demountable Ceramic Electrodes

PUMPING SYSTEM including :
6 500/1000 litre/sec. Diffusion

Pump
7 Main Isolation Valve
8 Moisture Trap
9 By -Pass Valve

Telephone: SYDenham 7026 (5 lines)

10 20 cu. ft./minute Rotary Pump
11 Needle Valve
12 " Vacuum Break" Valve

PANEL MOUNTED GAUGES :
13 Pirani
14 Philips

PROTECTIVE DEVICES including :
15 Vacuum Switch
16 Water Flow Switch
17 Magnetic Water Valve

DEMOUNTABLE VACUUM UNIONS for
easy maintenance dismantling

Telegrams : EDCOHIVAC, Phone London

Ai; 5°2.11. ADJUST' OHMS

.OUTPUT 5mA. ' 
50A 50V

230V

.1000V

0.

SENSITIVITY
20,000 ohms per volt A C.8e D C
MODEL 75a UNIVERSAL TAYLORMET ER
¶ 50 Ranges up to 1,000 Volts and 5 amps A.C. and D.C.

Robust Meter with four -inch Scale and Knife Edge Pointer.
¶ Built-in Buzzer for Continuity Tests.
¶ Instantaneous Automatic Meter Overload Protection.
¶ Self-contained resistance measurements from I ohm to 10 megohms.

Steel case and Panel.

PRICE f 14 - 14 - 0
SUBJECT TO TRADE DISCOUNT

IMMEDIATE DELIVERY
TAYLOR PRODUCTS INCLUDE: MULTIRANGE A.C. D C. TEST METERS  SIGNAL
GENERATORS  VALVE TESTERS  A.C. BRIDGES $ CIRCUIT ANALYSERS
 CATHODE RAY OSCILLOGRAPH 0 HIGH AND LOW RANGE OHMMETERS 
OUTPUT METERS  INSULATION TESTERS C3 MOVING COIL INSTRUMENTS

TAYLOR ELECTRICAL INSTRUMENTS LTD419.424 MONTROSE AVENUE. SLOUC;1-1 RUCKS. ENGLAND
Telephone SLOUGH 21381 (4 'Ines)
Grams & Cables TAYUNS SLOUGH
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Announcing ... SIX ENTIRELY NEW

ELECTRONIC INSTRUMENTS
by CINEMA -TELEVISION LIMITED

INDUSTRIAL
ELECTRONIC

METAL DETECTOR
An automatic inspection equipment
for the detection of ferrous and
non-ferrous metal particles of all
kinds in -non- metallic substances
such as foodstuffs, plastics, textiles,
tobacco, timber, pharmaceutical
products, etc.

Jo_ STANDARD
ELECTRONIC

COUNTER
A high speed electronic counter of
particular appeal to the indus-
trialist. Facilities are provided
for batching, selective counting
etc., the maximum counting -speed
for the equipment being 30,000
per minute.

UNIVERSAL.
OSCILLOSCOPE
A unique instrument meeting fully
the requirements' of the serious users
of oscilloscopes for laboratory and
industrial purposes, arranged to
permit readily the assembly of
suitahle units to fulfil every applica-
tion. Complete range of units is
available, e.g. stabilised time base,
A.C. and D.C. amplifiers, 5 beam
switch unit etc.

LABORATORY
OSCILLOSCOPE
A high grade 6" screen oscilloscope
expressly designed for laboratory
use, incorporating hard valve linear
time base, 3 megacycle "Y" ampli-
fier and 1 megacycle "X" amplifier.
Cupboard and trolley are available
if required.

DEMONSTRATION OSCILLOSCOPE
FOR LECTURE

PURPOSES
Demonstrator and
studerft alike will
acclaim the features of
this equipment - 15"
tube with glare re-
moving filter, 2 beam
switch for simultane-
ous delineation of two
recurrent wave forms,
or their' addition" to
produce a single re-
sultant trace. Provi-
sion is made for setting
up from rear of in-
strument

PROCESS TIMER
A compact instrument,
from the "CINTEL"
range, providing , simple
and accurate electrical
control for scientific and
industrial processes cf
every kind. The timing
range extends from 0.25
to 90 seconds.

CINEMA-TELEVISION LTD.,

INCORPORATING BAIRD TELEVISION LIMITED
WORSLEY BRIDGE RD., LONDON, S.E.26

Telephone : HITher Green 4600
Suppliers to ADMIRALTY, MINISTRY OF AIRCRAFT PRODUCTION, MINISTRY OF SUPPLY,
ARMAMENT RESEARCH, etc. Manufacturers of Scientific Instruments and Photo -electric
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BELLING -LEE
Answers to some of the questions we are
continually asked by letter and telephone

Question 34: Does
an *1 anti -interference
aerial suppress unwanted
noises caused by H.F.

interference?

Answer 34: No
-no aerial can suppress
interference. But with a
well - designed anti -
interference aerial it is

possible to " run -away "
from the cause of trouble
by erecting the collector
outside the field of inter-
ference, or at any rate,
to get it in such a

location that the inter-
ference is so attenuated
as to be negligible.

Question 35 : Why is it that in the *2 Belling -Lee television
aerial, the reflector elements are the same length as those of the
dipole? Should they not be longer, as is customary in such V.H.F.
aerials?

Answer 35 : It is generally forgotten that a television
aerial is called upon to do a double job, to handle two wave-
lengths at once, and also to possess wide band characteristics for
the faithful retention of the video component of the transmission.
If the aerial is designed to handle only one component of the
transmission, then it is true to state that the reflector will be
longer than the dipole. But this will cause the other channel to
be unfairly attenuated and will considerably alter the azimuthal
(horizontal) polar diagram.

The proportioning of the reflector and dipole lengths in the
Belling -Lee L.502 aerial has been arrived at by extensive tests
directed at providing the best average signal strength from both
the sound and vision channels, having regard to the preservation
of adequate band -width and comparable polar diagrams from
both. It is only incidental that all the elements are about the
same length. It is a pity that the mechanics of the job preclude
their being interchangeable.

Some manufacturers have paid us the compliment of following
us : we were the first. Others go their own way.

Many people in all walks of life have asked us why we dimension
our aerials in this way. Now they know. It has taken a letter
from a person at Southampton to bring this question on to our
quiz page, and we would like to hear of his success. Incidentally
we have many successful installations still further afield.

Any other questions please ? We like to hear from our
readers.

Skyrod (Regd. Trade Mark). *2 Viewrod (Regd. Trade Mark),
TO BE CONTINUED

BELLING fr LEE LTC)
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

FOR
MEN ONLY interested in

Seamless, one-piece, metal bellows . . . formed in one
continuous operation by a process unique in this
country, with a uniformity of v all -thickness unobtainable
by any other method ... No annealing, no spinning no
localised strain or thinning ; none of the limitations of
metallic diaphragms.

These bellows, though no thicker than paper-the
walls range from 4/1000' to 7/1000"-are tough,
resilient, and combine the characteristics of a coiled
compression spring, a packless gland, and a non-ferrous
hermetically sealed container. Every bellows is pre-
tested during forming and has a high degree of uni-
formity of life, performance and reliability in operation.
Available in root diameters of r to 3% outside diameters

to 4r.
Write for the Hydroflex Brochure X

Refrigeration
Temperature

Control
Air compressors
Water pumps
Paper machines
Gland seals
Thermostatic &

pressure
operated
appliances

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

ibtirie Output
THE scientific worker will appreciate

the possibilities offered by the
unique self -generated voltage response
of " EEL TYPE M.I. Photo -Cells,
particularly when it is realised that these
cells have a spectral response approxi-
mating to that of the eye.
PHOTO ELECTRIC TECHNIQUE attains
a new importance with such remarkable
output and you are invited to apply for
any further information you may require.

Readily available at £4.10.0

A product of

TYPE
SELENIUM
PHOTO - CELLS

EVANS ELECTROSELENIUM
HARLOW

LTD.
ESSEX



March, 1948
25Electronic Engineering

ermeability
Tuned I.F.Transformer

TYPE I.F.T. 67. 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 Ir diameter x 2k" 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.

Send for full particulars

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

FACTORY :

9/10, Dalston Gardens, Stanmore, Middlesex.

Telephone WORdsworth 4476.

MODEL A "
WIRE RECORDER/REPRODUCER

Specification W.S.I, describing the full

range of Wire Recorders/Reproducers

available or shortly to be available wil! be
forwarded on request.

ELECTRONICS LIM !TED
295 REGENT STREET, LONDON. W.I. LANGNAM 2060 (Ext3)

e .h .
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ALEC DAVIS SUPPLIES LTD.
18, TOTTENHAM COURT

I min. from TOTTENHAM COURT RD. STATION

STOCK LINES Each
£ s. d.

MAZDA CRM91 or G.E.C., type 6501, C.R.T. 12 10 3
COSSOR 45IU or MAZDA UU8 19 10
OSRAM KT41 or MAZDA Pen 45 ... 13 11
MULLARD EL33 or OSRAM KT61 13 11
COSSOR GDT4B (for Mazda T41) 1 6 6
MULLARD EA50 14 0
MULLARD EF50 1 3 3
MULLARD EBC33 12 7
MULLARD HVR2 . . 1 6 6
OSRAM KT45 (for Mazda Pen 4.6) 1 3 3
AMPHENOL valve holders, all types ... 9
CERAMIC valve holders 1 6

MISCELLANEOUS
VITAVOX high-fidelity P.M. speaker with high flux ticonal

magnets, 12 in. die-cast chassis, 15 ohm speech coil. Model

LONDON, W.I.
NOW AVAILABLE

THE LATEST S.H.E.F.I. De -Luxe
model moving coil pick-un, complete
with transformer £3 18s. 3d.
This is an improved version of the
now well-known S.H.E.F.I. moving
coil pick-up manufactured by South -
em Electronic Industries which
requires no pre -amplifier, no special
screening and no arm -rest.
Also available complete, £2 10s. Od.

CELESTION 1 watt 2§ in. dia. midget speaker. Speech coil
impedance, 3 ohms

ROTHERMEL piezo-crystal pick-up in 'black bakelite case.

TAYLOR Model 20A Circuit Analyser for testing receivers stage
by stage. A.C. mains operation .. . . . .

WESTERN ANALYSER, Model E772. Sensitivity of 20,000
ohms per volt on all D.C. ranges . . ... 25 0 0

ATKINS DUST -CORED COILS. Single Spire -Nut fixing.
Size 13 in. long by 1 in. dia.
Range I. 800/2000 metres. Tracking freqs. 150, 200, 250 Kr/s.

Padder 200 pF, Trimmer 60 pF.
Range 2. 200/540 metres, Tracking freqs. 605, 1025, 1350 Kc/s.

Padder 450pF, Trimmer 75pF.
Range 3. 16/47 metres, Tracking freqs. 7.04, 12.57. 16 8 Kc/s.

Padder 5000pF, Trimmer 50pF.
In three types Aerial, H.F. or Csc. All at 3/7 each.

ATKINS STANDARD 456 Kc/s. I.F.'s, for use with the above' or
similar coils. End or side permeability tuning ... per pair 16 6

WRIGHT & WEA1RE P COILS, all ranges, all types ... ... 3 0

SORRY, NO LISTS YET, BUT WIDE RANGE OF VALVES, BATTERIES,
ALWAYS AVAILABLE FULL MAIL ORDER SERVICES

£ s. d.

7 0 0

1 7 0

3 1 10

15 15 0

ROAD,
Tel.: MUSeum 4539

SURPLUS
0/1 mA moving coil 2 in. meter. 100 ohms.,

D.C. resistance. Brand new and boxed.
Postage 6d. extra ..

0/150 v. D.C. moving coil 2k -in. meter. Brand new
a ,,d boxed. Postage 6d. extra ...

L.F. CHOKES, fulls' tropicalised and finished in
brown lacquer, 10 Hy. 50 mA. size 2 in. x 11 in.
x 11 in. high. Postage 1/- extra ...

15/20 Hy. 60nriA. size 2 in. x 2 in. x 21 in. high.
Postage 1/- extra ...

L.F. CHOKE, completely potted. Flat grey finish,
fixing feet and tag panel. 15 Hy. 120 watt size
31 in. x 21 in. x 31 in. high. Postage 1/-

EX -ADMIRALTY slow motion drives. New and boxed. Postage 8d
MOVING COIL headphones and microphone. New and boxed.

Postage 8d.
4 -WAY JACK plug and socket. 'Postage 6d. per

type.
Postage

STANDARD TWO-WAY JACK -PLUG, Post Office
Postage 3d.

STANDARD SINGLE CIRCUIT JACK Post 'Office type. Postage
100mfd. 150 v., D.C. working, oil -filled paper condenser by T.C.C.,

size (-q, in. x 6 in. x 43 in. high. Postage 2/6 . .

8 mfd. 600 v. D.C. working, paper condenser by G.E.C., size 4 in. x
3 in. x 4k in. high. Postage 1 . .

4 mfd. 1,200 v. D.C. working, paper condenser by T.C.C., size 4 in.
x 21 in. x 41 in. high. Postage  

1.5 mfd. 4,000 v. D.C. working, size 41 in. x I1 in. x 9 in. high.
1/-

50 mfd. 12 v. T.C.G. Micropack reversible electrolytic. Postage 3d.
32-32 mfd. 350 v. Can -type electrolytic. Postage 6d.
.5 mfd. 500 v. T.C.C. Metalpack, 21 in. long x I in. dia. Postage 3d.
.25 mfd. 500 v. T.C.C. Metalpack, 21 in. long x 1 in. dia. Postage 3d.
.05 mfd. 350 v. T.C.C. Metalmite, 11 in. long x 3 in. dia. Postage 3d.
.01 mfd. 500 v. T.C.C. Metalmite, I in. long x 0.34 in. dia.

.005 mfd. 350 v. Metalmite, I in. long x 0.22. in.

s.

7

7

d.

6

6

7 6

10 6

12 6
5 0

12 6
4 0

1 6
1 3

17 6

6 0

6 3

5 0
1 9
6 0
1 9
1 6
1 3

1 3

COMPONENTS, TEST EQUIPMENT AND GOVERNMENT SURPLUS
SHOP HOURS: MON.-FRI. 9-5.30 P.M. SAT. 9-1 P.M.

Manufacturers of

LOUDSPEAKERS

LAMINATIONS

SCREENS IN

RADIOMETAL

PERMALLOY

SILICON ALLOYS

ELECTRICAL SOUND & TELEVISION PATENTS LTD.

LOWATTEN
TYPES

ATTEN
db/i0ocr
100 Mc/s.

12 PEMBROKE STREET, LONDON, N.I. - TERMINUS 4355
2/4, MANOR WAY, BOREHAM WOOD,',_HERTS -ELSTREE 2138 TRANSRADIO LTD. 138A CROMWELL ROAD, LONDON, S.W.7.
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" METALS

Magnetic Alloys

MUMETAL ' RADIOMETAL RHOMETAL

Electrical Resistance Alloys

PYROMIC CALOMIC TELCUMAN

TELCOSEAL Glass Sealing Alloys

THERMOSTATIC BIMETALS in various grades

BERYLLIUM -COPPER (CuBe. 250)
AGE -HARDENING ALLOY

Special alloys made to order.
Full information furnished on request.

* Ask also for Details of Telcon
Thermoplastic Products.

THE TELEGRAPH.. CONSTRUCTION & MAINTENANCE CO. LTD.
Faunded 1864

Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Mil 3141
Enquiries to TELCON WORKS, GREENWICH; S.E10. Tel: Greenwich 1040

BEAT FREQUENCY OSCILLATORS
44e,',4 toeNv

LELAND -for priority requirements only,
at present. Write for particulars
stating frequency range required.

IN LTD 2I.JOHN STREET.BEDFORD ROW. LONDON WU
TELEPHONE: CHAN1C ERY 8765

THE "FLUXITE
QUINS " AT WORK

Heave-ho on that
aerial, son!

We'll. FLUXITE this joint
then we're done.

Something's wrong I
declare

It's got caught up
somewhere

The darn thing weighs
nigh on a ton !"

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
want it by
a simple

pressure.
Price 1/6 or

filled 2/6.

ALL MECHANICS WILL HAVE

FLUXITE
IT SIMPLIFIES ALL SOLDERING

Write for Leaflets on CASE HARLANINL, Si CO_ and f tMetRINC.
TOOLS with FLUXITE also on " WIPED JOINTS." Price Id. each.

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

ft

a71}7.
MST J IN ENT.

The newest addition to the Advance'. range of Signal
Generators 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 receivers up to 60 Me/s. Send for fully descriptive pamphlet.

The

but NOT
Laboratory "
Price !

Range : 100 Kc/s-60 Mc/s
on fundamentals (up tc 120

Mc/s on Second Harmonic).
Accuracy:

Guaranteed within + 1%
Attenuation . Constant im-
pedance system embodying a

matched 75 ohms transmission
tine.
Stray Field Less than 3
microvolts at 60 megacycles.
Illuminated Dial :

Total scale length 30'
Power Supply :

110-210-230-250 volts,
Dimensions

13' x 10)" x 73' deep.
Weight : 15 Ilas

ADVANCE COMPONENTS LTD., Back Road, Shernhall Street,
Walthamstow, London, E.17. Telephone : LARkswood 4366/7'
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HIGH FIDELITY
We welcome all enthusiasts to our new
premises. We carry stocks of Partridge
and Varley Transformers and Chokes,
matched output valves, matched resistors,
high quality loudspeakers, P.Us., gramo-
phone motors, baffles, Bass Reflex cabinets,
and all components for High Fidelity
Receivers and Amplifiers. Complete equip-
ments are also available. Components for
the Synchrodyne and Electronic Engineering
Televisor are in stock. Our price list is
available and we will be glad to send you a
copy on receipt of your address and 2.1d.
stamp.

ROGERS DEVELOPMENTS CO.
(2,. MACCLESFIELD STREET,
SHAFTESBURY AVENUE, -W.I

Telephone-GERrard 3057

LONDEX for RELAYS
A.C. and D.C.

The wide range of
Londex Relays
covers, especially,
the Wireless and
Electronic fields.

Ask for details
and leaflets RE/EO Multiple Contact

Relay LF

LONDEX-LTD
MANUFACTURERS. OF RELAYS

207 ANERLEY ROAD  LONDON S.E.20

SYDENFIAM

6258.9

TOP in quality

BOTTOM in price
Every Imhof Instrument case, whether individually
designed or to specification, is made throughout of
the finest quality materials and superbly finished.
Yet customers tell us because we are instrument case
specialists, that to-
day our prices are
usually lower.
Impossible ? But its
true. Try us and see.

112-116, NEW OXFORD STREET, LONDON,
W.C.I. Tel: MUSeum 5944.

WE OFFER
A large range of used and new Test
Equipment, Converters, Recorders,
Amplifiers, Motors, Transformers, etc.

All guaranteed and at very attractive
prices.

Try us first and buy more gear
for less money.

UNIVERSITY RADIO LTD.
22 LISLE STREET, LONDON, W.C.2.

Tel.: GER 4447 and GER 8582.

Aaartei&
ROTARY SWITCH

A new, heavy-duty 3o 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 I, 233, 4 or 5 -cell
units providing a large range of cdntact combinations.
Send for folder giving full particulars.

Made by
AUSTINLITE LTD.

(Department
LIGHTHOUSE WORKS

SMETHWICK
BIRMINGHAM

roprietcus: 011.1.1C. BBOTHERS / TD.;

PA O. D UCT
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Test Result!
Fitted into laboratory test instruments, for multi -test purposes, i.e., volts
milliamperes -ohms readings on A.C. or D.C. and used for tests on valves,
capacitors, resistances, etc. Wired up within the equipment with known
values of capacitors and resistances, the Switch is set on the appropriate
range, and the component introduced into the circuit by leads to terminals
on the test meter, when the unknown and sought value is read off the
marked scale. Used for laboratory equipment in Peace as in War.
WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 -2.3

WALTER Type 4
made for

ONE OF OVER 2000 ASSEMBLIES

C.R.C.I4R
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ARITISH goods enjoy a world-wide reputa-
tion for a reliability which is the one supreme quality
which will win for us the battle of the gap between
imports and exports. But reliability does not come
from hit or miss methods - all things being equal,
every unit of a product must be carefully considered
and chosen in relation to its effect on the
When it comes to electrical
in design and manufacture can
capacitors fail.

Because of the importance
Hunts make sure that the
Hunt trade mark on a

capacitor is a sufficient
guarantee of its reasonable

reliability. Quite apart from

whole.

apparatus, utmost care
be wasted if the

of the capacitor,

March, 1948

invisible export
specialisation in capacitor design and manufacture,
elaborate measures are taken by Hunts for quality
control and inspection at every stage of production,
and are constantly extended in the light of con-
centrated experience in the requirements of markets
at home and overseas.

To users of capacitors - of every type and
for every purpose - an invitation is extended to
call on Hunts assistance in technical advice and
manufacturing resources. Hunts are playing a proper
part in the export drive, in partnership with manu-

facturers of radio and elec-
tronic apparatus much can be
done to further the British
market -winning tradition for
complete reliability.

CAPACITORS

0 DRY ELECTROLYTIC FOIL AND PAPER

PROTECTED SILVER MICA

METALLISED PAPER MOULDED STACKED MICA

TRIMMERS AND PADDERS ETC.

A H  HUNT LTD LONDON S W 18 ESTD. 1901
Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone Surrey, for the Proprietors. Morgan Brothers (Publishers) Ltd., 28. Essex Street, Strand, W CRegistered for Transmission by Canadian Magazine Post


