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CONDENSERS

AffeWkeidefeletPal

Every U.I.C. Condenser is subjected to the most
thorough mechanical and electrical inspection. Con-
stant production check measurements are made on
the effect of repeated cycles of Heat and Humidity on
Dielectric Strength -Insulation Resistance, Noise, etc.

I CERAMIC PEARL TYPE
CONDENSERS

2 CERAMIC COIL FORMERS
3 SILVERED MICA CONDENSERS
4 POT CONDENSERS
5 FIXED CERAMIC CONDENSERS
6 CERAMIC TRIMMER CONDENSERS

APPROVED-- =AS-- SATISFYING --ALL----CURRENT
OFFICIAL SPECIFICATIONS.

Send for interesting Technical Brochure.
CONTRACTORS TO GOVERNMENT DEPTS.

On A.I.D. APPROVED LIST.

WiriLiVeiNSULATOR Co LTD
Tie "Neeps me kw loss Ceram/es

12-16 LAYSTALL STREET, LOrapsOcANLANE,m
LONDONE.C.1Tel:TERMINUS 4118-9
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46 range Model 7
Universal AvoMeter

All -Wave" Ave" Oscillator

Wireless
World

BRITISH MADE

40 -range Model 40
Universal AvoMeter

"Avo " Test Bridge

OTHER " AVO " INSTRUMENTS
(Not Illustrated)

" AVO " Bonding Meter.
"Avo " Milliohmmeter.

Write for literature fully
descriptive of any " Avo" In-
strument in which you are

interested.

Advertisements

FROM years of intensive research in the
design and manufacture of electrical testing

equipment has grown the range of world-famous
" AVO " Instruments. To -day, wherever rapid
precision testing is demanded, there will be
found the meters that matter-" AVO " Meters.

" Ave" Valve Tester with Universal Panel

Universal AvoMinor D.C. AvoMinor

In spite of greatly increased production, most of our
output of AVO " Instruments is being taken by the
Services. Delay in delivery of Trade orders is con-
sequently inevitable, but we shall continue to do our
best to fulfil your requirements as promptly as possible.

Sole Proprietors and Manufacturers:
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd.
Winder House, Douglas Street, London, S.W.I. Phone : VICtoria 3404-7.
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NE "358"
A LANDMARK IN COMMUNICATION RECEIVER DESIGN

THE EDDYSTONE MODEL"358"
is a solid British Communication Receiver incorporating every modern
feature and designed primarily for use of Government Departments.

BRIEF SPECIFICATION
Continuous frequency coverage from 30 Mics to 130 Kits. The entire instrument is
built on the unit principle and encased in heavy grey finished steel cabinet. Overall
sensitivity is high and signal to noise ratio considerably above average. One stage of
RF gain is employed followed by mixer and two intermediate frequency stages. A high
ratio Tufnol gearing is used to control the dial indicator. The dial is accurately calibrated
over the four standard 'interchangeable coils covering 22.5 M cs to 1.2 M cs. The fre-
quency range is extended to the maximum by the use of five additional coils with which
individual graphs are supplied. An unusual feature is the quick service test meter
designed to be switched into each anode circuit and incorporated as a standard feature.
All instruments are supplied with a separate power pack for AC operation if required.

WEBBS 14, SOHO ST.,
RADIO LONDON, W.1.

'Phone : GERRARD 2089.

SPECIAL MODELS:
Several modifications of the 358 " are available to
cover special wavebands and specific requirements.
Some of these incorporate band pass crystal filter and
all models are now fitted with logging scale for quick
accurate location of a given frequency.

WRITE FOR FULL SPECIFICATION.

Precision Built -Reasonably Priced

IMPORTANT FEATURES TO NOTE :-
METER. C" square type Taylor moving
coil meter, the movement having a sensi-
tivity of 20 microamps, full scale on both
A.0 and D.C. SCALES. 6 scales, the
outer being 35" long. RANGES. D.C.
Volts 0-0.1 to 0-2,000. A.C. Volts 0-2.5
to 0-2,000. Output 0-2.5 to 0-2,000. D.C.
Current 0-250 microamp. to 0-20 amp.
A.G. Current 0-250 microamp. to 0-5
amp. Ohms 0-1,000, 0-100,000. 0-10 meg.
and 0-50 meg. with internal battery.
Decibels --22 to + 60.
4 Adaptors available for increasing ranges.
BRITISH MADE & GUARANTEED 6 MONTHS

TAYLOR

THE

TAYLOR
74 RANGE

UNIVERSAL
METER

Sensitivity 4,000
ohms per volt,
A. C. & D. C.

MODEL 8IA

U3-13-0
(No purchase tax payable)

Supplied complete
with instruction book

and 3 test leads.

A fully descriptive
Brochure is available

free on request.

ELECTRICAL INSTRUMENTS LTD.
419-422, Montrose Avenue, SLOUGH, Bucks.

'Phone : Slough 21381.

M.R. SUPPLIES
are still able to offer superlative value in ELECTRO-TECHNICAL EQUIPMENT from
stock. Supplies are limited and Impossible to Order with confidence -in many
years' trading we have never failed to give complete satisfaction.
SPECIAL PRECISION SYNCHRONOUS CLOCK MOVEMENTS for factory, laboratory
and public clocks and suitable for precision recording drums. 200/250 v. 50 c. Model
" A " (very few left) fitted auxiliary motor for remotely starting and re -setting, fitted with
hours. minutes and seconds spindles, invaluable in research depts. For clocks up to
4ft. dia., 49/6. Model " B," as above in every respect, but for heavier duty, docks up
to Eft. dia., 5916. Also a few, without remote setting, for dual -faced clocks up to 4ft.
dia., hours and mins. spindles, with seconds indicator, 39/6. Modern compact units,
average max. dimension 5in.
SYNCHRONOUS ELECTRIC CLOCKS. We have now come to the end of our stocks of
first-class Siemens', the only model now available being most suitable for lab., factory
or office use : Dia. 12in., white dial with black chapters and hands, central seconds hand
and clear seconds divisions. Case black or dull red (our option according to stock),
55/-, A really first-class bargain. Immediate application essential.
SYNCHRONOUS GRAMOPHONE MOTORS. For recording or playing. B.T.H., 200/
250 v. 50 c. 78 r.p.m. (New, slightly store -soiled) Self-starting, with turntable, 69/6.
Here's the solution to the gramo-motor shortage.
GEARED HIGH TORQUE MOTORS. Operation 15/30 v. A.C. Spindle 60 r.p.m. Re-
versible, with auto 2 -make switch. For radio tuning, recording instruments, contact
making, drawing tine curtains, etc., 81. Also definitely last few 200/250 v. 50 c. model,
very high torque, 3 or 6 r.p.m. (2 models). Precision made, only 311n. overall, 25/-.
Or In metal case, with turntable, 321.
MORSE KEYS. Copy of Govt. patt., adjustable plated action on baseboard, 8/11.
Aleo afew 36111g27. ea Govt. £7 keys, completely renovated Duplex pattern, finest keys
obtainable,
MAINS TRANSFORMERS for amplifiers, radio, etc. Prim. 200/250 v. Se.s. 400-0-400 v.,
200 Ina., 4v. 5 amp., 4v. 7 amp., 4v. 8 amps., 39/6. Cannot replace present stock -
only a few.
OUTPUT TRANSFORMERS. Grampian replacement type, 8 ratios, tapped prim. and
sec. Most useful model, 5,13. Special model, for 2 x 6L6 (push-pull) to 8 and 15 ohms
coils, salt other arrangements, 1.4/6. Exact " W.W." spec. 11 ratios, 12/1 to 75/1.
with C.T. for P.P., steady deliveries from works, still 30/6. Super -fidelity model, as
reviewed". W.W." Level 30 to 20,000 c/s, weight 85 lb., 47/6.
PRELIMINARY AMPLIFIERS. Designed for photo -cell but suitable for adding stage -
gain for microphone, pick-up, etc. Require external H.T. (300 v. 10 ma.) and L.T. (4v.
2a., A.C. for heaters) and 1 H.F. Pen. and 1 DeL valve, 15,/-. Modern components worth
more.
L.T. RECTIFIERS. Perm. metal type by large British maker. Stocks difficult to replace.
D.C. delivery 12/14 v. 1.5 amp., 10/9. Also Heavy Duty Model, 12/14 v. at 6 amp.
final supply at 33/6. Suitable Transformers for heavy-duty model, tapped for charging
6 and 12 v. batteries at 5/6 amps, 35/, (Prim. 200/250 v.).
MINIATURE P.M. MOVING COIL UNITS. 3in. dia., 12 ohms imp. Perfect m/coil
mikes with superior sensitivity and response. Excellent speakers, ideal for inter-comm.,
1/ 3.Alsosup.er model in very limited quantity, with extra large magnet, highest
sensitivity,
G.E.C. HIGH FIDELITY MICROPHONES. Linear response Relax type, model 1575, in
bronze housing (List £7 Ns.). Lost few very slightly soiled (not noticeable), 47/6.
ROTHERMEL-BRUSH D. 104 PIEZO-CRYSTAL MICROPHONE INSETS. As used in
the 5 -guinea D. 104 Microphone, only require housing but usable as supplied, guaranteed
perfect, 25/-. We have a small quantity of American Turner Piexo-Crystal Microphones
(last U.K. price £6 10s.) which we have been selling at 24 12s. 6d. nett. These are
tentatively reserved -please enquire if interested.
Latest Supplementary List sent with each order.

M.R. SUPPLIES, 68, New Oxford St., London, W.C.I
Telephone: MUSeum 2958
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FREQUENTITE
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THE PIONEER BRITISH - MADE LOW LOSS CERAMIC
THE OUTSTANDING properties of Frequentite - Low Loss

and High Mechanical Strength - led to a demand which

even before the war severely taxed our productive

capacity. The needs of the fighting services have

inevitably led to restriction in supplies for general in-

dustry, but we can now meet all requirements promptly.

Extensions to our plant, the employment of specialised

new equipment, and progressive improvements in our

manufacturing technique made during the past seven

years, now enable manufacturers to obtain bulk

supplies of the most intricate designs. Please write for

Catalogue No. S.P.io.

STEATITE & PORCELAIN PRODUCTS LTD.
Head Office and Works :

Telephone: STOURPORT in. STOURPORT-ON-SEVERN, WORCS. Telegrams: STEATAIN, STOURPORT.

S.P. 1 A
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VIBRATORPACKS
BRITISH EQUIVALENTS OF

AMERICAN TYPES
A SELECTION FROM THE FULL RANGE OF STANDARD VIBRATORPACKS

TYPE
OPERATING

VOLTS
CONSUMPTION

AMPS.
OUTPUT VOLTS

D.C. UNSMOOTHED
OUTPUT

M.A.

100

RTYPE
OF

ECTHMER

Sync. Vibrator6A300 6 7 300

6B300 6 7 300 100 OZ 4 Valve

12A100 12 3.5 300 100 Sync. Vibrator

12B300 12 3.5 300 100 OZ 4 Valve

VP551 6 6/7 300-275-250-225 100 OZ 4 Valve

VP552 6 6/7 do. 100 Sync. Vibrator

VPG554 12 3/3.5 do. 100 OZ 4 Valve

VPG552 12 3/3.5 do. 100 Syne. Vibrator

VP553 6 4/5 200-175-150-125 101) OZ 4 Valve

VPG55I 12 2/2.5 do. 100 OZ 4 Valve

Proven for long life and reliability under war conditions
(in all services, on land, sea and in the air).

Size only 51" X 41"x 51" high and weighing only 6 lbs.
approx.

Efficiency as high as

THE PORTABLE
POWER SUPPLY FOR
RADIO TRANSMIT-
TERS & RECEIVERS.

PUBLIC ADDRESS
SYSTEMS.

SCIENTIFIC APPAR-
ATUS.

EMERGENCY POWER
SUPPLY SYSTEMS.

Used by :
The WAR OFFICE
The AIR MINISTRY
The POST OFFICE
and POLICE FORCES.

70% including rectification.

Outputs of up to 30 watts from 6 or 12 volts Battery.
(Special Vibratorpacks up to 60 watts.)

Write for details :- MASTERADIO LTD VIBRANT WORKS, WATFORD, Herts.
'Grams MASTIOLA. 'Phone : WATFORD 9885.9890.

cireetwood

ENJOY" MUSIC
WHERE YOU

WANT IT"

Cabinet
Models from 21/6

BUSY days and evenings in your home leave little time for
leisurely listening beside the radio set. Yet the need

for entertainment is greater than ever. That is why more
and more people are adopting W.B. Extension Speaker
listening. They are enjoying their favourite programmes in
the kitchen, the workroom or the shelter. Thousands are
getting the fullest enjoyment from their radio by this means
Why not you f Ask your dealer for a demonstration.

Sienforian
THE PERFECT EXTRA SPEAKER FOR ANY SET

PRICE £6 EACH.
Designed by Mr. Voigt

for Edison Bell
Supplies now limited

DO YOUR MAINS VARY?
USE A VOLTAGE REGULATOR AND
KEEP THE A.C. CONSTANT WITHOUT
INTRODUCING SERIES RESISTANCE.

Operate your laboratory apparatus
exactly as intended.

The knOb below the meter gives fine
adjustment while on load in small steps
over a range of 40 volts.
Imput 80 to 300 volts. Output adjustable 200 to
240 volts. Rating ISO to 200 watts and, being a
transformer it can of course be reversed.

VOIGT PATENTS LTD.
THE COURTS, SILVERDALE, LONDON, S.E.26

Telephone: Sydenham 6666.

ELTONMETALLURGICAL ABORATORIES

LIQUID) SILVER.

for metallising CERAM!
QUARTZ or GLASS.

Low melting -point SOLDER from 70°C.
tion. Non -corrosive Liquid FLUX for

Radio purposes.

TD

C, MICA,

or to specifica-
all electrical or

Pre -War deliveries. Overseas enquiries invited.

IPSWICH RD., TRADING ESTATE,

WHITELEY ELECTRICAL RADIO CO. LTD., MANSFIELD, NOTTS. SLOUGH, BUCKS. Phone: Slough 20992
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THE NATIONAL HRO IS ACKNOWLEDGED AS THE MASTER OF DIFFICULT OPERATING CONDITIONS.
OVER THE PAST FIVE YEARS ITS HIGH PERFORMANCE IN THE HANDS OF ACKNOWLEDGED EXPERTS, AND THE FACT
THAT IT IS ALMOST EXCLUSIVELY USED BY THE SERVICES, IS A WONDERFUL TRIBUTE WHICH ENTITLES US TO BE
PROUD TO ACT AS NATIONAL HRO DISTRIBUTORS IN THE BRITISH ISLES. SUPPLIES AT THE MOMENT ARE ONLY

AVAILABLE FOR GOVERNMENT USE AND FOR THOSE ON WORK OF NATIONAL IMPORTANCE.

RAYMART INSULATORS AND CERAMIC GOODS

OUR ILLUSTRATION GIVES BUT A SMALL INDICATION OF THE WIDE VARIETY OF INSULATORS AND CERAMIC GOODS AVAILABLE FROM
RAYMART, WHO CARRY THE LARGEST RANGE OF THESE PRODUCTS IN THE COUNTRY. THERE ARE MANY OTHER RAYMART LINES
APPROVED AND USED BY H.M. SERVICES. M'CRO-VARIABLE CONDENSERS-PRECISION DIALS AND A LARGE SELECTION OF SPECIALITIES

FOR SHORT-WAVE WORK.

ADIOMART
DIRECTORS: W. M. D. NIGHTINGALE L. NIGHTINGALE

44 & 48 HOLLOWAY HEAD, BIRMSNGHAM, I
Cables: Raymart, Birmingham Teiephone : Midland 3254

All orders and enquiries relating to the above products
should be sent to Radiomart G5NI (Birmingham) Ltd., the
official distributors for National HRO and all Raymart lines.
When writing please mention "as advertised in The Wireless
World."

TI I
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>PREMIER RADIO<
SHORT-WAVE GEAR

Premier 3 -Band S.W. Coil, 11-25, 19-43, 38-86
metres. Suitable any type circuit, 2/11.
Bakelite Dielectric Variable Condensers. .0005 mfd.
Suitable Tuning or Reaction. 1/6 each.
Short -Wave H.F. Chokes. 10-100 m., 104. each.
Pye Wound Type. 15-200 metres, 2/-.
Lissen Dual Range Screened Coils. Medium and
Long Waves, 2/9 each.

SHORT-WAVE CONDENSERS
Trolitul insulation. Certified superior to ceramic.
All -brass construction. Easily ganged.
15 m.mfd. 2/4 100 m.mfd. 3/-
25 m.mfd. 2/6 160 m.mfd. 3/7
40 m.mfd. 2/6 250 m.mfd. 4/ -

ELECTROLYTIC CONDENSERS
Cardboard cases. 500 v. working, 4 mfd. and 8
mid., 2/- each, 8+8, 4/-, 4+4, 2/11, 4+4+1, 3/9,
4+4+4, 4/3, 16+8, 4/11, 16+16, 6/-, 25 mid.
25 volt, 1/6, 50 mfd. 12 volt, 1/6, 15 mfd. 100 volt,
1/3. Mansbridge type, 1 mfd. 250 volt, 11-, 2 mid.
250 volt, 1/9, 4 mfd. 500 volt, 4/8. .1+.1 Mains
Buffer, 1/2.

PREMIER MICROPHONES
Transverse -Current Mike. - High grade large output
unit. Response 45-7,500 cycles. Low hiss level,
23/-.
Moving Coil Mike. Permanent magnet model
requiring no energising. Response 90-5,200 cycles.
Output .25 volt average. Excellent reproduction
of speech and music. 49/-.
Microphone Stands, floor type, telescopic, Sin.
ring, 32;6.

Please Note.-All Short-wave Kits
include Purchase Tax.

NEW PREMIER S.W. A.C. RECEIVER
In response to many requests we have now
produced an A.G. version of the popular Premier
Short Wave SG3 Kit. Circuit : Pentode H.F.
Stage, Pentode Detector, Beam Power Output,
and F.W. Rectifier. 200-250 v. A.C. Operation.
Built-in Power Pack. Hum -free operation.
For use with Phones or P.M. Speaker.
Complete Kit of Parts with drilled chassis, all
components, Plug-in Coils covering 13-170 metres,
4 valves and full instructions ea 14.6
and circuits ...
Battery Version also available Kit 24115/4.* " The Wireless World" said they were

"very much impressed .
See full Test Report, pp. 492-3, December issue.

Send for details.

PREMIER SMOOTHING CHOKES
Type Current Henrys Res. Prices

C 40/500 40 MA 20-34 H 500 ohms 6/-
C 60/180 60 MA 8 H 180 ohms 6/-
C 60/400 60 MA 25-34 H 400 ohms 8/8
C 60/500 60 MA 18-30 H 500 ohms 8/8
C 100/400 100 MA 20-34 H 400 ohms 10/8
C 150/185 150 MA 20-34 H 185 ohms 15/4
C 200/145 200 MA 20-34 H 145 ohms 18/-
C 250/120 200 MA 25 H 120 ohms 20/ -

PREMIER BATTERY CHARGERS FOR
A.C. MAINS.

Westinghouse Rectification complete and ready for use.
To charge : 6 volts at 1 amp 26/-
2 volts at amp.... 13/4 12 volts at 1 amp.. 28/-
6 volts at I amp.... 22/- 6 volts at 2 amp.... 43/6
ALL ENQUIRIES MUST BE ACCOM-

PANIED BY 2:1. STAMP.
ALL ORDERS LESS THAN 5:-

6d. POST EXTRA.

JULY, 1941,

PREMIER 1941 HIGH FIDELITY AMPLIFIER
KITS

Each Kit is complete with ready drilled chassis, selected
components, specially matched valves and full diagrams and
instructions.

Kit of Parts
Completely

dleatenldy

with Valves Tested
4 -watt A.C. Amplifier 62 14 0 63 11 6
6 -watt A.C. Amplifier 66 16 6 557

9
7 13 6

8.10 -watt A.C.ID.C. Amplifier
15 -watt A.C. Amplifier £7 18 9 59 8 0

Black Crackle Steel Cabinet, 17/6 extra.

MAINS TRANSFORMERS
Wire -ends. All L.T. Windings Centre Tapped.

SP. 250 250-0-250 v. 60 MA. 4 v 1-2 a, 4 v., 2-3 a.,
4 V. 2-3 a. 13/4

SP. 300 300-0-300v. 60 m.a., 4 V. '2-3 a., 4 v., 2-3 a ,
4 V. 2-3 a. 13/4

SP. 301 300-300 v. 150 m.a. 4 v. 2-3 a., 4 v. 2-3 a.,
4 v.1 k 4 v.la 1714

SP. 350A 350-350 v. 100 m.a. 5 v. 2 a. (not C.T.),
6.3 v. 2.3 a. 16,c

SP. 3508 360-350 v. 100 M.A. 4 v. 2-3a., 4 v. 2-3 a ,
4 v. 2-3 a. 16/ -

SP. 351 350.350 v. 150 m.a. 4 v. 1-2 a., 4 v. 2-3 a ,
17/4

SP. 351A 545v0'.335-04-150 ma. 4 v. 3 a., 4 v. 2-3 a., 4 v.
1 a., 4 v. 1 a. 22/-

SP. 352 350-350 v. 150 mat., 5 v. 2 a., 6.3 v. 2 a ,
6.3 v. 2 a. 18/ -

Auto Transformers. Step up or down. 100-125 v to
230 or 250 v. A.C., 60 watts, 11/4 ; 125 watts, 15/-

L.T. Transfwatts, ormers, all C.T.
4 v. 2-3 a.
2.5 V. 5 a.

1.1111///444 6.3 v. 2-3 a.
7.51

V. 3.4 a.5 v. 2.3 a. 18/ -
Push -Pull Driver Transformers 6/6
Universal Output Transformers 11 Ratios. Single or

Push Pull 6/6
MATCHMAKER UNIVERSAL OUTPUT

TRANSFORMERS
Will match any output valves to any speaker impedance.
11 ratios from 13 : 1 to 80 : 1, 5-7 watts, 16/10. 10-15 watts,
21/10. 20-30 watts, 36/10.
Microphone Transformers. Suitable for all mikes. Tapped
prim

100 : 1aries.

A,6/620 and 40 :1 ; B, 30 and 60:1 ; C, 50
and , each.

PREMIER RADIO
ALL POST ORDERS t o : JUBILEE WORKS, 167, LOWER CLAPTON ROAD,)N,s.(Anterst43)

CALLERS Works,Fleet(Central 50, High
Street, Clapham, S.W.4. (Macaulay 2381.)

WHARFEDALE
FACTORY SPEAKER

Available with or without Volume Control or Remote
Control. REVERSIBLE. Fitted with 8" BRONZE
UNIT for 4/5 Watts input, or 10" BRONZE UNIT
for 5/6 Watts.

WHARFEDALE WIRELESS WORKS
SOLE. PROPRIETOR: D. E BRIGGS

HUTCHINSON LANE BRIGHOUSE YORKS
'PHONE: BRIGHOUSE 50 'GRAMS: " WITAREDEL"

B.I.
COPPER
EARTHING

RODS
for

WIRELESS
APPARATUS
4385918:1E42P3aa Nos, 040).

U.K. Regd. Trade Mark.

100%
MORE

SURFACE
AREA

Designed to give a low resistance
earth contact. Made from solid drawn
H.C. copper. The multiple fins en-
sure larger surface area and better
contact with the earth than any driv-
ing earth of similar diameter and
weight at present on the market ;
giving nearly 50 per cent. more con-
tact area than a circular rod of equal
diameter, or 100 per cent. more than
a solid rod of equal weight.
About Ii" of the rod is left exposed
and the earth lead is simply clamped
against the rod by means of the cop-
per clamp ring and screw. No sweat-
ing or soldering is required. Supplied
in two standard sizes, 18" and 24".
Longer rods of similar type can be
supplied, if desired, to meet special
requirements.

BRITISH INSULATED CABLES LTD.,
CABLE MAKERS AND ELECTRICAL ENGINEERS,

Head Office : PRESCOT, LANCS.
Telephone No.: PRESCOT 6571.
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EDITORIAL . .

FREQUENCY CHANGING.
By James Greig, Ph.D., M.Sc., A.M.I.E.E.

THE CATHODE -FOLLOWER STAGE.
By Emrys Williams, Ph.D., A.M.I.E.E.

INSULATION TEST SET.
By J. S. Forrest, M.A., B.Sc. ..

MAKING THE MOST OF SHORT WAVES (concluded).
By L. A. Moxon, B.Sc., A.C.G.I.

SERVICING EQUIPMENT AND ITS USES, Part I.
By " Service "

THE WORLD OF WIRELESS ..
NEWS IN ENGLISH FROM ABROAD
DESIGNING RESISTANCES.

By R. F. Blackwell, B.Sc., A.R.C.S...
UNBIASED. By Free Grid . .

LETTERS TO THE EDITOR ..
RANDOM RADIATIONS. By " Diallist "
RECENT INVENTIONS . .

71

172

176

178

180

183

186
188

189
192
193

194
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Branch Offices:
COVENTRY:

8-10, Corporation Stree.
Telephhne : Coventry 521o.

"Felegrams : " Autocar Coventry.

BIRMINGHAM:

Guildhall Buildings,
Navigation Street, 2.

Telephone:
Midland 2971 (5 lines).

Telegrams :
"Autopress, Birmingham."

MANCHESTER:

260, Deansgate, 3.
Telephone:

Blackfriars 4412 (4 lines).
Telegrams:

Hide, Manchester."

GLASGOW:

26B, Renfield Street, C.2.
Telephone : Central 4857.

Telegrams: " Hide, Glasgow."

As many of the cir.:trits and
apparatus described in these
pages are covered by patents,
readers are advised, before
making use of them, to satisfy
,hernselves that they roontI

no; be infringing patents.

SUSPENSION FOR

DIRECTINGSOLIND

DOWNWARDS-

-TO THE
LEFT-

- OR TO THE

RIGHT.

6 WATTS INPUT

CADMIUM PLATED

AND SPRAYED
BATTLESHIP GREY

Address your staff through a

CELESTION
LOUDSPEAKER

-with a volume sufficient to overcome
local noise.
The same speaker will carry music to
your staff-true music, not just a volume
of sound.
The Celestion method of suspension
enables the sound to be directed
wherever you want it.

Celestion Limited, Kingston-upon-Thames, Surrey
Acoustical Engineers Telephone : KINgston 5656-7-8.
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Under -trained Service-men
A Second Chance for the Radio Industry

IN the early days of wireless many of those who
entered what was then a brand new vocation
managed to " pick up " a superficial but sufficient

knowledge of its technicalities without any real
background of knowledge and without any study
of fundamentals. That is no disparagement to the
pioneers : the field for development was then so
wide, and wireless apparatus so simple, that it was
possible to make valuable contributions to progress,
to say nothing of performing one's routine tasks,
without possessing any deep basic knowledge.

There are exceptions to every rule, but, broadly
speaking, the day when a man without training in
the fundamentals of wireless can " hold down " a
technical job is over. This point was well brought
out when Mr. Edward Rosen, speaking at. a recent
meeting of the Radio Industries Club, declared in
the most forthright manner that the training of
those responsible for the maintenance of broadcast
receivers was inadequate. Mr. Rosen did not lack
the courage to condemn the industry of which he
himself is a prominent member, and roundly Stated
that television, firmly established as a public service
just before the outbreak of war would ultimately
have failed for the lack of adequate servicing. He
went on to say that it has been found necessary for
service -men entering the Forces to be given ex-
tensive extra training before they were able to do
useful work in their trade capacity.

Unpalatable Truths
These are serious statements, unpalatable to most

of us, but, much as we would like to be able to
controvert them, there can be no doubt of their
essential truth. Those service -men who have
succeeded in their difficult vocation-and we have
the highest admiration for them- have done so by
virtue of exceptional mental qualities rather than

as a result of training. Alertness, power of deduc-
tion and logical thinking, all necessary qualities for
wireless servicing, are perhaps things that cannot be
taught, but are in themselves insufficient without
a background of fundamental knowledge. Each
advance in the complexity of our technique adds
force to the truth of this statement, and one is
driven to the conclusion that it is wrong to expect
those who have gone straight from school co the
service bench to undertake the maintenance of
elaborate broadcast sets, to say nothing of television
receivers.

The question of general education, as distinct from
specialised training, also enters into the matter, It
is strongly urged that the majority of wireless
studentS need a better grounding than they gener-
ally possess when they begin their career as
specialists.

An Opportunity to be Grasped
A second chance to rectify a fault or omission is

something that is seldom given to us. But in this
matter we are lucky enough to have it for the
taking. As Mr. Rosen pointed out, thousands of
service -men are undergoing a first-class technical
training in the Services ; it behoves the wireless
industry to make plans now for using their services
to the best advantage when peace returns. And,
let us add, not only the industry but also the
general public, which eventually pays the bill must
be prepared fairly to reward the laboriously
acquired knowledge and qualities of mind that are
needed in a good service -man. Broadcasting is vital
to our national life, and television will become so,
Service -men fully capable of playing their part in
the maintenance of these services deserve more
generous recognition and a higher status than they
have hitherto enjoyed.
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Frequency Changing
By JAMES GREIG, Ph.D., M.Sc. A.M.I.E.E.

NOW, more than ever before,
the fundamentals of radio
engineering are being taught

intensively both to men in the fight-
ing services and in the radio in-
dustry. It is in such circumstances
that the need for simple and, if pos-
sible, non - 'mathematical develop-
ments of many important points of
radio theory becomes particularly
emphasised.

Fig. 1.-Typical connections of a triode
hexode frequency changer stage.

One such subject which necessarily
receives much attention these days is
that of the frequency changer. It is
the purpose of this article to develop
an approach to the theory of the
hexode type of frequency changer
valve which has been found helpful
to students with limited mathe-
matical equipment.

The hexode frequency changer is
a valve in which the electron stream
from cathode to anode is influenced
by the potentials of four grids, two
of which are screens of fixed poten-
tial, while the remaining two are con-
trol grids and carry alternating
potentials. Very commonly there is
associated with the hexode a Small
triode oscillator mounted on the
same bulb and directly connected to
one of the hexode control grids. A
common circuit arrangement for a
hexode frequency changer stage is
shown in Fig. 1. It will be seen that
the incoming signal is applied to grid
I (nearest the cathode). Grids 2 and

4 are screens having a common fixed
potential. Grid 3 is internally con-
nected to the grid of the triode which
is connected to an oscillatory circuit,
LC, as a conventional Hartley oscil-
lator (the " local " oscillator). This
grid, usually termed the modulator
grid, therefore carries the same bias
voltage and alternating " swing " as
the grid of the triode. The external
anode circuit is tuned to the inter-
mediate frequency (IF) of the set.

The function of the frequency
changer may be stated as that of
transferring any wanted signal from
the carrier upon which it is picked
up to a new carrier of fixed fre-
quency (the intermediate frequency
of the set) upon which it will under-
go amplification and finally rectifica-
tion in the subsequent stages of the
set. The problem now is to under-
stand how the valve effects the
transfer of the wanted signal to the
intermediate frequency.

The proper starting point is the
static valve  characteristics, Fig. 2.
Let us first (having applied appro-
priate anode and screen voltages) fix
the potential of the modulator grid 3
at a suitable value, say -- ro volts,
and then vary the voltage on grid i
from a large negative value to zero,
observing and plotting the anode
current for each grid voltage. The
result will be a.curve such as curve
Fig. 2. Let the process be repeated
for two other fixed values of Vg, say

III I
Ell1111iiMIMI

-Lai11111V

E.nrmillaiiall1111
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CONTROL GRID VOLTAGE ( Vg )

Fig. 2.-Static characteristics of the
hexode for various values of modu-

lator grid potential.

A Non -

Mathematical

Approach to the
Theory of the

Hexode

5 and o volts. With these values
curves such as curves 2 and 3 will be
obtained. It will be noted that the
steepness of the curves' increases as
the negative bias on grid 3 is
diminished. This change of slope is
the significant factor in the frequency
changing property of the valve.

Electron Paths

It will be instructive to consider
first, in a simple physical way, how
the change in slope arises. This is
most readily done by visualising the
paths taken by electrons in their pas-
sage through the valve. Now the
mechanics of electrons in electric
fields is closely similar to that of
bodies in gravitational fields and, in
fact, electrons undergoing attraction
to a positive electrode correspond
exactly to balls rolling down a slope,
while conversely, previously. acceler-
ated electrons approaching a nega-
tive electrode correspond to balls
rolling uphill. A mechanical model
of a valve may, as we shall see, .be
made by stretching a rubber sheet
over which steel balls, representing
electrons, may be rolled, in a parti-
cular " uphill downhill " configura-
tion to correspond to the electrode
geometry, of the valve and the vari-
ous electrode voltages. Such models
are sometimes used by manufac-
turers in valve design work.

Take first the case of a triode. A
model of a triode is illustrated in Fig.
3. The rubber sheet is stretched be-
tween two rails FF and AA, which
correspond to the filament and anode
of the valve respectively. In be -
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tween, in the same relative position
as the grid in the actual valve, is
mounted a rail with a row of prongs,
much like an upturned garden rake.
These prongs represent the grid
wires (their diameters and spacings
corresponding) and, as the rubber
sheet is stretched over the prongs, it
takes up the form shown in the
figure. Now electrical potential dif-
ference or voltage corresponds in

the model to difference in level. The
rail FF, corresponding to the
cathode, is at the zero of potential
and the drop in level between FF
and AA represents the anode volt-
age, i.e., the greater the anode volt-
age the bigger the drop. Similarly,
the level of the tops of the prongs
corresponds to the grid voltage, so
that if the grid is negative, the tops
o f the prongs will be above the level
of FF. The shape of the stretched
rubber sheet represents what is
called the " potential distribution "
inside the valve', and the effect of the
electric field in the valve on an elec-
tron emitted from the filament will
correspond with that of gravity on a
small ball rolling freely from FF.
The two steel balls shown in the
figure represent electrons emitted
from the filament. It should be men-
tioned that the potential distribution
represented by the rubber sheet
corresponds, strictly speaking, to
that with negligible space charge.
Such a model illustrates vividly the
amplification factor of a triode. Re-
collecting that the amplification fac-
tor represents the ratio of the effect-

iveness of the grid to the effectiveness
of the anode in controlling the
electron stream, the way in which
this ratio depends upon the position
of the grid and the spacing of the
grid wires can be seen at a glance
from the model. If, for example,
the grid is set so that, for a particu-
lar anode voltage (i.e., depth of AA
below FF), electrons just do not run
away from any point on FF, a very

Mechanical
model of a
triode valve
with rubber
sheet stretched
to represent the
potential dis-
tribution be-
tween filament,
grid and anode.

small lowering of GG will set the
electrons away, but with the grid
fixed at the original level a much
greater lowering of the anode level
would be required to stretch the
sheet sufficiently between the prongs,
i.e., in the grid " windows," to allow
the electrons to run.

Positive Grids

A model of a positive grid followed
by a negative one is required to illus-
trate the action of grids 2 and 3 in
a triode-hexode. A positive grid is
represented by a row of depressions
at a level below that of the filament,
so that in the model the sheet must
be pulled down from underneath by
a series of cords attached to the
rubber sheet in the positions of the
positive grid wires. Fig. 4 shows a
model illustrating the action of a
positive grid followed by a negative
one. The row of depressions marked
2 represents grid 2 in the valve,
while the projections marked 3
represent the modulator grid. Elec-
trons, after running downhill to
the positive grid and acquiring

the corresponding momentum will
ascend the slope towards the
negative grid, but in general they
will " take the hill " obliquely,
having been deflected by the de-
pressions, except where the electror
happens to pass exactly through
the middle of a " window " of grid
2. Typical electron paths art
shown by the dotted lines on the
rubber surface. The path AA repre-
sents that of a ball rolling freely
from A and passing midway between
two of the positive grid wires. Balls
starting from B, C or D, passing
progressively closer to a depression,
are turned aside by " running
round " .,the depression. To make
the model complete there should be
holes at the bottom of each depres-
sion into which electrons heading
straight for a grid wire would fall,
such electrons representing those
intercepted by the actual grid wires.

Space Current
Referring to the valve characteris-

tics, consider a change of Vg from
say -3 to - 2.5 volts. On curve I
(Vg, = -10) this would result in a
change of anode current of 0.2 mA.,
whereas on curve 2 (Vga =-- - 5) the
increase in anode current would be
0.5 mA. Now the signal grid (grid
t) and the first screen (grid 2) be-
have exactly as in a normal screen
grid valve, so that the space current
leaving the cathode will depend
entirely on the potentials of these two
electrodes and not on the potential
of any electrode lying behind the first
screen. Thus, with a given incre-
ment of V0,, there will be a definite
increment of the space current arriv-
ing at and passing through the first
screen.

The next grid which the electrons
encounter, grid 3, is at a negative
potential and the electrons, having
been accelerated to a considerable
velocity in " running downhill " to
the first screen, will now be running
uphill against the negative potential
of grid 3. Not all the electrons which
approach this barrier will surmount
it. Those which do, pass on to the
next screen and anode, those which
fail fall back into the first screen.
The fraction of the total oncoming
stream of electrons which surmounts
the barrier of grid 3 depends on the
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negative potential of the grid-i.e.,
upon the height of the barrier.

The two reasons for this are clearly
illustrated by the model of Fig. 4.
One is, as we have seen, that elec-
trons emerging from the " win-
dows " of a positive screen tend to
do so in a diverging stream, those
electrons passing near to the mid-
points of the windows going straight
ahead, while those which pass near
the positive grid wires have their
paths bent round towards the wires.
It is clear that only the " straight
ahead " component of velocity is
effective in climbing the slope and,
depending on the height of the bar-
rier, a portion of the oblique run-
ning electrons will fail to reach the
top and will fall back into the
screen. The other reason is that the
top of the barrier is not a level
straight line, but is a series of peaks
at the negative grid wires, with hol-
lows in between, so that electrons
with a given component of normal
velocity approaching near the middle
of the windows of grid 3 will get
over, while those approaching nearer
to the grid wires will fail to do so.
The electrons surmounting the bar-
rier of grid 3, neglecting the small
number picked up by the next
screen, grid 4, constitute the anode
current. Clearly, if the height of the
barrier is reduced, a greater propor-
tion of the total oncoming electron
stream will surmount it.

Change of Slope
Now the mutual conductance of

the valve with respect to grid i is the
slope at any reqUired point of the
appropriate characteristic curve of
Fig. 2 for the particular voltage on
grid 3, i.e., it is measured by the
increment of anode current for a
small change of Vg1 at the point.
Whatever the voltage on grid 3, a
given small increment of V51 will
give the same increment of the space
current passing through the first
screen, but if grid 3 is made less
negative a larger fraction of the in-
crement will be passed on to the
anode. Hence the slope of the valve
increases as the bias on grid 3 is
reduced. Screen 4 serves merely to
give the valve, as a whole, " screen
grid " characteristics, i.e., it shields
the other electrodes from the field of

/74

the anode, and incidentally renders
the anode current practically inde-
pendent of the anode volts. -

Returning to the main problem of
how the frequency changing is
effected, it is first necessary to state
that frequency changing is nothing
more than a form of modulation.
Modulation, we recall, produces
" side " frequencies, and the new
carrier to which the signal is trans-
ferred is one of the side frequencies
produced by modulating the carrier
of the wanted signal by the voltage
of the local oscillator.

Consider first the conditions exist-
ing if an unmodulated carrier of fre-
quency, say, I Mc/s, is impressed
on the signal grid with the modulator
grid held at a fixed potential of - to

peak, i.e., V53 is varied sinusoidally
from -5 up too down to - to up to
o again, and so on. Clearly we shall
vary the amplitude of the I Mc/ s
anode current cyclically at the same
frequency. That is, the anode cur-
rent will be modulated by the alter-
nating voltage on grid 3, 'and if the
mutual conductance of the valve
varies in proportion to the deviation
of V53 from its mean value, a con-
dition which is approximated in
practice, * the modulation will be
sim isoidal.

Modulation Products

Normally we think of a modulatin,;
frequency as being low compared
With the frequency of the current

Fig. 4.-Model showing the path of electrons through the positively biased grid
2 and the negative modulator grid 3 in the hexode section of a frequency changer.

volts and a bias of -3 volts on the
signal grid. The hexode will then be
operating simply as a screen -grid
valve and the anode current will be
an unmodulated wave of the signal
carrier frequency. If now the nega.
tive voltage on grid 3 be reduced
from - to to -5, the amplitude of
the r Mc s anode current will be in-
creased in proportion to the increase
in mutual conductance of the valve,
resulting from transferring the opera-
ting point from (a) to (b), Fig. 2.
Suppose that we fix the bias of grid
3 at -5 volts, but that on this is
superimposed a swing of, say, 5 volts

which it modulates, but this is not a
necessary restriction, and in fre-
quency changing we modulate by a
frequency which differs from the
carrier frequency of the wanted
signal by the intermediate frequency.
Suppose, for example, that our IF
is 465 kels. If we modulate the
received i Mc / s wave by a voltage
frequency of 535 kc /s from the
local oscillator, we shall obtain two
side frequencies, one of 1.535 Mc / s
and the other of 465 kcl s (the inter -
Mediate frequency): If the anode
circuit of the valve is tuned to this
frequency (465 kc !s) , only this coin -
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ponent of anode current will develop
any appreciable volts across the cir-
cuit, the other components of current
being by-passed. The IF, which is
the difference frequency " between
the i Mc/s of the signal carrier and
the 535 kc / s of the local oscillator is
thus, in a sense, the lower side fre-
quency resulting from modulating i
Mc / s at 535 kc s.

Now, in practice, we shall be re-
ceiving not an unmodulated carrier
wave, but one already modulated by
a low -frequency signal. Let us con-
sider first the result of changing the
amplitude of the incoming carrier
wave applied to grid i by a fixed
amount, say, roo per cent. The
modulator grid is varying the mutual
conductance of the valve cyclically
at local ' oscillator frequency and
thereby modulating, in the anode
circuit, any incoming wave, to a
given depth, i.e., its amplitude is
being increased and decreased by a
given percentage. As the depth of
modulation of the double amplitude
incoming carrier is, therefore, the
same as before the actual amplitudes
of the side frequency currents will
have been doubled (along with the
carrier). Thus the amplitude of the
difference frequency current in the
anode circuit will vary in sympathy
with variations in amplitude of the
incoming carrier. Regarding the
audio signal borne on the incoming
carrier as varying the amplitude of
the RF wave, we see that the shape
of the signal envelope will be repro-
duced in the amplitude of the volt-
age developed in the IF. circuits.

The modulator grid, in addition to
modulating the incoming carrier on
grid 1, also affects the anode current
directly at local oscillator frequency.
Thus, if there were no incoming
signal the anode current would have
an alternating component of local
oscillator frequency only. This re-
mains present when frequency
changing is being effected, but in
common with the other unwanted
frequencies is to a large extent re-
moved by the filtering action of the
tuned anode circuit.

Summary
Regarded in this way, the opera-

tion of frequency changing is seen
to be essentially a form of modula-
tion in which the modulation is
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effected by changing the mutual con-
ductance of a valve which otherwise
simply has " screen grid'' charac-
teristics. The frequency changer
usually has variable -mu charac-
teristics with reference to the
bias on grid 1. The valve thus
requires very " long " characteris-
tics so that the signal voltage
swings the grid over only such
a short part of the characteris-
tics as may be considered reasonably
straight. Also the rate of change of
mutual conductance with variation
in modulator grid voltage should,
ideally, be constant over the working
range. These conditions can only be
approximated in practice and har-
monics, and unwanted " modulation
products " are always present to a
certain extent. The deleterious

effects of such unwanted frequency
components are eliminated or re-
duced to negligible proportions by
the filtering action of the band-pass
anode circuit which, being tuned to
a narrow band about the IF, presents
a low impedance to all frequencies
lying outside that range.

It is not the purpose of the present
article to do more than indicate a
simple physical approach to the
mechanism of the hexode frequency
changer. The term " multiplica-
tive mixing " so often applied to this
type of valve arises quite naturally
from the mathematical development
of the theory, but has probably been
the cause of much unnecessary diffi-
culty to beginners in forming a
mental picture of the way in which
the valve works.

New Recording Characteristic
REDUCING NOISE LEVEL

THE frequency characteristic in
general use for disc recording is

the so-called " constant velocity," in
which the amplitude of cut is inversely
proportional to the frequency above
the cross -over point (varies between
250 and 800 c / s), below which a " con-
stant amplitude " characteristic is
used ; that is, the amplitude of cut
remains constant and independent of
frequency with reference to a given
input.

A system of pre -emphasis and com-
pensation with what has been termed
the " orthacoustic characteristic " has
recently been developed, which in-
creases the recorded level of part of
the low -frequency range and all fre-
quencies above the cross -over point.
This technique is based upon the
frequency -energy analysis of speech
and music which indicates that low -
and high -frequency parts of the audio
spectrum normally contain a lower
energy level than ;the portion between
roo and 500 c/s.

This research led to the realisation
that both low and high ends of the
spectrum could be increased in ampli-
tude on a recording without danger of
overcutting at the low end and with-
out producing a too steep waveform
for accurate cutting and playback
needle tracking at the high -frequency
end: Recording these low- and high -
frequencies at higher than normal
levels and reproducing them at corre-
spondingly lower levels, so that the
net result is the same as though no

pre -accentuation bad been used, makes
possible a reduction in the noise -level
of the system.

E.R.A. Reports
Thermostat Interference : High -

Frequency Resistance
Two Reports on wireless subjects have

recently been issued by the Electrical
and Allied Industries Research Associa-
tion, of 15, Savoy Road, London,
W.C.2, from where copies may be ob-
tained.

Report miT67, "Radio Interference
from Thermostats in Refrigerators and
Irons " is in the form of a statistical sur-
vey of the interfering " clicks" produced
by typical themostats. The investigation
was carried out with a view to over-
coming difficulties in measurements aml
treatment introduced by the dispension
of the clicks. By S. F. Pearce and S.
Whitehead. Price 4s., postage 4d.

Report 11/ T69, " The Iligh Frequency
Properties of Various Forms of Wire
Specimens " describes a method whereby
the skin factor of conducting wires may
be measured at frequencies of 400 Mc/ s.
Measurements made by the method,
which depends upon a thermal effect,
show reasonable agreement with calcu-
lation for simple non-magnetic wires.
Ferro -magnetic wires are shown to have
very high skin factors; and the effect
of longitudinal unidirectional magnetic
fields on the AC resistance of Mumetal,
already observed at speech frequencies,
are found to persist up to very high fre-
quencies. By G. G. Sutton. Price 6s.,
postage 4d.
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The Cathode -Follower Stage
How the Effective Output Impedance is Reduced and

Input Impedance Increased
IN essence, the cathode -follower

stage is a device to avoid mis-
matching. It uses a thermionic

valve with the load impedance con-
nected in the cathode lead. It was
patented' by A. D. Blumlein in 1935,
and is described in an appendix" to
the well-known I.E.E. paper on the
Marconi-E.M.I. television system.

It is well known that the output
voltage of a valve amplifier is
developed across a high impedance
known as the load, and that if a
much lower impedance be connected
in parallel with the load (e.g., in the
course of coupling the amplifier to
the next stage) the gain of the ampli-
fier will be seriously reduced. When
an amplifier stage is coupled to a
further amplifier, the input im-
pedance of the second stage is con-
nected in parallel with the load of
the first stage. The input impedance
of the second stage depends upon
the frequency, At low frequencies it
can be made extremely high simply
by the use of such a grid -bias voltage
as will prevent the flow of grid -cur-
rent. At high frequencies, however,
it is affected by the interelectrode
capacitances of the valve, and is
usually fairly low-so low that it
cannot be connected in parallel with
the load of the first stage without

Fig. 1.-Basic circuit of the cathode -
follower stage.

unduly reducing the gain of that
stage. The bad effect of the grid -
anode capacitance of the second
stage may be remedied by the use

1 British Patent No. 448421.
2J.LE.E.,Vol. 83 (1938), p. 779 and

(Wireless Section) Vol. 14, p. 65 (1939).

By EMRYS WILLIAMS,
Ph.D., A.M.I.E.E.

Developed originally for
use in television amplifiers,
the cathode -follower stage
has since found application
in other fields, notably
detector circuits. In this
article the characteristics
of the cathode -follower
stage are described and
the theory of operation is

discussed.

of a pentode or screen -grid valve in
that stage. The effect of the grid -
cathode capacitance (and the re-
sidual grid -anode capacitance) may
also be reduced by the use of tuned
couplings, in which this capacitance
simply forms part of a parallel L -C
circuit ; but this method may be used
only in tuned amplifiers, i.e., where
only a single frequency or a narrow
band of frequencies is to be ampli-
fied. Video -frequency amplifiers in
a television system clearly do not
come within this category : the fre-
quency range to be handled here is
from zero up to several megacycles
per second. Thus we are faced with
the problem of coupling a second
stage, with a low capacitive input
impedance, to a first stage which
must have a high load impedance.

No Amplification
In the Marconi-E.M.I. system this

is done by interposing between the
stages a cathode -follower stage. The
cathode -follower stage has a high
input impedance, i.e., the output of
an amplifier stage may be connected
to a cathode -follower without effec-
tively shunting a low impedance
across the load of the amplifier stage.
Also the cathode -follower has a low
output impedance, i.e., the magni-

tilde of its output voltage is not
affected by connection to the low
input impedance of a subsequent
amplifier stage. The cathode -fol-
lower does not itself amplify ; indeed,
its voltage amplification ratio is
slightly less than unity.. In the
Marconi-E.M.I. system a cathode -
follower follows each stage of ampli-
fication, and also is used to couple
amplifier stages to low impedance
feeders and to monitoring appa-
ratus.

The circuit of the cathode -follower
stage is shown in Fig. I. The input
voltage, VI, is connected in the grid
circuit in the normal way. This

Fig. 2.-Equivalent of the cathode -
follower.

voltage is that derived from the
previous amplifier stage. The im-
pedance, Z, in Fig. r, is shown con-
nected between the output terminals
of the cathode -follower. Z repre-
sents the impedance of whatever cir-
cuit is connected between these ter-
minals, e.g., the input -impedance of
the next stage. Of course Z must
provide a DC path for the anode cur-
rent of the cathode -follower stage ; a
high resistance may be connected"
across the output terminals of the
cathode -follower, and this resistance
may be resistance -capacity coupled
to the next stage.

We shall now show that the output
voltage does not depend upon having
a very high value of the load, Z, as
does the output of an amplifier stage.

Fig. 2 shows the equivalent cir-
cuit of the cathode -follower. This
equivalent circuit is derived from
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The Cathode -Follower Stage-
Fig. I simply by substituting for the
valve a generator of internal imped-
ance equal to the valve impedance,
Ra, and of EMF equal to the pro-
duct of the valve amplification

Fig. 3.-Normal
amplifier stage,
shown for com-
parison with

Fig. I.

factor, and the alternating grid
voltage., Vg. From the circuit of
Fig. 2 we see that

' µ,Vg = Ia (Ra + Z)*
Also the grid voltage, Vg, is seen to
be equal to (VI - ZIa), so that

p.(VI - ZIa) = Ia (Ra + Z)
which will be found to give

ViIa = Ra/p.+ Z (r+ I /IL)
Now Ra/p, is the reciprocal of the
mutual conductance, g. Also
(i + i / Ft) is very nearly equal to i.
Thus we may write

VI
Ia _ i/g+Z

This expression for the current
through the load is the same as we
should have for the current which
would be sent through the load by
an imaginary generator of internal
impedance equal to i / g, and of
EMF equal to Vi. In this hypo-
thetical case the voltage Vi would
be shared between the internal im-
pedance and the load. Thus, pro-
viding the load impedance, Z, is
large compared to the internal im-
pedance, 1/g, almost the whole of
the voltage VI will appear across the
load. The output voltage, V2, will
then equal Vi. The proviso stated
in italics is easily satisfied, since with
most valves the value of i / g is only
a few hundred ohms.

We see therefore that the cathode -
follower gives an output voltage
equal to its input voltage (the
cathode potential follows the grid
potential hence the name " cathode -
follower "), and this output voltage
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is not seriously affected by being
connected to an impedance as low
as a few thousand ohms-Whereas
the connection of a few thousand
ohms directly across the load of an
amplifier would very seriously re-
duce its output voltage.

Referring again to Fig. 1, II repre-
sents the alternating current pro-
duced in the grid circuit by the
alternating voltage, VI. The input
impedance of the cathode -follower is
VI / II, and we require this to be
high.

Input Impedance
The path of Ii is through the valve

and through Z. As in a normal
amplifier stage, we can prevent the
flow of electrons from cathode to
grid (" grid -current ") by so biasing
the grid that it never becomes posi-
tive with respect to the cathode.
The requisite bias voltage is already
provided for us in the cathode -fol-
lower stage by the voltage drop
across Z ; in fact, the reader has
probably already remarked upon the
similarity between the cathode -fol-
lower circuit and the well-known
automatic bias circuit. The
cathode capacitance, however, pro-
vides an alternative path through the
valve. It is this capacitance together
with the other interelectrode capacit-
ances which causes the low input
impedance of an amplifier stage.
How is it then that the cathode -
follower has not a low input im-
pedance?

The explanation is apparent if we
compare Fig. i with the amplifier
circuit shown in Fig. 3. In Fig. 3
the grid -cathode capacitance is con-
nected directly across Vi, so that
the whole input voltage appears
across this capacitance. In Fig.
the voltage across the grid -cathode
capacitance is the resultant of VI
and the voltage across Z. Now the
two voltages are nearly equal, and,
moreover, they oppose each other
(for if VI be changed in such a way
as to make the grid more nearly posi-
tive, the anode current will increase,
and the extra voltage drop across Z
will be in such a direction as to make
the grid more negative). It follows
that the resultant voltage across the
grid -cathode capacitance will be
very small. The current II will
therefore be small, and the input
impedance will be large.

Z(input) / II = Z1 + Z
Ra + Z

Now in a practical case the im-
pedances Z and Zr might be about
equal (both being due to interelec-
trode capacitances) and of the same
order as the valve impedance, Ra.
Hence this result means that the
input impedance is many times as
great as the impedance of the grid -
cathode capacitance alone. In
short, the input impedance of the
cathode -follower is great enough to
permit of its connection across the
load of a previous amplifier stage
without unduly reducing the output
voltage of that stage.

The fact that the cathode -follower
has a low output impedance might
have been deduced by observing that
the circuit is similar to that of a nega-
tive feedback amplifier using current

This neat piece of argument, how-
ever, cannot be regarded as a proof
that the input impedance is in all
cases. large. We are not justified in
assuming that the voltage across Z is
nearly equal to the input voltage,
Vi, since in deducing that these two
voltages were nearly equal we did
not take into account the grid -
cathode capacitance. Fig. 4 shows
the equivalant circuit of the cathode -
follower, and differs from Fig. 2 only
in the addition of Zr, the impedance
of the grid -cathode capacitance.
Analysis of this circuit shows that the
input impedance, VI / II, is given by

Ra 111A

Fig. 4.-Equivalent
circuit of cathode -
follower taking into
account the grid -
cathode impedance.

GRID

feedback and with a feedback ratio
of ioo per cent. Such an amplifier
would have a low output impedance
and a voltage amplification ratio of

: I. The cathode -follower also
enjoys the other advantages of nega-
tive feedback, viz., freedom from
distortion and comparative inde-
pendence of variations in its operat-
ing voltages.
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Insulation Test Set
Another Use for the Cathode-ray Tuning Indicator

By J. S. FORREST, M.A., B.Sc.

THIS note describes a simple insulation test set
which is of great assistance to the radio or electri-
cal engineer. The instrument operates from

23oV. AC mains and is constructed from ,easily obtain-
able components. A test pressure of 400V. DC is used,
and insulation resistances up to roo megohms can be
measured. This range has been chosen as being the
most convenient for general use, but if necessary it is
easy to vary the test pressure and resistance range over
wide limits.

The main application of the instrument is the measure-
ment of the insulation resistance of components and
wiring. In the case of condensers it should be remem--
bered that the insulation resistance is inversely propor-
tional to the capacity so that very high insulation
resistances should not be expected with condensers of
several microfarads. In addition, domestic electric
appliances, such as vacuum cleaners and irons, may be
tested for leakage to the frame.

As can be seen from the circuit diagram (Fig. 1), the
instrument consists of a cathode-ray tuning indicator
(61;5) with mains power unit. The insulation resist-
ance to be tested is connected across the terminals A B ;
the leakage current then flows through the variable
resistance RI, thus altering the grid potential and conse-
quently the shadow angle.

If the. object under test has an insulation- resistance
r, and if E is the HT test voltage, then the leakage
current flowing through the test object, neglecting the

effect of R5, is RE r,
R being the resistance of RI.

A 0-/vvw
R 5

AC
MAINS

Fig. i. Circuit diagram of the test set. To reduce risk of
damage, the on -off switch and rheostat Er are ganged
together in such a way that the latter is at zero value when

first switching on.

The increase in grid potential due to the leakage

current flowing through RI is therefore Eo- ER
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R r

A'

400"-

4W 444

The complete test set. Key ; i, cathode-ray indicator ;
z, rheostat RI ; 3, rectifier ; 4, smoothing condenser ; 5,

HT and LT supplies.

R(E -Eo)
so that Eo (r )

Thus for a given increase in shadow angle correspond-
ing to an increase of grid potential Eo, r is proportional
to R, i.e., the setting of resistance RI is a direct measure
of the insulation resistance under test. It was found
best to adopt as a working. value a change in grid poten-
tial of from -8V to - 4V, corresponding to an increase
in shadow angle of from 20° to 45°. The change in
"grid potential Eo is then 4V, and as the HT voltage is
400V, it is seen from equation (i) that r is approxi-
mately tooR.

The following features of the circuit are worthy of -
note :-

The most important component is the resistance RI.
It should be of the exponential type and should have a
consistent performance. A Centralab potentiometer
having a value of I megohm was used by the writer ;
this enables insulation resistances up to zoo megohms to
be measured, although the range can be proportionately
increased by using a 5-megohm resistance. The mains
switch is incorporated in the resistance in the usual way
as this makes it less likely that high voltages will be
applied to the grid due to the resistance being left in the
maximum position.

In order to give a suitable shadow angle a 3,000 -ohm
cathode bias resistance R2 is used, giving a bias of - 8V.

The resistance R3, in series with the anode of the
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Insulation Test Set-
tuning indicator, has a value of i megohm, and a
ioo,000-ohm resistance R4 is used to reduce the target
voltage to 18oV.

A 150,00o -ohm I -watt resistance R5 is connected in
series with the test supply in order to avoid damaging
the power unit if the insulation resistance of the test
object is abnormally low.

A o.i-microfarad condenser Cr is connected across the
input to the indicator. This condenser should be of
good quality, and its purpose is to eliminate induced AC
voltages which may be picked up by the grid and which
give rise to a poorly defined shadow angle.

The mains supply unit is conventional. The mains
transformer should have a 350-o'r35oV high-tension
winding and should be provided with low-tension
windings to suit the valve heaters.

As shown in the accompanying photograph, the com-
ponents are assembled in a strong box with a lid so
that. the instrument may withstand transport and rough
handling. The resistance RI is mounted on a bakelite
panel and is provided with a knob (Bulgin K58) and
dial (Bulgin IP8) in order that the setting may be read
accurately. The tuning indicator is mounted beneath
the panel, and the shadow angle is observed through a
circular hole. A sheet of celluloid, marked with an
angle of 45°, is fixed underneath the panel directly over
the end of the indicator in order to facilitate the adjust-
ment of the shadow angle to exactly 45°. The angle
may be clearly marked on the celluloid by means of
scratched lines filled in with black.
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Fig. 2, Calibration curve of the author's instrument.

In order to increase the utility of the test set the HT
and LT supplies from the power unit are brought out
to terminals mounted on a second bakelite panel ; this
is very convenient when testing receivers in which the
power unit is faulty.

The instrument is switched on with the resistance at
the lowest value. With the terminals AB open -circuited

a shadow angle of about 20° should be obtained, corre-
sponding to a grid potential of -8V. The insulation
resistance to be tested is then connected across the ter-
minals AB and the resistance RI increased until a
shadow angle of 450, corresponding to a grid potential
of about -4V, is obtained. The setting of the resist-
ance is then noted and the insulation resistance obtained
from the calibration curve. The calibration for the
author's instrument is shown in Fig. 2. It will be noted
that the " law " of the resistance used is only. very
approximately exponential ; the resistance element is
actually made up of two linear portions. The calibra-
tion will vary if different components are used, and it is
best to carry out an individual calibration in each case.
If the characteristic curve of the tuning indicator is avail-
able an approximate calibration may be obtained by
measuring the value of the resistance RI at various
settings and by making use of equation (r). It is better,
however, to connect high resistances of known value
across the terminals A B and to determine the setting
of RI to give a shadow angle of .45°.

Book Review
Elementary Handbook for Wireless Operators. By W. E.

Crook, A.M.I.E.E. Pp. 102 + xii ; 138 figures. Sir
Isaac Pitman and Sons, Ltd., Parker Street, Kingsway,
London, W.C.2. Price 4s. net.

AT a time when so many men are expecting to join the
wireless branches of one or other of the Services, this

book makes an opportune appearance. As the author says
in his preface, the beginner in wireless cannot see where he is
going ; unlike those concerned with more mechanical arts, the
radio student finds himself constantly being apparently
side-tracked, and it is not until the latter stages of his
course that the things he has learned begin to take shape
as a connected whole. The present book aims at present-
ing a general view, enabling the student to tackle more
comprehensive books and " to see where he is going " when
immersed in the intricacies of a wireless course.

Some prior knowledge of elementary electricity and
magnetism is generally assumed in books of this kind, but
in the present case it is not essential to the reader, as there
is a helpful chapter on Electrical Principles. This is pre-
ceded by another and shorter introductory chapter on
Signalling, in which information on various non -technical
aspects of wireless communication is given. Such subjects
are usually ignored in a technical handbook, but their inclu-
sion is well in keeping with the general principle of showing
the student where his efforts are taking him.

The main body of the book explains the techique of
wireless transmission and reception with commendable
clarity and conciseness. In a small book of this nature
there is inevitably some over -simplification in places, but
where necessary the author warns the reader that he must
be prepared for additional complexity as his studies ad-
vance. Accessory apparatus such as measuring instruments
and power -supply equipment are explained, and there is a
chapter on direction finding, in which the principles of
bearing indication by cathode-ray tube are touched upon.

For the purpose for which it is intended, the book fulfils
its object admirably, and so can be recommended for pre-
liminary study to anyone who expects to join the Services
or Merchant Navy as a wireless operator. Apart from the
raw beginner, those who have previously been concerned
only with broadcast reception will benefit from reading it.

H. F. S.
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Making the Most of

Short Waves
Improving the All - wave Receiver

S S stated in the first instalment of
this article, there are two main
methods of band -spreading,
with a possible third. The auxi-

liary capacity method, Fig. 5 (a), gives
a very linear scale if used with a
straight-line capacity condenser. It is
generally more convenient to earth
one side of the condenser as in
5 (b). This gives a slightly less linear
scale and slightly less constant oscil-
lator voltage, but these effects are of
minor importance. Alternatively, a
tuned grid or tuned anode oscillator
circuit can be used. Fig. 5 (e) is for
use when a standard gang condenser,
e.g., the one used for medium- and
long -wave tuning, is available for
band -spreading. This gives the band -
spread scale a calibration of the type
shown in Fig 6. This does not look
ideal, but is actually quite useful.
Since the frequency coverage is pro-
portional to the frequency of the band
in use, there is some tendency towards
cramping the scale on the higher fre-
quency bands. This can be avoided
by using the flat portion of the tuning
curve, AB, for these bands, and the
portion CD for lower frequencies.

Fig. 7 shows another artifice to the
same end. The effect of this is that
1T4T
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0000150-

5 - 15 rnmfds

By L, A. MOXON, B.Sc.,
A.C.G.I.

(Concluded from page 151, June issue)

band, widen the i5 -Mc /s band by
30 per cent., and have a negligible
effect on 6 Mc/s. It may consist of
a few inches of wire, or a small loop
in the wiring, and, being awkward to
measure, can be adjusted by trial.

The variable inductance method,
Fig. 8, gives a frequency cover in-
versely proportional to frequency.
The inductance Li may be designed
to cover 6 to 7.3 Mc is with no other
inductance in circuit These extra
inductances can be switched in as
required for the higher frequencies.
The most practical method of varying
the inductance would appear to be an
iron dust core. Metal spades are un-
satisfactory as sufficient variation of
inductance would involve severe
damping of the oscillator coil.

This method appears very promis-
ing, but calls for some ingenuity as
there are no suitable variable induct-
ances on the market. Double fre-
quency changing offers a third possi-
bility, as stated last month.

It is quite possible to switch
ANODE

200 rnmIdt. T200 tnmfds

a)

OR GRID

200
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GRID OR
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Fig. 5. Diagram (a) shows a Colpitts oscillator with band -spreading by coil switching
and auxiliary capacity. The valve may be a separate triode oscillator or the corre-
sponding section of an FC valve. Diagrams (b) and (c) show modifications as

described in the text.

the lower the value of L, the smaller
the proportion of the tuned circuit
across which the variable capacity is
connected. A value of about ;',;:

for the auxiliary inductance Li -will
double the spread of the 21 -Mc is

condensers as well as coils, and thus
arrange to spread each band over the
entire scale, or as required. This may
be somewhat elaborate, but is quite
straightforward and calls for no
special comment.

The RF signal circuits may be
preset to the middle of each band,
either using a fixed inductance and
switching capacities across it, or pre-
ferably by the reverse process. This
involves some loss of gain and image
suppression at the band edges, and if
possible these circuits should be
spread in the same way as the oscil-
lator, but using different capacity

Fig. 6. Scale calibration obtained with
the arrangement of Fig. 5(c).

values as required by gain considera-
tions. The only systems that lend
themselves readily to this are those of
Figs. 5, 7 and 8, and more especially
that of 5 (c). If a two -gang con-
denser is available, one section should
be used for the oscillator and one for
the RF anode circuit. It is rather a
waste of effort to spread the aerial
circuit, since this is considerably
flattened by the aerial, and in addi-
tion the aerial introduces a very
variable element into the ganging. It
is essential to band -spread the image
suppression circuit described earlier.

Colpitts oscillator circuits are recom-
mended, partly for stability but chiefly
for 'convenience in coil construction,
as they require no tapped coils or
coupling windings. Other circuits are
sometimes more useful in particular
cases, but the same principles apply.

One of the main obstacles to reli-
ability on short waves has been the
difficulty of designing stable circuits
for the local oscillator. Unless these
are reasonably constant it is obviously
rash to indicate on the scale where any
particular station may be found, and
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the listener must be left to grope for
it. " Reasonable " means within 5
kilocycles (with ro-kc /s channels),
and this at 13 megacycles means one
part in 3,000. On medium waves
only a tenth of this accuracy is needed
for the same result, and was regarded
as good going, until quite recently.
The principal causes of day-to-day
variations in calibration are the effect
of humidity on coils and condensers,
the effect of temperature on the
latter, and random changes in
trimmers and gang condensers due to
mechanical imperfections. In addi-
tion, oscillator frequency may be
affected by the AVC voltage on the
frequency changer, and in the case of
mains sets there are as a rule large
cyclic changes due to the warming -up
of valves and other components. In
addition to disturbing the calibration
the latter makes it necessary to keep
readjusting the receiver during the first
half-hour or more after switching on.
The AVC effect is not usually serious
with modern frequency changer
valves, but can produce quite a pass-
able imitation of selective fading.

The greater part of the warming -up
drift is usually caused by changing
inter -electrode capacity of the oscil-
lator valve due to the considerable
heat given off by the heater. It takes
place relatively quickly, and after
about 20 minutes there is no further
change. Other offenders are the trim-
mers, the self -capacity of the coil, and
the gang condenser, in that order. It
is an obvious precaution to see that
none of these is subjected to exces-
sive heat.

The effect of humidity can be
avoided, in the case of coils and fixed
condensers, by suitable impregnation.
The other effects are all concerned
with the residual capacities, except for
very minor shortcomings on the part
of the gang condenser. When the SW

10 OR ANODE

Fig. 7. Showing the use of an auxiliary
inductance LI to increase the spread of

high -frequency bands.

bands are selected by variable con-
denser these residual capacities or
strays increase their percentage of the
total capacity, and hence the percent-
age drift, as the square of the fre-
quency. The drift in kilocycles, there-
fore, increases as the cube of the
frequency. Warming -up drift has
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rarely been found less than 25 kc /s
from one minute to one hour after
switching on. About 15 kc /s is due to
the valve and unavoidable. The drift
normally occurs as an increase of
capacity with temperature, but cera-
mic fixed capacities are now available
with negative temperature coefficients.
One of these can  be used with a
suitable heater to produce a compen-
sating drift in the opposite direction.
This has the disadvantage of increas-
ing the strays and reducing the tuning
range, and is also rather imperfect due
to the differences in heating and cool-
ing rates of the various associated com-
ponents.

Much greater stability is possible
with switched inductance systems.
The strays can be swamped by large
fixed capacities, and the valve drift
reduced to some 3 kc /s at- 15 mega-
cycles. Very stable condensers of
silver -on -mica construction are avail-
able for this purpose. Any remaining
drift can be measured, and compen-
sated by using a negative coefficient
condenser for part of the swamping
capacity.

Double Superheterodynes

Double frequency changing (DFC)
is not new. For many years adaptors
have been on the market for convert-
ing SW signals into medium- or long -
wave signals for reception on sets
without any SW band. As a rule,
these devices do not possess any
special virtues beyond simplifying the
addition of SW to an existing set.
Allied with an RF stage and preselec-
tor circuits, however, DFC can be
made a thorough cure for images, and
free from double -beat interference.
This is because a high value of IF can
be chosen for the first frequency
changing process, and later changed
to a low value for amplification and
selectivity. The normal difficulty on
short waves is that a low value of IF
is needed for obtaining adequate gain
and selectivity, and this results in too
small a separation of signal and image
for easy rejection of the latter ; simi-
larly, with double beats, DFC is of
further interest as affording a possible
means of converting almost any super -
het to the highest possible standard of
SW performance by external addition
of the requisite RF and FC circuits.
It has, however, its special problems
which must be understood if it is to,
be used successfully.

There are two troubles likely to be
encountered with DFC. The first is -
additional images, which aris.i as fol-
lows : Let f, be the first intermediate
frequency and f, the second. The

second oscillator frequency will then
be f,± f_, and a signal of f, ±2f_ reach-
ing the second FC would cause second
channel interference. If fw is the fre-
quency of a wanted station, the first
oscillator will have a frequency fw ±
f,. Taking the plus signs, the image
frequency will be fw + 21]. In addi-
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Fig. 8. Band -spreading by variable
inductance.

tion, signals at fw - 2f, or fv, + 2f,
+2f, will beat with the first oscillator
to give, amongst other things, compo-
nents of f, + 212. These must not be
allowed to reach the second frequency
changer, and fortunately they can be
easily prevented from doing so by cir-
cuits selective to f,. Otherwise there
will be, in all, three images.

Harmonics of the second oscillator
are, a worse problem. Some voltage
of each harmonic is almost certain to
get on to the grid of the first fre-
quency changer. It will most likely
do so without passing through the pre -
selector circuits and will therefore be
received at two points on the dial.
There appear to be two ways of
tackling this problem. One is to use
the lowest value of IF consistent with
good image rejection ; the harmonics,
being of a high order, will then be
relatively weak, provided every pre-
caution is taken to avoid stray
capacities and common impedances
between the circuits of the two fre-
quency changers. It will be an advan-
tage to tune the second oscillator to
the low rather than the high side of
the first IF. If these circuits are used
for band spreading, this helps matters,
since the nth harmonic is then n times
more sharply tuned than the signal
and the harmonic whistles, if any, can
be avoided by a slight tuning -shift.
It is also of advantage to use as much
gain as possible in front of the first
FC, since weak signals at this point
will be most liable to trouble.

An alternative is to use the highest
value of first IF, consistent with ease
in rejecting f,±2f,. Harmonics will
then be relatively few, and care in
choosing the exact frequency will place
them and their images outside the
broadcast hands. This was done on



Making the Most of Short Waves-
the Murphy A52, where a second oscil-
lator frequency of 2.635 megacycles,
giving an IF of 3.1 megacycles, was
found satisfactory.

Interference at IF
One other trouble which may be

encountered is interference from
stations operating on the first IF and
picked up on these circuits. If reason-
able care is taken to screen them and
to prevent them sharing any common
impedance with the aerial circuit,
the trouble is avoided except in the
immediate neighbourhood of a power-
ful station operating on the IF or the
image of the IF. The
remedy then lies in choice'
of a different IF.

Fig. 9 is a recommended
arrangement for a con-
verter. Various alterna-
tive hand -spreading
arrangements have been
already discussed. A very
convenient arrangement,
but one involving slight

Fig. 9. Circuit of a short-
wave converter with band
switching. The capacity
values marked are intended
as a rough guide. RF and
FC valves may be
Mazda SP4r and TH4i or

equivalents.
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for ordinary fading, this is liable to
make selective fading more un-
pleasant. Distortion is worst when the
carrier fades, leaving the sidebands
behind ; if the carrier is restored to full
strength by increased sensitivity, the
detector will receive a strong, heavily
over -modulated and distorted signal.
The result is a large increase in volume
synchronising with the distortion. The
value of very efficient AVC is there-
fore controversial, especially on SW,
and the use of undelayed AVC is felt
to be no disadvantage. In the case
also of extreme non -selective fading,
it is pleasanter to allow the signal to
fade somewhat before disappearing
into the noise, than to be greeted by
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loss of performance at the baud
edges, might be to use fixed tuning
in the converter and vary the
tuning of the main receiver by about
plus or minus too kc / s for band cover-
age. Screwed iron cores provide the
best means of adjusting inductances.
No AVC has been applied to the con-
verter, as it is assumed that the main

 receiver used will possess an adequate
measure of control ; the disadvantdges
of over -perfect AVC and AVC on RF
stages will be discussed later. Fig. 9
is intended only as a guide, and indi-
cates few details. The experimenter
will prefer to evolve these for himself,
in accordance with circumstances and
general principles.

Fading takes two forms. The carrier
and sidebands may fade together, or
some of these components may fade
more than others. In the latter case
(selective fading) distortion results,
and is often very severe, especially on
SW. Automatic volume control
enables the carrier at the detector et°
be kept reasonably constant, except
during a very severe fade, by increas-
ing the sensitivity of the receiver as
the carrier fades. Although a cure
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loud bursts of noise almost without
warning. For the same reason, the
value of very high sensitivity is doubt-
ful. Sensitivity should, however, be
adequate to ensure reasonable volume
from any station stronger than the
irreducible minimum of background
noise.

Desirable AF Characteristics
The response of the audio -frequency

circuits for SW reception is worth some
attention. On short waves, speech is
likely to be of more interest than
music, and requires either an adequate
bass and top response, or restriction
of both, for greatest intelligibility.
The high noise levels and fading pre-
valent on SW call for restriction of top
response. A tone control is usually
fitted for this purpose, but it tends to
be useful to reduce bass response as
Well. A control for this purpose is an
added complication, and in an " all -
wave " receiver a useful compromise
may be effected by using a smaller
value of AF or output valve grid
coupling condenser on SW, to reduce
bass by about 4-6 db. at 5o cycles.

In adjusting the grid circuit of a
SW frequency changer, it is very easy
to be misled by false " peaks." The
result of this is bad image suppression
and poor frequency stability, which
may not be detected by a casual test.
The explanation of this effect is as
follows : There is a tendency for the
signal circuit to couple with the oscil-
lator through valve and wiring capa-
cities. This is not serious with correct
frequency separation, but if tuned too
close to it the signal circuit pushes
the oscillator frequency away from its
own frequency and can produce the
correct intermediate frequency al-
though wrongly trimmed. Sometimes
this gives greater gain than the correct
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adjustment, but it must be avoided.
It is best to start trimming with the
signal circuit tuned on the correct side
of the oscillator, and with consider-
ably more than the correct frequency
separation. The first peak encoun-
couptered will then be the right one.

False trimming points may be
caused in another way. It is often
possible to continue the adjustment of
trimmers or iron cores beyond their
maximum value. They then decrease
in value and give the effect of a peak
even though the coil requires more
turns or the trimmer is not large
enough. If these dangers are under-
stood they are easy to avoid.

It is doubtful whether the entertain-
ment possibilities of SW are fully
realised by the ordinary listener, and
the hope may be expressed that a
large percentage of future all -wave
receivers will embody easily operated
tuning systems, efficient RF stages and
image rejectors or double frequency
changing, and stable oscillator circuits.

The author is indebted to Murphy
Radio, Ltd., for permission to publish
the results of work carried out in their
laboratory.
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Servicing Equipment and
Part I.-Multi-range Meters, or

Analyzers
The first of a short series of articles for newcomers to the art
of broadcast receiver maintenance who are carrying on the

work of regular service men now in the Forces

By " SERVICE "

IT is the purpose of this short series
of articles to describe the chief
items of equipment with which full

acquaintance must be gained for effi-
cient and economical servicing ; in
addition, advice will also be given on
the use of the equipment and how it

.may be employed to the best advan-
tage.

Every service workshop should
have the following pieces of service
equipment, in addition to its usual
collection of small tools and spare
parts : -

(r) A sensitive analyzer, or combina-
- tion meter, which will enable readings

to be taken of volts, milliamps and
resistance values.

(2) A service oscillator for aligning
the RF and IF circuits of a receiver.

These two items form the funda-
mental basis of all service and main-
tenance work, and although, as will
he described later in this series, other
equipment can be of great assistance,
efficient servicing cannot be carried
out without them. The most used
instrument in the service workshop is
the analyzer.

A service analyzer is not a piece
of mysterious apparatus which will,
by pressing a button, tell you exactly
what is wrong with a faulty receiver
and rectify it for you. It is not a
fault repairer ; it is not even a fault
finder if the user cannot interpret the

- meter readings. The chief advantage
of an analyzer is that it presents in a
compact form a mvns of analyzing
the circuits of a receiver in order to
find out whether the voltages, currents
and resistances differ from the values
to be expected or which are given in
manufacturers' service manuals.

Practice in the uses of an analyzer
will soon bring about the required
confidence, which will be gained all
the sooner if one realises that the most
intricate of analyzers is but a meter
which applies Ohm's law to the prob-
lem under consideration.
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When the analyzer is adjusted for
measuring volts a resistance of a
known value is put in series with the
meter circuit. The designer knows
that when a certain voltage is applied
to the meter in this manner, the cur-
rent which will flow through the meter
circuit at that voltage will move the
meter needle a certain distance along
the scale. The latter is, therefore,
marked at this point with that voltage,
and other calibration points calculated
and marked on the scale according to
requirements.

For measuring resistances an inter-
nal battery of a known voltage is
brought into the internal analyzer
circuit, and this voltage will drive
current through the meter circuit, the
value of the current being determined
by the unknown resistance. A very
small current flowing will mean a high
value resistance, while when a large
current flows a low resistance will be
indicated, and the designer of the
meter can mark the scale of the instru-
ment at various points where the cur-
rent would move the meter needle
when a certain resistance is in series
with the meter and the small dry
battery.

Measuring Current
For current readings the analyzer

circuit is a little more complicated, be-
cause modern meters take very little
current, and to measure large currents
a diversion, or shunt as it is techni-
cally termed, is designed to be con-
nected in parallel with the meter
movement itself to take a definite pro-
portion of the total current flowing in
the circuit.

An essential thing to remember
when using a multi -range meter or
analyzer is to connect it across the
circuit to measure the voltage or re-
sistance of the circuit and in series
with the circuit to measure the current
flowing through that circuit.

Its Uses
The panel of a typical high quality

analyzer is shown in the accompany-
ing photograph, from which it will he
noticed that test leads may be put
into various pairs of sockets for volts,
ohms, current, etc., while a switch is
provided to select the range of the
measurements to be obtained from the
various pairs of sockets with certain
exceptions which need not concern us
here. .

Understanding the Meter
It is good practice to use the

analyzer for just one of its applications
at a time by starting with the voltage
range and measuring the voltages of
HT batteries with their various tap-
pings and accumulators. The vol-
tages to be measured will be known
approximately and, therefore, can be
used as a check against the readings
obtained.

When voltage measurements are
thoroughly understood, then resistance
tests may be made, using components
of known resistance and comparing
these values with those obtained from
the analyzer. Finally, the current
ranges may be experimented with,
and for this purpose a battery receiver
is very useful, as it is a simple matter
to connect the analyzer in series with
the HT battery sockets and the
various battery leads.

Whenever you have finished using
an analyzer always leave the instru-
ment set for the measurement of a
high voltage. By doing this you will,
in -the majority of cases, prevent
damage to the instrument should you
connect it to a circuit giving a high
voltage before you have set the con-
trols to their correct position to cover
that voltage.

When applying the analyzer to a cir-
cuit and it is not known just what
values of voltage and current are to
be met with, always start with the
highest ranges, and then if only a
flicker of the needle is apparent the
instrument may be adjusted to the
next lower range, and so on until an
easily observed reading is obtained.

As a matter of interest, many meters
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Servicing Equipment and Its Uses-
give their most accurate readings
when the needle is midway or towards
the maximum end of any particular
range, and if a range is chosen where
this occurs, then more accurate and
easily observed readings can be made.

As normally employed, an analyzer
is primarily designed to enable the cir-
cuit analysis of receivers to be under-
taken, and this is accomplished by
methodical application of the instru-
ment to the components and test
points in the faulty receiver. For ex-
ample, using only the voltage ranges,
the whole HT supply circuit of a re-
ceiver may be
checked from the
filament of the
rectifier valve,
which is the
source of HT
in AC receivers,
right through to
the anode and
screen of the first
valve.

Using the high-
est range avail-
able, which in
most analyzers
will be 0-500
volts, the HT
voltage at therectifier is
measured.

This may be
effected in the
majority of cases
by connecting the

Courtesy Service.

Arrangement of
sockets and
selector switch in
a highly sensitive
service analyzer.

negative test lead to the chassis and
the positive lead to one of the heater
sockets of the rectifier valve holder.
The exception to this procedure is
where the chassis is isolated from the
circuit by a condenser, as is generally
the case with DC and AC / DC re-
ceivers. With this type of set the
negative test lead must be connected
to the negative point of the HT supply
circuit. A study of the circuit diagram
of the receiver, together with the in-
formation given in the voltage tables
shown in the manufacturers' service
manuals, will indicate where to con-
nect to make the tests.

A warning must be given here with
regard to AC /DC. receivers, in some
of which the chassis is " live " at the
full mains voltage above earth.
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Assuming, however, that we are ex-
amining a straightforward AC chassis
with the negative lead of the analyzer
clipped to the chassis, touching the
positive test lead on ' to the heater
socket of the rectifier valve holder
should provide a reading of the full
HT voltage.

Voltage Analysis
The positive lead is then touched on
to one side of the smoothing choke
where the reading should be the same ;
and then to the other end of the
choke. This connection should give a

slightly lower reading because of the
voltage dropped across the choke, but
if no reading is obtained this will in-
dicate a faulty choke or faulty connec-
tion to it. In most modern receivers,
of course, the field- winding of the loud-
speaker is used as a smoothing choke.

In some receivers the smoothing
choke or the field of the loudspeaker is
in the negative HT supply lead, and in
these cases the centre -tap of the mains
transformer TIT secondary winding
will be the ultimate negative point and
the chassis will be positive in relation
to it. To check the choke and the
supply circuit in a receiver having this
arrangement the positive test lead
must be clipped to the chassis and the
negative lead connected in turn to the
ends of the choke or the loudspeaker

field winding and thus to the centre
tap of the transformer secondary.

The voltages on the anode sockets
of the various valve holders may be
checked, still keeping the negative
lead clipped to the chassis, but in
these cases it is also desirable to check
the HT voltage existing between the
anode socket and the cathode socket
on the valve holders by shifting the
negative lead to the cathode socket.
This is because an HT voltage will be
shown between chassis and anode of a
valve even when any cathode bias re-
sistance in the valve circuit is open -
circuited.

If desired, of course, the bias volt-
age may also be checked by keeping
the negative lead of the analyzer
clipped to the chassis and then switch-
ing the analyzer to a much lower volt-
age range, say, o-ro, and then apply-
ing the positive lead to all the cathode
sockets of the valve holders to check
the cathode bias. Output valves may
have a higher bias voltage and the
analyzer must be set to a suitable
range.

Should any of the tests made for
voltage readings on the anode sockets
of the valve holders give no indication .

on the analyzer, then that circuit must
be traced back component by compo-
nent until a reading is obtained.

Drawbacks of Current Tests
For instance, let us suppose that

no volts are obtained on the anode of
an IF valve ; the positive tc:t lead of
the analyzer should be connected to
the anode end of the IF transformer
primary. If no reading is obtained at
this point, a test connection may be
made to the other end of the IF trans-
former primary. If a voltage reading
is then obtained the transformer wind-
ing is proved to be faulty, or there is
a badly soldered joint on it.

Voltage analysis on these lines is
very useful in modern receivers where
it is very difficult, and in some cases
impossible, to insert a valve adaptor
between the valve and its valve holder
for measuring the anode current which
used to be the first line of attack when
things went wrong in earlier types of
receivers. Also in cases where the
fault is one which gives weak results,
any attempt to measure the anode cur-
rent by means of valve adaptors will
frequently throw the receiver into
violent oscillation which will upset
all normal current readings and so
mask the fault.

Taking voltage readings, especially
with a high -resistance meter, has very
little effect in this direction, and in-
stead of looking for low anode currents
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Servicing Equipment and Its Uses-
high anode voltages will be the symp-
tom which should cause suspicion to
be directed to a particular circuit.

Resistance Analysis
Another method of locating faults

in a receiver, especially where it is not
desired to investigate the circuits when
they are "live," is by means of re-
sistance analysis. If the' analyzer is
set to measure resistance and one of
its test leads connected to the cathode
of the rectifier valve, then the other
lead may be progressively connected
along the HT circuit to all the various
anodes of the valves. The resistance
reading should become higher and
higher as the test is proceeded with.
An indication of a fault may be ob-
tained by this method in the following
manner.

If a reading of, say, Lou) ohms is ob-
tained at one side of an output trans-
former, and also a reading of i,000
ohms is obtained when the analyzer
lead is connected to the other end of
the transformer winding, then this
proves that the transformer is short-
circuited..

On the other hand, if a reading of
,000 ohms is obtained on the first test

and no reading at all obtained on the
second test, then this indicates an
open -circuited transformer winding, or
bad connection to it.

,NORMAL

213 V
DROP
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the receiver being serviced is the sen-
sitivity of the meter being used and
the sensitivity of thq meter with which
the service manual data was compiled.
If the two are of different sensitivity,
the readings will not agree, but this
may not necessarily mean that a fault
is indicated. A high -sensitivity meter
will give a higher voltage reading than
will a low -sensitivity meter when con-
nected across a valve or similar circuit
for the following reason.

All the more commonly used measur-
ing meters require current to operate
them and this current is taken from
the circuit which is being tested.
Therefore, directly the test leads are
connected to the receiver circuit a
change is effected in that circuit which
has to supply current to a resistance
network-the analyzer components-
for which the receiver was not de-
signed. The voltage indicated by the
meter is always rather less than that
which actually exists under normal
operating conditions.

Meter Resistance
Now, this characteristic of measur-

ing instruments would introduce no
difficulty if it were not for the
fact that different meters have
different effects upon a circuit to
which they are connected. Many
readers will appreciate that, when a
voltage is applied to a resistance, cur-

0.89mA

125 OHMS /VOLT I
METER

READS 2]V

250 V
HT

rent, and very misleading readings will
be obtained when using, it on a circuit
in which high resistance values are
present.

A snore expensive meter, however,
will have a very delicate meter move-
ment attached to an exceptionally
light needle, the whole assembly re-
quiring only, in some cases, a fraction
of a milliamp to move it from one
end of the scale to the other, or what
is termed technically, for full scale
deflection.

A Useful, Tip
The sensitivity of meters is stated

in terms of " ohms per volt " and a
good -class meter will have a sensitivity
of n000 ohms per volt, which means
that when on, for example, a soo-Nr
range the resistance of the meter is
roo,000 ohms and only one milliamp
is being taken from the circuit under
test.

Many modern analyzers have an ex-
ceptionally high sensitivity figure in
terms of ohms per volt. The effect of
meters having varying sensitivities is
shown in Fig. r.

if a great deal of unnecessary work
is to be avoided in looking for faults
which do not exist, there must be a
thorough understanding of what is
meant by the voltages given in manu-
facturers' service manuals. Unfortu-
nately, the sensitivity of service test

133 V
DROP.

0.56 A

1,000 OHMS/VOLT
METER

READS 112 V

250 V
HT

LOW RESISTANCE METER MEDIUM RESISTANCE METER

Fig. I. Effect of meter sensitivity on anode current and indicated anode voltage.

Resistance measurements must be
taken with great care when checking
the primary winding of a mains trans-
former and the secondary winding of
output transformers, as in these in-
stances very low readings, of perhaps
only nr of an ohm, may be obtained
even on a perfectly good component.
Before taking such measurements the
meter needle should be very carefully
set to zero.

A very important consideration that
must be kept in mind when compar-
ing the voltages obtained on test with
those given in the service manuals of

rent flows through the resistance. With
the voltage remaining constant the
higher the resistance the smaller will
be the current flowing through it. This
is the principal reason for the different
effects that meters have upon the cir-
cuits being tested.

A very cheap instrument will have
a very coarse meter movement with a
decided amount of friction, and conse-
quently a comparatively large current
is required to move the meter needle
from one end of the scale to the other.
The resistance of the meter will be low
in order to obtain the necessary cur -

HIGH RESISTANCE METER

equipment is not standardised by the
various manufacturers. Many of them
often state in their manuals the sensi-
tivity of the meter used, but where
this is not stated it is well worth while
finding out, and inserting the appro-

. priate figures in the service manual for
. future reference. The results obtained
when taking voltage testi will, even if
they differ from the service manual,
bear a definite relation to the data in
the manual, depending upon the dif-
ference in sensitivity between the two
meters. Knowledge of this will pre-
vent false conclusions being drawn.
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THE WORLD OF WIRELESS
TRAINING OPERATORS

Opportunity for Youths
A N appeal for young men who are

still below the calling -up age was
recently broadcast by Lt. -Col. C. V. L.
Lycett, chairman of the Wireless Tele-
graphy Board. The scheme outlined
by Col. Lycett concerns those who are
over 16/ years old but had not reached
the age of 18 on January 29th, 1941,
and is for the training of wireless
operators for the three Fighting Ser-
vices and the Merchant Navy. In.
order to meet the ever-increasing de-
mand for wireless operators the civilian
wireless schools to co-operate with the
Services in training volunteers. L

The Fighting Services guarantee to
enlist volunteers as wireless operators,
provided, of course, they are physically
fit and otherwise suitable, on obtain-
ing the P.M.G.'s Special Certificate.

The examination for the certificate
includes: Morse, sending and receiv-
ing at zo w.p.m. ; practical working
knowledge of wireless apparatus ; and
a knowledge of the regulations con-
tained in the P.M.G.'s Handbook.

Tuition fees and ordinary travelling
expenses to and from school will be
refunded to a maximum of /25.

Names and addresses of schools at
which trainees should enrol can be
obtained from the Inspector of Wire-
less Telegraphy, Telecommunications
Department, General Post Office,
London, E . C. .

Col. A. S. Angwin, D.S.O., M.C., B.Sc.
(Eng.), Post Office Engineer -in -Chief,
who was created a Knight Bachelor in
the Birthday Honours conferred by the
King. He assumed his present office in
June, 1939. Col. Angwin contributed
largely to the design of the Post Office
transmitting stations and is a member
of the Television Advisory Committee.

FM IN U.S. ARMY
Release of Patent Rights

IT was recently announced by Mr.
Henry Stimson, the American

Secretary of War, that Major E. H.
Armstrong, the inventor of the system

The latest design
of communications
receiver produced
by the Hallicrafters
Company of
Chicago is the port-
able Sky -Traveller
(Model S-29). De-
signed to commun-
ications receiver
tolerances, it has a
frequency coverage
from 542 kels to
30.5 Mcis in four
steps and includes
electrical band -spreading.
It incorporates permeability
tuned RF and IF circuits and has
a sensitivity of better than two
microvolts on all four bands when using
the telescopic aerial. The batteries incorporated
for use where AC or DC are not available for direct
mains operation can be charged through a self-

contained charger. The weight of the Sky -Traveller, which costs 859.50, is 18 lbs.

PORTABLE
MAINS OR
BATTERY

COMMUNICA-
TIONS

RECEIVER

or

of transmission known. as frequency
modulation, has granted the U.S.
Army full rights to the use of his FM
patents of national defence.

In accepting the offer, which covers
17 basic patents and is good " for so
long as the present national and inter-
national emergency exists," Mr. Stim-
son thanked Major Armstrong for
" the patriotic example afforded by
such a distinguished inventor."

It is understood the U.S. Army is
developing three new receivers for
armoured units which will incorporate
FM. It will be remembered that it
was suggested in Electronics that the
Germans used FM during their light-
ning advances in the Low Countries.

GMT FROM DELHI
THE Greenwich time signal is now

being broadcast from all four
Delhi transmitters of All India Radio.
The B.B.C.'s transmission of the
signal is received at the Delhi re-
ceiving centre and then rebroadcast.
An interesting feature of the rebroad-
cast is that in order to cut out the
B.B.C. programme when the time
signal is superimposed thereon, as is
sometimes the case, a filter has been
incorporated in the receiving equip-
ment which eliminates all but the fre-

- quency of the " pips."

WAR DAMAGE
Compensation for Loss of Apparatus

IT appears that a certain amount of
confusion exists in the minds of

some readers regarding compensation
for loss through enemy action of such
articles as wireless apparatus and
sound -recording equipment. Such ap-
paratus represents considerable mone-
tary value, and the question has
naturally been asked, "Are these things
classed as luxuries? "

Under the War Damage Act, 1941,
no one article (motor cars, motor cycles
and ships excluded) can be covered for
more than L5o or 5 per cent. of the
total sum insured, whichever is the
greater. The value at which the article
is assessed is the replacement cost at
current prices, less an amount for de-
preciation. This applies to expensive
radiograms. Therefore, one cannot
get more than -(,5o for any single
article unless one as insured for more
than t,000.

Although various amounts of free
compensation for " householders,"
etc., are provided under the War Dam-
age, Private Chattels Scheme, owners
of expensive radio and recording ap-
paratus may find that the free insur-
anceis not sufficient to cover them as
well as their other personal effects. In
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this case further insurance can be ob-
tained at the rate of r per cent. up
to Lz,000. An explanatory memoran-
dum and application forms can be
supplied by fire insurance companies
and Lloyd's.

It is wise to prepare a list of appara-
tus owned, which, together with in-
voices and receipts, etc., showing the
value of the apparatus, should be kept
in a place of safety elsewhere ready
for use as evidence in assessing a
claim.

THE IONOSPHERE AND
METEOROLOGICAL CONDITIONS

IN the recent annual report of the
work of the Australian Radio

Research Board reference is made to
the experiments conducted at Sydney
concerning the interdependence of the
condition of the F2 region of the
ionosphere and the meteorological
conditions on the ground. The work
has included the correlation of both
these phenomena with terrestrial mag-
netic disturbances, and a definite
connection between them has been
found. A paper entitled " Magnetic
Disturbances and Region F2 of the
Ionosphere," embodying the results
of the investigation, is -being published.

AERIAL "ELIMINATORS"
Exaggerated Claims Vetoed

THE Federal Trade Commission of the
U.S.A., which was recently given

greater legal powers, is on the warpath
against the making of exaggerated
claims for so-called " antenna elimina-
tors." According to the F.T.C.
ruling, makers must no longer repre-
sent, say, a four -inch device as
equivalent to a 75 -foot aerial, or
guarantee their devices to render out-
door aerials unnecessary. It must
not be claimed that they produce
better tone, greater volume, sharper
selectivity, or that they help to reduce
interference.

CANADIAN NEWS .
ANEW record for sales of receivers

was set up in Canada last year,
the increase over 1939 being 18 per
cent. The production of receivers in
the Dominion increased by over 4o per
cent., whilst the production of valves
rose by 63 per cent. In both cases
the imports were considerably reduced.
Of the 385,000 receivers sold, 57 per
cent. covered the broadcast band only,
whilst the remainder covered both
the medium- and short-wave bands.
The number of receiving licences in

Canada is now well over 1,500,000.
Commenting on the many com-

plaints from Montreal which have
arisen out of the changes made in the
frequency allocations in accordance
with the North American Agreement:
Mr. G. E. Sarault, chief engineer of_
the Canadian Broadcasting Corpora-
tion, said that because the rearrange-
ments have been made on a national,
rather than an international, basis
many of the well-known United
States stations are now unreceivable.
It \was pointed. out that the basis of
the allocation of wavelengths is that
where one country is assigned a chan-
nel for a Class i station, such as CBF,
the Montreal station ,in question, none
of the other signatory countries is
permitted to use that frequency if by
so doing they might interfere with the
reception of the Class i station in its
own country.

The president of the Canadian Mar-
coni Company recently stated that
the company is now no longer de-
pendent upon the United States for
all the quartz crystals used to main-
tain the constancy of radio frequencies
in transmitters and receivers. This
has been made possible by the help
given 'by one of the most important

NEWS IN ENGLISH FROM ABROAD
REGULAR SHORT-WAVE TRANSMISSIONS

Country ; Station mc/s Metres Daily Bulletins (BST) Country : Station MO Metres Daily Bulletins (BST)

America Manchukuo
WNBI (Bound Brook) 17.780 16.87 4.01, 6.0. MTCY (Hsinking) .. 11.775 25.48 9.0 a.m., 11.5.
WCBX (Wayne) .. 9.650 31.09 8.30f, 10.01. 11.45t.
WCBX .. 11.830 25.36 7.301. Sweden

WCBX .. .. 17.830 16.83 2.0, 3.0, 4.14, 5.0t, 5.301. SBO (Motala) .. 6.065 49.46 11.20.

WGEO (Schenectady) -.
WGEA (Schenectady) .

9.530
15.330

31.48
19.57

8.30f, 10.5551.
1.0, 2.01, 6.0, 7.45.

Thailand
IISP5 (Bangkok) 11.715 25.61 1.45.

WRUL (Boston) .. 11.790 25.45 8.155, 9.301. HS6PJ .. .. 19.020 15.77 1.45.

WRUL .. .. .. 15.350 19.55 8.1511, 9.305I. Turkey

Egypt
8UX (Cairo) .. 7.860 38.14 7.50, 11.10.

TAP (Ankara)
TAQ .. ..

9.465
15.195

31.70
19.74

8.15.
1.15.

Finland U.S.S.R. (Moscow)

OFP (Helsinki) .. 8.585 34.94 9.20. 49 -metre band.. .. - 8.30, 10.0, 12.0 midt.
OFN .. .. .. 11.980 25.04 9.20.

41 . - - 8.30, 10.0.
French Equatorial Afr;ca 31 .. - - 6.45, 8.30, 10.0.

Brazzaville .. .. 11.970 25.06 9.45. 25 ,. - 2.30, 6.45, 8.30.19.. -_ }8.33 a.m., 2.30.
India

VUD2/3 (Delhi) ..
VUD4 .. .. ..

9.590
11.830

31.28
25.36

10.0 a.m., 2.30, 5.50.
10.0 a.m., 2.30, 5.50. 7.15. Vatican City

- VUD3 .. .. .. 15.290 19.62 10.0 a.m. HVJ .. .. .. 6.190 48.47 9.15.

Iran LONG- AND MEDIUM -WAVE TRANSMISSIONS
EQB (Teheran) .. 6.155 48.74 8.30. lois Metres

Ireland
Japan Radio -Eireann 565 531 2.40$, 7.451, 11.0t.. 11.51.

JLG2 (Tokio) .. .. 9.500 31.57 11.30. .

JZI .. ' . 9.535 31.46 7.0. U.S.S.R.
JZJ .. 11.800 25.42 7.0. Moscow 1 .. 172 1,744 12.0 midt.

It should be noted that the times are two hours ahead of GMT, and are p.m. unless otherwise, stated. The times of the transmission of news
in Engl'sh in the B.B.C. Short-wave Service are given on the following page.

Saturdays only 1 Saturdays excepted. t Sundays only. t Sundays excepted.
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producers in the U.S., who has given
the company all the information re-
quired for the cutting of crystals.

B:B.C. SHORT-WAVE TRANSMISSIONS
THE change in the short wavelength

used - for the transmissions for
/ the Forces from 42.46 metres (GRS,
7.065 Mc /s) to 48.86 metres (GRW,
6.14 Mc /s) has not made any altera-
tions necessary in the frequencies
used for the transmission of news in
English in the B.B.C.'s European and
World Services. It should, however,
be pointed out that ,the frequency of
GRW has recently been slightly
adjusted from 6.145 Mc /s to 6.14
Mc /s. For the convenience of
readers we repeat the details given
in last month's issue :-
woo 49.59*, 41.49*, 30.96*.
0045 31.32, 31.25, 25.53.
0130 49.59g.
0200
0245 31.32, 31.25, 25.53.
0630
9815 31.55, 31.25, 25.53, 19.82, 10.80.
1000 49.59*, 41.49*, 31.55, 30.98*, 25.53, 25.20*,

19.82, 19.66, 19.60.
1300 ... 31.25, 25.53, 19.82, 16.84, 13.97, 13.92.
1600 ... 19.82, 16.84, 13.97, 13.93, 13.92.
1530 ... 40.50*, 41.49*, 25.38*, 25.20*.
1800 ... 91.75, 25.51, 10.82,16.84, 18.03, 13.92.
2000 ... 31.25, 25.53, 24.92, 19.32, 19.66, 16.94.
2245 ... 31.25, 25.53, 19.82, 19.60.

The times are BST (two hours
ahead of GMT). Wavelengths marked
with an asterisk are used in the
European Service.

FROM ALL
QUARTERS

Obituary
WE regret to record the death, at the

age of 63, of Lord Cadman, D.Sc . , F.R.S.
He was a man of very wide scientific
experience and will be remembered by
the. wireless fraternity for his vice -chair-
manship of the Bridgeman Television
Committee.

The death occurred on May 22nd of
Mr. Walter C. Barraclough, a pioneer of
the wireless industry in the North of
England. He represented the industry on
the programme advisory committee of
2ZY, the original Manchester station of
the B.B.C. He was a keen amateur and
operated 5AJ.

. Radio Officers' Bravery
TRIBUTE to the radio officers in the

employ of the Marconi International
Marine Communication Company was
paid by the chairman, Admiral H. W.
Grant, C.B., at the forty-first ordinary
general meeting of the company. lie
pointed out that three of them had re-
ceived the 0.11,E., one had been ap-
pointed an M.B.E., two had been
awarded the D.S.C., and ten had re-
ceived commendations. In addition
three had won the Lloyd's War Medal
for bravery at sea. In the King's Birth-
day Honours four radio officers in the
Merchant Navy were appointed Members
of. the Order of the British Empire.
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B.B.C. Women Operators
THE B.B.C. recently advertised for a

number of women operators for the staff
of the engineering division. Successful
applicants, who should be between 21
and 35 years of age, should " preferably
have some knowledge of elementary
physics and electricity and possess a keen
interest in broadcasting." It is under-
stood they will be given a period of
training and will then be posted to a
B.B.C. centre, where they will operate
recording and reproducing apparatus.

Monitoring Stations in the States
THE United States Federal Communi-

cations Commission recently announced
the establishment of listening posts "
to record, translate, transcribe and
analyse. short-wave broadcasts from for-
eign countries. These monitoring sta-
tions are being set up on the recom-
mendation of the Defence Communica-
tions Board.

Wireless Section Committee
THE Committee of the Wireless Section

of the Institution of Electrical Engineers
has made the following nominations to
fill the vacancies which will occur on
the Committee on September 3oth,
1945:-Chairman, Sir. H. Bishop,
C.B.E. , B.Sc. (Eng.), (British Broad-
casting Corporation); vice-chairman, Mr.
A. H. Mumford, B.Sc. (Eng), (Post Office
Engineering Department) ; ordinary mem-
bers of committee, Mr. H. G. Beer (Post
Office Engineering Department); Mr.
F. P. Best, M.Sc., B.Eng. (Marconi
International Marine Communication
Co.), Mr. H. G. Hughes, M.Sc. (H.M.
Signal School), Prof. Willis Jackson,
D.Sc., D.Phil. (Manchester 'University),
Dr. H. A. Thomas, D.Sc. (National
Physical Laboratory).

Minister of Information on Servicing
THE Council of the Scottish Radio Re-

tailers' Association recently announced
that the Minister of Information had in-
timated that he had notified the Ministry
of Labour and National Service of his
appreciation of the importance of main-
taining domestic receivers in operation.
The Council contend that this fact -de-
mands an adequate complement of engi-
neers for the purpose. Recognition,
however, by the Ministry of Labour has
not yet been received.

" Electronic Engineering "
THE monthly journal Electronics and

Television and Short -Wave World, pub-
lished by Hulton Press, Ltd., has
changed its title to Electronic Engineer-
ing. Mr. G. Parr, formerly in charge of
the Ediswan Radio Technical Service
Section, has been appointed Editor.

Mr. Frank Gill
MR. FRANK GILL, O.B.E., chairman

of Standard Telephones and Cables and
the International Marine Radio Com-
pany, was created a Knight Commander
of the Order of St. Michael and St.
George in the Birthday Honours. He is
a past president of the Institution of
Electrical Engineers.

The Wireless Industry
NORMAN ROSE (ELECTRICAL),

LTD., who specialise in replacement
parts such as electrolytic condensers,
volume controls and transformers, have
moved to 8o, St. Mary's Road, Ealing,
London, W.5.

Mr. A. iVIcVie, General Manager of Bol-
ster Brandes, Ltd., has been appointed
a director of that company.

BOOKS ON WIRELESS
issued in conjunction with "The Wireless World"

" FOUNDATIONS OF WIRELESS," by A. L. M. Sowerby,
M.Sc. Second Edition Revised ...

" RADIO LABORATORY HANDBOOK," by M. G. Scroggie,
B.Sc., A.M.I.E.E. Second Edition Revised and Enlarged...

" WIRELESS SERVICING MANUAL," by W. T. Cocking,
A.M.I.E.E. Sixth Edition Revised and Enlarged ...

"HANDBOOK OF TECHNICAL INSTRUCTION FOR
WIRELESS TELEGRAPHISTS," by H. M. Dowsett,
M.I.E.E., F.Inst.P., M.Inst.R.E. Sixth Edition Revised ...

" WIRELESS DIRECTION FINDING," by R. Keen, B.Eng.
Hons. Sheffield, A.M.I.E.E. Third Edition ...

" RADIO DATA CHARTS," by R. T. Beatty, M.A., B.E., D.Sc.
Second Edition -

" TELEVISION RECEIVING EQUIPMENT," by W.T. Cocking,
A.M.I.E.E. -

" RADIO INTERFERENCE SUPPRESSION," by Gordon

" LEARNING MORSE." Seventh Edition
" RADIO DESIGNER'S HANDBOOK," Edited by F. Langford

Smith, B.Sc.. B.E.
" THE WIRELESS WORLD " GREAT CIRCLE PROJEC-

Obtainable from Leading Booksellers and Railway
Bookstalls or by post (remittance with order) from

Net By
Price Post

5/- 5/6

10/6 11/1

6/- 6/6

21/- 21/9

25/- 25/9

4/6 4/11

8/6 9/ -

51- 5!4
6d. 7.1d.

816 9/1

2/- Post free

ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S.E.I

188 JULY, 1941.



Designing Resistances
Abac for Estimating Eureka Wire Windings
By R. F. BLACKWELL, B.Sc., A.R.C.S. (Murphy Radio, Ltd.)

TN the radio laboratory it is fre-
quently necessary to calculate
wire -wound resistances. The usual

method is to use the data given in the
maker's handbook as the basis of the
calculation, adding about 5 per cent.
to the length of wire obtained and
then measuring the resistance on a
Wheatstone Bridge, the length being
shortened until the required resistance
is obtained. It will, therefore, be seen
that the calculation is not required to
a very high degree of accuracy and an
abac will fulfil the -purpose completely.

The abac to be described gives, in
three movements of a straight -edge,
the length of wire required, the number
of turns on a given former, and the
length of the winding if only a ,single
layer is used. In order to help in the
choice of- a suitable gauge of wire
the current required for a temperature
rise of too degrees Centigrade and the
number of turns per inch are given.

For the purpose of description, the
abac can be split up into three separate

10

100

0.i 0.1 1,000

Fig. t. Key diagram showing how
length of wire is ascertained.

parts :-(a) Length of wire required
for a given resistance and gauge ; (b)
Number of turns of this wire on a
former of given size ; and (c) Length of
former required for a single -layer
winding.

Length of Wire.-If R is the
resistance, D the diameter and L the
length of the wire, then :--

K LR - D" .. (A),

where K is a constant.

The three scales are drawn logarith-
mically on three equidistant parallel
lines, with the same unit of length
for a factor of ten, the L and D scales
decreasing downwards and the R
scale increasing downwards (Fig. r).

Suppose a straight -edge to be turned
about the too mark on the L scale.
Then in moving from too to to on
the D scale, it has moved from I to
too on the R scale, i.e. twice the
distance, and in opposite directions.

Hence, log R = log K1 - 2 log D,
K1 being a constant to allow for
differences in the units.

K
therefore R =

2
(I)

This shows that, for a constant value
of L, R is inversely proportional to D2.

Now suppose the straight -edge to be
pivoted on the D scale at the TO mark.
Then, in moving from too to to on
the L scale, it has moved also from
too to to on the R scale.

Hence, log R = log K2 + log L,
therefore R = K,L .. (2)
This shows that R is directly pro-
portional to L for a constant value
of D.

Combining (i) and (2), the result is :
K I.R -
D2

which is the formula (A) required.
Thus if the abac is drawn as

described above, the scales will be in
the correct relation to one another.

Number of Turns.-If T is the
length of a single turn on the former
to be used, i.e. the length of the peri-
meter, then the number of turns, N,
will be given by :-

K L
N (B),

T
where K is a constant.

In this case, the scales are parallel,
the distance between the L and T
scales being twice that between the
N and L scales (Fig. 2), all three scales
decreasing downwards.

If the unit of length on the T scale
is a, then on the N scale it is a/2 and
on the L scale al3.

By pivoting a straight -edge at too
on the N scale, it will be seen that as L
decreases by a factor of to, T also
does the same,

therefore log T = log K, + log L
therefore T = K1 L (3)
By pivoting about too on the L

scale, it will be seen that as N decreases

by a factor of ro, T increases by the
same factor.

therefore log T = log - log N
therefore T = K2/N . (4)
Combining (3) and (k), and re-

arranging,
K L

N T'
which is the formula (B) required.

As the coil former is usually cylin-
drical, the length of a single turn, T.
is given by T = ,rC, where C is the
diameter of the former. Thus, a scale
of diameters can be added to the T
scale.

Length of Winding. - The length
of a single -layer close -wound winding
W is given by

W = KND (C)
where K is a constant.

The distance between the N and W
scales is tel- times that between the
\V and D scales, the. W scale unit
length beings and the N scale r t times
that of the D scale (Fig. 3).

N L

J.

10

F'g. 2. Estimating number of turns.

As before, it will be seen that
(a) log D = log K, + log W, and
(b) log N = log K2 + log W.

D = KiNV (5)
and N = K2W (6).

Rearranging (5) and (6), W = KND,
which is formula (C).

The Complete Abac.-It will be
seen that the first and second abaci
can be constructed with a common
L scale, the second and third with o
common N scale and the third and
first with a common D scale, provided
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Data is obtained in three operations, as shown by the key and explained in ,the text.
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Designing Resistances-
-that the relative distances between
the vertical scales are not altered.

A scale of SWG has been added to
the D scale and refers to wire with
no covering. As this scale is also used

N W

r'
7

D

7

Fig. 3. Length of
the winding.

100

10

0.1

to find the length of winding for DSC
wire, the result "cannot be very
accurate, as in the case of the thicker
gauges the covering will be negligible
with respect to the wire, but, in the
case of the thinner gauges the reverse
will be true. The position of the 'scale
was fixed for 24 SWG and may be
taken to_ be sufficiently correct up to
about 3o SWG. For gauges above 30,
the scale readings should be doubled.

The result will then be within
about plus or minus 3o per cent.,
which is sufficiently accurate, as it is
only intended to give a rough idea of
the length of former required.

The method of use is explained by
the small " key -diagram " within the
abac and consists entirely in per-
forming the operations of the three
separate abacs.

- As an example, suppose a resistance
of zoo ohms is required to be wound
on a former of diameter I inch, the
wire to be 3o SWG DSC.

Connecting ioo ohms to 3o SWG
gives 18 yds. ; connecting 18 yds.

Wireless
World

to i inch former gives 207 turns ;
connecting 207 turns to 3o SWG
gives 3.o in.

Foreign Journals
LTHOUGH the paper shortage has of

x necessity had some effect on the
number of pages in The Wireless
Engineer, the Abstracts and References
section has not been. seriously affected.
In the June issue 24 pages are devoted
to this section, which is a regular feature
of our sister journal. Some of the
abstracts from journals published in
enemy countries occupy as much as two
pages. The length is influenced by the
fact that the journals are inaccessible to
the average reader, and is not necessarily
an indication of their relative import-
ance.

In addition to the Abstracts and
References section, the June issue con-
tains a summary of recently accepted
wireless patent specifications and articles
dealing with the inductance linearised
time base, the Pierce piezo-electric
oscillator and the Crosley contrast ex-
pander. The natural and resonant
frequencies of coupled circuits is dealt
with editorially.

Published on the first of the month,
The Wireless Engineer is obtainable to
order through newsagents, or direct
frdm our publishers at Dorset House,
Stamford Street, London, S.E.x, at
2s. 8d., including postage.

Book Received
Experimental Radio Engineering. By

E. T. A. Rapson, M.Sc., A.C.G.I.,
A.M.I.E.E., assisted by E. G. A. Acker-
mann. This book describes in 'detail a
number of experiments and methods of
measurement suitable for a three or lour
years' course in radio engineering at a
technical college. Component values
used in carrying out the tests are given.
The experiments described range from
the study of simple resonant circuits and
the examination of static characteristics
of valves to the measurement of the
various qualities of a complete radio re-
ceiver. A final chapter deals with the
use of cathode-ray tubes. Pp. 143; 169
figures. Published by Sir Isaac Pitman
and Sons, Ltd., Parker'Street, Kingsway,
London, «'.C.2. Price 8s. 6d. net.

TECHNICAL INFORMATION
Suspension of Individual Service

"OON, after the outbreak of war The Wireless World was compelled to
'-- suspend its free service of replies to readers' queries. The technical
staff had been seriously depleted by calls from the Services, and it was
considered that the energies of the remaining members should be devoted
to the T.roduction of the journal for the benefit of readers as a whole,
rather than to dealing with queries from individuals.

Readers are reminded that this suspension is still in force, and, it is
regretted, must remain so for the duration of the war.
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Sound

Equipment
is designed for ' Active Service'
in the Field, Factory and Public
Building.

We say ' Active Service' in the
sense that it will stand up to
really hard work over long
periods and will do its job well
and thoroughly.

Whether your interest in
purchasing Sound Equipment
is private, industrial or
associated with the present
National Emergency, you will
find an investigation of the
R.S. Amplifiers range, well
placed and well repaid.

The items listed below are
representative of our apparatus
and full details will be sent on
request. Let us know your
special needs and we'll be
happy to co-operate.

AMPLIFIERS
" M.M. Twin."-Double speaker equip-
ment giving 12 watts output. Five
valves, ACIDC 190-260 volts. Complete
with " mike," stand and cables.

Universal Fifteen."-.15 watts out-
put. Two speakers. AC DC 190-260
volts. High and Low impedance input.
Complete with " mike," stand and
cables.

Porta Thirty." -30 watts output.
Two speakers (this equipment can
accommodate up to fifteen speakers !).
AC 200-250 volts. Complete with
" mike," C.P. stand and cables. The
acme of perfection in portable ampli-
fication.

CHASSIS
Five types of chassis are available : 50
watt, 30 watt, 15 watt, 12 watt and a
12 -watt Battery Unit.

Crystal Microphones and Stands.
Speaker Units (Exponential Horns),
11 watts and 13 watts capacity.

It
Amplifiers

LIMITED
THREE & FOUR HIGHFIELD ROAD
SHEPPERTON - - MIDDLESEX

'Phone: Walton -on -Thames 1019



UNBIASED
Aladdin and His Ultra -

Short -Wave Lamp
THERE is not a great deal of oppor-

tunity these days for -theatre -going
and such like frivolities, but I was in-
vited the other day by my daughter
Kilocyclia to visit an operatic per-
formance by one of those horrible
ultra -modern ultra -highbrow and
ultra -Bohemian operatic societies to
which she belongs. The activities of
these wretched societies are almost in-
variably conducted in glorified cellars
and similar subterranean funkholes,
and so they are now able to carry on
when more worthy institutions have
had to close down until Adolf has been
permanently earthed.

The play which was presented was
written by a member of the dramatic
society, and even if I had not been told
so I should have guessed'it, for of all
the boring, meaningless and mealy -
mouthing of words I have ever heard,
this took the biscuit. The theme was
a Chinese one, and in certain respects
reminded me strongly of Aladdin, even
to the presence of an almost com-
pletely emasculated Widow Twankey
muttering milk -and -water witticisms
which were but a travesty of the
robust humour of that good lady.

Fire -fighting ,technique.

I had, in fact, dozed off when I was
awakened by a shrill cry of fire, and
found that disaster had occurred in
the procession -of -lamps scene where
the performers were drearily trailing
around the stage each with a Chinese
lantern swinging precariously on a
bamboo pole and having a guttering
candle inside it. Mindful of my A.R.P.
fire -watching work, I bounded on to
the stage and soon put the blazing girl
out with a few hearty strokes of a
sandbag, although I got nothing but
abuse -for my pains from the other per-
formers, as my vigorous sandbagging

By

FREE GRID

had reduced her
to unconscious-
ness, which, as I
pointed out, was
far better than
being burnt
alive.

When order
was finally restored, I expressed my
astonishment that in these days of elec-
tricity such a dangerous and old-
fashioned illuminant as candles were
used for the lanterns. It was, how-
ever, rather coldly pointed out to me
that dry batteries for electric bulbs
were completely unobtainable, and
I was sarcastically asked whether I
would suggest that the mains be used
and long lengths of flex be trailed
about the stage. I rejoined rather
tartly that since the society prided
itself on being ultra -modern and ultra -
everything else, it was a pity they had
not thought of using ultra -short waves.

In the end it was agreed that I
should equip the performers with
USW lighting equipment, which I
was able to do with very little trouble
by installing a micro -power USW
transmitter in the wings and fitting
each lantern with a simple resonant
circuit with an ordinary flash lamp
bulb across it. The risk of any radia-
tion outside the building was avoided
very simply by lining the walls with
wire netting.

Getting down to it.

More Trouble for
Servicemen

IHAVE often thought it strange what
a big part chance has played in the

case of so many outstanding scientific
discoveries. More often than not, our
great scientists when they made the
invention by which their name was
subsequently rendered famous, were
investigating something having no
bearing at all on the subject.

Personally speaking, I have in the
past often found that inspiration has
come to me in the bath when I had
neither paper nor pencil handy, with
the result that mankind has had to
suffer. Even if I had had pencil and
paper by my side on these occasions
I should not have been in a fit condi-
tion to use them, and so nowadays
when taking a bath I invariably have

a secretary handy-on the other side
of the bathroom door, of course.

It was pure chance that enabled me
to discover a very Mysterious effect
which has recently been spoiling my
reception of the B.B.C. stations, an
effect which I felt quite certain was due
to the evil machinations of the enemy,
but which no amount of patient re-
search work could run TO its lair. The
trouble was that whenever I took my
portable out into the garden, as I have
been doing frequently during these
lovely Spring days, reception became
lamentably poor, so much so that
there obviously seemed to be heavy
screening somewhere.

Actually it was Mrs. Free Grid who
eventually and literally stumbled on to
the cause of the trouble when she got
the mower out to tackle the crop of
dandelions and thistles which Spring
always causes to appear on the lawn.
.She had scarcely started her labours
when the mower came to an abrupt
halt, with the result that her own
mechanical inductance caused her to
pitch right over it and come down
very heavily to earth, so heavily in
fact that several neighbours took to
their shelters in alarm.

When she had been rehoisted, I
found that some of the blades of the
mower had been very badly damaged
by a large shell fragment which had
just failed to bury itself beneath the
surface. In a moment the solution of
the trouble came to me, as I found
that the whole lawn and garden was,
as the result of the winter activities
of the A.A. guns, a veritable old iron
depository, which had, of course, been
seriously upsetting the frame aerial.

Fortunately, my house really is an
all -electric one, and the mower is,
therefore, electrically driven, so that
I did not find much difficulty in rig-
ging up a powerful solenoid and an
extra " grass " box in front of the
blades, with the result that I have
already been able to send several con-
signments, carriage forward, to Lord
Beaverbrook.
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LETTERS to the EDITOR
The Editor Does Not Necessarily Endorse the

Opinions of His Correspondents
Post, war Amateur Transmission

Mi"

ANY of us no* serving in the
Forces would like to know how

we are going to get on when we come
out-especially those of us who held
A.A. licences when we joined up. Since
then we have been on special wireless
courses and training. Our speed is
very rarely under IS w.p.m., and we
have theory and practice drummed
into us every day of the week until
we are able to pass our tests. When
we come out I hope the G.P.O. is not
going to ask us to pay 5s. for a morse
test. Many of us have been in charge
of stations ranging from small field
portables tip to those of several kilo-
watts. In my own unit there are at
least seven ex -amateurs. I suggest
cutting out the A.A. licence and put-
ting the beginners on a band of their
own, with a maximum of ro watts
after a morse test of 12 w.p.m.

J. E. BOWDEN, EX-2AYQ.

Should Amateurs Know Morse ?
T CAN only assume that " Jaybee,"

who wrote in the April issue, has
not been active on the 3.5- and r.7 -
Mc / s bands, which are not ex-
clusively amateur in Europe and are
shared with other services which can
almost always claim priority. I know
of a number of cases where amateurs
have been asked, in a friendly way, to
close down for a period to facilitate
official traffic.

At 02.25 GMT on November zoth,
1938, after finishing a CW QSO on
the I.7-Mc/s band, I was called by
OXB and asked to close down as I
was interfering with his telephony ser-
vice. While I believe that I could
have safely ignored this appeal, ob-
viously OXB's coastal traffic was more
important than my own, so I closed
down. The significant point about
this incident is that OXB, while
operating a 'phone service, came on
CW to ask me to close down, pre-
sumably because he thought that he
had a better chance of raising me by
that method.

I know of at least one case where
a Liverpool afnateur was asked to
close down by Seaforth Radio, though
I forget whether GLV used 'phone or
CW. Also, 3.5 -Mc /s enthusiasts will
remember that some time before the
war the three Services (who shared
that band with us) spent some time
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closing down amateur stations to see
if they would respond, with, if I re-
member rightly, quite good results.
Needless to say, the Service stations
used CW.

From the above it looks as if some
knowledge of morse is essential for the
amateur operator, and I, personally,
am of the opinion that the pre-war
rate of 12 w.p.m. cannot be improved
upon. H. WHALLEY, G2HW.

Darwen, Lancs.

Transatlantic Frequencies
TN the June Wireless World " Dial -

list " raises the question as to what
is the highest frequency in use in
America that is regularly heard in this
country. It is interesting, in this con-
nection, to examine the ionosphere
data for the Northern Hemisphere
with a view to finding out what is the
highest frequency that should theo-
retically be regularly received.

The highest average values of criti-
cal frequency for the Fz layer (at
Washington) during the last sunspot
maximum occurred during the autumn
of 1937, when the average critical fre-
quency around noon was as high as
14.2 Mc /s. This would imply that
the average maximum usable fre-
quency for waves taking off at small
angles to the horizontal would be
about 47 Mc /s. On some days the
critical frequency was undoubtedly
well above the average, and this
would give rise to maximum usable
frequencies perhaps as high as
52 Mc/s.

We must remember, however, that
the transmission path from the U.S.A.
is of such a length that the wave must
make more than one hop in travelling
to this country. As noon conditions
on this transmission path could not
occur at more than one refracting
point in the ionsphere, the highest
maximum usable frequency for the
whole transmission path would be
somewhat less than the above.

I think that the highest American
frequency heard at all regularly at that
time was about 42.6 Mc/s, and we
know that the Alexandra Palace sound
channel on 45.5 Mc /s was regularly
received in the U.S.A. I believe there
have been claims to the reception in
this country of American signals on
56 Mc /s, though I am not sure of this.

During the spring of this year, the

The "Fluxite Quins at work

To a bedtime story 00 switched,
The set screamed like something bewitched,

As it shrieked through the night
Came the boys with FLUXiTE,

Grinned EE "It's a wire-come unstitched! "

See that FLUXITE is always by you-
in the house-garage-workshop--
wherever speedy soldering is needed.
Used for 30 years in Government
works and by leading engineers and
manufacturers. Of Ironmongers-in
tins, 4d., 8d., 1/4 and 2/8.

Ask to see the FLUXITE SMALL -
SPACE SOLDERING SET-compact
but substantial-complete with full
instructions, 7/6.

Write for Free Book on the art of
" soft" soldering and ask for Leaflet
on CASE -HARDENING STEEL and
TEMPERING TOOLS with FLUXITE.

a

TO CYCLISTS ! Your wheels will
NOT keep round and true unless the
spokes are tied with fine wire at the cross-
ings AND SOLDERED. This makes
a much stronger wheel. It's simple-with
FLUXITE-but IMPORTANT.

THE FLUXITE GUN
is always ready to put Fluxite on the
soldering job instantly. A little
pressure places the right quantity on
the right spot and one charging lasts
for ages. Price
1/6, or filled 2/6.

FLUXITE LTD.
(Dept. W.W.),

BERMONDSEY
STREET, S.E.I

ALL MECHANICS WHLHAVE`

IT SIMPLIFIES ALL SOLDERING
1.93



Letters to the Editor-
highest average critical frequency ap-
pears to have been in the region of
g Mc /s, implying a maximum usable
frequency of 29 Mc /s for waves taking
off at small angles. The highest
American frequency regularly heard
was, I think, 22 MC /S, and the previ-
ously well -received American broad-
casters on 26 Mc /s were seldom heard,
so that the practical high limit for the
transmission path would appear to
have been somewhere between 22 and
26 Mc/s.

The above considerations apply to
transmission by way of the regular F2
layer. Higher frequencies may often
be transmitted by way of the Sporadic
E, although, owing to the scattered
nature of this refracting medium, this
type of transmission cannot be re-
garded as normal. Ionosphere data
indicates that the upper limit for re-
flections from the Sporadic E may
sometimes be as high as 15 Mc / s at
vertical incidence, implying a maxi-
mum usable frequency for obliquely
incident waves of about 75 Mc /s. It
is very unlikely, however, that waves
of such a frequency transmitted by
way of Sporadic E would bridge the
Atlantic, owing to the improbability
of this medium existing at all the
points of refraction. Such transmission
would, in fact, probably be limited to
one hop.

This brings us to the second point
raised by your contributor, i.e., what
is the smallest skip distance recorded
for a 5o Mc /s transmission? As I have
mentioned, transmission on this fre-
 quency at the sunspot maximum
would appear to have been near the
high limit for transmission by way of
the regular F2 layer. The wave would
therefore have to take off at a very
small elevation angle (so as to make a
large angle of incidence at the layer),
and the skip distance would probably
be somewhere between 3,50o km. and
4,000 km., depending on the virtual
height. The Sporadic E occurs much
lower in the ionosphere, and it appears
possible that, with Sporadic E of the
nature mentioned above, a wave of
frequency 5o Mc /s could return to
earth at a distance of about r,000 km.

T. W. BENNINGTON.

Microphone Amplifiers for
Rescue Parties

VLECTRO-ACOUSTIC devices are
playing an important part in the

defence of Britain, e.g., sound " spot-
ters " for detecting the approach of
enemy aircraft, and another applica-
tion has occurred to me after some
experiences in heavily bombed areas,
particularly Plymouth.

Wireless
World

Rescue squads working desperately
against time to remove people buried
under debris often ask everyone near-
by to be still and quiet in an effort to
detect faint knockings or other sounds
from the entrapped victims, which will
allow tunnelling to commence at the
right place.

A microphone -amplifier -loudspeaker
(and / or earphones) battery -operated,
portable combination of small dimen-
sions would be of considerable value in
locating the position of such trapped
persons.

A.R.P. workers and rescue parties
with whom I have discussed the idea
have approved it, but the best practi-
cal design is not easy to settle. One
point generally agreed upon is that the
apparatus must be compact and
simply operated with provision for
lowering either the whole- equipment
or a microphone on strong leads

through a small aperture in the debris.
Alternatively, a second microphone
at the end of a long armoured probe
consisting of, say, a light and strong
steel tube, would be of great value in
exploring the debris. Two-way com-
munication would be helpful, too.

DONALD W. ALDOUS.
Torquay, Devon.

Newspapers and the B.B.C.
THE Editor is right. The parts

played by the B.B.C. and the
Press should be more widely differen-
tiated. The B.B.C. should issue just
the facts ; the Press should write 'em
up into readable journalese round
snappy pictures. CYNIC.

P.S.-Does anybody know where
Hertz was buried? He should be turn
ing pretty considerably in these days.
So ought poor old Caxton.

RANDOM RADIATIO"\S
It Works Anywhere

ROM the American G.E.C. I hear
of something that I believe to be

quite new in the way of portable re-
ceivers. The brief particulars sent to
me state that the power source. is a
secondary battery and that the user
can (a) work the set off its own bat-
tery, (b) run in from the mains with
the battery simultaneously on charge,
if desired, (c) change the battery from
the mains with the set silent, (d) work
the set from a car accumulator. No
constructional details are given, but I
deduce that a 6 -volt accumulator is
used, plus a small trickle charger and
a vibratory converter. Doesn't it
strike you as a most desirable kind of
receiver for those who want a port-
able? I can think of only one snag.
If the set is a genuine portable-not
one of the kind that can be carried
only by a Hercules-the battery must
be a small one. With the most effi-
cient vibratory generator the current
drain must be considerable. Hence
the set won't work for long under its
own steam and might be rather a prob-
lem if pretty frequent access to elec-
tric mains for charging purposes. were
not possible. However, there are not
many parts of this country nowadays
without their charging stations ; even
if the right kind of electric mains
weren't available, you could always
pull out the battery and have it re-
charged when necessary. I hope that
some of our manufacturers will make
a note of the idea with a view to pro-
ducing something of the kind when

By "DIALLIST "

peace returns. It's the sort of thing
that ought to make a wide appeal.

The Ultra -Shorts
LAST month I asked two questions

about the performance of ultra-
short -wave transmissions, explaining
that I had not laid eyes on my own
textbooks and records, or my fingers
on the controls of a USW receiver for
nearly two years. The first question
was : What is the highest frequency
used in America which is, or has been,
heard at all regularly in this country?
To both this and my second question,
What is the smallest skip distance on
record for. a so -megacycle transmis-
sion?' a kind correspondent has sup-
plied the answers: I believe that his
letter is printed elsewhere in this issue,
so that you may read for yourself the
interesting facts and figures that he
gives. As regards reception in this
country of 56 -megacycle transmissions
from the U.S.A., I have a strong recol-
lection that not a few claims to have
performed this feat were established
beyond all doubt. Again, I wish I
could get at my recor.ds. Perhaps
some of those who actually heard 56 -
Mc /s U.S.A. stations in or about z937
will be able to confirm. It is mighty
unlikely that anything of the kind
will occur for some years now, except'
possibly as a freak, for we have left
the sunspot maximum a long way be -
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Random Radiations-
hind us and the F2 layer's critical
frequencies won't by all the rules
reach the heights they attained then
until the next maximum is with us or
imminent.

Valuable Work
The last sunspot cycle from maximum

to maximum is the first full one that
has occurred since the short waves and
the ultra-shortS began to be taken
seriously. A vast amount of valuable
Work has been done. Daily measure-
ments have been made and records
kept of the doings of the E and F
layers for many years now. These
have been correlated not only with
the records of solar and magnetic ob-
servatories, but also with the records
of radio experimenters and observers
who have obtained data about radio
reception on all the generally used
frequencies in almost every part of
the world. The work of correlation
and of extracting the lessons to be
learned is probably still far from com-
plete ; but it has gone far enough to
enable us to revise many of our ideas
about SW and USW transmission.
Still more valuable work will doubt-
less be done between now and the
next sunspot maximum, and some,
if not all, of the perplexities of the
" wavelets " will be perplexities no
more. And it's not only the profes-
sional astronomers, scientists and
radio workers who take part in in-
creasing our knowledge of the be-
haviour of wireless waves. The
amateurs have done outstanding work
in the past ; they are still doing it, and
long may they continue !

How Data are Obtained
In all of the more important civi-

lised countries there are observatories
or departments of observatories speci-
alising in either solar or magnetic
measurements. Amongst other things,
the solar observatories record the num-
ber and size of sunspot groups (the
area being usually expressed either as a
fraction of the sun's visible surface,
or in " Square degrees "), the position
of the groups, the appearance of solar
prominences-great tongues of flam-
ing gases that may leap for hundreds
of thousands of miles from the sun's
rim-and so on. The magnetic ob-
servatories, besides keeping a check
on the vagaries of the compass needle,
record the incidence, duration and in-
tensity of magnetic disturbances. In
addition, the critical heights of the
reflecting layers at various frequen-
cies are measured regularly by some
observatories, such as Washington.
Tokio extends its activities to the re -
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cording of radio black -outs. In peace-
time an American institution collects
and compiles data from all over the
world by means of radiotelegrams sent
in a special code. The institution is
still active, though its activities are
now to some extent hampered by war
conditions ; some of the foreign obser-
vatories upon which it relies have
dropped out of the running. How-
ever, observations are still being made
by a network of stations extending all
over the U.S.A. from AlaSka to the
South, and by others in Japan and
Australia. Even though the world is
at war, the great work of investiga-
tion of the laws that govern wireless
transmissions goes forward.

IN. 0, 11.

A Splendid Log
NT Y best thanks to an old and valued

correspondent who,in response
to my appeal for information about
the reception of medium -wave Ameri-
can stations, has very kindly gone to
immense trouble ha making detailed
extracts from his log and sending them
on to me. YoU'll appreciate how
much trouble when I tell you that the
extracts form a dcrily record from
August r, 19.40, to February 28 this
year, with only six days omitted.
On these no. attempt at reception was
made. My correspondent is well
placed for transatlantic reception and
is a highly skilled old hand at the
game ; still I was surprised to learn
that on none of the 206 nights covered
by his log did he fail to hear some-
thing from across the Pond. If the
North Americans weren't there, the
South Americans were, and vice versa,
Rather curiously the two best periods
-both short-for N.A. reception were
in September.

ella

N.A. and S.A. Nights
As a rule you don't hear the North

American and the South American
stations well on one ,and the same
night. For this we may be thankful,
for if they all came in together in fine
voice we shouldn't find many that
were intelligible. But there are nights
when some South Americans come in
strongly, though the D -X bag is
mainly from the North and, vice
versa, I have heard one or two
strongish North American transmis-
sions on what the D-Xer knows as
South American nights. A curiosity
of last season disclosed by this teem-
ing log is that WBZ (Boston) and
XENT (Nueva Laredo, Mexico) were
more than once using the same fre-
quency and interfering badly with one
another. On one night LRi (Buenos
Aires) had adopted the frequency and
was giving WBZ a bad time.
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VORTEXION
50w. AMPLIFIER CHASSIS

A pair to matched liure wan lo per Celli. negative teed -back to fitted
in the output stage, and the super:tie HT supplies to the tussle cad
screen hays better than 4 per- cent. rega anion, wh.le a separate
rectifier provides bias.
The 01,53's are driven by a IFS triode connected through a driver
transformer incorporating feed -hack. This is pm:ailed by a 057.
electronic mixing for pick-up and microphone. The additional
61'3 operating as first stage on microphone only is imitable for any
microphone. A tone control is fitted and the large eight-section
output transformer Is available in three types :-.2 -8 -Id -SO ohms;
4-15-30-00 ohms or 15-00-123-250 ohms. There output lines can lie
inatche41 using all sections of windings and will deliver the fall response
(40-18,000 us) to the loud speakers with extremely low overall
harmonic distortion.

CRAMS with valves and plugs £17 10 0
Goodman, P.A. Speakers in stock.

Papier macho Horn Speakers £6 6 0
Moving Coil Microphones ES 5 0
Chromium Microphone Stands from 15 0

Many hundreds already in use for
A.R.P. & GOVERNMENT purposes

15w. AC & 12 -VOLT DC AMPLIFIER

ti

TYPE CP20
This small Portable Amplifier operating either tram AC
mains or 12 -volt battery, was tested by "THE WIRELESS
WORLD," October 1st, 1937, and has proved so popular
'hat at Customers' demand it remains unaltered except
that the output has been increased to 17.2 watts and the
battery consumption lowered to 6 amperes. Read what
" The W'reless World " said :-

During tests output of 14.7 watts was obtained without any
trace of distortion so that the rating of 15 watts in quite justified.
The measured response shows an upper limit of 18,000 cis and a
lower of 30 eis. Its performance is exceptionally good. Another
Outstanding feature is its exceptionally low hum level when AC
operated eveu without an excels connection. In order to obtain
the maximum undistorted output, an input to the microphone lack
of 1),1137 volt was required. The two independent volume controls
enable one to adjust the gain of the amplifier for the same power
output from both sources, as well as superimpose one on the other
or fade out one and bring the other up to full volume. The secondary
of the output transformer is tapped for loud speakers or line impedances
of 4, 715 and 15 ohms." Prices -

AC and 12 -volt CHASSIS with valves, etc. £12 12 0
AC only CHASSIS with valves, ate. £8 18 6

Gauze Case for either chassis, 12/8 extra.

Plus 20% War Increase,

Delivery Prompt delivery on "Priority lA " orders.

Vortexion Ltd., 257, The Broadway,
Wimbledon, S.W.19, 'Phone: LIBerty 2814



RECENT INVENTIONS
A Monthly Selection of the More Interesting Radio Developments

CRYSTAL BANWPASS FILTERS

IF a
piezo-electric crystal P is cut to a

wedge-shaped section, as shown in
Fig. r, it can be made to pass a band
of frequencies, instead of responding
only to one fundamental frequency. The
width of the band depends upon the

Using piezo-
electric crystals
for variable

selectivity.
B

FIG 1

N5

F. 2
length of the electrodes A, B, each trans-
verse section of the crystal being
resonant to a progressively increasing
frequency, as indicated by the connecting
lines.

According to the invention this pro-
perty is utilised to provide a band-pass
filter of variable selectivity by making
the upper electrode A of the shape shown
in Fig. 2 and arranging for it to be moved
across the upper face of the crystal P,
say by operating a shaft S. The device
can then be used as a variable element in
the coupling between two stages of a
wireless receiver, the shaft S being
operated by any suitable means to pro-
vide automatic selectivity control.
Several such units may be used in com-
bination with a ganged control.

The General Electric Co., Ltd., and
R. F. Proctor. Application date, 3rd
April, 1939. No. 527186.

0 0 0 0

MINIMISING INTERFERENCE
THE obvious way of reducing the

effect of an interfering signal is to
sharpen the selectivity of the receiving
circuits, though if this remedy is pushed
too far the sidebands of the desired signal
will be severely cut and the quality of
reception falls off. As a refinement, it
is possible to increase the selectivity of
the bandpass circuits on one side only of
the carrier wave, namely, that on which
the interfering signal is located, full use
then being made of the other sidebands
on the opposite side of the signal carrier
in order to maintain the quality of re-
ception. Circuits are known in which
such selectivity control comes into opera-
tion automatically as soon aS an inter-
fering signal makes its presence felt on
either side of the desired carrier wave,
the control being exercised asymmetric-
ally so that it is effective only on the par-

ticular sideband that is being over-
lapped.

The invention is concerned with the
case where interfering signals may occur
on each side of the signal carrier wave
and where, because one is more severe
than the other, an asymmetric adjust-
ment of selectivity becomes necessary in
order to eliminate both. It is pointed
out that this usually involves a con-
siderable degree of frequency distortion
in the desired signal, after it has been
freed from interference. The invention
accordingly discloses a circuit arrange-
ment which is designed to eliminate dis-'
turbances of the kind in question with-
out giving rise to frequency distortion,
and in which certain undesirable damp-
ing effects are also avoided.

E. P. Rudlint. Application date March
2r,st, 5939. No. 527292.

0000
DF BY TELEVISION

AROTATING beam is made to convey
a televised picture of its instan-

taneous position in space, so that the
navigator of a distant vessel can read
off his bearings relatively to the beacon
transmitter.

A frame aerial F is constantly rotated
by a motor M at the same speed as a
spindle S carrying a scale C marked with

0

across two diode rectifiers R, RI which
couple the frame aerial F to a tuned
oscillator circuit LC. A vertical aerial
V is also tapped across the circuit LC,
So as to give the combined radiation
from the two aerials a cardioid or heart -
shaped characteristic in known fashion.

The effect of the AC voltage from the
transformer T on the 'diodes R, RI
periodically " reverses " this cardioid
curve at the AC frequency, so that the
effective radiation is a double beam with
an overlapping part, the whole being
swung round the horizon as the frame
aerial rotates. At the receiving end two
images of the compass scale reading are
shown side by side, the correct bearing
being indicated when both the images
are of equal size.

Marconi's Wireless Telegraph Co., Ltd.
and R. J. Kemp. Application date April
r9th, 5939. No. 527841.

0000
SHORT-WAVE AERIALS

THE normal radiation pattern of a
horizontal dipole aerial is approxi-

mately a figure -of -eight for horizontally
polarised waves. This directional re-
sponse is not so suitable, say, for re-
ceiving broadcast television programmes,
as the arrangement shown in the figure
which consists of two " doubled "

Arrangement of transmitter for
television DF

compass points, the scale being simul-
taneously scanned by a disc D, also
driven by the motor M. In this way
picture signals representing the scale
markings are developed -by a photo -elec-
tric cell P and are fed to an amplifier A
and modulator K, the latter being -
coupled to a carrier -wave generator 0.
The same motor M also drives an alter-
nator G which supplies a low -frequency
current to a transformer 1' connected

quarter -wave limbs A, Ai and B, Br,
set at an angle of 900 to each other and
connected directly to a two -wire trans-
mission line L.

The response of such an aerial is sub-
stantially circular, i.e., non -directional,
in the horizontal plane. The wires Ar
and Br may be made thicker than the
other wires A, B in order to match their
impedance better to the line. The dis-
tance between the wires A and Ar, or
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between B and B 1, should be a very small
fraction of the working wavelength.
The two outer ends of each pair of wires
are connected together, so that although
the currents flowing through them are in
opposite directions along the wires (owing
to a phase reversal at the closed ends)
the currents flow in the same direction in
space. In other words, the radiation

Non -directional
horizontal

dipole.

effect is the same as if each pair of double
wires were replaced by a single wire.

Marconi's Wireless Telegraph Co.,
Ltd. (assignees of P. S. Carter). Con-
vention date (U.S.A.), 16th April, 1938.
No. 527926.

0000
FREQUENCY=MODULATED SIGNALS

i\THEN signals are transmitted by
varying the frequency, as distinct

from the amplitude, of the carrier -wave,
any increase in percentage modulation
involves a corresponding widening of the
frequency band occupied by the signals,
and this, in turn, increases the difficulty
of cutting -out interference, particularly
that of the " impulsive " type. The in-
vention is concerned with means for over-
coming the difficulty.

With this object in view, the incoming
signals are first passed through a selec-
tive network having the characteristic
of a band-pass filter, and are then recti-
fied. The network is given a trans-
mission range just wide enough to pass
the essential sidebands required, and in
order to maintain the same admittance
as the frequency shifts up and down,
the band-pass characteristic of the net-
work can be automatically controlled by
the strength of the rectified signals.

For instance, the incoming signals are
combined with locally generated waves
in phase quadrature, and any out -of -step
component, arising either from lack of
agreement in frequency or phase, is
applied to vary the effective reactance
of an iron -cored inductance forming part
of the selective network.

Standard Telephones and Cables, Lid.
(assignees of H. Nvquist). Conventiou
date (U.S.A.), zrst May, 1938. No.
528152.

r

The British abstracts published here
are prepared with the permission
of the Controller of H.M. Stationery
Office, from specifications obtainable
at the Patent Office, 25, Southampton
Buildings, London, W.C.2, price 1/ -

each.

JULY, 1941. 197

Wireless
World

COMMUNICATIONS DEPEND

B ULG IN
FOR

LA MPHO LD ERS
The largest and most extensive
range in the world. All kinds of
lamp -caps are accommodated, in-
cluding M.E.S. and E.S., to 13.5.5. 98,
and MAC. (the new miniature
bayonet cap, single -contact). In the
large range, there is a full choice
of fixing -brackets, -strips, and -clips,
both live and `dead.' The screw
types are made in rolled, drawn -
and -embossed, spring -grip, etc.
A lamp -holder for every use.

ON SMALL
PARTS..

I N countless instances quite in-
tricate pieces of apparatus are

wholly dependent on the proved
reputation and reliability of their
component parts.

All products from the House of Bulgin
are pre-eminent for superior design
and workmanship, and every article
bearing our Trade Mark has to pass
exacting and exhaustive tests during
the course of 'its production.

That is why every manufacture of
national importance incorporates

Bulgin Components.

°el -us stnxy -1714.9-LL

Our new 128 pp. Catalogue No. /64WW, fully
illustrated and with technical and dimensional
data. A valuable and comprehensive refer-

ence list. Price 6d. post free.

ALWAYS DEPEND ON

illb
MI

REGISTERED  TRADE  MARK
A. F. BULGIN & CO. LTD., BY-PASS RD., BARKING, ESSEX,

Telephone: RIPPLEWAY 3474 (4 lines)
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CLASSIFIED ADVERTISEMENTS. The charge is 6/ -
for each paragfaph of 2 lines or less, and 3/- for every
additional line or -part thereof, average 7 words to a
line. Each paragraph is charged separately.

ADVERTISEMENTS for the August issue are accepted
up to First Post on Thursday, July 10tb, at the Head
Office, Dorset House, Stamford Street, London, S.E.I.
or one day earlier at provincial Offices.

THE PROPRIETORS retain the right to refuse or
withdraw advertisements at their discretion. They
are not responsible for clerical or printers' errors,
although every care is taken to avoid mistakes. Cheques
and postal orders should be made payable to Iliffe &
Sons Ltd. and crossed. Notes are legal tender and
cannot be traced if lost in transit.

ADVERTISERS may have letters, other than circulars,
addressed to numbers at this office. The words Box
000, c/o " WIRELESS WORLD " must be paid for
and a further 1/- added for registration and forwarding
replies.

DEPOSIT SYSTEM. Full particulars upon application
to the Deposit Dept., " Wireless World," Dorset
House, Stamford Street, London, S.E.I.

TRANSFORMERS)
& CHOKE

If your work is for the Govern-
ment and you are experiencing
difficulty in obtaining trans-
formersfrom your usual source,
please get into touch with us.

We can still give prompt
deliveries providingyour order
quotes the number of the
Government contract for
which the goods are required.
The latter is essential.

King's Bldgs., Dean Stanley St., London, S.W.1.
11111.11111M. Phone: Victoria 5035

ARMSTRONG's
Special Opportunity for
"Wireless World" Readers

As there is very little chance of buying a new
set during the war, many readers will return
to their old craft of building or modernising their
own receivers. Many have valuable components,
Prld to these we offer a complete modern co'l
and I.F. assembly as used in our well-known
Model RF2PP, consisting of H.F., Aerial and
Oscillator coils, two Short Wave Bands, Medium
and Loog, covering from 13 metres upwards
together with I.F. transformers for two stages
of 465 kc. I.F. amplification. All in aluminium
cans with self-contained trimmers. Actually
the assembly contains the important essentials
for making a modern expensive chassis 27'6PRICE complete

A further assembly, as above, but covering
3 wave bands, and one 465 kc. stage. 4.1

PRICE complete f.1 w
A Factory Blue Print is supplied free of

charge w'th each assembly.
We -have many other high grade components

suitable for the Constructor. Send us your require-
ments enclosing stamped envelope.

ARMSTRONG MANUFACTURING CO.
WARLTERS ROAD, HOLLOWAY, LONDON, N.7

'Phew: NORTH 3513

NEW RECEIVERS AND AMPLIFIERS
Only, usual price £22.- Wireless World
2 R.F. Receiver, with push-pull quality

amplifier, chassis, IC) valves, including tone control
Cage, 8 watts triode output, ideal for quality repro-
duction from radio and gramophone; limited number.
-Bakers Selhurst Radio, 75, Sussex Rd., South

[9
Croy-

don. 519

RECEIVERS & AMPLIFIERS -SECONDHAND, ETC.
IIALLICRAFTERS Sky Chief 7 Valves, little used.

Offers. -Black, 20, Easter Drylaw View, Edin-
burgh. [9590
-DETO-SCOTT Trophy 6 Communication Receiver,

little used, as new; £11. -Box 2584, c/o The
Wireless World. 19602

Wanted
COMMUNICATION Set, also Tuner or coils, etc., for

S.W. superhet.-Dunn, Woodside, Loftus, Yorks.
[9592

LIST Price Offered for Hallcrcrafters SX25.-Write
full details and guarantees, 2, Church St.,

Evesham. [9607
"BY Request" Crystal Set (W.W., 7th Feb., 1936).

-Widdup, Reedharn, Poynton Park, Poynton,
Cheshire. [9588

£15/10

\ATAIItTriD., alveralliilicrItaiOtersreceilgirtse, Boxn g2o5o7d8,

The Wireless World, [9566
CI .E.C. Overseas 10 or Armstrong Special Overseas
,-.4 8. -Price and particulars to Lieutenant Aylwin,
H.M.S. " Enryalus," cio G.P.O. [9583
MID -WEST or Other Multi Valve American Re-

ceiver Required in Good Working Order; please
state price and particulars. -Box 2582, c/o The Wire-
less World. [9585
IIIGH Class Chassis or auto change radiograms
Il..1. wanted for spot cash. High price paid. Mid-
west. Scott, II.M.V., 11.1.1.11, etc. -27, Worcester St.
Wol verha in pton. 95

ADIO Wanted, with about 3 Watts output,R
small factory; provision for microphone an ad

[
forO

i-

vantage,, 230 volts A.C.; good condition and reason-
able price essential. -Particulars and price to 9, Mill
Lane, Westbury, Brackley, Northants. [9606

NEW MAINS EQUIPMENT
V°RTEXION Mains Transformers, chokes, etc., are

supplied to G.P.O., B.B.C., L.P.T.B.; why not
you? Imitated, but unequalled.V[9571ORTEXION, Ltd., 257, The Broadway, Wimbledon.

London, S.W.19. 'Phone: Lib. 2814.
. SHORT-WAVE EQUIPMENT
RADIOMART, largest distributors communication

equipment. National distributors. -48, HollowayE95
Ilead, Ili:iningham.

NEW LOUDSPEAKERS
BAKERS Brand New Surplus Speaker Bargains.

EVERY Music Lover Interested in Realistic Repro-
duction should write for free descriptive leaflet

now.
£5/10' usual price £10. -Brand new permanent

magnet infinite baffle speaker, complete
with beautifully finished cabinet in polished walnut.
£2/10; usual price £5. -Brand new super

quality triple cone speaker, permanent
magnet model; exceptional bargain; limited number.
SECURE One of These Exceptional Bargains Now.

B AKERS Triple Cone Conversions Will Immensely
Improve Reproduction of Your Present Speaker.

(' For a few shillings you have converted a speaker
scheduled for the scrap heap into one worth pounds. -
W. E. Darby, Grad.I.E.E.") Write for details.
B AKERS SELHURST RADIO, 75, Sussex Rd.1,9St2h3.

Croydon.
GOODMAN'S Infinite Baffle Speaker, new; £5110.-

McKean, 150, Dorchestee Ave., Clasgrw. [9605

SECOND-HAND LOUDSPEAKERS
Wanted

VOIGT Unit, Corner Horn, Avometer, " B " meter
ISky Champion). -Wall, 14, Haxby Rd., York.

VOIGT Corner Speaker, or empty cabinet, perfEert2-0
Full details, Ward, 22, George St., Hoyland,

Barnsley, Yorks. [9608

PERMANENT Magnet Fidelity Speaker, G12 or
similar; Piezo electric pick-up, Tweeter. -60,

Kidbrooke Park TO-, S.E.3 [F612
CABINETS

CABINET for Every Radio Purpose.

URPLUS Cabinets (Undrilled) from Noted Make.

WE Have Hundreds in Stock (no Catalogues); send
measurements of chassis, etc.. and say what

kind of cabinet required; stamp for reply.
INSPECTION Invited.

H. L. SMITH and Co, Ltd., 289, Edgware Rd., W.2.
Tel.: Pad. 5891. [9331

CUUSTICAL
AMPLIFIERS
TRANSFORMERS
P.A. EQUIPMENT

NOW OR NEVER !
This seems to be the position with
regard to amplifiers and P.A. equip-
ment. A very limited number of our

C25 AMPLIFIERS
are still available for private or com-
mercial use without Government
Priority.
If you are considering the purcha..e of
an amplifier in the near future, you
will be well advised to get it NOW.
The C25 is equally suitable for mobile
or stationary use.
30 w. undistorted output-Oper-
ates direct from 12 v. car battery
or A.G. Mains-Built-in pre -stage
amplifier - Automatic matching
of any speaker equipment.
Write for full technical specification.

Whatever your P.A. problems,
we can help you.

COUSTICAL
MANUFACTURING CO.

I38-140,WordOur St London WI
Telephone- GERrard 6265

RELAYS for A.C.
and D.C.

SILENT & RELIABLE
2 VA coil consumption, from
2-600 volts, tested to 2,000
volts. Unmounted and n
cast iron casing. Also Time
Lag Relays. High Sensitive
Relays, complete control
plantS.

Apply for leaflet SPN/WW
Multiple contact Relay L F

LONDEX LTD.
Electrical Remote Control Engineers

and Manufacturers
Anerley Works, 207, Anerley Road, London S.E.20

Tele.: SYDENHAM 6258/6259.

S E
0 u
U P

RELIABLE AMPLIFICATION N E
65, Bolsover St., London, W.1.Euston 5471 D TThe TR1X ELECTRICAL COMPANY LTD.
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WARD .---
AC/DC ROTARY

CONVERTERS
for operating P.A. Amplifiers, Radio

Receivers, etc.

WE ALSO MANUFACTURE
DC, DC ROTARY TRANSFORMERS, SMALL
ALTERNATORS, SMALL DC MOTORS,
H.T.GENERATORS, MAINS TRANSFORM-
ERS up to 10, k.v.a. PETROL : ELECTRIC
generator sets up to 50 k.v.a. BATTERY CHAR-
GERS for private and industrial use, and are fully
equipped for general small engineering work.
Full details of any of the above upon request.

Export enquiries invited.

CHAS. F. WARD
Office and Works :
37, White Post Lane, HACKNEY WICK, E.9

Telephone : Amherst 1393.

THIS IS THE LANGUAGE OF THE AIR AND WIRELESS
TELEGRAPHY OPERATORS ARE URGENTLY
REQUIRED FOR THE ARMY, NAVY AND AIR FORCE

Candler Code Courses
will help you either to increase your present speeds or
start you on the right road to securing a thorough training
so that your services will be valuable to one of the
branches of government service, merchant marine, or to
commercial companies.
If you are seriously interested in becoming an efficient
operator, fill in the Coupon below and receive full details
of the following Candler Code Courses :-
JUNIOR Scientific Code Courses for beginners.
Teaches all the necessary code fundamentals scientifically.
ADVANCED High-speed Telegraphing for operators
who want to increase their w.p.m. speed and improve
their technique.
Either Course is supplied for Cash or on Monthly Payment terms.

COUPON
Please send me Free and without obligation a copy of
the Candler "Book of Facts."
NAME
ADDRESS
Post coupon in Id. unsealed ereelope to London Manager
(Room 55W) 121, KINGSWAY, LONDON, W.C.2

CANDLER SYSTEM CO.
Candler System Co., Ashville, North Carolina, U.S.A.

DYNAMOS, MOTORS, ETC.
ALL Types of Rotary Converters, electric motors,

battery chargers, petrol -electric generator sets,
etc., in stock, new and second-hand.

WARD, 46, Farringdon St., London, E.C.4. Tel.:
Holborn 9703. 10518

GRAMOPHONE MOTORS
Wanted

WANTED, new or second-hand radiogram motors,
A.C. or Universal, complete with table and auto-

stop.-Particulars, etc., to Hadley Bros., 587, Bear -
wood Rd., Smethwick. [9597

RECORD Changers and Gram Units, 500 wanted
for cash, full prices paid; X2/10 paid for

H M.V., etc., record players any condition. -27, Wor-
cester St., Wolverhampton. [9506

TEST EQUIPMENT
ALMOST New " Universal Avometer," model 7;

also Avo Valve Tester, with " Universal panel "
and " Avodapter "; the nearest offer to present-day
retail price secures.-Pickstone, 60, Ulundi St., Rad-
cliffe, Manchester. [9594

LABORATORY Instruments.-Tinipivot, Microam-
meter, Cossor Ganging Oscillator and Oscilloscope

Inductance and Capacity Bridges, Weston 20,000
o.p.v. Analyzer, Ferranti Meters, 1, Brookside, Orping-
ton.-'Phone Orpington 1474. [9591
SUPREME Oscillograph Diagnomoscope, Model 555,

new condition, combined signal generator, time
base oscillograph, a gift, £37/10, stamp for details;
2 Philco intercommunication master control and
remote units, usually 12 gns., to clear, £5 each.-
Radio & Service Co, 352, Manchester St., Werneth,
Oldham. [9598

Wanted
VALVE Tester, latest type, suitable test 1.4 volt

valves; also Universal Avominor.-Tregunna,
High Cross St., St. Austell. [9593

EQUIRED to Purchase, 1 Cossor double beam
XL Cathode Ray Oscillograph unit, Model 339 or
similar type for use on 230 v. A.C. mains.-Write
Box 2583, c/o The Wireless World. [9601

MORSE EQUIPMENT
FULL Range of Transmitting Keys, practice sets and

equipment for Morse training.-Webb's Radio, 14,
Soho St., London, W.1. 'Phone: Gerrard 2089. [9553

BUSINESSES FOR SALE OR WANTED
" THE Wireless and Electrical Trader " is an essen-

tial part of the equipment of every Wireless
Trader, its pages reflect the very latest turn of trade
events, and it is read by all the leading dealers and
manufacturers, for particulars of businesses offered or
wanted. By subscription, to the trade only, 17/6 per
annum, post free.-Send your trade card for specimen
copy to Dorset House, Stamford St., London, S.E.1.

[0614
REPAIRS AND SERVICE

L.T.P. Repair All Mains Transformers and Chokes.
Prompt delivery.

LONDON TRANSFORMER PRODUCTS, Ltd., Wil-
lesden, NAVA°. Wil. 6486 (3 lines). [9552

MAINS and Output Transformers, chokes, etc., re-
wound.-Davies, 30, Morley Ave., Manchester, 14.

[9610
EPOCH.-Genuine replacement diaphragms for all

models.-" R.E.C.S.," Crown St., Reading.
'Phone: 2796. [9595

MAINS Transformer Service, repairs, rewinds, or
construction to specification of any type, com-

petitive prices and prompt service.-Sturdy Electric
Co., Dipton, Newcastle -on -Tyne. [0516
" QERVICE with a Smile."-Repairers of all types

fa, of British and American receivers; coil rewinds;
American valves, spares, line cords.-F.R.I., Ltd., 22.
llowland St., W.1. Museum 5675. [8934

METROPOLITAN RADIO SERVICE.-Guaranteed
repairs to American and British receivers;

linecord resistances, Majestic I.F, transformers, and
rewinds; trade supplied. -1021, Finchley Rd., N.W.11.
Speedwell 3000. [0435

NEW COMPONENTS
AERIAL Equipment.-Insulators, Short-wave five

ring quartz 3in. long, non -hygroscopic, 316 a
dozen. Small porcelain shell, 1 /- per dozen. 12in.
stand-off, 4/6 per dozen. Aerial wire. 7/22 copper,
2/6 per 100ft. roil. All carriage paid.' Cash with
order or c.o.d.-P. and F., 49, John Bright St.. Bir-
mingham, 5. 19561
elOULPHONE Radio, New Langton, Preston.-

Tungsrala and Ameerican valves; latest type
speakers with transformer. Bin. Goodman's P.M.,
17/6; 10in. Rola P.M., 22/6; electrolytics, 500 V.
8 mid., 2/9; 8+8 mfd., 4/9; 16+8 mid.. 6/3; 50 mfd.
50 volt, 2/9; Erie 1 -watt resistors, 6/6 doe.; volume
controls, with switch, 4/3; tubulars, valve holders,
etc.; S.A.E. for new list. [9at-
COMPONENTS, SECOND-HAND, SURPLUS, ETC.

OUTHERN RADIO'S Wireless Bargains.

ALL Goods Previously Advertised Still Available.

SOUTHERN RADIO, 46, Lisle St., London, W.C.
Gerrard 6653. [9238
A. RYALL, Arnehurst, Marsh Lane, Taplow.
Bucks.-Goods advertised in April issue still

available, except Amplifiers, Speakers and Trans-
formers. [9562

L.T. Metal Rectifiers, 12e. 1 amp., with transformer
and ballast lamp, the kit 22/9, post 8d.; Clarke's

" Atlas " chargers, charge 1 to 6 cells, few only,
39 / 6.-Champions Radio, 42, Howitt Rd., London,
N.W.3. [9609

GALPINS
ELECTRICAL STORES-

Owing to War Conditions this business
is now transferred to

WILLIAM ST., SLOUGH, BUCKS
'Phone : SLOUGH 20855

Terms: Cash wita Order
ELECTRIC LIGHT CHECK METERS, small, late type,
well-known makers, in good condition, electrically guaraa-
teed for 200/250 volts 50 cy. 1 phase A.C. mains. 5 amp.
type, 6/- ; 10 amp., 7/6 ; 20 amp., 9/- each. Post li-
on all types.
D.C. ELECTRIC LIGHT CHECK METERS, 200/250 volts
5 and 10 amps., 4/6 each, post la (in new condition).
EX R.A.F. SWITCH PANEL, with case (new), fitted 6 small
knife switches, leads, cords and cleats, complete in wood
case, 2/6 each, post
HIGH -VOLTAGE TRANSFORMERS, useful for all test
work or television. Input 200/240 volts, output 5,000
and 7,000 volts, 7/6 each, post 1/-.
VOLTAGE CHANGING TRANSFORMERS (Auto Wound),
100/110 to 200/240 v., or vice versa, fully guaranteed,
1,000 watts, 60/-.
DUG -OUT LAMPS, Ex R.A.F., solid brass construction,
glass dome, complete with 12 -volt bulb (any bulb can be
fitted), wall fitting, 3/- each, post 5d.; Ditto, wing type,
as new, 2/6, post 6d.
DUG -OUT LAMPS, Ex R.A.F., porthole type, or can be
bracket fitted, glass dome, three colour fitting, white, red
or green, solid brass construction, bin. dia., complete with
bulb; any size bulb can be fitted. Price 5/-, post 6d.
EX R.A.F. AUTOMATIC CHARGING CUT OUTS AND
VOLTAGE REGULATORS, to suit any dynamo up to
20 volts at 15 amps., fully adjustable, wiring instructions,
complete in metal case. Price 3/6, post 9d.
DYNAMOS, all shunt wound and fully guaranteed, 50/74 v.-
15 a., 66/10/-; All carriage forward.
110 -VOLT D.C. MOTOR, totally enclosed, rated at 8 amps.,
ball bearing, in uew condition, make good slow -speed
dynamo, 22/5/-, carriage forward.
GUNMETAL PULLEYS, Tin. diameter, to take lin. dia.
rope, complete with rope guard and hook, 7/6 each, post free

HP 110 v D.C. Mona, in goof working order, 25/-,
carriage forward.
FLOODLIGHTS, 12in. dia., multi mirror type with 5in.
dia. margin spot centre, any bulb can be fitted, 15/,
Carriage paid.
PRESS -BUTTON UNITS, 8 -way, 7 x 6 x ins., fitted
capacitators, condensers, etc. Price 5/6, post free.
CROMPTON DYNAMO, output 220 volts, 10 amps., 4 pole,
shunt wound. Price 68/10/-, carr. forward.
ROTARY CONVERTOR, D.C. to A.C., input 220 volts
D.C., output 85 volts 2 kW., 50 cycle, 3 or 1 phase. Price
£5, carr. forward.
20 WATT SPEAKER (American), 110 volt A.C., complete
with metal rectifier and speech transformer; in large
cabinet. Price E4/10/-, carr. forward.
LARGE TRANSFORMER, input 230 volts 50 cycles,
output 300-0-300 volts at 6 amps. Price 63/10/-, carr.
forward.
BELL PUSHES, ex-G.P.O., solid ebonite, two silver con-
tacts, as new, 1/6, post free.
MILLIAMPMETERS, 2 -in. dia., 0-30, 25/- ; ditto, 0-150,
25/- ; ditto, 21, -in. dia., 0-100, 25/-, post free.
TUNGSTEN CONTACTS, new, one fitted screw and one
fitted blade, 1/9 the pair, post free.
HT 8 RECTIFIERS, second-hand, in perfect order. 1/0
post free.

METAL CASES
FOR RADIO & RADIO INSTRUMENTS

also
CASES & BOXES IN WOOD & REXINE

MANUFACTURERS
of

FABRICATED PARTS IN WOOD
AND METAL TO THE RADIO

AND AIRCRAFT INDUSTRY
Send 2ld. in stamps for details of RADIO

CABINETS FOR THE HOME.

LOCKWOOD & CO., Lowlands Road,
Harrow, Middlesex. 'Phone: BYRON ISIS.
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ELECTRADIX BARGAINS
MICRO MOTORS. A.C. split phase syn-
chronous motors, squirrel cage rotor, yin. dia. Dog clutch
drive to reduction gear from 2,000 revs. to 58 r.p.m.
Voltage 15 to 20 volts, 50 cycles, reversible, double shaft,
enclosed, laminated, new. Suit model drive, remote
control switching, tuning drive, etc., W.. Post free.
SMALL A.C. MAINS MOTORS. -Enclosed, self -start
on load. 230 v., 1/81) h.p. Type 40, 1,500 revs., 18/6.
Split phase, 1/10 h.p., 2,500 revs., 45/-.
SMALL D.C. MAINS MOTORS. -1/40 h.p., Type 60,

'220 v., R.B. series, 1,750 revs., 15/-. Ditto, 1/12 h.p.,
Croydon 110 and 230 v. shunt, 1,700 revs., 30/-. M.G.
for A.C., 220 v. to 100 v., 1 amp. D.C., 77/6. 100 v.,
15/-. All fully guaranteed.
D.C. GENERATORS. Shunt wound. -110 volts, 15,6;
200 volts 4 amp., 21/- ; 200 volts lf amp., 36/-.
D.C. MAINS MOTOR GENERATORS.-M.G. Crompton
D.C./D.C., 100 volts to 17 volts 6 amps., 84/7/6. 200 v
to 10 v. 5 amps., £5.
D.C. ROTARY CHARGER. -3 h.p. 220 volt D.C. Motor
6 volt, 250 amp. Dynamo, 616. 200 volt Motor 25
volts 8 amps. dynamo, £4. Motor 220 volts 8 amps.
dynamo, 416/10/-. And others.

DYNAMO BARGAINS.
110 -volts, .8 to 1 amp. D.C.
ball bearing, semi -enclosed. 1,850
revs., 151b., gin. x 5in., cheap.
Carriage paid, 15/6.

DYNAMOS. -Double Current Govt., cost £15. Two
commutators, D.C. 6/8 v., 3/5 ams. and H.T. 400/600 v.
100 mm., 51in. dia., 12in. long, 17 lbs., 4,000 revs., ball
bearings, 25/-. Large size 500 watts, 18 volts, 20 amps
and 460 volts 200 m/a., 85.

ALTERNATORS. MOTOR - ALTERNATOR.
-24 kW. NEWTON. Vertical, 580 cycles 200 volts 25
amps. 1,600 revs. Motors, 220 volts D.C., 820.

1 -PHASE HIGH "CYCLES TEST ALTERNATORS. -The
famous 52a WATFORD H.F. Alternators 250 watts at
500 cycles, 20 volts 10 amps. Self exciting inductor type,
slot wound stator. Small size. Cost £30. Sale, 70/-.
3 -PHASE ALTERNATORS.-G.E.C. 333 cycle 3 ph.
120 volts 1 amp., fitted reed Tachometer. Sells exciting
horizontal, 116/10/-.

A.C. HAND ALTERNATOR. -Permanent steel magnets,
wound armature driven by gearing and handle. Output
of 80 volts 20 m/a. A.C. For Medical Treatment. A.C.
experiments, etc. Sale, 7/6. Cariiage,

THE CAMBRIDGE-TOWNSEND
Tiny and Shrill,

ROLLS-ROYCE OF BUZZERS

Perfect for Wavemeters, ideal
for signals. High note Model
" T " Diaphragm blade. Plati-
num Contacts. The smallest
Buzzer possible. 10/-.

RELAYS. -No. 6 Telephone Relay, Twin bobbins, 6 volts,
25 na/a, single pole change -over, 8/6.

MORSE INKERS.-Tape Strip Recorders ; portable
or Table. Cheap. Wheatstone Strip Hand Perforators,
15/-. Paper Tape for Morse, green or white, 1/- reel,
post paid. Brass Tape Reels in mahogany case, 4/6.

POSTAGE must be added to ALL mail orders.
Stamped envelope must be enclosed for ALL replies to

enquiries.

TEST GEAR. ELLIOTT BATTERY LOAD
TESTERS. -Model 108. Ammeter and rheo., 37/6.
CELL TESTERIL-Megger 3-0-3 volts, 451,
TEST PANEL, with 4 meters for full -range works testing.
Ranges 5 m/a to 12 amps., D.C. or A.C., with rectifier and
transformer, 5 volts to 500 volts, 7in. dial meter on steel
panel, 27in. x 30in., 612.
NEON LAMPS. -Standard size letter neon high, 220/240 v.,
2/6.
VALVES-WECO. 1 volt Triodes, Peanut 4 -pin, 3;6.
UNUSED X-RAY VACUUM TUBES. -New Government
Hospital Surplus, 7in. dia. bulb. Big solid Tungsten
Electrodes. Emission guaranteed. COST £5. SALE, 15/-.
Callers only.
LIGHT AND RAY CELLS.-Electrocell, Self -generating,
25/- ; Phote-Cells for sound on Film and Ray work, 25/-.
TELEPHONES. -House, Office, Garage, Wall and Table
models cheap.
TALKIE SOUNDHEADS.-Brown's Universal, less optical,
66. Brown's Standard with head amplifier, new, fits

most projectors, £10.

CINEPHONE SOUNDHEAD with P.C. 4,pd meter, 89.
B.T.P. Soundhead with Osram P.C., new condition,
88/10/, Mihaly Soundhead, 23/10/-.

2, AND 21 H.P.
ENGINES IN STOCK
ENGINE SETS. -500 - watt
single cylinder 2 -stroke, water
cooled self -oiling Pelapone
engine : mag. ign., coupled to
50/70 volts, 10 amps. shunt
dynamo, 1,000 r.p.m., 417/10/-.
Horizontal Twin Petrol A.B.C. Engine fan -cooled, coupled
11 kW. D.C. Dynamo 50/70 volts 25 amps., Mag. Ignition.
Cost £190. Sale, 225. 21 kW. AUSTIN 4 Cyl. water-
cooled Engine Rag. Ignition and 110 volt Dynamo,
37 kW., £48. Send stamp for details.
ELECTRIC DRILLING MACHINES, " WOLF."--D.C.
Useful all-round tool for Bench or Hand. Halt Maker's
Price. Massive Jack Geared Rise and Fall Stand, two
distinct machines are thus available. Height over all,
32in. Hole Capacity in Steel, fin. Morse Drill Socket
Size 1. 100 v., 15. 220v., £8. Stand only, 15/, Carriage
Forward.
OZONIZERS.-For sweet air. For A.C. mains operation
One tube unit in white enamelled wall case with flex, 17/6.

FITTED CABINET
KIT FOR S/W
THREE.
Your home-made S/W
set. Tudor Oak Cabinet
13fin. by 7in. by 7in.
Fitted .0005 S.M. and
vernier microdenser, 3 -

wave switch, valve -
holders, wiring, three condensers and 10 -terminal panel.
16/ Carriage paid.
NEW PANELS. -Ebonite. 24in. x
24in., fin., 24in. x 24in., 15/-; eighth -
inch, 7/6.

SOLO VARIABLE AIR CON-
DENSERS for Wavemeters and
Single Circuit Tuning, logarithmic
blades, .0005 mfd., new, Type
F, 2/6.

We regret we are unable to entertain callers for the present

ELECTRADIX RADIOS
WE ARE NOW AT 225, UPPER THAMES STREET, LONDON, E.C.4.

W. BRYAN SAVAGE LTD.

FOR SHORT-WAVE COMPONENTS
Communication Receivers for work of National
importance ; and all accessories for short-wave
work and experiments. Call or write to

WEBB'S RADIO
14 SOHO ST., OXFORD ST., LONDON W,I,

RADIO CLEARANCE, Ltd.
y OW -LOSS Ceramic Valve Holders, Lissen Hi -Q,

baseboard and chassis, 7 -pin; 1/- each.
LOW -LOSS Short-wave Condensers, variable Ceramic

insulation brass vanes, Lissen Hi -Q, minimum
capacity 50 mmfd. and 20 mmfd., list 5/6 each; our
price 2/6 each.
PUSH-PULL - Switches, Lissen 2 -point, 44. each;

Yaxley type switches, 6 -bank, 3/- each; Yaxley
type switches, 9 -bank, 3/6 each.
BOLA P.M. Speakers, latest model, 71/2in. cone, with

pow/pen transformer, boxed; 17/6 each.
MIDGET Speakers, Goodmans energised, 600 ohms

field, including transformer, new, boxed; 10/6

each'RSTRAIGHT Line 3 Wave -band Dials; 1/11 each.
ATAINS Transformers, 300-0-300v. 100 ma., 5v. 2
-Ma- amps, 6.3 5 amps, drop -through chassis type;
12.6 each.
MAINS Transformers, Wearite 100w. auto trans-

formers, 100-110v. 200-250v., reversible; 14/11
each.

MAINS Transformers, 250-0-250v. 80 ma., 4v. 1amp., 4v. 4 amp., 200-250 mains, new, boxed;
12/6 each. '

CHASSIS Mounting Valveholders, American Octals;
6d. each.

CHASSIS Mounting Valveholders, English Clix type,
4- 5- 7 -pin; 3d. each.

CENTRALAB Volume Controls, midget type, 2,000,
5,000, 25,000, 50,000, 100,000 ohms, less switch,

2/9 each; 1,000, 25,000, with switch, 3/6 each.
Q -WAY Push -Button Switches, 1/3 each; 4 -way0 push-button switches, 1/3 each.
DROPPING Resistances, for all purposes, total re-

sistance 535 ohms 5 taps in steps of 50 ohms,
standard for, Pye, Listen, EverReady, etc.; 3/6 each.
10FT jedCoilsor,,I.:?nnecting Wire, 44. each, glazed,

e.

BRAIDED Screened Cable, single and twin; 94. per
yard.

PUSH -ON Pilot Lamp Holders; 3d. each.

PLESSEY Single Gang 0.0005 Variable Condensers,
1/11 each; 2 -gang 0.0005 variable condensers,with Vernier control, 1/11 each.

SOLID Dielectic Condensers, by well-known maker,
0.0005 tuning and 0.0001 reaction differential;

64. each.
I. Wire -end Bias Electrolytics, 50 mfd.-12--volt;

-1-:" 1/6 each.
TUBULARS Wire -end Non -inductive Paper Con-denser, all sizes up to 0.01, 5d. each; 0.1. 70.
each.
T.C.C. 2 mid. Electrolytic Condensers, 200v. wkg.;
-E 1/3 each.
CONDENSERS, 0.0005 Triple; 1/9 each.

1LB. Reel 20 Gauge Tin Copper Wire; 2 / 6 each.
C.C. 1 mid. Paper Condenser, 350v. working; 1/_T each.

D OUBLE Fuse Holders, complete with two 1 -amp
fuses; 1/6 each.

R.I. Parafeed L.F. Transformers; 2/- each.
G( -loop Assortment of Mains and Filament Trans-

formers, L.F. chokes and Alum chassis, etc.; ex
television all -wave superhet, coils, aerial and oscilla-
tor, 465 E/e; 3/11 per pair.
ALL Orders Must Include Sufficient Postage toCover; please write your name and address in
block letters; we cannot undertake to answer enquiries
unless postage is included (2%(1.); hours of business,
9-4.30; Saturday, 9-1 p.m.
RADIO CLEARANCE, Ltd., 95, High Holborn.

London, W.C.1.

[9611
Wanted

BLATTNER or Similar Tape Recording Unit and
Blank Discs. -Box 2585, c/o The Wireless World.

[9613
WE Buy New or Used Radios, amplifiers, meters,

coaverters, radio and electrical accessories, etc. -
'Phone: Ger. 4447. [9603

TUITION

RADIO
Training.-P.M.G. exams. and I.E.E.

Diploma; prospectus free. -Technical College,
Hull. [0611
PRACTICAL Radio Postal Courses, coaching for

I.P.R.E R.A.F., A.I.D. exams., booklet free. -
Secretary, I.F.R.E., Bush House, Walton Avenue,
Henley-on-Thames. [9547

RADIO Engineering, Television and Wireless Tele-
graphy; comprehensive postal courses of instruct

tion.-Apply British School of Telegraphy, Ltd., 179,
Clapham Rd., London, S.W.9 (Estd. 1906). Also in-
struction at school in wireless for II.M. Merchant Navy
and R.A.F. [9249

SITUATIONS VACANT
WANTED. -Assistant Works Manager for factory in

S.W. London manufacturing light mechanical
and electrical devices, mainly radio communications;
permanent position with first class concern for suit-
able applicant; please apply with full particulars as
to age, qualifications and salary required. -Box 66,
L.P.E., 110, St. Martin's Lane, London, W.C.2. [9589

TELEPHONE: Holborn 4631.
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Constant heat makes
neat efficient work

With ordinary soldering when the
iron cools you get unsightly blobs
of solder, wasteful and insecure.
Change to Solon Electric Soldering !
No stopping to heat up the iron.
Once hot, and that takes only 4
minutes, the Solon stays hot-all
the while you need it. It's simple,
quick, cheap. 15 hours use for I

unit. No coal grit-no soot; you
get cleaner, stronger joints with
the Solon.
Made for following standard voltages: -
200/220, 230/250.

SOLON
SOLDERING IRON

Handyman model
supplied complete
with Resin -Cored
Solder, Flex and
Lamp 0011,14
Adaptor QIF
Solon Resin -Cored
Sol- AM 13is
der N31 per reel.

W. T. HENLEY'S TELEGRAPH WORKS
CO. LTD.

(Dept. 25 E) Engineering Sales Dept., Milton
Court, Westcott, Dorking, Surrey.

tOR THE
RADIO SERVICE MAN,
DEALER AND OWNER
The man who enrolls for an I. C. S. Radio
Course learns radio thoroughly, com-
pletely, practically. When he earns his
diploma, he will KNOW radio. We are
not content merely to teach the prin-
ciples of radio, we want to show our
students how to apply that training in
practical, every -day, radio service work.
We train them to be successful!

INTERNATIONAL CORRESPONDENCE SCHOOLS

Dept.38, InternationalBuildings,
Kingsway, London, W.C.2.

Please explain fully about your Instruction in
the subject marked X

Complete Radio Engineering
Radio Service Engineers

Elementary Radio Television
If you wish to pass a Radio examination,
indicate it below.

Inst. of Wireless Technology
P.M.G. Certificate for Wireless Operators

Provisional Certificate in Radio Telephony and.
Telegraphy for Aircraft

City and Guilds Telecommunications
Name Age
Address

(Use penny stamp on unsealed envelope)

AIR MINISTRY.
CIVILIAN W/T Operators Required, age 28 to 45,

preferably with 1st Class P.M.G. or Air Operator's
Certificate in Wireless Telegraphy, and experience in
Radiotelephony, Direction Finding and Wireless
Maintenance work.
SALARY 75/- a Week, rising to 125/- a week, plus

temporary war bonus.
APPLY by Postcard for Application Form and Full

Particulars to the Under -Secretary of State, Air
Ministry, (S.1.(e)), Julian Road, Bristol, 9. Third
class fares will be refunded to candidates required to
attend for interview. [9586
WIRELESS Technical Instructors Required in Army

Units.
1MOLITMENTS.--Pay 8/9 per day (7 daps a week))

LL clothing, rations and accommodation, or if this
cannot be provided allowances at authorised rates:
if married and otherwise eligible, family allowance
payable in respect of wife and children, subject to
allotment from pay.
CANDIDATES Should Preferably be under 35 and

over 24, and

(A) Hold one of the following qualifications :-

Graduateship of the Institution of Electrical En-
gineers.
Final (Grade III) Certificate of City and Guilds
of London Institute Examination in Radio Com-
munication.
Higher National Certificate in Electrical Engineer-
ing.
Certificate of City and Guilds of London Institute
in Itadio service work.
Or

(B1 Be able to pass an examination on the follow-
/ ing syllabus:-

Simple algebra, including quadratic equations;
simple trigonometrical ration and identities;
vectors.
Properties of electrical currents; heating of con-
ductors; magnetic fields; unit of current; Ohm's
Law; resistance in series and parallel; potentio-
meters.
Magnetic effect of current fields due to parallel
wires; field due to a solenoid; electro-magnets.
Meters.
Induction; effect of rotating a coil in a magnetic
field.
Mutual and self induction and inductance; effect
of inductance on growth and delay of current.
Capacity; charging storage and discharge of con-
densers; through resistance and inductance.
Alternating currents; vector diagrams; effect of
resistance variation; effects of L and C in A.C. cir-
cuit; phase difference of currents; resonance in a
series circuit; parallel circuit of L and C; Q factor.
Elementary knowledge of valves; simple theory of
amplifiers, oscillators and detectors; general prin-
ciples of radio practice.

SUITABLE Candidates will be Interviewed at Local
Centres, and, if successful, will be enlisted and

appointed Acting Sergeant Tradesman. For those
who are on the Schedule of Reserved Occupations,
special arrangements will be made to enable them to
be enlisted. In the event of any applicant found to
be reserved under Schedule of Reserved Occupations
special application will be made for relaxation of the
Schedule. No guarantee can be given that this appli-
cation will be successful..
APPLICATION Forms may be Obtained by Postcard

from the Under -Secretary of State, The War Office
(A.G.6c), Whitehall, S.W.1. [9520

TECHNICAL TRAINING
GREAT Possibilities Exist for Technically Qualified

Engineers, key men in wartime and afterwards.
Through the home -study courses of The T.I.G.B. take
a recognised engineering qualification such as
A.M.I.Mech.E., A.M.I.E.E., A.M.I.R.E., A.F.R.Ae.S.,
A.M.I.Chem.E., C. and G., etc., in which examina-
tions the T.I.G.B. students have gained 25 FIRST
PLACES and Hundreds of Passes. Write to -day for
" The Engineer's Guide to Success "-Free-containing
the world's widest choice of engineering courses cover-
ing all branches, including Aeronautical, Mechanical,
Electrical, Wireless, Chemical, etc.
THE TECHNOLOGICAL INSTITUTE OF GREAT

BRITAIN, 82, Temple Bar House, London,
E.C.4. [9335

PATENT NOTICE.
HE Proprietor of British Patents Nos. 426,227 and

I. 426,228 relating to " Improvements on or Relat-
ing to Radio Signalling," is desirous of entering into
negotiations with one or more firms in Great Britain
for the purpose of exploiting the inventions either
by sale of the Patent Rights or by grant of Licences
on reasonable terms. Interested parties who desire
further particulars should apply to Albert L. Mond
and Thiemann, of 14-18, Holborn, London, E.C.1.

[9587
VACUUM CLEANERS

BRAND New " Protos Rapid " Lightweight Elec-
trio Vacuum Cleaners, at pre-war price,

£6/19/6, accessories included, no tax; also rebuilt
Electrolux Cleaners, £7/7; Stewarts, £2/10; Supreme
Dusterettes, £4/4; All guaranteed one year; old
cleaners taken in part exchange.-" R.E.C.S.," Crown
St., Reading. 'Phone: 2796. We buy Hoovers. [9596

' Stuart'
Centrifugal Electric

SHELTER PUMP
Quickly clears
water from shel-
ters. Ideal for many
other A.R.P. uses.
A sound job built
for continuous
running.
Delivery from stock.

Ball bearing motor, A.C.
or D.C., any voltage.

Low current consumption. Will lift water up to 35
feet below ground level. Connections for rubber hose.
All parts non -rusting.
These pumps (as used on the "Queen Mary," may
also be used for garden fountains.
Fountain Jets extra.
No. 10. 100 gals. per hour ... a 2 6
No. II. 280 gals. per hour Ed 6 0
No. 12. 560 gals. per hour ... ET 12 0

Prices include foot valve and strainer, and pump
is ready for immediate use.

Carriage and packing 2/- extra.
MORPH Y - RICHARDS ELECTRIC FIRES

Tubular Major, I kW ... ... I 7 6
Tubular Twin Beam, I or 2 kW ... I 16 0
Cray Twin Beam, or lk kW ... I I 0
Senior Twin Beam, I or 2 kW ... I 7 6

A few Electric Irons also available.
AVON! NOR METERS also tax-free.

SPECIAL OFFER
GENT'S FOB WATCH with neat stand. For use in
pocket or on desk. Luminous dial, Excellent Swiss
movement. Tax-free. Money back guarantee 21:-.

,Fend Yid. stamp for illustrated price lists of any item.
Terms: Cash feta order or C.O.D.

LONDON RADIO SUPPLY CO.
Established 1925

All communications to evacuation address-
" WINDEN," ARDINGLY RD., BALCOMBE, SUSSEX

BOOKS
THE SUPERHETERODYNE RECEIVER

by Alfred T. Witts. A reliable and compre-
hensive guide to the superheterodyne receiver,
incorporating all recent developments. It
provides the essential working knowledge re-
quired by every keen amateur, radio student
and service engineer. Recognised everywhere
as the standard work. "Gives all the informa-
tion necessary for a complete understanding of the
Superheterodyne Receiver," says PRACTICAL
WIRELESS. Fourth Edition. 4/6 net.

SHORT WAVE RADIO
by J. H. Reyner, B.Sc., A.C.G.I., D.I.C., etc.
A survey of modern developments in :the
use of the short, ultra -short and micro -waves
in radio and television transmission. Second
Edition. Illustrated. 10/6 net.
"Can be confidently recommended."-T. & R.
BULLETIN.

RADIO UPKEEP AND REPAIRS
FOR AMATEURS
by Alfred T. Witts. In its Fourth Edition-
which speaks volumes. Recognized as one of
the leading introductory books on fault -
clearing and set maintenance.
Illustrated. 6:- net.

RADIO RECEIVER SERVICING AND
MAINTENANCE

by E. J. G. Lewis. A practical manual, specially
written to give the radio dealer, salesman,
and the service man up-to-date and reliable
assistance in the technical details of their
work. A handy fault-finding summary,
combined with the index, is a feature of the
book. Second Edition. 8,6 net.

* Write for 4 -page illustrated leaflet of Pitman
books on Radio and Television.

11

ParkerIStreet, Kingsway, W.C.2
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BUSINESSES FOR SALE OR WANTED.

SCHOOL of Wireless in North-East England for sale
as a going concern owing to death of partner,

established 1911, completely equipped for 50 day and
50 evening pupils; price for goodwill and fittings,
'&750. -Enquiries to Ormond, Son and Dunn, Char-
tered Accountants, 41, Grainger St., Newcastle. [9604

BOOKS, INSTRUCTIONS, ETC.
WEBB'S Radio Map of the World Locates Any Sta-

tion Heard. Size 40x 30in. 4/6, post 6d. On
linen, 10/6, post 6d. Webb's Radio Globe, 12in. model.
Radio prefixes, zones, etc. 27/6.-Webb's Radio, 14,
Soho St., London, W.1. 'Phone: Gerrard 2089. [9554

EVERY Radio Dealer Who is Not a Regular Readet
of " The Wireless and Electrical Trader" should

send his trade card at once for a specimen copy and
full details of the " Trader " Services. " The Wireless
and Electrical Trader" has the widest influence, and
is read by all the leading manufacturers and traders.
Trade only, 17/6 per annum, post free. Published at
Dorset House, Stamford St., London, S.E.I. [0615

SECOND EDITION -NOW READY

RADIO
LABORATORY
HANDBOOK
By M. G. SCROGGIE, B.Sc., A.M.I.E.E.
Issued in conjunction with "The Wireless World"

This practical and reliable handbook, the only one
of its kind, gives complete information about
laboratory equipment, and the correct methods
of working.
The new edition has been extensively revised,
and many important additions have been made.
Q -meters, crystal -controlled frequency calibrators,
and double -beam cathode ray tubes have been
included.
There is 'also a collection of the most useful
formula, symbols and abbreviations, with tabular
and other data.

401 pp. 219 illustrations and diagrams

PRICE 10/6 net. By post II/1
ILIFFE & SONS LTD., Dorset House,

Stamford Street, London, S.E.I

FREE
:PAGES

"ENGINEERING
OPPORTUNITIES'

This unique Handbook
shows th easy way to

secure A. M. I. C. E.,
A. N. L Mech. E.

AALLE.E., A.M.I.A.E.,
A. ffi. I. W. T.,

A.M.I.R.E., and similes.
qualifications. WE

GUARANTEE-" NO PASS -
NO FEE." Details are given of

over 150 Diploma, Courses in all
blanches of Civil, Mech., Elec., Motor, Aero,

Radio and Production Engineering, Draughtsmanship. Tracing,
Inspection, Government Employment, BUILDING (the grog
after -war career), R.A.F. MATHS., etc. Write for this enlight-
ening Handbook to -day. FREE and post free. Alen with
Radio knowledge can obtain attractive posts In the Scouter,.
BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY, 387 Shakespeare House,
17, 18, 19 Stratford Place, London, W.1

TELEVISION AND RADIO BARGAINS 1
The stock of the pioneer Television manufacturer, Chassis, C.R. Tubes, Speakers, Cabinets, Amplifier units,
Components and accessories of every description, to be cleared at ridiculous prices. Enquiries invited from
public and trade. Terms : Cash with order.

POWER PACK AND AMPLIFIER CHASSIS.
Size 16lin. x 13/in. x 4in. Planned as the main
unit for Television receivers costing many pounds.
Includes heavy mains transformer 350-0-350, 120 m.a.
with 4 4 -volt 5 amp. tappings. High voltage trans-
former for supplying C.R. Tube. Various condensers
including 16 x 16 mfd. 550 volt working, 1-16 mfd,
450 volt working, 50 x 50 x 2 mfd. B.I. Electro-
lytics, etc., etc. Pentode output transformer ;
chokes ; resistors ; trimmers ; bias electrolytics ;
mica and tubular condensers ; short-wave coils,
etc., etc. The quality of the workmanship and
components is of the highest class.
Also a slightly smaller chassis ful-
filling the same functions, but made 67,6
for a different model, 62(6.

Sent carr. fwd. Add. 5/- for packing.
TIME BASE CHASSIS. For 8in. Cathode Ray
Tube. Well -made cadmium -plated chassis, size
17in. x x 2in., containing approximately
thirteen fixed resistors ranging from 15,000 ohms
to I megohm, five variable resistors, 2,000 to 20,000
ohms, approximately 14 various tubular and electroly-
tic condensers, also sundry focus and
scanning coils and chokes. (Complete
circuit and service manual available, price
6d. each.) Sent carr. fwd. Add 2/6 for
packing.

TUBE SUPPLY UNITS. For high voltage 16, I8in.
Tubes. Approx. 6,000 volts output. Includes 13.1.
.1 x .1 mfd. 7,000 volt d.c. test condensers with por-
celain insulators, transformer and rectifying valve,
all shielded- in metal case (8.I. condenser
supplied separately at 20:- and the trans-
former at 10/6.) 45-
Sent carr. fwd. Add 2;6 for packing.

a a a a a a
4 VALVE 5 WATT AMPLIFIER CHASSIS for
220-250 A.C. Streamline shock -proof chassis, 2
triodes output stage with super 10in. energised
MC speaker, special output transformer
and volume control. Limited number
only. Complete.
Carr. and packing 2:6 extra. GNS
GRAMOPHONE AMPLIFIERS. Slightly used,
built for the R.A.F. to Government specifications.
A sound, heavy job, will stand hard use. For A.C.
220-250 v. 3 valves 3 -watt Pentode output. 3 -position
tone control. Complete in heavy polished mahogany
cabinet I4in. x I4in.' with decorative grille and
chromium bar. Super P.M. loudspeaker
giving undistorted quality of music and
speech. Only few available, unable to
repeat. Carr. fwd. GNS
MICROPHONES. Heavy duty, double button
type. Chromium -plated case. Gold plated elec-
trodes. High output. Good quality. With
mounting clips and springs, complete with
Transformer. Postage and packing If - 0'extra. 3
AUDAK CUTTING HEADS (Heavy Duty.)
3-5 ohm coil. High quality instrument. Postage and
packing 9d. 17 6.

VISION UNITS. To fit on above Time Base. Con-
sists of 3 Mullard T.S.E.4 and I Mazda DI Valves.
Approximately 25 resistors ranging from 75-75,000
ohms and about 30 condensers of various values,
together with Rejector, Grid and various Band Pass
Coils, also approximately 10 chokes of various
descriptions and W6 Westector, All completely
wired and carefully screened in metal
box. (Complete circuit and service
manual available, price 6d. each.)
Postage and packing 1;6 extra. 40'-
MAINS TRANSFORMERS. These are one of the
best jobs we have seen. Originally made for Tele-
vision Power Packs where accuracy and robustness
are essential. Weight 1216., size 5Dn. x 4jin. overall.
350-0-350 volts, 120 m.a. Brand new
and unused. 4 v. 2 amps. ; 4 v. 8 amps. ;
3 v. 3 amps. ; 200 I amp.
Postage and packing 1,6 extra.

CHASSIS. Beautifully finished in highly polished.
Cadmium and excellently made. 161in.
x 13kin. x 4in. Drilled for 6 valves,
transformer, etc. Each
Carriage and packing I/6 extra.

C.R. TUBES
The consignment includes 8in., 10in. and I5in.
MAGNETIC type Cathode Ray Tubes, which
are not available to -day through ordinary channels.
Brand new in original cartons or mounted on
new chassis. Send us your requirements and we
will quote by return. To be cleared at low prices
but must be collected by purchaser.

4'

a a a a 0, o

AUDAK PICK-UP HEADS. High resistance
coil. Postage and packing 9d. 6/6.

HORN TYPE PROJECTION LOUDSPEAKER.
Also ex -Government stock. 6in. super P.M. unit.
Aluminium horn, 42in. long, 32in. diameter of flare

While You Work " in factories,
A.R.P., etc. Impedance 20 ohms.

Price to clear E8 lOs
Sent carr. fwd, at purchasers' risk.
SMALL REVERSIBLE A.C. MOTORS (as used
for motor tuning). 25-30 volts A.C. Built-in reduction
gear spindle. Speed about 60 r.p.m. A first-class
job with hundreds of applications. Postage and
packing II-. 8;6.

ELECTRO-MAGNETIC COUNTERS. Resist-
ance 500 ohms. Counting from 1-12,999. Size
41; in. x 2in. x Ex-G.P.O. Invaluable for countless
purposes, 9,6 each. A smaller type, 1-1,999, size
4jin. x I Dn. x 516. Cannot be repeated, and
doubtful if they can be purchased brand new to -day.
Postage 6d.
SMALL MECHANICAL COUNTERS, with
striker arm registering up to 9,999. Heavily con-
structed to stand any amount of hard wear. To
clear, 36 each. Postage 6d.

LONDON CENTRAL RADIO STORE
S 23 LISLE ST., LONDON, W.C.2

Telephone: GERrard 2969

THE

SIMMONDS

GROUP

INVENTORS
We continually seek new inventions and products
in all branches of industry for development and

production by the manufacturing Companies of
the Simmonds Group throughout the world.

SIMMONDS DEVELOPMENT CORPORATION LTD.
BUSH HOUSE, W.C.2.

Printed in England for the Publishers, ILIFFE AND SONS LTD., Dorset House, Stamford Street, London, S.E.1, by THE CORNWALL PRESS LTD., Paris Garden,Stamford Street, London, S.E.1. " The Wireless World " can be obtained abroad from the following. AUSTRALIA : Gordon & Gotch, Lttd., Melbourne (Victoria),Sydney (N.S.W.), Brisbane (Queensland), Adelaide (S.A.), Perth (W.A.), and Launceston (Tasmania). NEw ZEALAND: Gordon & Gotch, Ltd., WellingtonAuckland, Christchurch and Dunedin,. INDIA: A. H. Wheeler & Co., Bombay, Allahabad and Calcutta. CANADA: Imperial News Co., Toronto, Winnipeg and
Vancouyer; Benjamin News Co., Montreal; Gordon & Gotch, Ltd., Toronto. SOUTH AFRICA: Central News Agency, Ltd.; Wm. Dawson & Sons (S.A.), Ltd., CapeTown. UNITED STATES: The International News Co., New York.
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SPEAKERS
TTIE WORLD'S FINEST REPRODUCERS

'FRANSFOR1ViER

IAMINATIONS
Core Width lir toll,' (E's 6 l's)

E:G111' S'.POCK
A.Oompreleusiln Bulletin todethor with detain; of Associated O. m and

(Ramps with oodgo data will be sent to manufacturers na regrow.

4 O7JAMiTril,0
MINERVA RD., PARK ROYAL, N.W.10. WILlesdeo 4322

la Stlt4ER WIRE WITH 3 CORES

OF ROO -CORtiOSOif,
ERSIS LUX

 Avoids Dry Joints
 hAreases '11.n -erica) Lificb

ency of Joints
 Souedily make. Sound j..ints

on Dirty or Oxydised
faces

 Always Correct Proportioccs
of Flux and Snider

 Nn additional 7:luaReoulroll
 ow Meltink PcInt

(190° C. for 60140 alloy)
fa Approved by Air Ministry

and G.P.O.
 Alifilritish & acknowledged

by tie leading Manntac,
turers to he the finest
Cored Solder in the world

FR1E
Two MformaEre rablications on

lays t+avn !ssue,i bv
Msslticore Sobers Ltd. Executives
are invited to send for copies end
a free sample of IVIulticore Solder
IVNG.TICORt.' SOLDI:RS Len).
BMA 1101ISE 1.0 NIDON, W.C,8

MITETtY
VIBRAIOliS

tire always clepteiidab e
(BRITISH PATENTS)

A LONG every front Mallory, has pioneered in
17. vibrator design to er.sure safei., depend
ability and long service.
Mallory offers synchronous and non synchronous
vibrators for 5, 12 and 32 volt input also a new
range .if accepted " S-TRATOSPAERF " oTs

for high altitude aircraft service,
Mallory engineers are at your disposal.

P. R. MALLORY & CO. MC
INCIANIAPOI IS, z NIIA NA, U.S.A.

Represented exclusively in Great Britain by

ti;11( 9FAVE1 K'n01,1 Bieeh,-,i, N. Doc. Erg.

There is rn. troub'e
about gettlrg replace-
ments for Westing
house Metal Rectifiers

-they lust don't need
them. This book des-
cr'Oes Ors reliable
rectifier in detail,
contains many practical
circuits and a wealth of
information on N.T.

batcecy charg-
ing, detect on, A.V.C.,
ttt.

7 3I E WEIr9NGHOC3E M Tat. RECTIFESR NEEDS NO REPLACZ-

M.,34- AN) 13 VLRY EiNNWIRICAL Ailti LFFISIEEY 1J MM.
COUPON

WESTINGHOUSE BRAKE & SIGNM. CO. Lai.,
Pew HAI Molise, Chippenharr, Wits..

Plee...!: send re a copy of " 4 ;4E AU niETAL WAY.:'" .

I enclose 3d. in stamps.
Name
Address
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SPEAKERS
THE WORLD'S FINEST REPRODUCERS

TRANSFORMER

LAMINATIONS
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EIGHT STOCK SIZES
A Comprehensive Bulletin together with detail. of Associated Cover. and
Clamps with deidgn data will be sent to manufacturer. on mica,
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.BRITISH ROLA LIMITED
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TOR BETTER JOINTS IN LESS TIME

AtTIVICO
N FLUX

OF

SOLDER WIRE WITH 3 CORES

Of NON - CORROSIVE
ERSILUX

 Avoids Dry Joints
 Increases Electrical Effici-

ency of Joints
 Speedily makes Sound Joints

on Dirty or Oxydised Sur-
faces

 Always Correct Proportions
of Flux and Solder

 No additional Flux Required
 Low Melting Point

(190° C. for 60/40 alloy)
 Approved by Air Ministry

and G.P.O.
 All -British & acknowledged

by the leading Manufac-
turers to be the finest
Cored Solder in the world

REENORE
SOLDER

FREE
Two informative publications on
soldering have been issued by
Multicore Solders Ltd. Executives
are invited to send for copies and
a free sample of Multicore Solder
MULTICORE SOLDERS LTD.
BUSH HOUSE, LONDON, W.C.2

Tel. TEMple Bar 5583/4

MALLORY

VIBRATORS
are always dependable

(BRITISH PATENTS)

ALONG every front Mallory has pioneered in
vibrator design to ensure safety, depend-

ability and Long service.
Mallory offers synchronous and non -synchronous
vibrators for 6, 12 and 32 volt input also a new
range of accepted "STRATOSPHERE " vibrators
for high altitude aircraft service.
Mallory engineers are at your disposal.

P. R. MALLORY & CO. INC.
INDIANAPOLIS, INDIANA, U.S.A.

Represented exclusively in Great Britain by

FRANK HEAVER LTD., Kingsley Rd., Bideford, N. Devon, Eng.

There is no trouble
about getting replace--
ments for Westing-
house Metal Rectifiers
-they just don't need
them. This book des-
cribes this reliable
rectifier in detail,
contains many practical
circuits and a wealth of
information on H.T.
supply, battery charg-
ing, detection, A.V.C.,
etc.

THE WESTINGHOUSE METAL RECTIFIER NEEDS NO REPLACE-
MENT AND IS VERY ECONOMICAL AND EFFICIENT IN USE.

COUPON
WESTINGHOUSE BRAKE & SIGNAL CO. LTD.,

Pew Hill House, Chippenham, Wilts.
Please send me a copy of "THE ALL METAL WAY."

I enclose 3d. in stamps.

Name ...
Address

WW. 741.
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Avserably Problems Solved

to

trovie dia&
-iffeiiii,knobs
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.vent turnit1U,,

ciftrictioncify shop.

IT!: SPEED NUT system particu:arly adaptable to
all types of knob -to -Shaft assemblies. It eliminates
the diffictAies of internal springs and grub screws ;
the number of parts handled is cut down by half,
am considerable savings are effected ir. both
assembly time and material.

SPEW NUTS are available in a wide range of
standard types, but our Development Department is
at the service of manufacturers whose particular
needs call for special designs.

LIOHTNING ASSIVIRLY AT LASS COS 4'

I
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Assembly Problems Solved

TRICKY

JULY, 1941.

above diagram illustrates on application of a SPEED
CLIP for moulded knobs of the thermo-setting type. This
semi -circular type spring collar greatly simplifies fastening
and replacement. The knob is: moulded with a 'CY shaped
hole to prevent turning, and the spring SPEED CLIP
engages frictionally with the shaft.

THE SPEED NUT system is particularly adaptable to
all types of knob -to -shaft assemblies. It eliminates
the difficulties of internal springs and grub screws ;
the number of parts handled is cut down by half,

and considerable savings are effected in both
assembly time and material.

SPEED NUTS are available in a wide range of

standard types, but our Development Department is
at the service of manufacturers whose particular
needs call for special designs.

/ 177 177 C)II7CIS

LIGHTNING ASSEMBLY AT LESS COST

SIMMONDS AEROCESSORIES
GREAT WEST ROAD, LONDON.

Longleys


