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"OUT OF RESISTANCE TO AGGRESSION 

SHALL COME 

LASTING BENEFIT TO MANKIND" 

A great truth ; and equally true in other ways for it is from the 

function of a resistance in an electrical circuit that millions of 

complex instruments, upon which we are so dependent, derive 

their results. It is essential however, that the quality of the 

resistance in all cases shall be of the highest. 

In a world where the use of electrical and radio devices has 

reached an unprecedented peak, the many and varied conditions 

in which resistances are required can be but inadequately 

imagined. Somebody must know about such things however, 

and who better than we whose care and privilege it is to develop 

and manufacture all kinds of dependable resistances to satisfy the 

most exacting modern operating demands. 

What a wealth of technical excellence in resistances will be 

available to industry when better times arrive. 
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THE AUTOMATIC COIL WINDER & ELECT/2 ICA L EQUIPMENT CO., LTD, 
U WINDER HOSE • DOUGLAS STREET • pNDON•S'VV•I TELEPHONE VICTOR/A 34041 7 

THE world-wide use of " AVO" Electrical 

Testing Instruments is striking testimony to their 

outstanding versatility, precision and reliability. 

In every sphere of electrical test work, on active 

service and in industry, they are maintaining the 

"AVO" reputation for dependable accuracy, 

which is often used as a standard by which other 

instruments are judged. 

Orders can only be accepted which bear a Government 

Contract Number and Priority Rating. 

e 
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We have now reached that stage in the 
production of Toggle Switches which 
entitles us to say that we have finished 
with the time when we were so inundated 
with orders that we dared not advertise 
our entry into this field of production. 

Fortunately, wise planning has reaped its 
reward, and our increased productive 
capacity enables us now to invite your 
demands knowing that they can be 
accommodated without jeopardising our 
existing commitments. 

This new " DIAMOND H" line Is 
symbolical of everything that is good. 

30 amp. 2S0v. 4 pole toggle switch. Also available in 
S.P., D.P., Triple Pole on and off and D.P. double throw. 

DIAMONDOSWITCHES 
?Tanwi gi/4 

GUNNERSBURY AVENUE, CHISWICK, W.4 

*AllASTRAlle 
SECTIONAL STEEL 

RADIO MASTS 
SendieorCata/oyue WO/"..e30 

POLES LP ir3Yrèreirtre 

Earls Court Exhibition Buildings, Earls Court, London, S.W. 5 

FULHAt31 6192 

40.,eg CONDENSERS 

ARE MADE FOR 

WALTE 

R. Casson 71 

Wieley 
TRANSFORMERS 
and CHOKES 
For RELIABILITY 

SEND US YOUR ENQUIRIES 

OLIVER PELL CONTROL  
CAMBRIDGE ROW. BURRAGE ROAD, WOOLWICH. LONDON S.E 



ttacks in great strength, over 250,000 valves are 'on ope' 

he base-. It is because the needs of the services must 

sometimes find Mazda Valves a little difficult to obtain. 
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ANNOUNCEMENT 

W E regret that owing to pressure of Service requirements, orders 
for Loudspeakers and Microphones can only be accepted when 

accompanied by Government Contract Numbers. 

A comprehensive range of Instruments is being manufactured, including Loud-
speaker Units from 2y diameter to 12" diameter; Special High Power Loudspeakers 
in Cabinets suitable for Tropical conditions; Hand Microphones, also Special High 
Sensitivity Compact Light-weight Microphones for field use; Telephone Receivers, 

Moving Coil Headphones, etc. 

GOODMAIlS 
INDUSTRIES LIMITED 

WEMBLEY, MIDDLESEX. 

LOUDSPEAKER & TELEPHONE ENGINEERS 

Postwar industry 
will be making wider 
use of industrial 
electronic technique 
developed during 
recent years. In this 
work Rogers Radio Tubes—the tubes which opened 
the way to all-mains wireless—have played and will 
play a recognised part. Rogers with an established 
reputation for quality, produce all standard types of 
radio receiving tubes, power tubes for radio trans-
mission, audio frequency amplification and industrial 
electronic applications generally. At present engaged 
solely on official work, they look forward to future 
co-operation over a wide field of industry. 

ROGERS RADIO TUBES LTD. 

TORONTO (ONTARIO CANADA 
A subsidiary of BROADCAST RELAY SERVICE LIMITED, 
VICTORIA STATION HOUSE, VICTORIA ST, LONDON, S.W.I. 

\P.\ 
It's the little things that count. . 

A transformer Is only a small 
part of your assembly, but on its 
reliability depends the proper 
functioning of the whole equip-
ment. Woden Transformers are 
being used more and more where 
"Hem., is all Important. 

Woden make transformers of every 
type from IOVA-10kVA. 

WODEN TRANSFORMER CO. 
Thornley St., Wolverhampton Tel.: Wolverhampton 22829 

w.crite or r.....srarolud = CVO tV r.oxs,,s areciaz, immure à museum= u. 
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74 RANGE UNIVERSAL TAYLORMETE 
Combining a very wide range of measurements-
with high sensitivity and accuracy. 

Self-contained A.C. and D.C. Volt ranges available 
up to 5,000 volts. 

A.C. and D.C. Current ranges from 50 /4A to 10 
Amperes full scale. 

Resistance measurements from 0.1 ohms to 50 
Megohms with internal batteries. 

Capacity and Inductance measurements can be 
made with special adaptor. 

Some delay in delivery is unavoidable, but every 
effort is being made to meet Trade requirements. 

Nett Price 

MODEL 83A (4,000 ohms per volt A.C. and D.C.) 15 gnS. 

MODEL 83c (20,000 ohms per volt A.C. and D.C.) 19 gm 

Write (or complete specification to:— 

TA YLOR ELECTRICAL INSTRUMENTS •LIMITED 
MONTROSE AVENUE. SLOUGH. BUCKS SLOUGH 21381 (4 lines) 

DIELECTRIC MATERIALS 
Cable, Condenser, Coil, Transformer and Resistance 
I mpregnating, dipping, sealing, filling and finishing. 

A.I.D. and C.I.E.M.E. TYPE AP-
PROVED WAXES to meet both 
ARCTIC and TROPICAL conditions. 

TELEPHONE : WEST DRAYTON 2189 

ASTOR BOISSELIER 
& LAWRENCE LT2 

MIDDLESEX OIL & CHEMICAL WORKS 

WEST DRAYTON, MIDDLESEX 

LOUD 

SPEAKERS 
THE WORLD'S FINEST REPRODUCERS 

TRANSFORMER 
LAMINATIONS 

Core Widths to If (E's and les.) 
EIGHT STOCK SIZES 

A Comprehensive Bulletin together with details of Associated Covers 

and Clamps with design data will be sent to manufacturers on requen 

BRITISH HOLA LIMITED 
‘111 ERV h 11011, • PARK ROTA'. • N.W.10 • 1:122 
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the amateur is still in radio 
He's not at his haywire rig in the attic...he's holding 
down key engineering spots in the laboratories, the 
factories, the army, navy and marine corps. Today the 
radio amateur is the top electronic engineer who is 
doing the impossible for his country and for the 
world. And why not ?... the radio amateur has always 
donc the impossible. He's the one who refused to 
obey the rules. demanded more and ever more from 
his "ham" rig. The equipment that he used...espe. 
daily the valves...had to have greater stamina and 
vastly superior performance capabilities. Thus the 
radio amateur literally forced electronics forward. 
For the products created to stand up under his 
gruelling treatment represented real advancement. 
Eimac valves arc a good example, for Eimac valves 
were created and developed in the great amateur 
testing grounds. That's one reason why Eimac 
valves have proved so vastly superior for commer-
cial and war uses. Yesterday the leading radio ama-
teurs throughout the world preferred Eimac valves. 
Today these radio amateurs are off the air as ama' 
teurs but wherever they are, as the leaders in elec-
tronics, they're still using Eimac valves. 

filter 

Follow 

.00000.1.v A s.v s 

EITEL-McCULLOUGH, INC. • SAN BRUNO, CALIFORNIA 
F‘port Agent, Fr.. yar lid... jo, Cloy St..Son Ftsorosco.Gylif.U. S. A. 
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in all communications-
Condensers a at work 

"4:14 
ADVT. of A. H. HUNT LTD., LONDON/ S.W,18 EST. 1901-7/416. 

OW' feekliaete.she //11M9 
,oaduçively Maw we/ Mat 

30watt Amplifie 
Model 7633 

There are TRJX Ampli-
fiers from 5-500 watts 

Send fer details 

Quality 
SOUND 
Equipment , 
To piority order ion/y 

TRIX ELECTRICAL CO., LTD., 65, Bols  St., London, W.I. 

'Prone: 5U8. 547112. Onmu : Trixode, Wee, London. 

FOR THE 
RADIO SERVICEMAN 
DEALER AND OWNER 

The man who enrols 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 princi-
ples 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! 

Special terms for members of N.M. Forces.  

 You may use this Coupon  

INTERNATIONAL CORRESPONDENCE SCHOOLS Ltd. 
DEPT. 38, INTERNATIONAL BUILDINGS, KINGSWAY, LONDON, W.C.2 

Please explain fully about your Instruction in the subject marked X 

Complete Radio Engineering. Radio Service Engineers. 
Elem y Radio. Television. 

Homing Radio Examinations :— 
British Institution of Radio Engineers. 

P.M.G. Certificates for Wireless Operators. 
Provisional Certificate in Radio Telephony 

and Telegraphy for Aircraft. 
City and Guilds Telecommunications. 

Wireless Operator and Wirelees Mechanic, R.A.F. 

Nome   hIa  

Address  

•••••••••••••••••••• ••••••••••••• ••••••• • Nee • ...Om. •••••••••• •••••••••••••• • 
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 • LINAGLOW LIMITED • 
Radios special Offer! 

5- Valve All- wave Superhet Chassis 
Complete with Valves and 10" Energised M.C. Speaker. 

Latest De Luxe Model. 

Brief Specification: Wave Band Coverage 18m. to 2,000 metres, 5 watts output 

Large gin. Glass Dial. Separate tone and volume controls. Good selectivity and 

sensitivity. 200/250AC. Heavy Gauge Steel Chassis. Provision for extension 

loud-speaker and pick-up. 

30- Watt P.A. Amplifier 
A High Quality Amplifier, using finest components and Red " E " Valves. Circuit: High 

Resistance input feed through two separate input ;sockets or through pre-amplifler 

socket into two series connected valves with tone and volume control followed 

by twin valve acting as Amplifier and Phase Inverter, feeding into two High Wattage 

Output Pentodes connected in Negative feed back. Class A B Circuit :• 200/250 volts A.C. 

Chassis finished in dark grey. 16 gauge steel. Brand new pre-war manufacture. Amplifier 

is fitted with hfulti-Ratio output Transformer to take from one to forty-four 5,000 ohm 

speakers, also 15 ohm speaker and 600 ohm line. Separate Standby Switch. 

Amplifier with valves suitable for gram. microphone and radio inputs. Price An 10 0 

Amplifier with valves and 20in. Horn P.A. Speaker and output transformer. Price £45 0 0 

RADIO MECHANIC'S TOOLS. Sot of 8 screwdrivers, bright 

steel shaft, insulated handle», also set of 8 Box Spana,,. 

2, 4 and 6 B.A. with Tommy Bar, at 10/6 complete art 

RADIO MECHANIC'S ELECTRIC SOLDERING IRON. 
230/250 v. AO/DO., Nickel plated body, pencil bit com-

plete with flex, 13/6. 

TUBULAR PAPER CONDENSERS. 350-500 v., D.C. work. 

ng. .0001, .0003 mfd., 4/- doz.; .001, .004 6/. dos. ; 

7,'- do. ; .05 nett.. 11,, doz.; .1 mfd., 12/- dos.; .23 mid, 
ME doz. ; or aseorted parcel of 58 for 27/6. Mlnlmom 

orders, 1 doz, any type. 

SILVER MICA CONDENSERS. Flat wire-end. Assorted 

value., 17 6 per 100 not more than 5 alike). 

LOUDSPEAKER TRANSFORMERS. Tapped Power Pen-

tode Output. 75 ma. ratio. 42 1 and 55 : 1, at 10 6 ; 
Pentode output 75 m-a. ratio 35 1, at 9 6 ; Push-Pull 

output tapped Primary and Secondary, 120 Ma. ratios 

10 : 1, : 1 and 3.5 1, at 16/-. 

MAINS TRANSFORMERS. 200/250, 350-0-350, 4v., 

6 amp.. 4 v., 3 amp., 120 m.a. or 6.3 v.. 3 amp., 5 v.. 2 amp , 
37/6 each. 4 v., 4 amp., 4 e.„ 4 amp., 100 ma., at 80 ,-. 

AUTO TRANSFORMERS. Step up or down, 110210;220 

240 v. 100- watt, 83,.. 110/240 v. 75 watt. 27/6. Step 

down transformer, 110 V. input, 6v., 10 amp. and 12v, 

8 amp. output, 75 watt.. 80/, 

LOUDSPEAKER. Rola P.M. 3-ohm voice coil, without 

traneformer, Sin., $I/-; 335/6. Any of 
the above tan be eupplied with pentode output trae Wormer 

at 106 «era. With multi-ratio at 15,'- extra. 

3{1n. GOODMAN P.M. LOUDSPEAKER. Extra heavy 

magnet for Alidgets and communication nets. Price 
30/. each. 

DPDT SWITCHES. Panel mounting. P.O. type, g 5 coot 

VOLUME 00111111.0L11. 1.000, 0,000, 10.000. 20,000, 25.000. 

50,000, 100,000-ohm; I. 5, 1 and 2 megohm, without 
«lob, tie each. A. above, with switch, 6,9 each. 

FLAT FLEX. 9-way, 14/86, 111 ,10-ft. lengths. «Gable for 
amplifier.. «tension spieken, remote oontrol and many 

other pmpoeu. Finest quality pre.war manufaeture, 
76 per «IL 

L.F. CHOKES. 20 by.., 100 ma. Brand new, 18 9. 

Price 15 Gns. 
ladluding Purchase Tax. 

ellmma  

VOLTAGE DROPPING AND 
LINE CORD REPLACEMENT 

RESISTORS. 
.8 amp. 750 ohm LINE CORD RESISTOR Chassis 
mounting, with adjustable ender, at 6 6. As above, 
.2 amp., at 6:g. 

SPECIAL HEAVY DUTY RESISTORS. b-watt for 
bias, eta, all value. from 25 to 1.000 ohm, with 
copper a«. 1/9 each. Similar te above, but 
0- watt, 2,11. 

50-ohm centre tapped Reshot«, tapped at 25 ohm, 
for pilot lamps, 2:-. 

SPECIAL MULTI-LINE CORD RI SISTOR, 5 tappings 
50 ohm, 1 tapping 750 ohm, with slider. .2 amp., 

6. 950 ohm .2 amp., Chase!, mounting, heavy 
,luty on porcelain former 5 adjustable tapping., 
8/6 each. 

-UNIVERSAL RESISTOR 

eultable-lorepraetically every type of Americ.,11 ,m1 
Arnie AO/DO Receiver, supplied in mutely metal 
cage with &abettor, lining. 

Speciflution ohm., .3 amp. with four elder, 
for adjustable tappings, IS 6 each. 

UNIVERSAL RAZOR 
RESISTANCE 

imitable for precticellY ever, 
t9Pe et Electric Razor, drops 

voltas, from 200 280 to 

100/110 v. Supplied is safety 

metal gage with asbestos 
Enloe 

Spuilleation ohmo 
with adjustable elder, 10.6. 

LINE CORD& 2.way, 360 ohms, 8/6; 480 00.,, 
IV- I 600 ohnie. 13/9. 3-war heavy duty, .3 amp 
360 dims, 18/6; 480 ohms, 17/6: eno ohio.. 21.-

OAK VENEERED LOUDSPEAKER CABINETS. Modern 
design, fitted eilk and bailie. Diem.: 12in x 121n. 

25/.. .As above, but complete with 11111. P.M. 'weaker. 
49/6. 

VALVE HOLDERS-AMPHENOL TYPE. International 

or Mazda Octal, chaule mounting, at 1/- each. 

HUMDINGERS. 30, 25,000 and 50,000 ohm, 6d. each. 

SCREENED INTERLACED FLEXIBLE MICROPHONE 

CABLE, Single. Special Offer, 9d. Per p4. Pre-war 

Super Quality, 1/3 Per yd. Twin. 1/3 Per pd 

BATTERY LEADS. 4-way with Wander Plug., beet quality, 

1/8 each. 

D.P. SWITCHES. 4-point push-pull, umial price 1/8, 
9d. each. 

OSRArd MES TUBULAR PILOT BULBS. 6.2 v., 3 amp., 
also Mit0 round, 1/. each, including tax. 

.0002 VARIABLE CONDENSERS WITH TRIMMERS. 
3-gang, completely ecreened. Ideal for ehort-wave work, 

3-hole chassie mounting. Bargain, 4,6 each. 

LOUDSPEAKER FRETS. «moored brace, Sain. x 71n., 
; 10in. x 161n., 10,6 each. 

IF, TRANSFORMERS 4651Ces, Aluminium Can with 
flying lead, 7/6 each. 

EVER-READY QUICK START CAR STARTER BATTERIES 
6 volt., new, In metal container with carrying handle, 
15/- each, Including tax. 

BARRETEE VALVES, TYPE Cl, .2 amp.. each. 

VALVES 
LEASE- LEND AMERICAN TYPES AT 

B.O.T. CONTROLLED RETAIL PRICES. 

FOR REPLACEMENT PURPOSES ONLY. 

1115. 515, 12E5, 128E5, at 9 2 ; 11.2, 106, INS, 5Y3, 12Z3, 
2530. 35Z4. 8538. at 11/-; 507. 12Q7, 120Q7, at 11f1; 
1A7, 6F6, 6K7, 12.17, 12117, 128E7, 291,6, 321.6, 86, 45 
VOLS. at 19,10; 6A11, 6H8, 051.7, 125A7, at 14'.; 251.7 
3121.7, 701,7, 83, 6116, at 1513. 

Also British Valves at Manufacturer,' LIM Price. 
1.0/1111, at 10/6; WM. UM, at 11/.; TDD4, st 11/7; 
AC/VP2„ OL4, EF39, ICTW61, VP41, at 12/10; ACPTP 
E0113, F013, 163. 1168. at 14/-; EL35, at 18/4. 

All above price* Maude Purchase Tax. 

Add 3d. per valve poetapt. 

• CALLERS to Show Rooms, 

61 HIGHGATE HIGH ST., N.6. 
Phone : MOUntview 9432. 

1 LINAGLOW LIMITED • POST ORDERS to Dept. MAO, 
HOURS OF BUSINESS 9 a.m. to 5.30 p.m. 3 HAMPSTEAD LANE, N.6. 

Saturday, 9.38 a.m. to 12.30 p.m. CASH WITH ORDER ONLY. 
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How to make your windings 
give faultless performances 

This Brochure, just published, fully describes how a new development 
known as HY-MEG plastic' insulation, achieves by impregnation not 
only absolute stability, but shortens drying time; gives mechanical rigidity; 
improves the electrical properties of windings and resists heat, moisture, 
oils, acids and alkalis. 
It shows how HY-MEG overcomes the faults common to the use of most 
ordinary varnishes such as coil movement, softening of wire enamel and 
wire breakage; how HY-MEG impregnates and dries completely through 
deep and complicated windings and how it withstands extreme working 
conditions and tropical heat. In short, how HY-MEG gives complete 
reliability in and after production and in less time. 
All requests for the HY-MEG Brochure should be made on Business 
Heading or Card enclosing 2d. to comply with the Control of Paper 
(No. 48) Order, 1942. 

HY-MEG. 
IMPREGNATING 

VARNISH 
V.6934. Made specially 
for enamelled wire-wind-
ings; but is equally suitable 
for Rayon and Glass-
covered wire. 

OUR BRAINS TRUST 
comprising the technical 
experts responsible for 
HY-MEG will be glad to 
advise on any insulation 
problems, if you will send 
details. 

E 9 Phone : AMI lerst .q3 -)1 LEWIS BERGER 8: SONS lTD.. (Established 1760) LONDON, 

• BRITISH 

AUDIO 
AMPLIFIERS & 
SUB -ASSEMBLIES 
STANDARDS 

Standard Amplifiers the activities of Acoustical in-

clude Special Amplifiers for Industrial Applications, 

Microphones, Transformers, Coil Winding, Sheet 

Metal Work, Stampings, Switch Assemblies, etc. 

(lc V LI STle L 
— MANUFACTURING Co LTD 

HUNTINGDON - TEL 3v'31 

VA LVE - 
111•1113111," 

MIDGET 
VALVES 
HIVAC LIMITED 
Greenhill Crescent. 
Harrow on the Hill.Middx. 
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Radio frequency cables are standard equipment 
in many types of aircraft. We are specialists in the 
manufacture of these cables and are fully engaged in 

their production for national purposes. 

CALLENDER'S CABLE & CONSTRUCTION CO. LTD. HAMILTON HOUSE, VICTORIA EMBANKMENT, LONDON. E.C.4 
All over the World 
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WE CARRY ON WEBB'S TRADITION— 

EVERYTHING APPERTAINING TO RADIO 

Apparatus to Order • .. 
Our well-equipped works can undertake design 
and construction of Transmitters (5 watts to I kilo-
watt), Audio Amplifiers, Beat Frequency Audio 
Oscillators and specialised service equipment in 
general. 

Service • • • 
As hitherto, our speciality is—the servicing and 

re-alignment of Communications Receivers, and 
Priority repairs take preference. We are, never-
theless, open to undertake a quota of civilian 
radio repairs at reasonable charges,_based solely 
on time and material. 

Stocks • • • 
Our varied stock of the more specialised items of 
radio apparatus and components have proved of 
inestimable value in meeting urgent requirements 
of Government Experimental Stations and Con-
tractors engaged on similar work. 

METAL SCREENING CABINETS : Black crackle steel, 
sizes as following Eddystone Cat. Nos. All complete with 
chassis, front panel and hinged lid. 

Available for OFFICIAL REQUISITIONS. 

No. 1061 ... 
No. 1033 ... 
No. 1034 

6¡" wide, e deep, r high. 
... 81" wide, 9/' deep, 91" high. 
... 17' wide, 91 deep, 91 high. 

METERS.—For Laboratory and high precision measuring we 
• confidently recommend Multi-range Universal Meter type 

" E44." Robustly made but great accuracy. Volts A.C. and 
D.C., I to 1,000. Current, I ma. to 10 amps. Resistance, 
0/10,000, 0/100,000 and 0/1 megohm. 

Full details from leaflet, send 21d. stamp, please. 

14 Soho Street, Oxford Street, 

London, W.I 

Telephone : Gerrard 2089 

We are available 9 a.m. till 6 p.m. for OFFICIAL business, 

but please note our SHOP HOURS-10 a.m. to 4 p.m. 
(Saturdays 10 a.m. to 12 noon.) 

/5 WHERE 
1 00e "5a ys /dark ea» 

- w 

CONSULT US ON A N 
S CABLE BINDING , 

SYSTEMS WHEN 
PLANNING 

ti SAYE TIME WITH 

CABLE MARKERS 
HELLERMANN ELECTRIC LIMITED 
GOODTRIC WORKS,OXFORD. Oxford 2403 

RADIO RADIO RADIO 

STAMPINGS • CHASSIS • PRESSINGS 

et' 
Ç‘elegi±lter 

FARM LANE, FULHAM. S.W.6 TELEPHONE: FULHAM 5234 

MANUFACTURED BY 

ON ALL 
GOVERNMENT 

LISTS 

ERG RESISTORS LIMITED 
1021a, FINCHLEY ROAD, LONDON, N.W.I I 
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Sickles Midget Transformer 

and Trimmer. 

Q UR greatly increased manufac-
turing facilities in the Wai-

effort, coupled with our added pro-
duction knowledge, will materially 
benefit you ' when Victory is won.' 
Quality has always been the dom-
inant consideration in the design— 
in the choice of materials and in the 
method of manufacture of our pro-
ducts ; and we look forward with 
confidence to the day when we shall 
once again continue our relationship 
with the Radio Industry of Great 
Britain with greater cordiality than 
ever before. 

I.F. TRANSFORMERS 

AERIAL AND OSCILLATOR COILS 

TRIMMER AND PADDER CONDENSERS 

COIL FORMS, etc. 

The F. W. SICKLES Co. 
CHICOPEE, MASS., U.S.A. 

MYTH iON 
- PROGRESS - 

t is typically American 
to accomplish yester-

day's impossibilities to-
day. Raytheon research 
laboratory to-day and 
every day is delving into 
seemingly impossible 
Radio Electronic Tube 
problems. . .and solving 
them in an incredible 
space of time. 

This unending scientific 
research carried on at 
Raytheon to aid the 
armed forces during the 
present conflict will, 
when we are once more 
on a peacetime basis, give 
Raytheon tubes the 
advantage of these newly-
developed electronic 
principles. Your new 

Raytheons will be the product of the 
latest scientific research. 

WORLD'S LARGEST 
EXCLUSIVE 

TUBE MANUFACTURERS 

RAYTHEON 
PRODUCTION CORPORATION 

NEWTON, MASS., U.S.A. 

R.MALLORY & CO. Inc. 

MALLORY 

FP CAPACITORS 
Mallory FP (Fabricated Plate) 

Capacitators have been dupli-
cated in appearance—but there is 
no other condenser that will give 
you the same characteristics. 

Low R.F. Impedance . . . better 
filtering efficiency . . . surge 

proof construction . . . smaller 
sizes without sacrifice of safety 
or efficiency . . . freedom from 

corrosion . . . these are just a 
few of the revolutionary features 
of FP Capacitators. 

P. R. MALLORY & CO. INC. 
INDIANAPOLIS, INDIANA, 

U.S.A. 

Radio and Electronics Division 

ALSO 
SANGAMO MICA CONDENSERS 
" MYKROY" CERAMIC INSULAT-

ING MATERIALS 
"IDEAL" RECHARGEABLE 

'CELLS AND CHARGERS 

GENERAL ELECTRONIC VACUUM 
CONDENSERS 

FOR THE FUTURE 
These Manufacturers will help solve your 
post-war problems. 
Register your name now for full details which 
will be sent you when supply conditions again 
permit. 

1.11 RA 
111 R 

LINIITED 
Kingsley Road, BIDEFORD, 

N. Devon 

•  
VICTORY 

PRODUCTION 

WHEN the mission of complete victory 
is accomplished, General Instrument 

will help " Win the Peace " by making 

the best use of still greater knowledge 

and experience in the manufacture of 

variable condensers and drives. 

THE GENERAL INSTRUMENT 
CORPORATION 

ELIZABETH, N.J., U.S.A. 

W HEN you think of plastic 

mouldings for post-war pro-

ducts we suggest you consult 

the Kurz-Kasch " Plastic Round 

Table "—a group of specialists in 

design, materials, tool-up and 

moulding. Kurz-Kasch can give 

you complete service under one 

roof, one responsibility. 

KUFtZ-KASCH INC. 
Moulders of Plastics, 

DAYTON • OHIO 
U.S.A. 

r.....e.......eepmetareeesimafflffleuememmuelbeemeeeeme.meeemeammempeamb. 
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BRITISH INSULATED CABLES LTD. 
Head Office. PRESfr>T—LANCS Tel No PRESCOT 6571 

Tropical Type Paper Condensers in 
Moulded Tubes, ( U.K. Patent No. 506024 and 
application pending) are designed to operate 
continuously in extremely arduous conditions 
of temperature and humidity. 

A SUPERB craftsman was old Stradivari, and 
he set a high standard for quality—long 

ago. Quality ! We have a great affection and reverence for 
that word where R • S Sound Equipment is built. It is our 
watchword. And back of the fine products we deliver are 
an organised responsibility and an unmatched service. These 
are just a few of the reasons why we have demands made upon 
us in other directions which preclude our having unlimited 
supplies of R • S Equipment available for ordinary purposes. 
If, however, you have customers who would like to know 
about the very limited range still available, a penny stamp 
to R • S Amplifiers, Limited, 
3-4, Highfield Road, Shepper- 7.;;;;iels 
ton, Middlesex, will bring you 
our most recent catalogue. 

AMPLIFIERS 

eephonee 
TYPE DJE 

_ 

ACTUAL SIZE 
(Smaller Sizes Available) 

PHENOMENAL POWER SENSITIVITY 
e I dyne per sq. cm. per I micro volt amp. 
WEIGHS ONLY 7 GRAMMES 
e Range of standard detachable mouldings 

FITS INTO EAR CANAL 
e Eliminates interfering sounds 
EXCEPTIONALLY SMALL SIZE 
e Inconspicuous and easy to wear 

IDEAL FOR PORTABLE RADIO SETS 
Sole Manufacturers 

THE BRUSH DEVELOPMENT COMPANY 
CLEVELAND, OHIO 

PROMPT DELIVERIES AGAINST GOOD PRIORITIES 
write for details to 

ELECTRONIC ENGINEERING SERVICES LTD 
SOL! BerrISH OIST.11, 00. 

leJe  

24, STANLEY ROAD, HEATON MOOR 
STOCKPORT 

TELEPHONE: HEATONMOOR 3107 

" THE ALL METAL 
WAY" 

This popular book on rectification, of 
which hundreds of thousands have now 
been distributed, is no longer available. 
As the rectifiers described therein can only 
be supplied against priority orders, as well 
as for reasons of paper economy, the book 
will not be reprinted until after the war, 
when important advanced designs in 
copper-oxide and " Westalite" Selenium 
Compound units will be available for 
general distribution. 

• 

WESTINGHOUSE 
metal rectifiers 

WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 
PEW HILL HOUSE, CHIPPENHAM, WILTS. 
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!tlimile in Three 
Principal Ilaterials 

FREQUELEX 
An insulating material of Low 
Dielectric loss. For Coil for-
mers, Aerial Insulators, Valve 
Holders, etc. 

BULLERS LTD., 
THE HALL. OATLANDS DRIVE, 

WEYBRIDGE, SURREY. 
Telephone: Walton-on-Thames 2451 
Manch Office 196. Deansgate, Manchester. 

efEverythmg 

O.K. Sir. 

Dielectric Loss problems in High Frequency 
circuits have been solved by the use of Bullers 
Radio-Frequency Ceramics. 

Many years of research and development in our 
Laboratories have brought these materials to a high 
degree of efficiency. 
They are in constant use for transmission and reception 
and play an important part in maintaining communication 
under all conditions. 

PERMALEX 
A High Permittivity Material. 
For the construction of Con-
densers of the smallest possible 
dimelsions. 

TEMPLEX 
A Condenser Material of medium 
permittivity. For the construc-
tion of Condensers having a con-
stant capacity of all temperatures. 

Bullers 
LOW LOSS CERAMICS 
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When they have 

finished their 

vital war service 

DAGENITE 

PERTRIX 

AND 

—the dependable BATTERIES 

will again be available 

to all 
FOR RADIO, CARS, MOTOR 

CYCLES, COMMERCIAL VEHICLES, AIRCRAFT, ETC 

Sales Concessionaires: H 0 LS U N BATTERIES LTD. 
137 Victoria Street, London, S.P7.1. 

DI0b. 

THE THREE LATEST 

RAYMART VALVEHOLDERS 
These three types have ribs between each contact to increase the 
effective distance between, and also to prevent tracking. Their 
Pierced solder tag connections protrude through base of Ceramic. 

Other features are standard with other types. See details below. 

TYPE VH8 

Mazda Octal 

1 3 each. 

TYPE VA8 

International 
Octal 

1,3 each. 

TYPE VH9 

British "E" 
type 

1,9 each. 

Bases. These are of the famous RMX low-loss 
Ceramic. 

Contacts. Resilient bronze alloy, sterling silver-
plated, minimum contact resistance. 

Fixing. Floating nickel-plated eyelet (4BA clear-

ance) fitted in strengthening boss in Ceramic. 
Metal floating bushes prevent cracking of Ceramic 
plates. • 

Soldering. Pierced solder tag at end of sockets. 
Types manufactured : English 4- and 5-pin, American 
4.5, and large 7-pin. 
NOTE : English types VH4 and VHS are made In 
three different types with two different fixing 
centres. 

Enquiries invited from Government Departments, 

Traders and Servicemen. We have a civilian allocation. 

RAYMART 
48, HOLLOWAY HEAD, BIRMINGHAM, 1 

Telephone: Midland 3254. 

•11/1.R. SUPPLIES--
still have supplies available for instant delivery of the following FIRST CLASS 
ELECTRICAL, RADIO and INDUSTRIAL MATERIAL. All prime nett each. 
SYNOSIBONOIS TIME SWITCHES. 200/250 v. 50 e. Cap. 10 amps. In 41n. x On. x 51n. 
weatherproof iron homier, with all quick-moving gears fully enclosed, proof from 
damp and lames. Pruision made, self-atarting and completely silent. Fitted 
removable solar device and eupplied with two pre-set riders to provide one " on " 
and one " eff " at any desired Urne in 24 home (antra rider. at 1/8 each). Many 
industrial and domestie applications, laet few, 97/6 each. (Will readers please note 
that all el the open type are now sold.) 

MINIATURE RELAYS (Londex). With 11-volt D.O. coil and breaking 2-polea ( up to 
250 o. 3 amps.) when coil is energised. Approx. 21n, by 1) in. by fin. Tropical spec. 
and high insulation. These can also be wed aa first-rate buzzer. 7 6. 
LABORATORY SWITCHES on mahogany bue, 41n. dis. Snitch arm and rim 
terminal. ( lacquered brass) above and 2•pole change-over, self-cleaning, low capacity 
switeh below. lutrument finish, ex- Govt.. new. 10/6. 
A.17. MAINS BEL/41 (Siemens). Operating direct from 200/250 v. A.C. mains. Well-
made on bakelita bee., 111n, dia., with plated gong and adputable note. 818. Suited 
for office, factory. laboratory, etc., and for use with time switch (above). 

SL/DING RESIBTANCES, 100 watte, fully enclosed housing, Olin. long with bushed 
cable entries. Following range: 4 ohms. 5 amps., 10 ohms 3 ampo., 100 ohms 1 amp. 
and 170 ohm. 0.7 amp. Any one. 25/- 

THERMO-COUPLE AMMETERS (M./Colli, by Welton. Ferranti. Turner, etc., housed 
in black bakelita with 2i in. «mare flange, flush panel requiring 2in. mounting hole. 
Reading 0/2) amps, any frequency AC. and D.O. (de-.hunted def. il to 3 m.a.— 
we cannot eelec)), 87/6. Bx-Ciovt., excellent oondition, tested. 
TRANSFORMER BOBBINS. Prim. tapped 200/250 v. Secs, 350/0/350 v. 75 m.. • 
4 v. 3 a., and 4 v. 4 a., core opening 1* eq. by lfthrough. Semi-standard for man) 
sets, mol. Marconi, Pye, Limon, cte., 1.8/8. This solves your re-wind problem. 
CENTRALAB VOLUME CONTROLS. Direct delivery—no rejects. Following range 
5,000, 10,000, 25,000, 50,000, 100,000 ohm, 5. 5, 1 and 2 megohnu. Len switch, 
3/11. With switch, 5/3. 
ROTHERMEL-BRUSH PIEZO-ORYSTAL MICROPHONES. The fitment» 13.504 in 
exolunve, robust hookas with knuckle.joint for angle adjustment And dire:it-fixing 
mounting hoe. fide. Unread). Rea. level to abt. 8,000 c/a. elenetivity--00db. With 
Mt, ureued lead, 78/... Appropriate portable Floor Stands, ext. to 5ft. tin., and col-
hinder to 21%, in ehrominm, 42/-. Also same make, MINIATURE PH/Fe-CRYSTAL 
MICROPHONES, only I tin. die, and capable of very fine performance. In aluminium 
housing with ahort-ecreened lead but no front grille, 2718. 
=MON HEADPHONES. New, in makers' boxes, with headband, 2,000 ohms. 
25/- pr. Alan same malee, 'second-hand, 2,000 ohms, 8/8 each tingle phone. 
O.E.C. PUBLIC ADDRESS SPEAKERS. Latest 10-watt P.M. Unit, 15 ohms imp.. 
with buitt.in IL, t must, and 42in. all.inetal round expon. horn, 210.11.0 (our. 7161. 
Also same unit with 00M. strong corium. horn, 118.1.2.8 (caer. 6/81. b-watt INDUS-
TRIAL P.M. SPEAKERS, in gin. metal drum, with line transformer, 48/... 
ROTHERMEL PIEZO-CRYSTAL PICKUPS. Further small delivery now to hand. 
Black bakralte model, 78/9. 'rho well-known 9.8 with channel steel arm. 75, 
(il out of stock of bakelite model we send 8.8 and refund difference, falling contrary 
utructions). 

P10,00 include sufficient for packing,postage—excess refunded. Avoidance of C.O.D. 
appreciated -doff a)iortage. 

M.R. SUPPLIES, 68, New Oxford Street, London, W.C.1. 
  (Telephone : MUSeum 2958)  

Me basic pri»cVe of 

LOW LOSS 

1g nib% CABLES 
linequaikeAlbeererb:eí 
There is o (PAX (»We kveYezefflarpore 

'811SRAMO LID. :13. 16 HIGHWItY•BEAfONSFIEI r 
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TH E MEASURE 

CHIEVEMENT•• 

THE Marconi organisation has a tra-
ditional place in the development of 
electrical communications. It has 
made, and is making, radio history; it 
will add to its achievements in days to 
come. 
The complex field of electrical measure-
ment—a field as wide as radio engineer-
ing itself—is the special concern of 
Marconi Instruments. Here are pro-
duced the means to prove and test and 
measure performance in communica-
tion equipments and their components. 

Precision is an essential require-
../ ment in the construction of all 

electronic devices—especially so 
where the device itself must measure 

within fine limits of accuracy. To such 
demands of skill and workmanship 
Marconi Instruments bring unique ex-
perience to bear and knowledge derived 
from practical contact with the whole 
range of Marconi production. The 
applications of their products increase 
with advances in communication tech-
nique and exemplify the creative genius 
of radio engineers. 

laU Instruments Ltd 
ELECTRA HOUSE, VICTORIA EMBANKMENT, LONDON, W.C.2 

SILVERED MICA CONDENSERS 

Oversha 

ail others ia 

filaenal 

performance 

Incessant progress in methods of 
manufacture and research linked 
with the most thorough mechanical 
and electrical inspection, are reasons 
for the outstanding superiority of 
U.I.C. Silvered Mica Condensers. 
Available in all standardized sizes. 
Suitable for tropical and arctic con-
ditions. Type approved. 

UNITED INSULATOR C°. 
12-22, Veleta SIREET, 0400ti, E.C.1 

Tinus 7383 (5 lines 
Tes: Calanel, SmIth, London 
Grams:  
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Industrial tight-rope 

THE great Blondin delighted and terrified our grandfathers 
with his famous tight-rope act between the towers of the 

Crystal Palace. But the man in the wheelbarrow was not 
terrified. He knew that behind him was one whose sound 
balance and ripe judgement would never let him down. 

On the tight-rope of modern industry, with new 
war-time problems springing up on every hand, even the most 
resolute of manufacturers needs expert guidance. However 
wide his-own knowledge he cannot be a specialist in all fields 
and is glad to know that with him is the Simmonds Organisa-
tion armed with its range of ingenious and well-tried products. 

SIMMONDS 
In high service to 

AERONAUTICAL, INDUSTRIAL & MARINE 
Construction 

THE SIMMONDS NUT • PINNACLE NUT • SPIRE NUT • SIMMONDS INSTRUMENTS, 
CONTROLS AND ELECTRONIC PRODUCTS • FRAM OIL AND ENGINE CLEANER 

• SIMMONDS AEROCESSORIES LTD. 
GREAT WEST ROAD, LONDON 

A COMPANY OP THE SIMMONDS GROUP 

LONDON MELBOURNE MONTREAL PARIS NEW YORK 

P.23 
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Branch Offices: 

CovErmtv: 

8-10, Corporation Street. 
Telephone: Coventry 5210. 

Telegrams: 
" Autocar, Coventry." 

BIRMINGHAM : 
Guildhall Buildings, 
Navigation Street, 2. 

Telephone: 
Midland 2971 (5 lines). 

Telegrams : 
" Autopress, Birmingham." 

MANCHESTER: 
260. Deansgate, 3. 

Telephone : • 
Diackiriars 4452 (4 lines) 

Telegrams : 
" ' lifts, Manchester. 

GLascow: 

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

Telegrama: " Wife, Glasgow." 

A 
As many-of the circuits and 
apparatus described in these 
pages are covered by patents, 
readers ors advised, before 
making use of them, to satisfy 
themselves that they would 

not be infringing patents. 

fif• • mature I.F. Transformers I 
DESIGNED FOR MAXIMUM 
GAIN AND SELECTIVITY IN 

THE SMALLEST DIMENSIONS 

1 HIGH ROAD, TOTTENHAM, N.I. 

The coils are contained in enclosed pot-type 
iron dust cores, tuning adjustments being 
obtained by means of adjustable iron dust 
centre cores. 

Fixed tuning condensers are contained 
inside the screening can. 

Units are made with a number of variations 
in windings and coupling coefficients for 
certain circuit conditions, but five Standard 
types are recommended for general use. 

Wartime restrictions prevent our 
accepting orders other than those 
cavered by priority numbers. 

The illustration shows the actual size of the 
Unit which is provided with one hole 
fixing, the terminal wires being fed through 
insulated bushings which, in turn, prevent 
movement of the transformer when 
mounted in position. 

WRIGHT& WEAIRE LTD.  ITelephone: TOTtenham 3847-8-9. 
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Valves and Speed 
Speed is more important to-day than ever 

before in the world's history. Its accurate 
measurement — from the speed of light down to 
the relatively slow speed of a racehorse — can 
be more easily and positively achieved by elec-
tronic means than in any other way. 

And so the thermionic valve can serve the 
community with equal facility in the social as 

DOMESTIC 

well as the industrial sphere. For example, 
when associated with photo-electric cells in a 
suitable apparatus, it will time with abso-
lute accuracy the contestants in a race, be 
they horses, motor-cars or aeroplanes ; and 
it will also photograph them automatically 
at the precise instant they pass the winning 
post. 

MULLARD 
THE MASTER VALVE 

A Valve for Every Purpose 
• COMMERCIAL • INDUSTRIAL • SCIENTIFIC • MEDICAL • EXFERIMENTAL 

THE MULLARD WIRELESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. (67) 
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Reorganising Broadcasting 
Some Drastic Proposals Examined 

EVER since the middle of the summer, when 
the Minister of Information invited Parlia-
ment to conduct " a complete examination 

of the whole set-up of the B.B.C.," many sugges-
tions have been made for changing the constitution 
of British broadcasting. Many of the proposals 
put forward bear the stamp of " B.B.C.-baiting," 
with which we are all too familiar, but a few truly 
constructive suggestions have been made. At a 
time when the B.B.C. is celebrating its 21st birth-
day it seems to be almost lacking in good taste to 
spoil the party by drawing attention to schemes 
that in at least one case would spell the virtual 
demise of the Corporation. But, although the 
B.B.C. Charter does not expire until 1946, it is 
obvious that, if sweeping changes are decided to 
be necessary, they must at least be ready to be put 
in train as *soon as the war ends. Without full 
knowledge of plans for the future it would be im-
possible to formulate a rational programme of 
post-war broadcast receiver production, to say 
nothing of many other aspects of the matter. 
As long ago as 1938 Wireless World put on 

record its opinion that the basic weakness of British 
broadcasting lay in the lack of competition. While 
freely admitting that, wrongly applied, competition 
might introduce waste and even worse abuses, we 
have long maintained that it would provide an 
essential stimulus. The competitive principle 
seems at last to be more generally accepted, and, 
if we agree it is desirable, the basic problem now 
seems to be the devising of means for putting the 
principle into practice. On the following pages is 
printed the gist of two proposals that, in greater or 
lesser degree, provide the element of competition. 
The first plan, worked out in considerable tech-

nical detail by members of the Cossor research 
laboratory staff, is a comprehensive one for the 
nation-wide distribution of both sound and vision 
broadcasting. It is proposed that the B.B.C. shall 
continue home medium-wave and overseas short-
wave broadcasting as well as television transmis-
sion on the present monopolistic basis, but that, in 
addition, the country shall be covered by a 

number of frequency-modulated ultra-short-wave 
sound broadcasting stations operated entirely by 
independent bodies. 

Slightly higher definition standards and carrier 
frequencies than those of pre-war are suggested for 
the television transmissions, which, it is argued, 
would enable us to " approach a virtually perfect 
monochromatic service without an additional change 
of system." What we are chiefly concerned with 
here is the proposal for establishing hundreds of 
independent FM stations which would, it is sug-
gested, be licensed to commercial concerns, educa-
tional bodies, etc. Although advertising would be 
permitted, it is expected that not all the stations 
would be " dominated by advertising interests." 
One is tempted to speculate on who would, in fact, 
tender for the right to operate such stations; also, 
on what basis, and by whom, licences would be 
granted. Would any sufficiently powerful interests 
arise to acquire the group of 12 stations necessary 
for covering the whole country? Unless complete 
national coverage is assured we are not convinced 
the independent stations, working separately, 
would ever gain a sufficiently wide audience to in-
fluence the B.B.C. by the spur of competition. If 
we have a criticism of this part of the scheme, it 
is on thè basic grounds that it savours of region-
alism or even of parochialism. It runs counter to 
the true spirit of broadcasting, which is not the 
proper medium for serving local audiences or sec-
tional interests. But these weaknesses are not in-
herent in the scheme of competitive FM stations; 
indeed, the whole plan does, in fact, provide 
answers to many broadcasting problems. 

Exit the B.B.C. ? 
The second proposal, put forward by a writer in 

The Economist, is more drastic. As will be seen 
from our published extracts, it is suggested that 
three competing programme companies be given 
the right to broadcast, presumably over three net-
works of equal nation-wide coverage. The com-
panies would derive their funds in part from equal 
shares of the licence revenue; in addition, an extra 
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share of the licence fee would be voted by the indi-
vidual listener to his favourite company. Such a 
system certainly introduces the element of competi-
tion in full measure, but, in spite of any safeguards 
that might be devised, we feel that too much would 
depend on the constitution of the programme com-
panies to justify such a drastic change. The temp-
tation in such circumstances to lower the level of 
taste of the programmes would be more than any 
profit-making organisation could be expected to 
resist. The problem raises political issues that 

cannot be discussed here, but we doubt if many 
students of broadcasting organisation would 
claim that the British system should be under the 
control of virtually unrestricted commercial enter-
prise. If that be admitted, we get back to an 
alternative something like that proposed by this 
journal in October last year, when we suggested 
the setting-up of independent and competitive 
" Programme Boards" on B.B.C. public-service 
lines. That principle could be combined with 
some of the features, including the FM network, 
of the two plans we have been discussing. 

PLANS FOR POST-WAR 
BROADCASTING 

Competitive Systems : Television Distribution 

BELOW are printed summaries 
of two distinct proposals for 
drastic reorganisation of 

British broadcasting after the war. 
One deals with television and 
sound broadcasting, the other 
with sound broadcasting only. 
Both raise issues that are highly 
controversial, but, except for the 
fact that they both suggest sys-
tems introducing the element of 
competition, they have otherwise 
little in common. 
The first proposal, described as 

a " Plan for Post-War Broadcast-
ing in Britain," was evolved in 
the Cossor Research Laboratories, 
and presented by K. I. Jones and 
D. A. Bell before the I.E.E. on 
November i6th. It is a compre-
hensive and detailed proposal for 
putting into operation imme-
diately on the cessation of hos-
tilities, though in the first stage 
work would be limited to the de-
sign and production of the neces-
sary transmitters and receivers. 
As apparatus became available, 
the plan would become operative 
area by area. 

In broad outline, the essentials 
of the scheme is that medium- and 
short-wave broadcasting should 
still be carried out by the B.B.C., 
which would also conduct a 
nation-wide television service. 
Each area served by a television 
transmitter would also be served 
by twelve FM sound transmitters, 
each covering the whole of that 
area, as well as by 24 secondary 
FM sound transmitters able to 
cover parts of the area. These 

stations would not be operated by 
the B.B.C. but by commercial 
concerns, educational bodies, etc. 

Questions of finance are touched 
upon, and it is suggested that the 
establishment and operation of a 
television network by the B.B.C., 
in addition to its other services, is 
possible within the framework of 
the present licensing system. But, 
to meet the capital cost of equip-
ment, the Corporation, instead of 
working on its revenue as here-
tofore, would probably be com-
pelled to borrow. The independ-
ent operators of the FM USW 
stations would in some cases 
derive their revenue from adver-
tising, but it is claimed that there 
would be no necessity for all of 
them to be " dominated by adver-
tising interests." It is pointed out 
that before the war a i kW. FM 
station, excluding the building 
and aerial, cost in America be-
tween £2,000 and £2,500, and so 
the acquisition of a station would 
be within the means of a Univer-
sity or County Educational Com-
mittee. 

Television Distribution 
Technical considerations have 

been taken fully into account in 
formulating the plan, and it is 
concluded that all the populous 
areas of the country can, in the 
initial stations, be provided with a 
television service distributed 
through i2 stations and only three 
different frequencies. A definition 
standard of 525 lines, with inter-
laced scanning and a frame fre-

quency of 50 (25 complete scans) 
per second is suggested. (Pre-war 
standard was 405 lines.) To re-
strict band-width, the modified 
form of single-sideband transmis-
sion known in America as " vesti-
gial sideband" is proposed; this 
would require a band-width of 
about 4 Mc / s. The accompanying 
FM sound channel, allowing a 
separation of 5 per cent. and a 
modulation swing of ± kc/s, 
would require a band of 0.35 
- Mc / s ; say, to be on the safe side, 
5 Mc /s for the complete sound 
and vision channel. Proposed 
sites of stations are shown on the 
map on the opposite page. 
Each area served by a television 

station would be allotted a band 
of 3 Mc /s in addition for the inde-
pendently operated FM sound 
transmitters, making 8 Mc / s per 
area for both forms of UHF 
broadcasting. The allocation of 
three of these 8-Mc /s bands be-
tween the 12 areas would be made 
in such a way as to reduce mutual 
interference to a minimum. De-
tailed proposals are made, and it 
is stated that it would be possible 
to provide 12 primary or first-
grade channels and two blocks of 
12 secondary channels in each 
area. In addition, restricted use 
might be made of the vision chan-
nels at times when the television 
transmitters were inoperative. 
Allowing these additions, each 
area would have one television 
channel, r 2 primary and 24 
secondary sound channels, and 40 
restricted sound channels; a grand 



total of 924 USW transmissions 
for the whole country! To accom-
modate this system it is suggested 
that the UHF broadcasting band 
should be extended to cover from 
40.5 to 64.5 Mc / s ; the television 
channels would be put at the top 
of this band so as to secure a 
better ratio of carrier to modula-
tion frequency. 

"THE FUTURE OF 

BROADCASTING" 

iE following are extracts from 
an article in The Economist 

in which the basic constitution of 
British broadcasting was exam-
ined and proposals made for a 
drastic change in the present 
system :— 
The great vice of the B.B.C. is 

timidity. The B.B.C. is a mono-
poly, but, it is in the opposite posi-
tion to the traditional monopo-

Wireless World. 
list. It cannot defy the public; 
just because it is fair game for 
everybody, it cannot afford to 
offend anyone. If the churches 
want more religion, if the Welsh 
want more Welsh, if the Tories 
'want less Socialism, if the inter-
nationalists want more pacifism, 
if more Russian and less German 
music is demanded on political 
grounds, if each of the United 
Nations has to have an equal 
measure of broadcast " salutes" 
—the B.B.C. must listen to them 
all. It may not be able to gratify 
their po§itive wishes, but at least 
it can avoid offeneling their mutu-
ally offsetting phobias. The only 
way by which it can give tongue 
for 120 hours a week (which is one 
service only) without danger-
ously offending anyone is to take 
refuge in timid mediocrity. The 
B.B.C., in fact, exhibits all the 
vices that might be expected from 

Map showing proposed location of stations for providing a television 
service for the more densely populated areas of the country. Each tele-
vision zone would also be served by a group of FM sound broadcasting 

stations. 
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a State-run cultural institution. 
It should not be blamed; it is 
doing its best. 

This timidity does not emerge 
solely from the fact that the 
B.B.C. is a Government body 
about which questions can 
(within limits) be asked, and 
motions made, in the House of 
Commons. Any monopolist 
broadcasting body would be in the 
same position. So long as it can-
not, in the last resort, say to its 
critics, " Programmes are a mat-
ter of judgment, and.if you don't 
like our judgment you can listen 
to somebody else's programmes," 
it must be a compromising body. 
Nevertheless, the element of poli-
tical control, however much 
diluted, does reinforce this general 
tendency, and any attempt to in-
crease it would -make matters 
worse. If the B.B.C. were made 
responsible to the House of Com-
mons, if it were open to criticism 
by the House on the details of its 
activities, to which it could reply 
only through the mouth of a 
Minister who might, or might not, 
be sympathetic—in such condi-
tions its programmes would be-
come even more anodyne than 
they are. 

One obvious question is . . . 
the financing of broadcasting by 
advertising. . . . The chief 
example of this system is in the 
United States, and American 
broadcasting has much more to 
be said for it than might be 
thought on a priori grounds. It 
certainly has life and more 
variety than the B.B.C., and the 
advertiser's influence does not 
drag the programmes down to the 
lowest common denominator. 
But, on analysis, the virtues of 
American broadcasting are not 
due to its advertising sponsorship 
(except perhaps in respect of the 
ample funds that are thereby 
made available to the programme-
builder) so much as to fhe fact of 
competition. The four big net-
works compete most fiercely and 
directly for the listener's and the 
advertiser's favour, and both live-
liness and variety are due to that. 
Competition might achieve them 
without advertising—advertising 
without competition certainly 
would not. 
The future basis for British 

broadcasting should, therefore, be 
one of licence-financing combined 
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with competition, thus including 
the best features of both the 
present British and American 
systems. If licence revenue alone 
cannot provide adequate funds, 
then (and then only) a certain 
minimum of advertising might 
perhaps be admitted in off-hours. 
But the essential thing is to secure 
competition, which would not 
only rescue the B.B.C. from its 
present exposed position and re-
move the causes of timidity but 
compel attention both to life and 
to variety. 

This result would not be diffi-
cult to achieve. Let the State 
own the physical apparatus 
(whether by radio wave or by 
wire) and apportion its use to the 
competing broadcasters on an 
equitable basis. Let, say, three 

Wireless World 
competing programme companies 
be chosen. If more than three 
otherwise qualified groups offer, 
let there be a competitive bid for 
the right to use the physical facili-
ties. Let the contract include con-
ditions which would specify the 
hours of broadcasting and the 
number and type of separate pro-
grammes to be transmitted. Let 
25 per cent. of each listener's fee 
go automatically to each of the 
programme companies. And let 
each listener, on paying his fee, 
nominate one of the three com-
panies to receive the final 25 per 
cent, of his fee. These details 
are, of course, only illustrative of 
a general principle by which the 
interests of the State could be 
combined with a healthy liberty 
of development for the youngest 
art. 

ULTRA-VIOLET RADIATION 
Variation Over the Sunspot Cycle 

IN a recent letter to Nature' , 
J. R. Ashworth gives details 
of a daily record of visible 

lght rays and of invisible ultra-
violet rays of a wavelength not 
much shorter than that of violet 
light. His records have been 
made at a site near Manchester 
for the past II years, and thus 
extend over a full cycle of solar 
activity. 
The sun's ultra-violet radiations 

are of significance to radio engi-
wers in that they appear to be 
the principal agency in the pro-
duction of the layers of ionised 
gas lying in the high atmosphere 
which act as a refracting media to 
short radio waves and thus 
render possible their use for com-
munication over long distances. 
As is well known, these layers are 
much more highly ionised at the 
sunspot maximum than at the 
minimum. Sir Edward Appleton 
has shown, for example, that from 
the sunspot minimum period of 
1934 to the maximum of 1937 the 
ionisation in the E layer increased 
by 50 to 6o per cent., and that 
this implied an increase in the 
ionising ultra-violet radiation of 
120 to 150 per cent. 

Violet light is of wavelength 

3900 A2 and the radiations which 
perform the work of ionising the 
atmospheric gases are of much 
shorter wavelength than this. 
Ultra-violet rays near in wave-
length to those of the visible light 
are capable of penetrating the 
gases and of reaching the ground, 
but those below wavelength 2850 
A do not do so because of absorp-
tion by atmospheric ozone. This 
gas absorbs all the solar radiation 
down to 2000 A, and the still 
shorter waves are absorbed by 
other gases. Radiations of wave-
lengths 1250 A and beyond, to-
wards the far ultra-violet (shorter 
wavelength), appear to be those 
responsible for the ionisation of 
the refracting layers. 
At the maximum of the sunspot 

cycle—when the sunspots and 
flocculi are much more in evidence 
on the sun than at the minimum 
—it would seem that the sun would 
be in a much more active state 
than at the minimum and that 
its radiations of all wavelengths 
would be stronger. That would 
account for the big increases in 
atmospheric ionisation at that 
period. 
But the large variations in the 

strength of the sun's radiations 

'Nature, Vol. xsz, No. 3853, Sept. x8th, 1943, A Angstrom unit; t Angstrom unit 
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over the cycle would seem to be 
largely confined to those of very 
short wavelength; i.e., those at 
the far ultra-violet. It has not 
hitherto been thought that there 
is much variation in the amount 
of visible light, for example, over 
the sunspot cycle, at least at 
ground level. 

Mr. Ashworth's letter states that 
his measurements—of the day-
light and near ultra-violet—do 
show variations and that they are 
in an opposite sense, to those of 
ionisation. For he says that at 
the last minimum period the rays 
were of maximum intensity, and 
decreased to a sharp minimum at 
the sunspot maximum of 1937, 
since which time they have again 
been increasing in intensity. The 
ultra-violet rays rise and fall 
over the period more slowly than 
do the daylight rays. Last year 
for example, the intensity of the 
ultra-violet radiation was, in arbi-
trary units, 720, as compared with 
422 nuits in 1937, while the in-
tensity of the daylight radiation 
was 1,817 units as compared with 
764 units in 1937. The intensity 
of both classes of radiation is still 
rising as the sunspot minimum 
approaches. 

Impeding the Rays 
Mr. Ashworth puts forward in 

his letter a tentative view to 
account for this apparently anomo-
bons variation in the intensity of 
the radiations reaching the 
ground. He says that, though 
the solar activity may be greater 
at the sunspot maximum, the 
rays at that time must be more 
impeded on their journey towards 
the earth. And since the atmo-
spheric ionisation is greatest at 
that time and supposing that the 
ionisation is, either by itself or 
by some property of which it is an 
indication, capable of impeding 
the passage of the rays, then the 
reduction in their intensity at 
sunspot maximum would be 
accounted for, as also would the 
increase in the intensity at the 
sunspot minimum. 

In other words, it would seem 
that effects which accompany 
the atmospheric ionisation act 
as a partial shield to the daylight 
and near ultra-violet rays, and 
thus cause their intensity at the 
earth's surface to vary periodic-
ally in antiphase to the sunspot 
numbers and to the atmospheric 
ionisation itself. T. W. B. 
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Practically all waxes are used 
to " separate or isolate," but 
the degree of insulation pro-
vided by the different types 
of waxes varies enormously. 

There is obviously no higher 
degree of insulation required 
than that of electrical com-
ponents and apparatus in 
intense electrical fields, es-
pecially in the extremes of 
conditions to which they are 
subjected to-day. 
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SIMPLIFYING 

THE "QUALITY AMPLIFIER" 
Wartime Modifications to a Well-known Design 

I
N its original form the Wireless 
World Push-pull Quality Am-
plifier had for its output stage 

a pair of PX4 valves in push-pull, 
operated at slightly less than the 
maker's rating and giving some 
4 watts output. They were fed 
from a penultimate stage having 
a pair of MHL4 valves in push-
pull with resistance-capacity 
coupling. The power unit was 
built on the same chassis and 
arranged for energising a speaker 
field and running a small receiver 
for driving the amplifier. No 
special input system was provided, 
and the amplifier required an 
input balanced to earth in the 
conventional push-pull form. 
Several feeder units of different 
types, requiring a single-phase 
input and delivering a push-pull 
output, were described for driving 
the amplifier. • 
From time to time during the 

nine years that have elapsed since 
the amplifier was originally 
described modified versions have 
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made their appearance. The 
changes made in these later 
amplifiers have all fallen into one 
or other of two categories. Some 
changes have been made because 
it has been found that the same 
performance could be obtained 
more simply or with an economy 
of material. Among these, the 
most notable is the adoption of a 
common cathode-bias resistance 
for each pair of push-pull valves, 
leading to the saving of one 
resistance and two electrolytic 
condensers in each stage. Other 
changes have occurred because 
valve makers have changed the 
rating of their valves. PX4 valves, 
for instance, were changed from 
a rating of 48mA at 250 volts to 
48mA at 300 volts. By adopting 
the higher rating a considerable 
increase of output became possible. 

Initially the PX4 valves were 
operated at 250 volts, 35mA 
apiece. This was adopted chiefly 
because the maximum current 
rating of a single rectifier valve 
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at that time was szomA, and it 
was desired to have a reasonable 
surplus current for the rest of the 
apparatus. It was found, too, that 
a really undistorted output of 
4 watts was obtainable, and this 
was considered to be ample for 
nearly all domestic requirements. 
At the present time there are 

many of these amplifiers in exist-
ence, and even now one would be 
hard put to it to design one having 
a better performance. The purpose 
of this article, therefore, is not to 
indicate any improvements that 
can be made, but rather to stress 
the simplifications which are 
possible without affecting per-
formance. This is particularly 
necessary at the present time 
because components are hard to 
get and, in the event of a break-
down, it may be found desirable 
to rearrange the amplifier to a 
more economical circuit than the 
original one. 
The amplifier is still based on 

the PX4 valve for the output 
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Fig. I. A wartime version of the Quality Amplifier; complete circuit diagram with values, including phase-
splitting input stage. The rectifier valve V6 may be a U12/14 or similar type. Except where otherwise indicated, 
the voltage rating of condensers should be not less than 350 volts, while resistances can be the usual 4-watt type. 
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Simplifying the " Quality Amplifier" 
stage. In the interests of valve 
life, it is recommended that the 
original rating adopted for this 
amplifier of 250 volts, 35mA 
be employed. The life at the 
maker's full rating is quite a 
reasonable one, judged by peace-
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higher gain valve and positive 
feed-back on the lower gain valve. 
There is thus an inherent self-
balancing tendency in each indi-
vidual push-pull stage. 
An amplifier built to this circuit 

diagram has been in regular use 
for the last five years with corn-
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leak than one which has been 
stored away in a drawer, because 
the internal heat in the set will 
have tended to keep it dry. 

If a coupling condenser leaks, 
it means that a part of the steady 
anode voltage of the previous 
valve is applied to the grid of the 
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Fig. 2. Modification to allow the use of American-type tetrodes in the output stage, with negative feedback. In 
this form, the output of the amplifier is about 6 wat s. An indirectly-heated rectifier (M1.112/14 or similar) should be 

used in order to obviate undue HT voltage rise. 
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time standards. But, at a time 
when one is lucky if one can 
obtain a replacement at all, this 
is not good enough, and it is a 
wise plan to extend the life by 
under-running the valve some-
what. The anode dissipation at 
the recommended conditions is 
only 8.75 watts per valve. 
The circuit diagram of the com-

plete amplifier, including a phase-
splitting input valve, is given in 
Fig. r. If the coupling resistances 
and valves are balanced, the 
amplifier in whole and in part is 
balanced, and feed-back effects 
do not occur in spite of the lack 
of decoupling. In practice, even 
if perfect balance is not achieved, 
the overall unbalance is not great. 
The common cathode resistances 
help here. In a push-pull stage 
having a common cathode resist-
ance, if one side amplifies more 
than the other, so that the alter-
nating anode current of one valve 
is greater than that of the other, 
there is negative feed-back on the 

plete satisfaction. During this 
time the only repair or replace-
ment needed was to one electro-
lytic condenser in the smoothing 
circuit. The original valves are 
still in use. By adopting this 
economy circuit, therefore, one 
need have no fear of any deterior-
ation of performance or relia-
bility. 

Leaky Coupling Condensers 
A word of warning is advisable 

in connection with the coupling 
ceendensers, however, and this 
applies to any resistance-coupled 
amplifier. " New " condensers 
available to-day are probably old 
stock, and condensers from the 
junk box are certainly old stock. 
If the condensers have not been 
stored in a really dry place it is 
quite probable. that a certain 
amount of moisture has found its 
way inside, with the result that 
they leak somewhat. An old con-
denser from a set which has been 
in regular use is less likely to 

next, seriously affecting its operat-
ing conditions. In the case of the 
early stages no damage is likely 
to result, because the various 
circuit resistances limit the cur-
rent to a reasonably safe value. 
With the output stage, however, 
matters are very different. A 
leak in a condenser coupling to 
the grid of an output valve may 
result in such a heavy anode cur-
rent that the valve will soon loose 
emission. When that occurs the 
other output valve will be under-
biased and may also be damaged. 

It is, therefore, very necessary 
to check coupling condensers for 
leakage. This can readily be done 
in the amplifier itself. Place a 
milliammeter in the anode circuit 
of the valve immediately follow-
ing the condenser, and note its 
reading carefully. Then short-
circuit the grid leak of that valve. 
The reading now obtained should 
be identical with the first; if it 
is lower, the condenser is almost 
certainly leaking and should be 



discarded. The test is somewhat 
better if the valve immediately 
preceding the condenser is re-
moved, since a somewhat higher 
voltage is then applied to the 
condenser. 

If one cannot replace a slightly 
leaking condenser at once, one 
should keep a careful watch on it 
and check it regularly, for small 
leaks almost invariably become 
big ones in quite a short time. 
For instance, if it is found that 
the current of one PX4 valve 
drops .from 36mA to 35mA on 
short-circuiting its grid leak, one 
would have no cause for worry, 
provided that one could be sure 
that the condenser would get no 
worse. The differenCe in perform-
ance caused by such a leak would 
be negligible, but there is a strong 
probability that within a few 
weeks the leakage would so in-
crease that the life of the valve 
would be seriously endangered. 

Considerable latitude is possible 
in the mains equipment. The 
transformer rating shown pro-
vides sufficient surplus voltage 

CI 
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duced to about 350 volts only. 
This will permit the rating of the 
reservoir condenser C9 to be re-
duced to about 500 volts. On the 
other hand, if a transformer of 
higher voltage is available, there 
is no reason why it should not be 
used provided that the value of 
R i5 and the rating of C9 are in-
creased appropriately. 

Substitute Valves 
All this is satisfactory as long 

as one has PX4 valves to use in 
the output stage. The early stages, 
including the phase-splitter, are 
not critical, and while the MHL4 
type is recommended, the MH4 
or equivalent types can be substi-
tuted with but little effect pro-
vided that the push-pull pair are 
of the same type; component 
values are unchanged. 
As the maker's rating of the 

PX4 valve exceeds io watts, even 
replacement valves are not ob-
tainable without a licence. Even 
then they are hardly easy to get. 
It is, however, possible to use the 
American type 6V6G, and this is 
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shown in Fig. 2. It is necessary 
to find by trial the correct connec-
tions for the " PX4 winding 
since the voltage applied to the 
6V6G valves will be either 6 volts 
or 2 volts according to whether the 
two windings assist or oppose each 
other. The difference is large, 
however, and there is no difficulty 
in deciding by the brightness of 
the glow of the cathodes which are 
the correct connections. 
The 6V6G is a tetrode. It can 

be used as a triode by strapping 
screen and anode. Unfortunately, 
it is not nearly such a good triode 
as the PX4, and a pair will not 
give much more than z watts 
output. Ample output with low 
valve distortion can be obtained 
using the valves as tetrodes, how-
ever, but, because of their high 
AC resistance, transformer distor-
tion will be high unless negative 
feed-back is used. 

Feed-back is easily introduced, 
and the simplest arrangement is 
shown in Fig. 2. Independent 
cathode resistances are now used 
in the penultimate stage, and a 
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Fig. 3. A radio-gramophone unit for use with the amplifier, to which 
it is connected by the multiple plug shown. do should be an electro-

lytic condenser of zz volts rating. 

for energising a 1,25o-ohm speaker 
field and sufficient current for a 
reasonably large receiver to drive 
the amplifier. The speaker field 
itself is, of course, connected in 
place of L2 and R15. If it is not 
desired to energise a field, these 
components are needed for smooth-
ing and to drop the voltage to 
the correct level. Alternatively, 
and more economically, the resist-
ance R15 can be omitted and the 
mains transformer winding re-

believed to be more readily 
obtainable. A licence is also 
needed for this valve. 
The 6V6G is an indirectly-

heated beam-tetrode with a 
6.3-volt heater and an octal 
base. It is, therefore, necessary 
to change the valveholders and to 
arrange for a 6-volt heater supply. 
This last is easily done, for 6 volts 
can be obtained by connecting 
one-half of the " PX4 winding 
in series with the 6-A winding, at 
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resistance and condenser in series 
are connected from each output 
valve anode to the cathode of the 
valve feeding it. The values shown 
give an effective output 
resistance about equal to that 
with PX4 valves, and a simi-
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larly low distortion level is 
secured. With i,000-ohm cathode 
resistors for the MHL4 valves, 
the feed-back resistors R2o and 
R2/ should be 25,000 ohms. 

Using this arrangement the 
performance, with one exception, 
should be the same as that of the 
original amplifier. The exception 
is in the input required, which will 
be nearer 7 volts peak than the 
original 3.5 volts. The reason for 
this lies partly in the lower mutual 
conductance of the 6V6G valves. 
It is a fortunate circumstance that 
the 6V6G valves need the same 
load impedance as the PX4 type 
under the conditions adopted— 
namely, io,000 ohms total—so no 
change in the output transformer 
is required. 
Turning now to methods of 

feeding the amplifier, the possi-
bilities are so many that one 
cannot do more than indicate 
briefly some of the arrangements. 
For gramophone, a single-stage 
pre-amplifier giving bass-boost to 
correct recording deficiencies is all 
that is necessary in most cases. 
Two stages may be needed for an 
insensitive pick-up. 

This arrangement with a simple 
receiver is illustrated in Fig. 3, 
where R9 is the gramophone 
volume control and V3 the pre-
amplifier. RI2 and CI I give a 
fixed degree of bass boost, and Si 
is the radio-gramophone switch. 
The receiver is a simple RF-

detector set without reaction and 
with three tuned circuits. Selec-
tivity is ample for local reception, 
and the gain is sufficient for short-
distance work with even a very 
poor aerial. The set is not in-
tended for anything but the recep-
tion .of nearby stations. Gain 
control is carried out by varying 
through R2 the cathode bias on 
the RF valve, which should 
be of the variable-mu type. 

Separate valves are used for the 
detector and the gramophone pre-
amplifier in order to save switching 
in RF circuits. This circuit was 
adopted largely because an exist-
ing receiver was modified, and it 
was necessary to avoid altering the 
panel layout. The extra switching 
needed to make the detector act 
as the gramophone pre-amplifier 
and so save a valve, could not 
readily be introduced, and it was 
simpler to use an extra valve than 
to carry out extensive mechanical 
alteration of the set. Actually, it 
is not as uneconomical as it looks. 

Wireless World 

BOOK REVIEW 
Radio Receiver Design. By K. R. 
St u r le y, Ph.D., B.Sc., 
A.M.I.E.E. Pp. 435 + xii. Pub-
lished by Chapman and Hall, 
Ltd., ii, Henrietta Street, 
London, W.C.2. Price 28s. 

• This book is one-half of a com-
plete whole which is yet to be. On 
account of the war only Part I has 
so far been produced, and this deals 
with receiver design from the aerial 
to the detector, but not beyond. 
The AF amplifier, power supply cir-
cuits, television and frequency-
modulated receivers are to be dealt 
with in a future volume. 
The book opens with a discussion 

of general principles, in which 
modulation forms are described 
somewhat briefly. Valves are then 
dealt with. This chapter starts by 
explaining the principles involved, 
goes on to treat the method of draw-
ing load diagrams on the valve 
characteristic curves, and concludes. 
with a long and detailed analysis of 
the effect of valve inter-electrode 
capacities. 

Aerial coupling circuits are very 
thoroughly treated, and from an 
eminently practical viewpoint. In 
common with the rest of the circuit 
discussion, the treatment is 
mathematical. The beginner, how-
ever, should not be deterred by this, 
in spite of its apparent complexity— 
wherever one opens the book one 
can hardly fail to see at least one 
equation. Most of the equations 
can be followed readily with a 
knowledge of simple algebra, to 
which is added a smattering of 
complex numbers. To help the 
reader who is unfamiliar with the 
latter, they are simply described in 
an Appendix on the " j " notation. 
RF amplification, and later IF 

circuits, are dealt with not purely 
from the circuit point of view, but 
also taking into account those 
effects of curvature of the valve 
characteristics which are likely to 
result in distortion and cross-
modulation. Similarly, in the case 
of frequency-changers, the treat-
ment is more than elementary. 
Oscillators and tracking methods 
are dealt with, and here a minor 
misprint occurs. On page 254, the 
last equation should clearly be 
G + jB and not + GjB. 
The last chapter is on detection 

and the diode is accorded place of 
honour—fittingly so, because it is 
not only the most widely used de-
tector, but also the most funda-
mental. Grid and anode-bend 
detection are treated in the usual 
way as extensions of the diode. 
. , The book contains a wealth of in-
formation which will be extremely 
useful to the serious designer. Since 
it is actually only one-half of a 
book, it has a somewhat incomplete 
air. There is, of course, no reason 

why a book covering just this 
ground—aerial to detector—should 
not be a complete unity, but this 
one is unmistakably Volume I. The 
author gives no indication as to 
when the second volume may be ex-
pected. It is to be hoped that its 
production will not be long delayed. 
for, although the discussion of the 
early circuits in this present volume 
is actually quite complete, the 
chapters correlating it into a whole 
are lacking, and these will doubtless 
be included in the second half. 

W. T. C. 

" WAVE GUIDES" 
1.E.E. Paper and Discussion 

\/v1 111 the extension of operating 
v frequencies into still higher 

regions of the spectrum the notion 
is gaining ground that a dielectric 
rather than the usual metallic con-
ductor is the best means of 
" piping" energy from one point to 
another. Thin-walled metal tubes 
in which self-propagating electro-
magnetic waves are launched and 
directed are taking the place of 
paired conductors and concentric 
cables. 
The theory of wave guides is 

complex and a knowledge of mathe-
matics is necessary in order to 
assimilate much of the work which 
has been done on the subject since 
1936. The paper which was read 
by J. Kemp and discussed by the 
Wireless Section of the Institution 
of Electrical Engineers on Novem-
ber 3rd filled a long-felt need in 
giving a readable account of present 
published knowledge in non-mathe-
matical terms. Practical methods of 
launching waves in guides, detect-
ing their form and coupling the 
energy to horn-type radiators were 
discussed, and it was pointed out 
that one particular mode of propa-
gation ( the 11,,, wave) has the 
remarkable property of decreasing 
attenuation, ultimately tending, to 
zero, as the frequency is increased. 
Unfortunately this property dis-
appears if the cross section of the 
guide deviates in the slightest 
degree from a perfect circle. 

In the discussion a plea was 
made for early standardisation of 
the terms associated with the new 
technique and in particular those 
used to define the many possible 
forms taken by waves in guides. 

GOODS FOR EXPORT 
The fact that goods made of 
raw materials in short supply 
owing to war conditions are 
advertised in this Journal should 
not be taken as an indication 
that they are necessarily available 

for export. 
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BASIC FAULT- FINDING 
Methods of Training Army Service-men 

ABOUT a year ago a brief 
description was published 
in Wireless World* of appar-

atus suitable for organised instruc-
tion in fault-finding tehnique for 
large groups of Army service-men, 
now called " Telecommunication 
Mechanics." At that time the idea 
was being developed further, and 
it has now become a fairly com-
plete training scheme dealing 
practically with the underlying 
principles of systematic fault 
location. 

Before describing the major 
additions to and improvements in 
the method, it may be well to 
mention briefly how this work falls 
in line with other training, because 
it is, of course, only a part, though 
an important one, of intensive 
basic training courses. 
The full training has generally 

been completed in two stages. 
Final training is undertaken in 
military schools, where the actual 
army equipment is used for 
instruction and exercise. But 
before this the trainee will have 
received a rather longer course of 
basic instruction. It is longer 
because the majority of the men 
have had no previous experience 
of radio or even perhaps of science 
or craftsmanship. . Their experi-
ence in civilian life will have 

• September, 1942. 

By E. WILKINSON, Ph.D. 
(Loughborough College) 

ranged from building mansions to 
cutting out pearl buttons, and 
from teaching mathematics to 
driving omnibuses. The basic 
courses have been mainly under-
taken by the Technical Colleges 

Front view of the 
superheterodyne. 
Note the windows 
in the front panel 
of the containing 
case, through 
which the controls 
on individual units 

appear. 

under civilian supervision. During 
this part of the training theory is 
taken through DC and AC up to 
a good general knowledge of radio, 
with perhaps particular stress laid 
on certain circuits that may later 
be encountered in army equipment, 
but with the chief emphasis given 
to a non-mathematical explana-

This rear view of the superheterodyne receiver illustrates the unit assembly. 
Any of the seven stages may be replaced quickly by faulty units, which the 

trainee must identify and put in order. 

tion of principles. Parallel with 
the theoretical training runs work-
shop instruction and laboratory 
work designed both to consolidate 
the theory and also to accustom 
the trainee to think for himself 
when his apparatus will not work. 
The training apparatus 

described in this article was made 

at Loughborough College, and is 
among that used during the 
laboratory periods at the College. 
It consists of three types of train-
ing chassis. First there* are small 
metal chassis with a circuit 
formed by a number of com-
ponents wired " blind " perhaps 
and awkwardly situated, intended 
mainly to give practice in circuit 
tracing and simple " cold " fault 
testing. These are not regarded 
as important in themselves, but 
they are a useful introduction to 
the second type of chassis, a single 
metal chassis incorporating a 
workable wireless circuit of from 
one to three valves and intended 
for " hot" fault finding, i.e., for 
thoughtful interpretation of symp-
toms and meter readings instead 
of a tedious test of every com-
ponent to isolate trouble. Thirdly, 
there are seven-stage receivers and 
four-stage transmitters to give 
practice in the speedy isolation of 
a faulty stage on a complete 
apparatus preparatory to further 
investigation in that stage. 
The first type of chassis gives 

practice in circuit tracing and 
recognition of components. All 
tests on these chassis are " cold" 
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tests, i.e. the circuit is not working 
while the investigation is pro-
ceeding. In fact, most of these 
chassis are not even intended to 
work, being merely components 
linked together in a perhaps un-
conventional way. 
The second type is similar to 

that described in the previous 
article. Each set is built on a metal 
chassis with a sub panel on which 
most of the smaller components 
are mounted. Components are 
soldered, not directly into the 
circuit, but through short com-
necting links at either end, as may 
be seen in the photograph of the 
transmitter-modulator unit. Up 
to 15 components may be mounted 
and one or two spaces are left free 
for replacements. Faulty com-
ponents are not removed com-
pletely from the set; that would 
soon result in their loss or destruc-
tion since, it must be remembered, 
any set is likely to be used scores 
of times. Instead, the faulty 
component is taken out of the set 
electrically by unsoldering one or 
both of the end connectors. A 
replacement is obtained from 
stores, soldered into a free position 
and cross-connected to the outer 
wiring points, now freed, of the 
original component. This method 
of organisation allows a wide 
variety of faults to be included in 
different chassis, and also of 

Wireless World 
simple cataloguing. Checking of 
the correctness of repair requires 
nothing more than reference to a 
key of the necessary cross-con-
nections against which the 
trainee's wiring may be compared. 
The trainee is restrained from 
interfering with the circuit ex-
ternal to the sub-panel, though he 
may take tests at any point. 
Otherwise the circuit would ulti-
mately be damaged. In order to 
make this clear, all soldered con-
nections that are not to be touched 
are lacquer painted, leaving free 
only the inner soldering tags, 
normally the terminating points 
of the connecting links and up to 
6o in number. This limitation 
may appear to be somewhat 
'artificial, but experience shows it 
is very necessary, and this slight 
difference from routine field pro-
cedure is of little consequence. 
When the repair is completed, 

the apparatus may be worked and 
its performance investigated. It 
is then brought back to its normal, 
faulty state, merely by returning 
the links to their original posi-
tions; namely, straight across. 

Circuits Available 
There are about 50 chassis of 

this kind in use and with those 
belonging to the complete trans-
mitter and receiver, which may 
be used as single stages, the 
number is brought up to approxi-

mately a hundred. The circuits 
include a two-valve super-
regenerative receiver, two- and 
three-stage straight receivers and 
part circuits such as cathode 
followers and multivibrators. 
The major recent addition has 

been the building of a seven-
stage superheterodyne receiver 
and of a four-stage transmitter. 
The stages are separate units that 
fit together to form the complete 
apparatus. In the case of the 
receiver they are band-pass tuner, 
RF amplifier, triode-hexode or 
diode mixer, IF amplifier, diode 
or triode detector, output stage 
and power pack. These seven 
stages are inserted in a steel 
cabinet. Connection between 
stages is effected by plugs, and 
power supplies are fed from the 
power pack through wiring 
mounted in the cabinet and 
brought out to spade connections 
that serve also to locate the stages 
in position in the cabinet. Tuning 
and other controls are brought 
through the front of the cabinet 
by using false front panels on each 
such stage. These panels butt 
up against a suitably shaped win-

The four stages in 
this transmitter as-
sembly are power-
pack, modulator, 
oscillator and triode 
power amplifier. An 
extra modulator unit 
is shown from under-
neath to demonstrate 
the construction of 
the all-important sub-
panel on which the 
fault corrections are 
made. Inset is show-
ing the front of the 
transmitter ; on the 
left are amplitude and 
frequency controls for 
the oscillator. On the 
right are the two 
tuning controls of the 
pentode power ampli-

fier stage. 



dow in the cabinet. A stage may 
be changed in a few moments and 
replaced either by a different type 
of circuit (if mixer or detector) or 
replaced by a faulty one. Each 
stage is built at least in triplicate, 
one stage being in perfect order, 
one having a single fault and one 
having two faults. Since two 
complete receivers are used simul-
taneously rather more good stages 
are required, but the number 

Part of the Basic Training Laboratory at Loughborough College, showing 
two faulty receivers and one of the faulty transmitters undergoing training 
repair. A signal generator and a multi-range meter are being used as test 
instruments with the receivers and an oscillograph with the transmitter. 

provided is about sufficient since 
good stages may easily be pro-
duced by cutting out faults. In 
fact, a few extra good stages have 
been made in addition to those 
mentioned. It is interesting to 
note how many different faulty 
sets may be built up on the 
assumption that each stage is 
availablé in triplicate. There are 
seven stages, and a little simple 
arithmetic will show that if not 
more than two faulty stages are 
incorporated then 138 fault com-
binations may be selected. Ex-
tending the limits to include the 
possibility of three singly faulty 
stages the number rises to over 
six hundred. At times the doubly 
faulty stages are converted to 
singly faulty ones by correction of 
one fault. This raises the number 
of different faulty receivers that 
ma yf be used to the appreciable 
figure of nearly fifteen thousand. 

However, the apparatus is used, 
there is at least a great freedom 
of choice of fault and no chance of 
what might be termed " illegal " 
fault location. The complete 
receiver gives practice in the 
isolation of faulty stages, and it is 
required of trainees that they pick 

Wireless World 
out a faulty stage and attempt to 
find the fault before removing the 
stage from the containing cabinet 
for further testing. In this part 
of the training " cold " testing is 
regarded 'as a last resort when 
" hot" tests have either failed or 
have isolated the fault as narrowly 
as possible; for instance, to a dead 
short appearing across bias re-
sistance and condenser. In order 
to discourage illogical guesswork 

in looking for the fault, test sheets 
are filled in simultaneously with 
the carrying out of tests, and these 
should show that a systematic 
procedure has been adopted. With-
out going into detail here about 
procedure, it may be summarised 
as " work from the back end of 
the receiver to the aerial" and 
"test the DC conditions of a 
faulty stage before AC." Usually 
a trainee is supplied with a multi-
range meter and perhaps a signal 
generator or a cathode-ray oscillo-
graph as test instruments. 

Four-unit Transmitter 

The transmitter is based on the 
same general layout. It consists 
of power pack, modulator, oscilla-
tor and amplifier stages. The 
oscillator may be chosen as either 
a Hartley or Colpitts oscillator, 
and the amplifier is either a 
neutralised triode with anode or 
grid modulation, or else a pentode 
with suppressor grid modulation. 
A special additional chassis in-
cludes a roo to 3oo Mc/s push-pull 
frequency trebler. 
The general layout of the 

transmitter may be seen in the 

361 
photograph, where a replacement 
stage for the modulator is shown 
from underneath to give an indica-
tion of the sub-panel construction. 
The number of these chassis 

tackled by the average trainee 
during his course is about seven, 
in addition to his other experi-
mental work. As to the detailed 
faults and fault combinations that 
are incorporated, little need be 
said, since most possible faults 
are included in the nearly roo 
separate chassis. Faults in large 
components, such as power supply 
transformers, appear perhaps less 
frequently than in smaller com-
ponents, since organised replace-
ment is not so simple. 

It is found that this training not 
only gives practice in fault loca-
tion, but also encourages the men 
to think more deeply about the 
working of the circuits than they 
would with apparatus already in 
working order. 

Finally, the training is supple-
mented by the real jobs that come 
in periodically and also by the 
repair of the " accidents" that 
any amount of intensive training 
cannot completely eliminate. 

THE WIRELESS INDUSTRY 
L-USED joints between instrument 

wires have advantages over 
soldered joints in some applications, 
particularly where resistance alloys are 
concerned or where flux is undesirable. 
The " Fuzit" electrode wire jointing 
tool has been developed to facilitate „ 
this work and is described in an illus-
trated leaflet issued by Stanelco 
Products, Ferndown, Northwood Hills, 
Northwood, Middx. 

Multicore Solders, Ltd., have moved 
to Commonwealth House, New Oxford 
Street, London, W.C.r. Telephone: 
Chancery 3171/2. 

De . La Rue Plastics, Ltd., have 
acquired the shares of Hammans 
Industries, Ltd., manufacturers of 
insulating materials. 

We have received from Ardente 
Acoustic Laboratories, Lid., Guildford, 
a copy of an illustrated catalogue 
describing their a Loud Hailer" power 
projector loudspeaker equipment and 
its applications. 

The London office of Ferranti is now 
at 36, Kingsway, W.C.2. The old tele-
phone number, Temple Bar 6666, is re-
tained, but the telegraphic address is 
changed to Ferranti, Westcent, London. 

Dr. A. H. Rosenthal, who was con-
nected with Scophony, Ltd. of London, 
and contributed some of the more 
important Scophony inventions, has 
been appointed director of research 
and development of the Scophony Cor-
poration of America. 
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CINEMA SOUND QUALITY 
Analysis of Architectural Designs by Impulse Tests 

T HE frequency characteristic 
as measured with normal 
equipment may not repre--

sent, even to an approximate de-
gree, the quality of the sound 
which is heard. Measurements are 
usually made under steady condi-
tions, whereas in practice the ear 
picks up sound which is rapidly 
changing and is more often com-
posed of transients. 

It appears probable that the ear 
estimates the direction of approach 

By J. MOIR, A.M.I.E.E. 
(Research Dept., The British Thomson-Houston 

Co., Ltd.) 

(Concluded from page 323 of the last ¡me) 

tion in the auditorium are traced 
out by means of impulses applied 
to the loudspeakers. The tech-
nique is as follows. 
The output from a beat-

frequency oscillator is applied to 
the theatre amplifiers through a 

THEATRE 
LOUDSPEAKER 

MICROPHONE 

11. 

MICROPHONEF 
AMPLIFIER 

Fig. 12. Schematic diagram of 
apparatus for the acoustic survey 
of theatres using impulses of short 

duration. 

and frequency response by the 
characteristic of the sound arriv-
ing during the first few milli-
seconds. Existing measuring 
equipment will average over a 
, much longer period, including in 
the sum the direct sound and the 
reflected sound reaching the 
microphone over a period corre-
sponding to the operating time-
constants of the instruments. The 
frequency characteristic of the 
reflected sound is entirely differ-
ent from that of the direct sound, 
the proportion of the high fre-
quency decreasing at every reflec-
tion. On this hypothesis measur-
ing equipment having the direc-
tional characteristics and time-
constants of the ear is required to 
obtain a true record of the effec-
tive response, and it is to be 
expected that such measuring 
equipment would show a better 
response in the high-frequency 
end than is obtained with the 
normal recording equipment. 

Investigation of Sound Measure-

ment by Impulses 
A new line of investigation was 

undertaken in which the paths 
taken by sounds of short dura-

AMPLIFIER 

TIME 
BASE 

THEATRE 
AMPLIFIER 

SYNC 
MOTOR 

CAM SWITCH 

CAMERA 

C R TUBE 

continuously working cam-
operated switch. Adjustments are 
provided enabling the duration of 
contact to be controlled from o 
to 0.03 sec. The impulse there-
fore consists of a train of waves 
the frequency of which is deter-
mined by the oscillator setting, 
and the duration of which is con-
trolled by the adjustment of the 
cam switch. The impulse is trans-
initted through the theatre ampli-

fier to the loudspeakers in the 
auditorium, and a microphone is 
located in the auditorium to pick 
up sound. The output from the 
microphone is amplified and 
applied direct to the vertical 
deflector plates of a cathode-ray 
tube. The horizontal deflector 
plates are connected to a time base 
which is synchronised with the 
rotation of the cam which oper-
ates the impulse switch. A dia-
gram of the complete set-up is 
shown in Fig. 12. Impulses are 
applied at intervals of about r 
sec., so that reflected sound decays 
to a negligible value before the 
next impulse. The horizontal time 
scale is arranged for a sweep lime 
of 0.3 sec. 
Except at very low frequencies, 

individual waves in the wave train 
comprising the impulse cannot be 
seen individually, but the com-
plete impulse appears as a lumin-
ous vertical band on the screen 
of the cathode-ray tube. 
A typical impulse injected into 

the amplifier is shown in Fig. 
i3(a), while Fig. i3(b) shows the 
same impulse at the output stage 
of the amplifier. It will be noticed 
that the impulse is distorted a 
negligible amount in the amplifier. 
Fig. 14 shows the same impulse 
as picked up by a microphone in 
front of a high-frequency loud-
speaker fitted with a multi-channel 
horn, in an acoustically dead 
room. Fig. i4(a) is taken with 
the microphone located on the 
horn axis, and Fig. i4(b) with the 
microphone 30 deg. off the horn 
axis. It will be noticed that the 
impulse is still not unduly dis-
torted and retains its square-
topped form. 

(a) (b) 

Fig. r3. Oscillogram of typical impulse (a) at the input and (b) at 
the output of the theatre amplifier. 



The impulses shown in Fig. 14 
were taken with the microphone 
located 6ft. from the loudspeaker 
in an acoustically dead room. The 
length of impulse used was about 

(a) (b) 
Fig. 14. Oscillogram of sound impulse picked up by a microphone 
in front of a multi-cellular HF horn loudspeaker in an acoustically 

dead room (a) on the axis and (b) 30 deg. off axis. 

twice that which had been used 
for investigations in auditoria. 
Images picked up by the micro-
phone for typical conditions in a 
few types of auditoria will now 
be considered. 

Impulse Measurements in 

Typical Auditoria 
The oscillographic records for 

a reverberant room show the 
initial impulse received direct 
from the loudspeaker, followed 
by the reflected sound impulses 
from the walls and ceiling. A 
study of the time interval be-
tween these impulses enables the 
reflecting surfaces to be located 
and the sound paths to be deter-
mined. 

Wireless World 
Figs. 15 (a) and 15 (b) show 

two cathode-ray tube images ob-
tained in a large theatre where 
sound quality was uniformly very 
good. Diagrams of this audi-

torium are given in Fig. 16. 
Sound-absorbent treatment is con-
fined to the rear walls, the floors 
being heavily carpeted and the 
seats being of a luxurious type 
with high sound absorption. It 

Fig. 15. Typical oscillograms for 
the theatres shown in Figs. i6, 17, 
113 and zçi, (a) Cinema No. 4, 
position A; (b) Cinema No. 4, 
position B ; (c) Cinema No. 3, 
position A; (d) Cinema No. 3, 
position B; (e) Cinema No. 5; 
(f) Cinema No. 6, position I; 

(g) Cinema No. 6, position a. 

can be seen from Fig. 16 that the 
shape of the auditorium is such 
that for a position A there is little 
change of anything but directly 
incident sound being picked up. 
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Direct reflections from side walls 
or ceiling are not possible. This 
is illustrated in Fig. 55 (a), where 
the initial impulse is seen to have 
reflections of a negligible order. 
Position B (Fig. 16) at the front 
of the balcony indicates a possi-
bility of some reflection from the 
ceiling, and this is shown in Fig. 
15 (b). The reflection, however, 
is of a small amplitude and is 
separated from the fundamental 
by a very small time interval and 
does not cause any deterioration 
in sound quality. At the side of 
the theatre in position C the 
possibility of multiple reflections 
is high, but the differences in path 
length are low and the maximum 
difference between the subtended 
angles of incidence is small. For 
this reason the reflected sound 
has negligible detrimental effects 
on sound quality. This point is 
discussed in more detail later. 

Fig. 17 shows an auditorium 
where sound quality was very 
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good, except at a few isolated 
locations, one of which will be 
considered. The shape and 
acoustic treatment of the audi-
torium is such that the same 
arguments relating to absence of 

•  
$  
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—""" 

Fig. 16. Cinema No. 4, an ex-
ample of good acoustic design. 

reflections apply as in Fig. 16. 
Position A (Fig. 17) is typical of 
this condition, and the corre-
sponding cathode-ray tube image 
is shown in Fig. 15 (c). One iso-
lated bad spot in the theatre 
occurred under the front. of the 
balcony, and the cathode-ray tube 
image for this position is shown 
in Fig. 15 (d). It shows reflec-
tions from the back wall at 
8o millisec. delay. A further re-
flection at 220 millisec. delay, 
which appears to be due to 
reflection from the rear wall of the 
balcony on to the ceiling, and 
then from the curved proscenium 
arch and sides as indicated in 
Fig. 17 (position B), is also 
shown. Experience has indicated 
that the echo with less than 
45 millisec. delay from the back 
wall can be tolerated, but that 
the echo with the time delay 
greater than 50 millisec. leads to 
a deterioration in sound quality 
due to lack of intelligibility. It 
is interesting to note that the fre-
quency characteristics of the 
equipment taken at positions A 
and B are both similar and satis-
factory, and do not in any way 
account for the difference in sound 
quality. These characteristics 
have been shown in Figs. 2 (al' 
and 2 (c). 

Fig. 18 and Fig. 19 shows an 
auditorium where sound quality 
was of a medium order, the main 
complaint being lack of intimacy. 

Wireless World 
The shape of the auditorium, as 
indicated in Figs. 18 and z9, 
shows a large expanse of flat roof 
and walls which are parallel for 
a considerable distance. Sound-
absorbent treatment has been 
applied to the back wall only. 
For the microphone position 
shown in Figs. 18 and 19, the 
cathode-ray tube photograph 
shown in Fig. 15 (e) was obtained 
The timing of the reflected im-
pulses indicates that sound teaches 
the centre of the auditorium by 
reflection from the side wall, re-
flection from the ceiling, reflection 
from the angular space between 
side wall and ceiling, and a small 
amount of reflection from the 
back wall. Since the time delay 
of all reflections is relatively 
short, there is little interference 
with intelligibility, but the direç-
tions from which sound emanates 
is not well marked, and intimacy 
suffers accordingly. It will be 
• noticed from the reflected paths 
shown in Figs. 18 and 19 that the 
solid angle subtended by the inci-
dent sound at the centre of the 
auditorium is far greater than the 
solid angle subtended in Fig. 16 
(position C), which accounts for 
the much inferior intimacy in this 
theatre. 
The auditorium shown in Fig. 

20 and Fig. zr is one where the 
quality of sound is very inferior, 
intelligibility and intimacy suffer-
ing considerably. At two typical 
positions in the auditorium, the 
impulse photographs shown in 
Figs. 15 (f) and 15 (g) were ob-
tained. These indicate large re-
flections at both short and long 
time intervals, and the reason for 
the loss of intelligibility and inti-
macy is obvious. Both measured 

Fig. 17. Cinema No. 3, an example 
of a theatre showing local sound 

reflections. 

• 

frequency characteristic and re-
verberation time for this audi-
torium were quite satisfactory. 

Impulse measurements have 
been made in many auditoria in 
addition to the above and the 
same general agreement was found 
to exist between the aural judg-
ments and the results predicted 
from the impulse photographs. 

General Remarks on Impulse 
Tests 

Much still remains to be done 
in perfecting. the technique, but it 
does appear that quantitative 
measurements are possible of fac-
tors that until now have only been 
treated qualitatively. 
In all the theatres; observations 

have been made at three positions 
close together, and at five fre-
quencies-25o, 500, Low, 2,000 

Fig. 18. Cinema No. 5 in which 
intimacy between sound and vision 

is poor. 

and 3,000 c/s. The measured re-
flected impulses are then avtraged 
before any conclusions are drawn. 
The impulse photographs in Fig. 
15 are those which approximate 
most nearly to the average sug-
gested from 15 to zo observations 
at each location. There is some 
change in the type of reflection 
photograph with changes of fre-
quency, and it is thought thatthis 
change with frequency is con-
nected with the peculiar discrim-
inating properties in the sound 
radiated from the loudspeaker in 
directions at large angles to the 
normal axis of the loudspeaker. 

It is also noticed that the shape 
of the initial impulse from the 
loudspeaker as picked up in an 
auditorium is inferior to that as 
picked up under free-space con-
ditions or in the acoustically dead 
room in the laboratory. This 
point can be seen by comparing 
Figs. 14 and z5, and remains to 
be explained. 



Emphasis is placed on the 
value of the reflection photo-
graphs in calculating sound paths 
in an auditorium. In the majority 
of theatres it has been impossible 
to estimate the paths from two-
dimensional drawings, and the 
problem has had to be considered 
largely as one of three dimensions. 

Before the investigation was 
commenced, the significant 
features in the shape of an 
auditorium were not fully under-
stood. From architects' plans, or 
even an examination of the 
theatre itself, it had been found 
impossible to deduce the paths 
taken by reflected sound. The re-
flection photographs have proved 
of great assistance in indicating 
the actual paths taken by reflected 
sound in typical auditoria. 
Accordingly, it is now possible to 
anticipate with fair accuracy the 
probable sound paths from the 
plans of a new auditorium and so 
to forecast the effects of the hall 
design on intimacy or intel-
ligibility. 

Requirements of Good 

Auditorium Design 
From the data already collected 

it appears that further major im-

Fig. 19. Perspective drawing of Cinema No. 5, showing 
indicated by the oscillogram of Fig. 15 (e). 

sound paths 

provements in sound-film repro-
duction will require closer 
co-operation between the equip-
ment designer, the acoustical 
engineer and the architect in 
order that the maximum per-

Wireless World 
formance be secured from the 
equipment and the theatre con-
sidered as a unit. The author feels 
that equipment development is 
now at such a stage that the pre-
dominant factor in obtaining 
"good sound" is the control of 
sound reflections in the 
auditorium, although, of course, 
this does not imply disregard of 
the other factors. 

It is realised that in many in-
stances the shape and dimensions 
of a theatre are fixed by the avail-
able site, local regulations, the 
economic viewpoint, etc., but a 
short discussion of the ideal re-
quirements may be of interest. 
There are four acoustic factors to 
which attention must be paid :— 

(i) The reverberation time 
(theatre empty) should approxi-
mate to the optimum curve of 
Fig. 

(2) The shape of the reverbera-
tion-time / frequency curve should 
approximate to that of Fig. 7. 

(3) The avoidance of reflection 
paths which exceed the direct 
path by more than 45ft. The 
author's tests have indicated that 
reflection paths exceeding this 
length lead to reduced intelli-
gibility. 

(4) The unavoidable reflected 
sound paths should subtend a 
small angle at any point in the 
audience. The test results have 
indicated that large subtended 
angles lead to poor intimacy. 
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With present methods of con-

struction and furnishing, (2) is 
probably satisfied automatically 
when requirement ( i) is taken 
care of. 
With the present standard of 

construction and furnishing it 
appears to be impossible to meet 
requirement ( i) with the audience 
present, but the author is inclined 
to think that reproduction would 
be improved if this condition 
could be satisfied. The same re-
marks apply to requirement (2). 

• 

Fig. 20. Cinema No. 6 in which 
both intelligibility and intimacy 

were bad. 

Condition (3) calls for the 
avoidance of reflection paths 
which exceed the direct sound 
path by more than 45ft., corre-
sponding to a time difference of 
40 milliseconds (maximum). This 
condition must be met in any 
theatre irrespective of size, and 
accordingly a standard scale de-
sign with a table of multiplying 
factors cannot be produced. The 
majority of theatres—built during 
the last few years fall into the 
i,000-i,500 seating capacity 
class, and to meet this range the 
design of Fig. 22 is suggested. 
A balcony type of structure is 

adopted having the main ceiling 
stepped down towards the 
proscenium arch in order to 
minimise the hall volume and 
building costs. The reduction of 
ceiling height towards the 
proscenium opening has many 
advantages over the more normal 
type with the ceiling parallel to 
the floor. Reflections from the 
ceiling, back into the audience, 
follow a path which does not de-
part seriously from the path of 
the direct beam of sound from the 
speaker. In addition, sound inci-
dent upon the ceiling is to a large 
extent scattered by the reflection 
and diffraction by the ceiling 
steps which face the stage speaker 
equipment. 
The reverberation times of the 
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three main spaces forming the 
theatre tend to be equalised by 
this construction, preventing 
sound-energy flow from a space 
having a high reverberation time 
into a space having a lower time. 
The proscenium opening is 

splayed into the side walls with 
an included angle of approxi-
mately 8o deg. to maintain a 
sound-energy flow roughly parallel 
to the splays. As the hall is in-
tended solely for use with a sound 
reproducer, the side splays are 
not intended to reinforce the 
sound source and indeed must not 
be used for such a purpose. 
Consequently, these splays should 
be broken up by pillars, panels 
or other reliefs. Non-parallel 
side walls are maintained up to 
the rear wall in order to minimise 
the time required to produce 
completely diffused sound within 
the enclosure. 
The curved rear wall is elimin-

ated and the rear walls are tilted 
forward in order to reflect incident 
sound into the rear seating, com-
pensating for the normally lower-
intensity level in the rear seats 
produced by attenuation from 
the front to the rear of the hall, 
and preventing the return of 

Wireless World 
importance. It is the author's 
opinion that the theatre design 
should be such that acoustic treat-
ment is not required, reflection of 
sound being taken care of by 
breaking up offending surfaces as 
part of the decorative scheme. 
From the data presented in the 
paper it follows that acoustic 
treatment is rarely required for 
th; correction of reverberation 
time owing to the luxurious stan-
dard of seating and carpeting in 
the present-day theatre. Place-
ment of a large proportion of ab-
sorbent in the seats is advan-
tageous in minimising the change 
in acoustic condition produced by 
the audience. 
When acoustic treatment is re 

quired it should be provided, in 
the form of strips, small panels, 
etc., of material having an ab-
sorption coefficient in the neigh-
bourhood of 0.25-0.4. These strips 
should be spaced about the side 
walls. Concentrated areas of 
material having high absorption 
coefficient is wrong. Although 
leading to the same final rever-
beration time, the initial decay 
processes are dissimilar and it will 
be appreciated that the initial 
stages occupying the first 20-30 
db. of the decay period are all-

Fig. si. Perspective drawing of Cinema No. 6 showing muliple reflections 
indicated by oscillograms of Fig. 15 (f) and (g). 

echoes of long delay time to the 
front of the theatre. 

Exits and gangways are placed 
against the side walls in both bal-
cony and ground floor to occupy 
space difficult to feed with direct 
sound. 
The question of acoustic treat-

ment is a point of considerable 

important. From many points of 
view it would be advantageous to 
manufacture floor covering with a 
lower absorption coefficient, the 
balance being supplied by side-
wall treatment of material having 
a relatively low absorption coeffi-
cent (0.2-0.4). Ceiling treatment 
is very rarely required and 

generally harmful. Sound energy 
flowing between floor and ceiling 
is heavily attenuated by the con-
centration of absorption in the 
form of seats and carpets, and. 

ELEVATION 

( 
GROUND FLOOR PLAN 

BALCONY PLAN 

Fig. 22. Proposed optimum pro-
portions and layout for a theatre 
with a seating capacity of 1,000 

to 5,500. 

consequently, any further treat-
ment should be confined to the 
walls. 
Back-stage volume should be 

held to a minimum and the 
speaker placed as far forward and 
as heavily draped as possible in 
order to reduce the sound energy 
present in the back-stage space. 

This combination of require-
ments has not been found in any 
one theatre, but the more closely 
they have been approached the 
more favourably has the sound 
been received by all concerned. 
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WORLD OF WIRELESS 
" STANDARD SET" DECISION 

A, SKED in the House of Commons 
£-& whether sets of simple standard 
designs were now being manufac-
tured in Great Britain and when 
these would be available to the 
public, the President of the Board 
of Trade replied that " a design had 
been agreed upon and deliveries of 
raw materials and components had 
been planned." He added that, as 
stated in an earlier reply, no sets of 
this type would be available until 
next year. 

Incidentally, C. O. Stanley (Pye, 
Ltd.) is reported as saying recently 
that " by next March a matter of 
250,000 [standard] sets would be-
come available and would be distri-
buted through the usual channels at 
the rate of 5 per cent. per week." 
In reply to a further question, Mr. 

Dalton announced that between 
June 1st and September 30th about 
14,000 of the 9o,000 sets in process 
of manufacture earlier this year had 
been completed and marketed. 
"This is disappointing," he said, 
"and I have taken steps to urge 
manufacturers to expedite the 
agreed civilian programme during 
the remainder of the year."- He also 
stated that some 8,000 sets were 
recently imported from the United 
States, under the Lend-Lease agree-
ment, and will shortly be released 
through normal trade channels. 

TELEVISION DEVELOPMENTS 

EVIDENCE of the interest in tele-
vision was apparent when over 

500 members and visitors attended 
the recent meeting of the British In-
stitution of Radio Engineers, at 
which J. L. Baird described the de-
velopments in colour and stereo-
scopic transmission and reception. 
He outlined his scheme for linking 
by radio television transmitters 
throughout the country and pointed 
out that no alteration in receiving 
apparatus would be necessary and 
that only minor changes in the 
transmitters would be required if 
his three-colour stereoscopic system 
is adopted. Ne also expressed the 
opinion that when television re-
started cinemas would show tele-
vision " news-reels." 

LARGE-SCREEN TELEVISION 

A NEW system of large-screen 
television for theatres, homes, 

schools, etc., in black and white or 
natural colours, is foreshadowed by 
the recent issue to the Scophony 
Corporation of America of patents 

• covering the Skiatron system of pro-
jection. It is stated that by this 
method a picture 20 feet wide, equal 
in brilliance to motion picture 
standards, can be projected. 

The view was recently expressed 
by the president of the Corporation 
that television may develop as a 
subscriber service. Scophony has 
patented a system for scrambling 
transmissions, which will be un-
scrambled by subscribers' special 
sets. 

SIR WILLIAM NOBLE 

WE record with regret the death 
at the age of 82 of Sir William 

Noble, 0.B.E., who was one of the 
pioneers of broadcasting in this 
country. He was Chairman of the 
first Broadcasting Committee, the 
work of which culminated in the 
formation of the British Broadcast-
ing Company in 1922. Sir William 
was one of the nine original mem-
bers of the Board of the B.B.C. 
He entered the Post Office as a 

telegraphist in the Aberdeen office 
in 1877. On his retirement in 1922 
he was Engineer-in-Chief, a post he 
had held for three years. On retir-
ing from the Post Office he became 
a director of the General Electric 
Company. 

Sir William Noble, who was 
knighted in 1920, visited Australia 
in 1929 to study broadcasting, tele-
graph and telephone developments. 
He was a Member of the I.E.E. and 
had served on the Council of the In-
stitution. 

A.M.LE.E. EXAMINATION 
CHANGES in the examination for 

Associate Membership, which 
will become effective in October, 
1945, are announced by the Insti-
tution of Electrical Engineers. 
To replace the present Part I of 

the examination a Joint Section A 
will be held in conjunction with the 
Institution of Civil Engineers. Five 
papers of three hours each will be 
set in these subjects: English, 
Mathematics, Principles of Elec-
tricity, Applied Mechanics and 
Applied Heat. Evidence of labora-
tory work in the subject of Applied 
Heat and Principles of Electricity 
in the form of a certificate from the 
Principal or teacher, or the actual 
laboratory notebooks and reports 
may be called for. 

Section B of the examination, 
which replaces the former Part II, 
consists of a three-hour paper on 
Electrical Engineering, and a three-
hour paper on one of the following 
subjects: Electricity Supply, Elec-
trical Measurements, Electrical In-
stallations, Electrical Machinery, 
Radio Communications or Line 
Communications. The subject of 
Engineering Organisation and Man-
agement formerly included in Part 
II is under consideration. The 
Council's decision .will be announced 
later. 

BARI BROADCASTING STATION photographed after it had been cap-
tured intact by the 8th Army. It is the first station on the European 
mainland to fall into our hands. Erected in 1932, this 20-kW Marconi 

transmitter was employed as a relay station. 
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The revised examination regula-

tions, which will be published 
shortly by the Institution, will con-
tain full details of the syllabuses, 
copies of which may be obtained 
from the secretary. 

CIVILIAN WIRELESS RESERVES 
THE future of the Civilian Wire-
-1- less Reserves, which at the be-
ginning of the war were called upon 
to fill important posts in the Ser-
vices, is discussed by John Clarri-
coats in the October issue of the 
R.S.G.B. Bulletin. 
" It is," he writes, " fairly safe 

to assume that all three Services 
will take steps after the war to form 
reserves similar to the Royal Naval 
Volunteer (Wireless) Reserve and 
the Royal Air Force Civilian Wire-
less Reserve. . . These reservists will 
be trained in procedure and will 
operate to predetermined schedules 
on special frequency bands. But 
what equipment will they use? " 

Pointing out that the success of 
the Reserves was largely due to the 
readiness of members to use 
their own equipment, the writer 
makes a plea for every qualified 
station to be provided with a stan-
dard Service transmitter and re-
ceiver complete with all accessories. 
The introduction of this suggestion 
would certainly absorb a consider-
able quantity of surplus Service 
apparatus and thereby avoid flood-
ing the market with obsolete or 
obsolescent equipment. 
The question of training is also 

dealt with in the article. 

CAR RADIO 
'r HE question of allowing some 

relaxation of the ban on carry-
ing receiving sets in motor vehicles, 
imposed on May 3rst, 1940, is being 
considered by the Government. 

WHAT THEY SAY 
THE question of censorship -is 

- something which is necessary 
during the war, but should be lifted 
within 24 hours of the cessation of 
hostilities. This is very important 
to the radio trade, because it is 
through the Press that the public 
voice their opinions and could indi-
cate their various requirements.— 
C. O. Stanley, at the Radio Indus-
tries Club of Scotland. 
Radio is to aviation what signals 

are to the railways.—Sir Frederick 
Handley Page, at the Radio Indus-
tries Club. 
A friend whose wireless set has 

been out of action for some time 
tells me that during the resulting 
silent evenings he did more solid 
reading, and better work, than he 
had done at home for years. In the 
same period, incidentally, the child-
ren got far better marks than usual 
for their homework.—A writer in 
" The Bulletin and Scots Pictorial." 

Wireless World 
RESEARCH AND TRAINING 

A REPORT just issued by the 
£1. Parliamentary and Scientific 
Committee deals with scientific 
research in relation to the Univer-
sities in post-war Britain. It 
stresses the need for research and 
improved technical education in 
many branches of applied science. 
Mention is made of the proposal by 
the British Institution of Radio 
Engineers for organised radio re-
search, and the establishment of 
Chairs of Radio Engineering at Col-
leges of Technology and in Univer-
sities is suggested. 

NEWS ON SHORT WAVES THE following schedule, which 
will be operative when this 

issue of Wireless World is current, 
gives the times (BST) and wave-
lengths on which news in English is 
transmitted by the B.B.C. on short 
waves. 
0030 
0206 } 30.53, 31.32, 41.32, 49.10. 

0345 } 30.53, 30.96, 31.32, 41.32, 41.96, 49.10. 
0415: 
0530 30.53, 30.96, 31.32, 41.32, 49.10. 
0700 19.91, 25.53, 25.68, 30.53, 31.55, 42.13. 
0900 19.44, 19.91, 25.53, 25.68, 30.53, 31.55, 

42.13. 
1000 24.80, 24.92, 25.29, 25.58, 25.64, 30.96. 

31.41, 31.48, 31.61, 31.88, 41.38, 
4491:4109., 41.96, 42.46, 48.43, 48.98, 

1600 16.84, 19.46, 19.91, 24.92, 25.68, 31.12. 
1700 16.92, 19.66, 25.53. 
1745 24.80, 25.38, 41.49, 49.10. 
1900 19.66, 25.53, 25.64, 31.25. 
2045 19.66, 25.53, 25.64, 31.25, 42.13. 
2245 25.684 30.534 31.12, 31.32.: 41.324 

41.38, 41.75, 48.66, 48.98, 49.42, 
49.92. 

2345 30.53, 31.32, 41.32, 49.10. 
:Sundays excepted. 

In addition to the news bulletins 
listed above there are transmissions 
of news in English in the General 
Overseas Service of the B.B.C. at 
the following times:—oo3o, 0300. 
0500, o600, 0700, o800, 1200, 1400, 
1600, 1900, 2145. The wavelengths 
on which these transmissions are 
radiated are not available from the 
B.B.C. It Is stated " they are' an-
nounced at the microphone." 

IN BRIEF 

FM " Walkie-Talkies."—It is an-
nounced by the U.S. War Department 
that frequency modulation is being 
employed in the latest model of • the 
" Walkie-Talkie" pack transmitter-
receiver. 

Appoint-
ment. — A. W. 
Martin, who has 
been with E. K. 
Cole since 1928 
and, as Assistant 
Chief Engineer, 
has been re-
sponsible fo r 
many important 
technical a n d 
design develop-
ments, has been 
appointed Chief 
Engineer of the 
company. 

Training Radio Officers.—Recruit-
ment and training being relevant 
factors in the matter of the post-war 
employment of Radio Officers, the 
Radio Officers' Union .has taken part in 
discussions to formulate plans for the 
setting up of a Radio Officers' Training 
Board. 

I.E.E.—At a meeting of the Wireless 
Section of the Institution of Electrical 
Engineers to be held at 5.30 p.m. on 
December 1st, two papers on hearing 
aids will be read. Dr. T. S. Littler's 
paper is entitled " Electrical Hearing 
Aids" and C. M. R. Balbi's " A Basis 
for the Prediction of Performance of 
Hearing Aids." 

Radio Relay Subscribers.—The num-
ber of subscribers to radio relay ex-
changes is still increasing. Although 
there was one less exchange, the num-
ber of subscribers to the present 276 
exchanges increased by 7,644 in the 
three months to June 30th, making a 
total of 455,588 subscribers at that 
date. 

Brit.I.R.E.—A paper on " Stabilising 
Electronic Circuits is to be read by 
M. M. Levy at a meeting of the British 
Institution of Radio Engineers to be 
held on November 25th. On December 
15th a paper on " Selective Methods in 
Radio Reception" will be read by 
E. L. Gardiner (G6GR). Both these 
meetings will be held at 6.30 p.m. at 
the Institute of Structural Engineers, 
xi, Upper Belgrave Street, London, 
S.W.i. 

New Use for Television.—Television 
has been used in the United States in 
the search for missing persons. Re-
cently a mother in New York City was 
televised appealing to her i5-year-old 
son to return home. It is estimated 
that about 5,000 sets received the trans-
mission in New York, Philadelphia and 
Boston. The broadcast was arranged 
by New York City's Police Bureau of 
missing persons. 

R.S.G.B.—E. L. Gardiner (G6GR), 
President-Elect of the Radio Society of 
Great Britain, will open a discussion 
on " Valve Voltmeters" at the next 
meeting of the London Section to be 
held at the Institution of Electrical En-
gineers at 2.30 p.m. on November 27th. 
The annual general meeting of the 
Society will also be held at the I.E.E. 
at 2 o'clock on December i8th, and 
will be followed by a paper by Dr. 
R. L. Smith-Rose, Honorary Member 
of the Society, on " Measurements in 
Radio Experimental Work." 

Resignation.—E. J. Wyborn, 
M.I.E.E., who joined E. K. Cole, Ltd., 
fifteen years ago as chief engineer and 
has latterly been deputy managing 
director of the company, has resigned 
from the board and severed his con-
nection with the company. 

Callender's.—Sir Malcolm Fraser, 
Bt., G.B.E., has been elected Chair-
man of Callender's Cable and Construc-
tion Company and also of the Anchot 
Cable Company. 

Frequency Checking Station.—A 
typographical error appeared in the 
note on the U.S. National Bureau of 
Standards station on page 337 of the 
November issue. The call sign is WWV 
and not WWY. 



"WREN" RADIO MECHANICS 
Mamtaining Naval ALr Arm 

C OME months ago* we de-
scribed the intensive course 
of training undertaken by 

members of the Women's Royal 
Naval Service to qualify as Radio 
Mechanics. It is now possible, as 
a result of a recent visit to a Royal 
Naval Air Station, to give some 
idea df the work undertaken by 
these girls when their training is 
completed. 
The station chosen was 

H.M.S. Kestrel, where Wireless 
Telegraphist Air Gunners are 
trained for the Naval Air Arm. It 
is at such a station, where it is 
necessary to maintain a large staff 
of mechanics for the maintenance 
of the aircraft and associated wire-
less equipment used for training 
purposes, that Wren Air 
Mechanics (who look after the 
engines, airframes, ordnance and 
electrical equipment) and Radio 
Mechanics are playing a big part. 
The replacement of male naval 

• Wireless World, October>942. 

ratings by Wrens has been going 
on at this station for some time, 
and there is now a dilution bf : i. 
While in some categories the dilu-
tion is not so great, in that of 
Radio Mechanic 75 per cent. of 
the staff are Wrens. 

Before passing out as Leading 
Wren Radio Mechanics, recruits, 
who must have 
had a secondary 
school or similar 
education a n d 
gained the school 
certificate with 
credit in mathe-
matics or physics, 
take a four to six 

These photographs, 
taken at a Royal 
Naval Air Station, 
show Wren Radio 
Mechanics testing, 
repairing and in-
stalling radio equip-
ment for the Naval 

Air Arm. 

Equipment 
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months' basic training course of 
the type already described, which 
is followed by a practical course at 
a Naval Air Station. After twelve 
months' service as Leading Wren 
they are eligible for recommenda-
tion for promotion to Petty Officer 
Wren. 
At H.M.S. Kestrel all radio 

apparatus installed in the training 
aircraft is tested after each thirty 
hours' flying. This means that 
there is a considerable amount of 
routine testing. When apparatus 
is found to be faulty it is removed 
by the Wrens and repaired in the 
workshops which, with the excep-
tion of a Chief Petty Officer, is 
entirely staffed by girls. 
Another task undertaken is the 

testing of some of the apparatus 
in flight; those doing this work 
have, therefore, been nicknamed 
" Flying Wrens." 
While there are, of course, cir-

cuit failures in the sets, quite a 
large proportion of the faults are 
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mechanical, brought about by 
vibration and other conditions of 
service. 

Typical N.A.A. Sets 
The number of different types 

of set handled by Wrens is fairly 
small, and they therefore quickly 
become conversant with faults 
likely to develop. One of the 
transmitter-receivers, which oper-
ates on 'phone and MCW, has 
remote press-button tuning for 
four spot frequencies, which are 
crystal controlled. 

Wiréless World 
Another set handled by Wren 

Radio Mechanics was specially 
designed for the Naval Air Arm 
and is installed in multi-seater air-
craft such as the Fulmar. An 
interesting point in the design of 
this transmitter-receiver, which 
works, on CW only, is that the 
tuning coils are temperature com-
pensated. They have a frequency 
stability of to.r per cent. at alti-
tudes up to 4o,000ft., and at 
temperature variations from + 30 
deg. to - 3o deg. C. 
The set derives its power from a 

motor generator driven by a 12 

or 24-volt battery. The trans-
mitter has an output of to watts. 
The station visited is one of 

many such centres round the coast 
where Wren Radio Mechanics are 
doing a man's job. 

OUR COVER ILLUSTRATION 
THIS month's cover illustration 
Ji• shows a " worm's eye" view 
of the latest General Electric cir-
cular FM transmitting aerial in-
stalled at the top of the Wall 
Tower, New York, for the station 
W47NY operated by Muzak. Radio 
Broadcasting Station, Inc., on a fre-
quency of 44.7 Mc/s. 

NEWS IN ENGLISH FROM ABROAD 

Country : Station 

Algeria 
Algiers 

America 
WRUW ( Boston) .. 
WLWO (Cincinnati).. 
WCBX ( Brentwood).. 
WGEO (Schenectady) 
WKTM 

WLWK (Cincinnati).. 
WCRC (Brentwood) .. 
WLWO (Cincinnati).. 
WCRC (Brentwood) .. 
WGEA (Schenectady) 

WBOS ( Hull).. 
WKTM 
WKRD 
WBOS ( Hull).. • .. 
WLWK (Cincinnati).. 

WGEO (Schenectady) 
WRUL (Boston) .. 
WLWO (Cincinnati).. 

Australia 
VLI10 (Sydney) .. 
VLG3 (Melbourne) .. 
VLI2 (Sydney) .. 
VLG9 (Melbourne) .. 
VLI3 (Sydney) .. 

Brazil 
PRL8 ( Rio de Janeiro) 

China 
XGOY (Chungking).. 

Ecuador 
HCJB (Quito) 

Egypt 
Cairo .. 

French Equatorial Africa 
FZI ( Brazzaville) 

India 
VUD3 (Delhi) 

Metres Daily Bulletins (BST) 

8.965 33.46 

12.110 24.77 

6.040 49.67 
6.080 49.34 
8.170 48.82 
6.190 48.47 
6.370 47.10 

7.575 39.60 
9.650 31.09 
11.710 25.60 
11.830 25.36 
11.847 25.33 

11.870 25.27 
11.893 25.22 
12.967 23.14 
15.210 19.72 
15.250 19.67 

15.330 19.57 
15.350 19.54 
17.800 16.85 

9.580 31.32 
11.710 25.82 
11.872 25.27 
11.900 25.21 
15.320 19.58 

11.715 25.61 

9.635 31.14 

12.455 24.09 

7.510 39.94 

11.970 25.06 

7.290 41.15 

1600, 1700, 1800, 1900, 
4100, 2200 

1700, 1800, 2100 

0800 
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Country : Station Mc,s Metres 

India (continued) 
VUD4 
VUD3 

Mozambique 
CR7BE (Lourenco 
Marquee) .. 

Newfoundland 
VONH (St. John's) 

Palestine 
Jerusalem 

Portugal 
CSW6 ( Lisbon) 

Spain 
EA Q ( A ranjuez) 

Sweden 
SBU ( Motala) 
SBP 

Switzerland 
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Moscow 
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HVJ 
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5.970 
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11.040 

9.860 

9.535 
11.705 

6.168 
9.535 

8.035 

9.465 

5.890 
6.980 
7.300 

7.560 
10.445 
11.830 
12.190 
15.230 
15.750 

5.970 

31.28 
19.62 

30.52 

50.25 

25.53 

27.17 

30.43 

31.46 
25.83 

48.66 
31.46 

37.34 

31.70 

50.93 
42.98 
41.10 

39.68 
28.72 
25.36 
24.61 
19.70 
19.05 

50.25 

Daily Bulletins ( BST) 

0800, 1300, 1550 
0800, 1300 

1155, 1712, 1915 

2315 

1615 

2000 

19151 

22201 
1700 

2150 
2150 

1820 

1800 

2300 
1240, 1700, 2300 
1800, 2000, 2100, 2200, 
2300 
2300 
1240 
1600 
1240 
0415, 1240 
1240 

2015 

Algiers .. 

Athlone . 

Tunis .. 

kefS 
1176 

565 

868 

Metres 
255 

531 

345.6 

0100, 1400, 1800, 1900, 
2000, 2200 

13401, 1845,2210 

0000, 0100, 1900, 2000. 
2100, 2200, 2300 - -

It should be noted that the times are BST-one hour ahead of GMT. The timing of some of the bulletins may be changed to 
compensate for the reversion from Summer to Standard Time in some countries. Sundays excepted. 
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ELECTRONIC VOLTAGE REGULATORS 
Practical Design Details : Derivation of Formulae 

TURNING now to practical 
points of design where ex-
perience is helpful, the fol-

lowing valves have been used very 
successfully : 

For currents up to 35 mA, 
6V6G (triode connected). 
For currents up to 8o mA, 

D024 or PX25. 
For currents up to 120 mA, 

S.T.C. 4300A. 
The control valve may be any 

type suitable for resistance-
coupled amplification. Triodes 
have been shown above, but 
actually RF pentodes such as the 
6 J7G or Brimax 8D2 are very 
much better. The screen may be 
run from the output or input 
positive line through a dropping 
resistance or potentiometer; 
usually a very low voltage is best. 
If the screen voltage is obtained 
from the input voltage, some 
degree of compensation can be got 
by careful adjustment of the 
screen voltage. This method is 
not recommended, as in practice 
it is susceptible to variation. The 
series valve is not affected by the 
actual HT voltage level, but if 
high voltages are used, the con-
trol valve must be watched. 
Actually some standard RF pen-
todes have been reported as being 
used to control supplies of some 
thousands of volts, but in these 
cases the valves must be chosen 
with great care. 

In most radio applications it is 
advantageous for the stabiliser 
tube to operate at as low a 
voltage as possible. Here the 
S.T.C. 4313C is unique, as its volt 
drop is only 50-55 volts at I to 
o mA. The Mullard 7475 is 

excellent when the higher voltage 
of 90 can be tolerated. The 
Cossor S130 has been used with 
success with a current as low as 
9 mA through it, but this is not 
in accordance with makers' 
ratings, as they recommend a 
very much higher tube current. 

In constructing such a stabiliser 
it must be remembered that it is 
a high-gain amplifier, and must be 
made accordingly. For best results 
it is advisable to separate power 
pack and regulator, and not 
attempt to build them in one unit, 

By F. LIVINGSTON HOGG 
(Concluded from page 331 of the November Issue) 

because of the difficulty of elimin-
ating hum pick-up on the am-
plifier. In no case when the 
amplifier has been properly 
designed and built has it been 
found desirable or necessary to 
use any extra devices to prevent 
instability. It is, however, always 
good to add a condenser C, 
(Fig. 2). This may be 0.5 to 
microfarad. It transfers direct, 

instead of through a potential 
divider, to the grid of the control 
valve all AF variations across 
the output. This usually improves 
the residual mains hum by large 
amounts, 25 db or more, probably 
because the grid of the tube is tied 
down through a low impedance, 
and is therefore much less sus-
ceptible to pick-up. 
As mentioned above, 116 should 

be wirewound. It is best to insert 
in series with the variable the 
minimum calculated value so that 
the grid of V, cannot be run 
positive into a region of poor or 
no control. 

Fig. 7. By shunting V, with a 
resistance a greater current out-
put may be taken at the expense 

of some range of control. 

There are no doubt many other 
dodges which will suggest them-
selves, but for reasons of space 
only one more will be mentioned 
which was proposed by Bosquet 
in Electronics, July 1938. Suppos-
ing we wish to take a large current 

from the stabiliser, the size of 
valve required may be excessive. 
By sacrificing range of control, 
however, we can pass a very much 
greater current through a given 
regulator by shunting the series 
valve with a resistance, 12 19 
(Fig. 7). For instance, a regu-
lator using one D024 can be made 
to supply enough current for the 
heaters of a number of AC/DC 
valves in series. This can give 
much better regulation than a 
barretter or flux regulated trans-
former. 
The shunt resistance must be 

adjusted rather accurately to the 
calculated value. The method of 
design is to add new columns 
B' and Ir to the table, for currents 
in resistance and valve respec-
tively. Column D covers watts in 
valve and resistance. If the valve 
to be used is known, B".8 gives 
the valve maximum wattage, so 
it can be filled in, whence B'8, 
and therefore R„. The rest of 
the table then follows. Clearly 
the shunt resistance limits both 
voltage and current range seri-
ously. When only a fixed output 

voltage and current are 
required, as for valve 
heaters, etc., the table 
can be reduced to three 
lines only. Care must 
also be taken that the 
rectifier output is ad-
justed to the design 
value, as the limits for 
good regulation are 

E0 rather close. 
Valves can, of course, 

be run in parallel, but 
great care must be 
taken as if one valve 
takes an undue share 
of the current it may 
fail prematurely. 

Another valve then follows suit, 
and the first sign of trouble on 
one unit I was once shown did 
not occur until the third valve 
failed. This tends to be ex-
• pensive. It is advisable to use 
valves in parallel much more 
conservatively and to choose types 
likely to match well. Grid stopping 
resistances may also be required to 
prevent parasitic oscillation. A 
method which may be useful to 
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Electronic Voltage Regulators— 
safeguard valves is to use a 
separate cathode resistance in 
each valve cathode lead, adjusting 
the values in such a way that any 
valve cannot take undue current. 
This involves the use of a separate 
winding on the heater transformer 
for each valve, unless indirectly 
heated valves are used. 

cl00000 
C2 "L C3 

Fig. 8. Circuit for measuring the 
effective internal resistance of 

voltage regulators. 

In any case, it is particularly 
recommended that one trans-
former supply all the heaters, and 
that a separate one be used for the 
HT. The HT can then be switched 
on and off in the primary circuit. 
This saves quite a bit on con-
densers and switching. If a wider 
range of voltage is required than is 
available in one range of control 
excess turns may be wound on the 
primary (with due regard to other 
considerations) to give reduced 
secondary voltage, or an auto 
transformer may be used. The 
number of ranges of control can 
thus be made as many as desired. 
It is better to control a wide range 
of voltage in steps, unless the 
current to be taken is very low. 
In the example, any greater 
voltage change would entail con-
siderable reduction of the maxi-
mum current. 

Heretofore the regulator has 
been considered only as a voltage 
stabilising device. It is, however, 
clear that it must have an internal 
resistance of low value. If stabilis-
ation is perfect, the internal 
resistance (or more accurately 
impedance) must be zero. If 
there is overcompensation, the 
resistance is negative. This applies 
at all frequencies at which the 
control valve is an efficient 
amplifier. 

Wireless World 
This opens up a new field of use 

for the electronic regulator as an 
impedance which is sensibly zero 
to AC right down to the lowest 
frequencies, and yet has a DC 
potential across it. Regulators 
have been found invaluable, for 
example, in wide band amplifiers, 
for feeding screen circuits in such 
a way that compensation is not 
necessary at low frequencies. The 
device is also useful in coupling 
cathode ray tubes directly to 
amplifiers, as no auxiliary imped-
ances are necessary. Moreover, 
regulators can be used to supply 
transmitter bias with advantage. 
The transmitter grid current would 
normally cause a considerable rise 
in grid voltage unless a heavy load 
is placed across the bias supply. 
If a regulator is used, it is only 
necessary that the load current be 
a little greater than the maximum 
grid current. Banerjee, in the 
paper mentioned in the last issue, 
proposes this idea in connection 
with the large Class B amplifiers, 
used in broadcast transmitters. 
It has also value in factory testing. 
The use of regulators for such 

purposes does not yet seem to have 
had the attention it deserves; the 
applications mentioned are only 
insdicative of the possibilities, 
being some I have found useful. 
In such applications, measure-
ment of the actual internal resist-
ance becomes interesting. The 
usual circuit is shown in Fig. 8. 
R„, R„ and R„ are together the 
required load on the regulator. 
An audio oscillator is fed through 
a transformer and two condensers 
across R22 and R 23, while the 
junction of these two resistances 
goes to the negative line via a 
condenser and a pair of phones. 
If R„ and R23 are made from 
suitable variable and fixed resist-
ances the slider is adjusted for 
minimum sound in the phones. 
The internal resistance is given 
by: 

R„.Ru  

R 23 

As an indication of the expected 
values, Ri for the sample regu-
lator is of the order of 70 ohms 
maximum. Obviously this method 
can be adapted to use existing 
parts in a number of ways. 

If a cathode ray oscillograph is 
available, there are other useful. 
methods. If E0 is applied to the 
CRO through a blocking condenser 
and amplifier, any residual mains 

hum will be seen. This can be used 
as a method of adjusting the voltage 
compensating resistance, provided 
the amplifier tube of the regulator 
does not pick up too much hum, 
which would mask the effect. 

It is often necessary to know 
how the internal resistance (which 
is slightly inductively reactive) 
behaves when varying alternating 
voltages are applied across its 
output. This effect can easily be 
studied on the CRO in the follow-
ing manner. The required load 
is made up of R 26 and V,, Fig. 9. 
R 26 biases V, suitably as an 
amplifier. V, is chosen so that 
by varying its grid potential its 
anode current is varied over a 
suitable range. To start with, an 
effective load variation rf 5 per cent. 
might be aimed at. As the com-
pensation is varied, so the ampli-
tude of the CRO trace will be 
modified. An accurate compensa-
tion can be made at any frequency, 
or a frequency characteristic can 
be taken. Actual measurement 
can only be made indirectly thus, 
but it is nevertheless probably the 
most convenient practical method, 
provided great care is taken to see 
that the CRO does not pick up 
directly and so give spurious 
results. 
Tue tube V 7 could, of course, be 

placed across Ei, and thus voltage 
compensation adjustment made at 
a frequency other than that of 
the mains, if for some reason that 
is desirable. 

Fig. 9. Load circuit for use with 
CRO for visual adjustment of 

compensating circuits. 

Limitations of space prevent the 
fuller discussion of the many 
points which arise. This article is 
therefore only intended to indicate 
simple and useful methods which 
have been tried out over a number 
of years. The principles laid 
down, while not at all deep, enable 
a designer to estimate the per-
formance of a regulator with little 
trouble, and with every expecta-
tion of getting the required answer 



without much experiment. No 
apology is therefore made for the 
elementary and unacademic ap-
proach to the problem. 
The work described above was 

carried out by the writer during 
his employment with Messrs. 
Standard Telephones and Cables, 
Ltd., New Southgate, to whom 
acknowledgements are therefore 
due. Mr. D. N. Corfield of the 
Sidcup Factory of that company, 
has also kindly helped by provid-
ing curves and figures for the 
6Q7G valve. 

APPENDIX 
In Fig. 2, with voltage control 

as shown in (6), let V, have 
mutual conductance S and ampli-
fication factor it. Let the overall 
amplification of V, circuit be n 
times, i.e. 

1V,I 

1E81 = 
Then the stabilisation ratio of the 
regulator is defined as: 

p E, 
a 

pEi 

and the internal resistance 
p E, 

Li 

where the p's represent corre-
sponding small changes in the 
variables. 
From elementary valve circuit 

theory we can see that 
S 

Li = S pV, +— ( pEi — pEo) 

14 (j) 

Now let k be the reduction factor 
of the potentiometer formed by 
R, and R, 

Ri = — 

as: 

Then k —  R6 
Rs + Re 

and p V, = — nk p E, 
whence 

S 
=— pEi — S pE, (nk + 

ig 
. . ( 2) 

If the load resistance is R 

At = • • (3) 

p E, 
Whence a = 

SR 4-
µnk + 

• • (4) 
Similarly, if the effective re-

sistance of the power supply is 
R,., we can see that 
pEi — Rrpi • • (5) 

and from (5) and (2) we can then 
derive 

Wireless World 
R — AE.  ± It, . . 16) 
i  

lotk + 
This shows tbat, as a rule, the 

power supply resistance has not 
much effect on the performance 
of a regulator, as far as its regulat-
ing properties go. It is, however, 
of great importance when a wide 
range of voltage control is desired, 
because the extra variations of E. 
caused by the power supply re-
sistance with varying load, all 
have to be dissipated in Vs. Unless 
the current is low, this is a serious 
limiting factor in wide range 
designs. 

Voltage Compensation 
In Fig. 5, let R10 be zero. As 

the resistance' seen across the 
terminals of the regulator is very 
low, when we calculate the ratio 
AC 
DC' R6 and R, are effectively in 

parallel. 
get :— 

= R, R, 128-1-kR, 

Calling this factor g we 

R, Re  
kR, 

R8+  R5 +R6 

We can write the stabilisation 
ratio thus : 

p E, 
a = 

k pEi 
Now if compensation is to be 

perfect, E, is zero. There must 
therefore be a voltage change at 
point A equal and opposite to that 
implied by (8). If we obtain this 
change via R8 from the changes 
in Ei, this voltage is obviously 
g AE. Equating we get 

q= 
- WIN -F I 
SR 

from which we can at once 
evaluate Rs. Remembering that 

kR6 

• • • • (8) 

q —R8 ± kR,' 

• • (9) 

R, Re( + fink + — k) 

Current Compensation 
If Fig. 5 assume that R8 is 

sufficiently high that it may be 
ignored when connected in parallel 
with R, and R,. Let the potentio-

meter factor be t. Then 
FC 

R, 
t —  

Re ± Re 
As with (8) we may write 

A Eg 
Ri = — 

k pi 
. . (so) 
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The grid voltage change implied by 
this must be correspondingly 
balanced at point A. 
Now pE, = g pEi — ¡Rio M 

(I I) 
Whence from (5) 

pE„ = —(qR, + tR„) pi (i2) 
kRi—qR, 

Therefore R„ —   • • (i3) 

or expressed otherwise, 

R,,=— k R„) — — gR, 
a  • • (4) 
eank 

If voltage compensation is not 
used at the same time, then R, is 
infinitely large, and 

kRi k ) + Re 
Rio — =—   t µnk + 

These compensating resistance 
values are calculated for one set 
of controlling values only. There-
fore any circuit or voltage output 
changes would require different 
values. The residual stabilisa-
tion ratio and internal resistance 
may be given thus: 

es(c)=   —k- (15) 
Fs, 
-- itnk 
SR 

— -r 

and 12(,) —   
¡Ink + 

gR, tRio 

.. ( 16) 
These resultants may obviously 

be positive or negative, corre-
sponding to under- or over-com-
pensation. 
The method of computing the 

above results is based on that 
given by Lindenhovius and Rinia 
in the article mentioned in the 
last issue. The method is open 
to criticism when thus extended, 
on several grounds, and calculated 
compensation values should always 
be used as a guide only. The 
results are quite good approxi-
mations, and are much more con-
venient in practice than some 
others which have been published. 

SEPARATING SALVAGE 

ACCORDING to the Waste Paper 
Recovery Association an average 

of to tons of foreign matter is being 
found in every loo tons of waste paper 
received at the mills. As a result, 
thousands of tons of valuable salvage 
are being lost, principally rags, string, 
tins, rubber and paper. In addition, 
damage to machinery, with consequent 
hold-ups in production, results in many 
cases. Factories and business concerns 
are again asked to see that they keep 
their waste paper free from all other 
types of salvage. 
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UNBIASED 
Speed of Electricity 
THE amount of interest excited 
-11. by my recent query as to the 
speed of electricity has been aston-
ishing in its revelation of the broad 
appeal made by this journal, for I 
have had replies from all manner of 
folk, to whom it has been quite im-
possible to reply individually, 
Nobody, however, seems to have 

hit upon the correct answer, and, 
although I have had many ingenious 
and carefully prepared mathematical 
expositions, none of them seems to 
agree with the others. As I ex-
pected, quite a large number of 
people confuse the matter with the 
speed of electro-magnetic waves and 
give me the figure of 186,000 miles 
per second, while others confuse the 
whole issue by dragging in such 
extraneous matters as lagging and 
leading currents, completely ignor-
ing the fact that I endeavoured to 
exclude such irrelevant sidetracks 
by talking of a humble electron 
moving round a simple DC circuit 
without appreciable L and C, such 
as that of an electric torch. Nor did 
I want to drag in the question of 
vacuum tube phenomena. 
I got such a welter of conflicting 

replies that I repaired to my library 
to consult the best authorities, only 
to find that they didn't seem to 
agree with each other very well, 
either. The most definite informa-
tion with a minimum of shuffling 
was, I am glad to say, obtained 
from a well-known text-book on 
Wireless Engineering (Morecroft). 

" Consulting the best authorities." 

I need hardly say that the popular 
conception of electricity whizzing 
round the circuit at an incredible 
speed is entirely erroneous. Taking 
the case of the humble electron in 
the simple DC circuit which I have 
mentioned, it would appear that the 
speed is not much different from that 
of walking pace, though, as Pro-
fessor Joad would remark, it all 

By 

FREE 

GRID 

depends on what you mean by walk-
ing pace. 

In the case of those who are on 
DC and live a few miles from the 
generating station it may take a few 
hours for an electron to reach them 
and get back home again. In the 
case of AC, of course, the electrons 
never even leave the generating 
station, for by the time they have 
started to stir their pins, a hundredth 
part of a second has elapsed and 
they have to turn back, and so on 
ad infinitum. This fact should, I 
think, do much to explain to the 
non - mathematically minded the 
nature of a condenser and why it 
does not form a break in an AC 
circuit. No doubt, Diallist and the 
licentious soldiery whom he in-
structs will find it useful. 

Ersatz Run Riot 
We are all expecting to find after 

the war that such enormous strides 
have been made in wireless matters, 
due to intensive research work, that 
it was rather a relief to me the other 
day to be shown an innovation 
which has nothing to do with the 
war but which is likely to exert a 
bigger influence on our post-war 
broadcast listening than any other 
single development. 

Paradoxically enough, the thing 
has no direct connection with wire-
less, and I first made its acquaint-
ance recently when I was introduced 
by Mrs. Free Grid, much against my 
will, into a very " arty " and high-
brow musical circle to which she 
belongs, to listen to what she called 
a revolution in gramophone repro-
duction. In spite of my pointing 
out that gramophone reproduction 
was essentially a matter of revolu-
tions she persisted in her purpose, 
and I eventually found myself amid 
a motley company which was listen-
ing enraptured to a loudspeaker 
churning out what to my untutored 
musical ear sounded like the blood-
curdling screech which one usually 
associates with the dentist's chair. 
I was assured, however, that I was 
listening to a voice which made the 
efforts of the divine Tetrazzini 

" Much against my will." 

sound no better than those of the 
top-note torturer at the average 
village concert. 
At the conclusion of the perform-

ance, which I was truthfully able to 
agree with my hosts was unlike any-
thing I had ever heard before, the 
mystery was explained to me. All 
the records, it appeared, had been 
made, not by recording any actual 
voices or musical instruments, but 
by the manual " hammer and 
chisel" method developed by 
Rudolf Pfenniger and described in 
Wireless World as long ago as 
February 3rd, 1933. 

In the case of these records, how-
ever, Pfenniger had been out-
pfennigered, since not only had the 
compass of the human voice been 
extended in both directions to fre-
quencies it was quite incapable of 
reaching, but, in addition, instru-
mental music had been recorded in 
which were tones of a kind quite 
beyond the scope of any musical in-
strument yet invented, putting even 
such devices as " electronic organs" 
entirely in the shade, and, indeed, 
making their further development 
as useless and futile as would have 
been the further development of the 
long-bow and the cross-bow after 
the invention of firearms. 

It seems quite obvious to 
me that when this thing gets 
really going after the war it 
will revolutionise the musical 
world, for not only will all records 
be produced this way, but the 
B.B.C. will be compelled to use re-
cords for all their programmes, since 
nobody will want to listen to an 
orchestra or a singer if something 
better can be produced by means 
of a hand-chiselled record. In fact, 
now I come to think of it, nobody 
will even want to visit the concert 
hall to listen to something inferior, 
and this will finally seal the doom of 
all vocalists, instrumentalists and 
other music manglers. 

It looks to me as though it is go-
ing to enable the " bootleg" re-
cording companies to short-circuit 
completely the virtual monopoly of 
first-class artistic talent which the 
big companies hold. 
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FURTHER NOTES ON THE 

CONTRAST EXPANSION UNIT 
Simplifying the Control Circuit : Hints on Operation 

THE correspondence which 
followed the publication, in 
the September issue, of the 

article describing a contrast ex-
pansion unit disclosed a number 
of problems relating to its design 
and operation which were con-
sidered to be of sufficient interest 
to justify second thoughts on the 
subject. 

It should first be emphasised 
that the system described was not 
submitted as an ideal method of 
contrast control, but was designed 
to meet a need, felt to exist, for a 
circuit which would improve the 
contrast range of present-day 
broadcasts and recordings. In 
these the gain of the transmitting 
or recording channel is (or should 
be) reduced to the requisite level 
immediately prior to the occur-
rence of a sharp rise in signal 
level, but remains constant during 
this change. Thus the initial 
transient is given the same reduc-
tion as the rest of that particular 
passage. 

Falling transients are, of 
course, similarly treated, since 
the control engineer waits for 
the cessation of a loud passage 
before readjusting the gain. 
The expansion unit, therefore, 

is faced with the task of restoring 
the general level of the signal 
without altering the contrast of its 
transient content. In addition, 
since the transients must be repro-
duced at the higher level, the 
gain of the reproducing equip-
ment should rise either imme-
diately before, or simultaneously 
with, their commencement. 
These conditions can be rigidly 

fulfilled only by a system in 
which the gain of the reproducing 
equipment is controlled by an 
auxiliary signal, transmitted on 
another channel if necessary, and 
determined by the gain of the 
transmitting or recording 
amplifiers. 

In the absence of such a system 
the control for contrast expansion 
must be obtained from the signal 
itself, and a compromise has to 

By D. T. N. WILLIAMSON 

be effected if a performance which 
is more acceptable than the com-
pressed version is to be obtained. 
Unless a time-delay is introduced 
into the reproducing chain, so 
that the signal may be " in-
spected" before it is heard, it is 
obviously impossible to arrange 
that the gain is increased imme-
diately before rising transients, 
and the best that can be achieved 
is that, by the use of a high rate 
of rise, the gain rises during such 
transients. This causes expansion 
of the original contrast, but it so 
happens that such expansion is 
not in any way objectionable— 
rather, in fact, does it improve an 
orchestral performance which is 
lacking in vigour. 

It is relatively easy, by the use 
of a low rate of fall of gain, to 
ensure that the gain of the 
amplifier is maintained practically 
constant during falling transients, 
and for a short period after the 
cessation of a loud passage to 
avoid expanding the contrast 

Fig. 1. Circuit for generat-
ing control voltage with 
asymmetrical rate of rise 

and fall. 

• e 

R2 

CI 

tion to the above requirements, 
that the gain of the amplifier does 
not follow the alternations of the 
signal, which would give rise to 
ncin-linear distortion. 
In the original circuit the 

control voltage for the variable-
gain amplifier was derived, by 
rectification, from the signal 
The asymmetrical rates of rise 
and fall of gain were introduced 
by a circuit containing a diode 
and a condenser, as shown in 
Fig. 1. When the signal is in• 
creasing the diode V conducts 
and the potential of CI rapidly 
follows the variation in voltage 
across AB; but on decrease of 
signal V is non-conductive, and 
as R2 is large compared with the 
conduction-resistance of V the 
voltage change occurs in CI only 
after a time delay. 
A simplified version of this 

control circuit has been suggested 
independently by two corre-
spondents (Messrs. L. Gregory 
and E. L. Thomas). Their 
arrangement is shown in Fig. 2, 

which has been lettered to corre-
spond with the original diagram 
of Fig. 7 (page 268 of the Septem-
ber issue). The circuit operates 
in a similar manner to a- peak 

rectifier. Initially C8 
is charged to the stand-
ing voltage taken from 
1217, corresponding to 
S in Fig. 1. When the 
signal is increasing, a 
voltage is developed 
across R15 and R16, 
in opposition to the 
standing voltage. This 
results in the rapid dis-
charge of C8 through a 
path formed by the 

rectifier, the load resistors 112o, 
R2I, and the standing voltage 
supply, R17. If, now, the signal 
falls to a lower value, C8 can only 
acquire a further charge through 
R15 and R16, since the rectifier is 
non-conductive, and as this re-
sistance is high considerable time 
&lay occurs before the condenser 
follows the change. This arrange-

CONTROL 
VOLTAGE 

between the reverberations and 
the parent sound, which would 
result in undesirable attenuation 
of the echo. The design described 
was based on these principles, 
having an extremely high rate of 
rise of gain so that negligible dis-
tortion of the " outline " of rising 
transients occurs, and a low rate 
of fall of gain to ensure, in addi-
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Contrast Expansion Unit— 
ment thus gives a control voltage 
similar to that of the circuit pre-
viously described, and has the 
advantage of requiring only one 
valve. 
The load resistance (Rzo + R21) 

should be kept as low as is prac-
ticable, since its value along with 

I•75:1 

Fig. 2. Simplified con-
trol circuit suggested 
by L. Gregory and 

E. L. Thomas. 

TO CONTROLLED 
VALVES 

those of R17, C8, and the diode 
conduction-resistance determines 
the rate of rise of gain. The trans-
former, like that in the original 
circuit, should be a step-down out-
put type with low-resistance 
windings to avoid appreciable 
power loss. Its ratio should be 
calculated to give the optimum 
load for the control amplifier, 
taking the secondary loading as 
(Rzo + Rzi). A centre tap al-
though desirable is not essential, 
providing that the load resistors 
are of low value. Suitable com-
ponent values are shown in Fig. 2. 

Alternative Valves 
A table of alternative valves for 

the contrast expansion unit is 
given, since in wartime it is not 
always possible to obtain the first 
choice. An exact equivalent of 
the Mazda AC / SPI is not obtain-
able, as this valve, is specially de-
signed for suppressor-grid control. 
Other short grid-base RF pen-
todes may be used, but are likely 
to require a higher control volt-
age. The change may necessitate 
alteration in screen and grid bias 
voltages, and to provide sufficient 
control R17 and the output from 
the control amplifier may have to 
be increased. An additional stage 
of amplification may be required 
if the output from the pickup is 
insufficient to provide the increase. 

In a well-balanced orchestral 
performance frequencies lying in 
the band between ioo c/s and 500 
C /s have considerably greater 

Wireless World 
amplitude than the remaindef of 
the frequency spectrum. Conse-
quently the voltage change pro-
duced by the control equipment 
for a given change in intensity is 
much higher for signals within 
this band than for those of other 
frequencies. As a result, sounds 
such as timpani rolls, which occur 

mainly within 
this band, cause 
dispropor-
tionate fluctua-
tions in the gen-
eral level, which 
are unpleasant. 
To counteract 
this effect it is 
advisable to 
" weight " the 
frequency re-

c io sponse of the con-
trol amplifier so 
that approxi-
mately equal 
voltages are pro-

duced by all frequencies at their 
normal intensities. This compen-
sation may be achieved by the use 
of a resonant circuit tuned to 
about 350 c/ s, and arranged to 
produce a trough of variable 
depth in the frequency character-
istic, extending approximately 
from I00 c/s to 500 c/s. A 
more simple but quite effective 

A
T
T
E
N
U
A
T
I
O
N
 
d
b
 

o 

2 

4 

6 

e 

10 

values of capacitance. Attenua-
tiQn of the frequency response will 
reduce the overall sensitivity of 
the control amplifier and may 
necessitate the introduction of a 
further stage of amplification, 
which, incidentally, will give 
more scope for the design of suit-
able filters. 

Modification of the frequency 
characteristic of the control ampli-
fier does not, of course, affect the 
response of the variable-gain sig-
nal amplifier, but only the nature 
of the control voltage. If the con-
trast expansion unit should be 
preceded by a tone-control stage 
which is being used to accentuate 
(not merely to correct) some part 
of the audio-frequency spectrum, 
corresponding equalisation should 
be incorporated in the control 
amplifier. 
,The operation of a contrast ex-

pansion unit can have almost as 
much effect upon the performance 
as its design. To secure the opti-
mum operating conditions it is 
desirable to have some form of 
indicator to show the state of gain 
of the variable-gain amplifier. 
This indicator in its simplest form 
may be a milliammeter in the 
common anode lead of the con-
trolled valves, or perhaps more 
cheaply, a cathode-ray or neon 
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Fig. 3. Response curves showing attenuation given by various values of 
C6 in Fig. 7 of the previous article. 

remedy is the introduction of 
steady attenuation below about 
500 c/s. This is easily arranged 
by suitable choice of the coupling 
condenser C6 in the original Fig. 
7. Fig. 3 shows the response 
curves to be expected with various 

tuning indicator operated from the 
voltage drop across a small, by-
passed resistor inserted in the cir-
cuit. Such an indicator will en-
able the controls of the expansion 
unit to be set for correct opera-
tion, so that only the loudest pas-



sages cause the anode current, 
and hence the gain, to be a maxi-
mum. 
The use of contrast expansion 

on manually controlled broadcasts 
is open to criticism, as recent cor-
respondence in this journal has 
shown, but in spite of this it can 
give greatly improved results 
where some skill in control has 

Position 

Wireless World 
effected. If care has been taken 
in the design of the expansion sys-
tem it should also be almost im-
possible to tell that contrast ex-
pansion is being employed, the 
performance being notable only 
for its lifelike volume range. To 
achieve the full effect of a large 
volume range it is essential that 
the reproducing equipment should 

ALTERNATIVE VALVES 

Valve 
Used 

Equivalent Valve 

4.0 v. heater 6.3 v. heater 

VI 

V2, V3 

V4 

V5, V6 

Osram MH4 

Mazda 
AC/SP1 

Osram KT41 

Mullard AZ3 

Mazda AC/HL 
Mullard 354V 

Osram MSP4 
MSP41 

Mullard SP4B 

Mullard Pen A4 
Pen B4 

Mazda AC5/Pen 
ACA/Pen 
A02/Pen 

605 
6J7, Osram 
KTZ63 
6J7 

Osram KT61 
Mullard EL33 

Mullard EZ2 

Remarks 

Strapped as triode. 

No exact equiva-
lent. May entail 
alteration in 
screen, grid bias 
and control 
voltages. 

Any low- imped-
ance triode or 
pentode with 
electrodes 
strapped may be 
used for V6. 

been exercised. There can be no 
doubt, however, of its value when 
used with orchestral recordings, in 
the vast majority of which only 
the limited volume range betrays 
the fact that compression has been 

RECEPTION 

THE Control Centre of the 
International Broadcasting 
Union, which has recently re-

turned to its headquarters in 
Brussels, has found it necessary to 
make use of a comprehensive code 
for determining the quality of a 
received signal. It is pointed out 
it is not sufficient to know the field 
strength; something must be known 
of local conditions and other deter-
mining factors. 
R = Signal Strength 

A = Amount of fading 

F = Frequency of fading 

I — Interference from unwanted stations 

S Atmospheric disturbance 

B --- Noise level 

E — Transmitter background noise 

M = Modulation depth 

Q = Quality of Modulation 
= General impression 

be capable of creating really high 
sound intensities with extremely 
low distortion, as otherwise, if the 
peaks are obscured by distortion, 
the thrilling quality of the sound 
will be lost. 

REPORTS 
A clear definition of the quality of 

a received signal is given by the fol-
lowing code which has been in use 
foi some time in commercial tele-
phony and has now been introduced 
for broadcasting. 

It is pointed out in the U.I.R. 
Bulletin that it is also necessary to 
give details of date, time, geogra-
phical position, meteorological con-
ditions and aerial used, to complete 
the picture of receiving conditions. 

5 very good; 4 good; 3 sufficient; 2 weak; I barely 
perceptible. 

1 very little; 2 small; 3 medium; 4 serious; 5 reception 
impossible. 

1 very slow; 2 slow; 3 medium; 4 fast; 5 very fast; 
6 audible frequency. 

0 none; I very slight; 2 slight; 3 medium; 4 strong; 
5 very strong. 

0 none; I very weak; 2 weak; 3 medium; 4 strong; 
5 very strong. 

0 none; 1 very low; 2 low; 3 medium; 4 high; 5 very 
high. 

0 none; 1 very low; 2 low; 3 medium; 4 high; 5 very 
high. 

6 too deep ; 5 deep ; 4 good ; 3 low; 2 weak ; I very weak ; 
0 none. 

5 excellent; 4 good; 3 acceptable; 2 bad ; 1 very bad. 
5 excellent; 4 good ; 3 acceptable; 2 bad; 1 very bad. 
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tALPINS 
- ELECTRICAL STORES-

" FAIRVIEW," 
LONDON ROAD, WROTHAM, 

KENT. 

TERMS : Cash with Order. No C.O.D. 

Regret Orders from Eire and Northern Ireland 
cannot be accepted. 

SUPER SENSITIVE RELAYS, multi leaf, P.O. 
type, very low NI/A working, as new. Price 15/. 
each, post free. 

AUTO-TRANSFORMER, 2,000 watts, tapped 
0-110-200-220-240 volts, as new. Price £8.10.0, 
carriage paid. 

DUBILIfR RESISTORS, new lead, and wire ends, 
2 watt,"10,000 ohm, 1/8 each or 15/- per doz., post 
free. Ditto, 1 watt, 5,000 ohm, 8/8 per doz., 
post free. 

RESISTANCE MATS, size Sin. by Sin., set of four. 
8'1, 80, 150 and 690 ohms, carry to I amp. 
Price, set of four, 5/-, post free. 

RECORDING AMPMETER, in ironclad case, 
meter movement wants repair, no pen, clock 
perfect, range 0-3 amps. Price SC carr. paid. 

MOTOR-DRIVEN PUMP, for oil or water, motor 
220v. D.C., 1 amp., 1,250 r.p.m., maker Keith 
Blackman. Price £8 10s., carr. paid. 

200 AMP. KNIFE SWITCHES, S.P., D.T., in 
first-class condition. 16/. each. 

200 AMP. CABLE, V.I.R., as new, rubber cover 
perfect, size 37/13, lengths 30 to 40 yds. Price 
in lengths, 6/- per yard, carr. paid. 

MASSIVE GUNMETAL WINCH, complete with 
long handle, for use with tin, dia, wire cable, 
weight 50 lbs., condition as new. Price £3, 
carriage paid. 

ELECTRIC LIGHT CHECK METERS, well-known 
makers, first-class condition, electrically guaran-
teed, for A.C. mains, 200/250 volts 50 cy. 1 phase 
5 amp. load, 10/- each; 10 amp. load, 12/5, 
carriage 1/-. 

I-WATT WIRE-END RESISTANCES, new and 
unused, assorted sizes (our assortment). 8/- per 
doz., post free. 

SOLID BRASS LAMPS (wing type), one hole 
mounting, fitted double contact, S.B.C. holder, 
and 12 volt 16 watt bulb. Price 3/8 each, post 
free, or 30/- per doz., carriage paid. 

TUNGSTEN CONTACTS, hin. dia., a pair mounted 
on spring blades, also two high quality pure 
silver contacts, in. dia., also on spring blades, 
nt for heavy duty, new and unused. There is 
enough base to remove for other work. Price, the 
set of four contacts, 5/-, post free. 

REDUCTION GEAR BOX, right angle drive, ratio 
50 to 1, ball bearing, shafts 7/16in. and 5/16in.,1 
new condition. Price 25/- each, carr. paid. 

ROTARY CONVERTER, D.C. to A.C. Input 
22 volts D.C. (twenty-two). Output 100 volts at 
140 M/A, 50 cycle, single phase, ball bearing, in 
first-class condition, no smoothing. Price IL 
carr. paid. 

MOVING COIL AMPMETERS, 21in. dia., panel 
mounting, modern type by famous makers, range 
0-t amp. (F.S.D. 10 WA), price 25/. range 
0-20 a:up. (F.S.D. 20 M/A), price 30/-. 

MILLIAMPMETERS, 21in. dia., flush mounting, 
moving coil, range 0-100 Mift (F.S.D. b M/A). 
Price 46/-. 

METER MOVEMENTS, moving coil, for recalli-
bration, large size, 4 to Bin, scale, deflection 
average 30 111/A. Price 15/-, post free. 

ROTARY CONVERTOR, D.C. to D.C., input 
21 volts D.C., output 1,000 volts 250 WA, choke 
and condenser smoothing fitted to both input and 
output, condition as new, weight 80 lbs. Price 
£10, carr. paid. 

AUTO TRANSFORMER, 2 kW., tapped 0-110-
200-220-240, step up or step down, condition 
new. Price 19, carr. paid. 
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Is Disc 
QUESTION No. 16. When the 

war ends we shall have an un-
rivalled opportunity of remedying 
the mistakes of the past and 
making a new start in more than 
one branch of wireless. That has 
already been pointed out in 
" Wireless World," but no one has 
mentioned the gramophone as a 
proper subject for a radical 
change. 

Is it agreed that the technique 
of the gramophone is due for 
supersession, and, if so, what 
system of sound recording for 
domestic reproduction should be 
adopted in its place? 

JOHN HOPE 

STUART BLACK criticises 
disc recording, especially in its 
present form, and suggests 
directions in which improve-
ments should be made. 

A S one keenly interested in high-
quality reproduction who has 

followed the progress of sound re-
cording since the days of the early 
Edison phonograph, I am, per-
haps, as well qualified to open this 
discussion as are others of greater 
technical attainments who may 
well be side-tracked from the ulti-
mate object in view by irrelevant 
considerations. 
Quite frankly, everything about 

our present methods of reproduc-
ing recorded music in the home 
appals me. There has been pro-
gress, of course, but it has been 
in spite of the basic methods em-
ployed, and not because of them. 
Fundamentally and mechanic-
ally, I maintain that the present 
methods are worse than those of 
the original Edison phonograph. 
As a matter of interest let us 

compare the present-day gramo-
phone with the Edison. We will 
ignore the electrical pick-up, 
which would obviously have been 
applied to the Edison if it had 
survived, and electric drive, 
which was, in fact, fitted to the 
more expensive Edisons. The 
Edison phonograph had a com-
pletely smooth record without 
any abrasive material, and in the 
later Blue Amberols an almost in-
destructible material composition 
was used; the stylus was a smooth 
sapphire or diamond; the traverse 
was mechanically driven so that 
the record had only to draw along 

Recording Obsolete 
the minute weight of the stylus-
holding gear, and not the entire 
pick-up head and arm; the 
records were hill-and-dale cut so 
that the amplitude was, or could 
be, far greater if necessary; and, 
best of all, the lineal speed of the 
track wider the stylus was con-
stant. In the case of the present 
disc gramophone not one of the 
above advantages exists, for the 
record is deliberately made abra-
sive ; the stylus is for all practical 
purposes always a steel needle, 
both of which factors make for 
scratch and all kinds of surface 
noise; the record groove has to 
drag the whole contraption along, 
and the contraption has to be 
massive enough to provide the 
necessary inertia for the relative 
movement of the pick-up system 
proper; the amplitude is strictly 
limited by the distance apart of 
the grooves, and the necessary 
thickness of their walls, which are 
often, alas! even then all too 
weak. Finally, the speed of the 
record relative to the stylus is 
constantly varying. How can one 
expect even tolerable reproduc-
tion under such conditions? Yet 
the miracle is that it has been 
attained, to a large extent by 
sheer misplaced ingenuity. 
Now, for a moment, let us con-

sider why, if it is agreed that there • 
were such overwhelming advan-
tages in the Edison, or cylinder, 
machines generally, they have 
completely died out. There can 
be but one main answer, and that 
is storage. The space taken up 
by even a dozen of the old phono-
graph records would accommo-
date possibly a hundred 12in. 

discs. Two subsidiary reasons for 
the eclipse were, I think, ease of 
manufacture, by pressing instead 
of moulding (though possibly 
modern methods of hydraulic 
pressing plus plastics might have 
overcome this), and length of 
playing, which was obviously 
more limited than on the disc. 
What is the position now? 

Over and over again I have heard 
people say that the present posi-
tion is due to vested interests and 
the amount of money locked up in 
the present system; that such-
and-such firms could, if they 

would, turn over to sound-on-
film, tape recording in one form 
or another, or what not. I have 
said it myself, and, while I think 
there is probably some truth in 
it, yet it is not the whole story. 
For one thing, there are too many 
disc machines in the world for 
them to be replaced at a touch; 
then imagine the state of a grand 
opera on reels of film in an aver-
age household, complete with 
children, after a few weeks. Then 
there is the matter of cost. We 
could doubtless have full sym-
phonies or operas to-morrow on 
film at a price, but that price 
would be unquestionably prohibi-
tive, and when one considers the 
•difference in cost of processing a 
photographic record on many feet 
of film, plus the cost of the film 
itself and the enormous increase 
of time involved compared with 
the simple and speedy pressing of 
discs, it is easy to see where the 
advantage of the disc lies, and to 
some extent must probably 
always lie. 

Alternative Systems 

That being the position, what 
are the remedies or alternatives? 
It seems to me that the disc must 
retain its position as the chief 
source of recorded music in most 
households for a long time to 
come, but there is hardly one of 
the advantages which the old 
cylinder possessed that could not 
be incorporated in the disc with-
out destroying its own inherent 
assets. It could be hill-and-dale 
cut, and is, in some cases; it could 
be played with a smooth stone or 
other similar stylus; it could have 
a mechanical traverse, thus re-
lieving the record of more than 
half its work; it could still be 
pressed in the orthodox way but 
in some scratch-free plastic; and, 
finally, and most importantly, it 
could be made to play at constant 
linear speed. I harp on this ques-
tion of constant linear speed for 
the principal reason that it seems 
to me essential, if one is to 
get the most perfect reproduction 
possible, it is nonsense to ex-
pect to get precisely the same 
result from a given sound when 



at one moment it occupies about 
3in. of space and the next it is 
compressed into 
There are endless other possi-

bilities by other methods, the 
outcome of which is pure specu-
lation. Sound on film may yet 
sweep the board, but even that 
may not be as we now know it. 
The sound track may be excited 
to fluorescence bv a special exciter 
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lamp, or it may be made by some 
new magnetic system if some way 
of easy duplication can be de-
vised, or, again, it may be by 
some entirely new electronic 
method. All I hope is that we 
shall soon cease to get our music 
by scraping a steel point carrying 
some tons of weight per square 
inch over what is virtually a re-
lined macadamised roadway. 

tellers to IIme Eilidoe  

Restarting Television : Pitfalls of 

Negati‘ e Feedback : S‘ nchronising 

Electric Clocks 
Post-war Employment 

IV one who has been connected 
for many years with the radio 

and allied trades, and is now 
serving in H.M. Forces, may I 
comment on " Diallist's" para-
graph in the November issue. 
From personal contact with 

wireless mechanic trainees, I can 
endorse his remarks that many 
men, particularly the youngsters, 
have developed a great interest 
in radio as a result of their train-
ing, and in so far as this develops 
into the pursuit of a fascinating 
hobby after the war, it seems to 
me to be an excellent thing. 
But if these men contemplate, 

as " Diallist" correctly antici-
pates, entering the field commer-
cially, I am afraid that disillu-
sionment awaits them in the over-
crowded ( in peacetime) ranks of 
servicemen. 

Admittedly the really efficient 
service man has hitherto been far 
too rare. But is this surprising 
when one considers that whether 
employed by large manufacturer 
or small retailer, he is usually ex-
pected to work longer hours for 
lower wages than the dustman or 
road sweeper. Or if he sets up 
business on his own he finds that 
the public does not expect to pay 
even moderately for his services. 
Small wonder that in pre-war 

days the man with ability and en-
thusiasm turned elsewhere for his 
livelihood. 

If there is to be an influx of 
labour after the war, conditions 
will become chaotic, and all 
schemes for promoting increased 
technical efficiency among service-
men will prove ineffective unless 

the public and the manufacturers 
are first brought to realise that 
servicing is a skilled trade and 
must be suitably rewarded. 

R. S. S. 

Restarting Television 

D t 'RING the 30 years I have 
been a reader of your paper I 

have had little complaint of your 
Editorial policy, but I must ex-
press my disapproval of the lead-
ing article in the November issue. 

Television immediately prior to 
the war was carried on exclusively 
for the London area at the ex-
pense of the whole country. 
Hundreds of thousands of pounds 
of thç public's money, much of 
which was subscribed by way of 
the so-called wireless licence, was 
poured out (one might say 
wasted) just to please a few hun-
dreds of those fortunate enough 
to live under the shadow or within 
sight of Alexandra Park. No 
attempt whatever was made to 
cater for the millions who lived in 
the outer darkness of the North 
and Midlands. 

Therefore I say that television 
must not begin where it left off. 
There must have been some pro-
gress during the war, in America 
if not here, and it is absurd to 
say that the present owners of sets 
must be catered for, and fresh 
people encouraged to purchase 
sets to work on the old lines, if 
progress demands that the old 
ideas should be scrapped and the 
new ones put into operation. 

Television, when it starts again 
after the war, should have three 
main ideals: ( 1) Universal trans-
mission in all populous parts of 
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the country; (2) a complete fresh 
start with methdds bang up to 
date, with if necessary the scrap-
ping of all existing sets if they 
cannot be modified to meet pre-
sent requirements; (3) a special 
licence fee supplementary to the 
present wireless licence. Let those 
who want their fun pay for it, and 
not expect it to be a drain on the 
funds subscribed for wireless lis-
tening. It is bad enough that the 
foreign broadcasts are such a 
charge. LOUIS J. WOOD. 

Halifax. 

T FEEL I must express my dis-
1- agreement with the leading 
article on restarting television. 
No one could claim that the pre-

war transmissions were a great 
success so far as the number of 
"viewers" was concerned, and 
the, principal reason for the lack 
of enthusiasm among potential 
purchasers of sets was un-
doubtedly the fear that the 
amount spent would soon be 
wasted as, due to improved trans-
missions, the set would become 
obsolete very quickly. 
Your suggestion of two different 

transmission systems would 
greatly aggravate this position, 
both from the viewers' and the 
manufacturers' standpoints. The 
public must have reasonably 
priced sets, which will not date 
quickly, and to get these there 
must be: ( i) A transmission sys-
tem which is able to give results 
which will at least be considered 
moderately good after five years; 
(2) a universal scheme for the 
British Isles, which will allow 
manufacturers to work on mass-
production lines. 

FRED. F. MESSHAM. 
Lytham St. Annee. 

Valve Voltmeter Protection 

M AY I make a suggestion re-
garding the " Multi-purpose 

Test Meter" described in your 
October issue? In instruments 
such as this, embodying a diode-
head with a length of cable and 
plug for connection, there is 
always a risk that this unit, being 
loose and unprotected, will be 
damaged. I have therefore al-
ways adopted the expedient of 
providing a " garage" for the 
diode head on the panel of the in-
strument. The idea is shown in 
the accompanying sketch. A hole 
is cut and a length of paxolin tube 
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lined with felt is fixed behind the 
panel to register with this hole. 
The far end of the cable is an-
chored inside the cabinet and the 

cable runs freely in an ebonite 
grommet. When out of use, the 
diode head is " parked" and the 
cable fed back into the interior of 
the cabinet. This makes for easy 
portability and the diode head is 
• always " there when it's wanted." 

E. HAYTER SIMMONDS. 
London, S.W.13. 

" Negative Feedback" 

myself in disagreement 
1 with Mr. J. T. Terry on a 
number of points in his article 
on " Negative Feedback" in your 
July issue. It is clear that 
Mr. Terry is not familiar with all 
the work that has been done on 
the subject; otherwise he would 
know that the conditions under 
which feedback can be applied, 
the methods of applying it, and 
the benefits to be expected from 
its application are all fairly com-
pletely understood. 
A particularly misleading sug-

gestion is that for feedback to be 
negative " the feedback voltage 
8V0 should contain a component 
18o° out of phase with the applied 
voltage Ve." While it is true that 
in such a case the feedback is 
negative there are other circum-
stances in which feedback can be 
negative. i.e., in which gain is 
reduced and linearity, etc., gener-
ally improved. The true criterion 
of whether feedback is negative 
or positive is given in Black's 
original paper' and can be demon-
strated as follows. Suppose that 

the magnitude of m8 is imp' and 
the angle of mfi, i.e., the phase-
shift which a signal undergoes 
while passing once through the 
m network and once through the 
fl network, is y4. On a polar 
diagram describe a circle of radius 
no, centre at the point (f, Zo), 
passing through the origin, and 
from the origin draw a line of 
length Imfil making an angle # 
with the reference line. If the 
end of the line falls inside the 
circle the feedback will be posi-
tive; if the end of the line fads 
anywhere outside the circle the 
feedback will negative, i.e. gain 
will be reduced. This means that 
negative feedback can be obtained 
with 4) less than 900, and even 
with = o if Imp' is greater 
than 2.0. In practical amplifiers 
it is difficult to maintain stability 
with appreciable amounts of feed-
back at frequencies for which # 
is small, but it can be done. 
Peterson, Kreer, and Ware', in 
experimental work designed to test 
Nyquist's Stability Criterion made 
a stable amplifier which at certain 
frequencies satisfied the # = 
condition. More generally, it can 
be shown that in most amplifiers 
which have a fairly large amount 
of feedback round more than one 
stage, e becomes considerably 
less than go* at the ends of the 
working band, even though the 
feedback is still negative. An 
amplifier in which this is not so 
can be regarded as inefficient from 
the point of view of applying 
maximum feedback without oscil-
lation. 

Mr. Terry seems to have missed 
one of the important points re-
garding reduction of harmonic 
distortion in the output stage of 
an amplifier. Negative feedback, 
properly used, will give reduced 
distortion for the same output 
and the resultant reduction of 
gain can be made up by increasing 
the gain at an earlier stage in the 
amplifier where harmonics are 
not usually troublesome. 
The example illustrated in Fig. 

8 of this article is also misleading. 
No practical amplifier would give 
an output which is exactly zero 
during the negative half-cycle 
and if there is any signal there at 
all the application of negative 
feedback will increase it, rela-
tively, so that the disparity be-

" Stabilised Feedback Amplifiers," Etsit System • " Regeneration Theory and Experiment," Belt 
Tech. Jour,,. Jan 1934. System Tech. Joutn...Oct. 1934. 



tween the two half-cycles is 
reduced. 
I must also disagree with the 

statement that ". . . it seems 
axiomatic that feedback can cor-
rect frequency distortion in volt-
age amplifiers if, and only if, the 
distortion is not due to series 
resonance." The fact is that the 
external gain, when feedback 
is applied, is always equal to 
m/(x—mp). The reason why feed-
back sometimes fails to give the 
expected improvement is not be-
cause of anything wrong with the 
principle, but usually because m 
and p are not known with suffi-
cient precision at all frequencies, 
including an octave or two above 
and below the limits of the work-
ing band, or else because dispro-
portionate improvements are ex-
pected from small amounts of feed-
back. It is to be noted that at 
b in Fig. 2 of the article the amount 
of feedback is almost zero. 

" ROOKIE." 

[The author writes :—While I 
cannot claim to be familiar with 
all the work that has been done 
on negative feedback, I see no 
indication of a general analysis 
applying to amplifiers designed 
economically, i.e., with a small 
number of valves, as is often the 
case in radio. Indeed, in his paper, 
H. S. Black has stated quite clearly 
that his analysis, as far as it goes, 
applies to good" amplifiers, 
i.e., " good" in the carrier-in-
cable sense. While adding that 
- economy " amplifiers could also 
be improved by negative feedback, 
he pointed out that the analysis 
would go beyond the scope of his 
paper. It was the stated aim of 
my article to consider negative 
feedback with regard to amplifiers 
using a few valves only; I should 
be delighted to learn of an analysis 
of such circuits. 

Black defined feedback as nega-

tive when the magnitude of 1—nip 
F, say) was less than unity. 

In connection with a chart of 
vector loci, he gave a geometric 
construction for determining 
whether F was larger or smaller 
than unity in magnitude. This is 
cited by the erudite " Rookie" 
to confound my statement that 
" the feedback voltage Vo should 
contain a component 18o° out 
of phase with the applied input 
voltage Vi". In fact, a little 
thought shows this to be identical 
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with Black's criterion for nega-
tive feedback. 

According to my statement, 
the ratio 
Voltage fed-back pV, nip 

Applied volts V i — mp 
should have a negative real part. 

But if  — F, then mp 
— mp 
mp  

• = F — z and will 
F ' — mp. 

have a negative real part if WI <1, 
whatever phase angle of n 
My Fig. 8 was deliberately 

exaggerated to bring home the 
point that negative feedback can-
not deal effectively with discon-
tinuities, and I did not think for 
one moment that " Rookie's " 
amplifiers would be designed 
accordingly. 
My Fig. 2 was based on. an 

example wherein m = 30, p =; 
the sort of thing radio-engineers 
tend to do with a single stage of 
audio-amplification. Incidentally, 
Black has shown a curve wherein 
the feedback has roughly the 
same value and which also ex-
hibits " bass resonance ". My 
argument was not a criticism of 
the theory inasmuch as it exists, 
nor a criticism of the practice 
where it works; rather, it was to 
warn against certain pitfalls.— 
ED.] 

Time Signals 

JN view of the increasing popu-larity of electric clocks and 
time switching devices, I feel that 
a published time should be 
arranged, say once a week, when 
the master clock at the power 
station is as near as possible in 
synchronism with Greenwich 
time. 

It is not difficult to see that, if 
the variation with an ordinary 
synchronous clock is plus or minus 
two minutes from Greenwich 
time, it is quite possible for a clock 
to be four minutes fast or slow, 
depending on the state of the 
power station clock at the moment 
that the electric clock was started, 
and even though set accurately by 
the wireless time signal. 
Throughout Great Britain there 

must be many thousands of syn-
chronous electric clocks in use, 
and if under war conditions it is 
impossible to maintain precisely 
correct frequency at all times, it 
would be an advantage to know 
that your clock was in step with 
the power station master clock, 
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THE " FLUXITE QUINS" AT WORK 

.Now, lads, what on earth shall we do ? 

Young 01's fallen right down the flue." 

Cried EE, . 0h, my hat 
Why, it's far worse than that I 

For our one tin of FLUXITE's gone too I I" 

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

• 
Ask to see the FLUXITE 
SMALL-SPACE SOLDERING 
SET—compact but substantial— 
complete with full instructions, 
7/6. • 
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 
puts FLUX ITE where 
you want it by a 
simple pressure. 
Prise 1/6. or filled, 2/6. 

ALL MECHANICS W/ILIIAVN 

MUM 
IT S/MPLIFIES ALL SOLDERING 

Write for Book on the ART OF " SOFT" 
SOLDERING and for Leaflets en CASE-
HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE. Price id. each. 

FLU X1TE LTD. 
(Dept. W.W.), Bermondsey Street. S.E.I. 
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and therefore indicating the best 
average time. 
Even under the worst condi-

tions of load variations, it should 
be possible for the generators to 
be brought into step at, say, 9.00 
p.m. every Sunday evening, thus 
giving a weekly " Setting Time" 
when all clocks could be Syn-
chronised. 

• EVAN W. DAVIES. 
Cheadle Hulme, Manchester. 

The First B.B.C. Broadcast 

TS it not a pity that the B.B.C. 
1. are celebrating November 
i4th, 1922, the date when daily 
broadcasting began, as their birth-
day? Their first broadcast (with 
a truly memorable programme) 
took place on the 3rd of that 
month, two days after they were 
licenced to broadcast. 

J. W. TURNER. 
London, N.3. 

Contrast Expansion 

T W R ONDE if Mr. Moir's indig-
nation (October issue) might 

be compressed a few db. by the 
reflection that this long and in-
teresting correspondence has been 
conducted from two essentially 
different standpoints. It began, 
many months ago, with a plea 
from a correspondent for a system 
of controlled compression and bt-
pansion. 
One group of letters has sup-

ported this plea and discussed— 
academically it may be—the prin-
ciples which should underlie an 
ideal system and the extent to 
which they are at present prac-
ticable. On the other hand there 
are those, like Mr. Moir, who have 
been considering an expander cir-
cuit as an auxiliary to present sys-
tems of transmission and record-
ing. 

Surely it is evident that high-
fidelity reproduction requires a 
controlled system in which the 
compression and the expansion 
are inverse. Such a system could 
work on the basis of inverse am-
plitude distortions, or inverse non-
linear distortions, or a compromise' 
between these two. A system 
based on amplitude distortions 
(i.e., a system with long " open-
ing " and " closing " times) would 
ignore transients both at the com-
pressor and the expander. Thus, 
provided none of the transients 
reached an amplitude sufficient to 
cause overloading at any part of 
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the transmitting or receiving 
chain, all would be well. This, as 
I understood it, was the argument 
put forward by Mr. Bailey 
(October issue). It is a good case 
and seems to offer the most likely 
solution. The suggestion I have 
already dropped, namely, that the 
compressor and expander might 
introduce inverse non-linear dis-

tortions, would avoid the possi-
bility of transient distortion but 
introduces formidable difficulties. 
I agree with Mr. Moir that these 
difficulties are very . obvious: I 
dropped the suggestion in the 
hope that a reader might know 
of some practical attempt to over-
come them. J. R. HUGHES. 
London, N.W.7. 

RANDOM RADIATIONS 
By "DIALLIS7'" 

Lend-Lease Receivers 
TT was recently announced that a 

quantity of radio sets had been 
imported from the U.S.A. under the 
Lend-Lease agreement. Hopes of 
getting a new set to replace a worn-
out ancient must have risen in many 
a breast; but I fear that those who 
will be lucky in this way won't be a 
very numerous band, for some little 
time at any rate. The first consign-
ment appears to consist of only 8,000 
sets, and at the moment of writiog 
even these few have not been re-
leased for sale. They are of several 
different types, and so grading, test-
ing and pricing are necessary. 
Many, too, will have to be con-
verted to suit our 23o-volt supplies. 
I hear that other consignments of 
American sets are to follow—possibly 
the first 8,000 are more or less 
samples. This is good news, for in 
view of their war material commit-
ments, our own makers can't cope 
with more than a fraction of the 
enormous public demand for new 
receivers. Valves—or rather the in-
ability of makers to supply enough 
for civilian needs—are, I believe, 
one of the chief reasons for the scar-
city of new sets on the market. 
Uncle Sam's valve indtistry is so 
gigantic that he may be able pre-
sently to give us real help in solving 
this pressing problem. 

0 0 0 

The I.E.E. 
SOME of the most interesting of 

technical meetings are those 
held by the Institution of Electrical 
Engineers, either at the London 
headquarters or at its provincial 
centres. Hitherto admission has 
been confined to members, associate 
members, associates, graduates and 
students of the Institution. One of 
the Institution's greatest aims is to 
further the advance of electrical 
science, and it has long been felt 
that this could be helped on if 
people interested in the many 
branches of electricity, but not pos-
sessing the neceasary qualifications 
for any form of membership, could 

be allowed to attend the technical 
meetings. It has now been decided 
that this shall be done. All that is 
necessary if you want to attend is to 
write to the Secretary of the Insti-
tution for a form of application and 
particulars of the scheme. A fee of 
7s. 6d. will cover the meetings of one 
session. The Secretary will send a 
list of the meetings in London or at 
the appropriate provincial centre 
and an invitation card. Those so 
invited acquire, of course, no status 
in the Institution; nor have they the 
right to join in discussions unless 
permission is specially given. This 
new concession by the Institution 
is sure to be warmly welcomed by 
readers of the Wireless World, 
whether they are interested only in 
the meetings of the Wireless Section 
or in the wider aspects of electricity. 
I should think that the invitation 
card is one of the best seven-and-
sixpenny-worths ever offered. 

0 0 o 
What of Interference? 
TT'S a long time now since I've 
I- been able to do any long-
distance work on my beloved short 
waves. Hence I know almost no-
thing about the interference position 
—I'm referring mainly to that of the 
man-made type—at the present 
time. I'd be glad to hear from any 
enthusiasts who are fortunate 
enough to be able to use their sets 
at all regularly how they are find-
ing it. I imagine that in many 
places it is considerably less than it 
was in the clays of peace. Flashing 
neon signs, for instance, are out of 
action; there are far fewer cars in 
the streets; the supply of refrigera-
tors, hair dryers, vacuum cleaners, 
electric razors and other things that 
could be grave offenders has tem-
porarily closed down and normal 
wear and tear must have reduced 
considerably the number of such 
appliances in use. On the other 
hand, there has been enormous ex-
pansion of many manufacturing in-
dustries, with the installation of vast 
quantities of electrically driven 
machinery. In some localities, then, 



interference may have become a 
good deal worse than it was. I 
wonder if we will take the splendid 
chance that will present itself when 
peace returns of introducing really 
effective anti-interference legislation. 
We may never have such an oppor-
tunity again. As I have said, a big 
proportion of the interference-pro-
ducing domestic gadgets will either 
be quite worn out or on their last 
legs. Legislation prohibiting the 
making or marketing of offending 
apparatus should cause little hard-
ship. And the same thing applies to 
cars. Thousands upon thousands of 
new ones will be turned out in the 
years after peace is signed; are we 
going to allow each of them to con-
tain a miniature transmitter of un-
wanted radiation? New electrical 
factory machinery will be required 
everywhere; there is every reason 
why it should be of non-interfering 
type. One consoling thought is that 
electrical sausage machines, reputed 
to be amongst the worst offenders, 
should all be pretty well worn out 
by overtime working. Somehow I 
foresee a slump in sausages, and 
therefore in the interference caused 
by their production, when chops are 
chops and steaks are steaks once 
more. 

D 

Top Cutting 
IN the last issue of Wireless World, 
-L P. B. Fellgett castigates me for 
having aired the suggestion that 
those who revel in dance music of 
the modern kind turn the tone con-
trol to a " woomphy " setting in 
order to make hearable some of. the 
imore horrible noises produced by 
the performers. It was but a sug-
gestion, though it was the result of 
deep and earnest study of the prob-
lem in officers' messes throughout 
the war. Officers' messes to-day are 
peopled mainly by the young and 
many are " mixed " ; that is to say, 
they contain both men and the 
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me is (a) that the first young thing 
to enter immediately switches on the 
wireless set and tunes in dance 
music if available, and (b) that he 
or she forthwith gives the tone con-
trol a hefty anti-clockwise twist ( if 
it is not already up against its stop 
in that direction). I don't think 
that Mr. Fellgett's explanation that 
this is done to cut down valve hiss 
and so on is entirely satisfactory, for 
amongst the young inhabitants of 
almost any mess there are lovers of 
what, if he will allow me, I should 
call real music. They do not so mis-
use the tone control. If, then, dance 
music, with or without crooning, can 
be enjoyed only when its top is 
lacking, must this not be due to 
some special characteristic of such 
music? Few can deny that if the 
tone control is left in the position 
selected to make dance music bear-
able to the ear, the news bulletin 
when -it comes on is almost incom-
prehensible. And, vice-versa, how 
many could stand dance music as 
reproduced by the ordinary domestic 
set if it followed the news and the 
tone control were left untouched? 

TELEPHONE RELAYS 

MANY new applications have 
been found for the electro-

magnetic relay normally used in 
telephone exchanges, and numerous 
modifications have been made to ex-
tend the range of operating speeds, 
contact loadings and switching 
arrangements. 
To assist designers in finding the 

most suitable type for any given 
purpose the Panel " W." (Relays) 
of the Inter-Services Components 
ManufacturerS' Council, 59, Russell 
Square, London, W.C.r, have pub-
lished a booklet giving the charac-
teristics of relays in' the primary 
group recommended for new appli-
cations. Copies are obtainable from 
the above address, price 4d., post-

alleged gentle sex. What has puzzled age paid. 
------------------------------------------ -----
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LEARNING MORSE. 335th thousand 74d. 

INTRODUCTION TO VALVES, by F. E. Henderson .. 5/- 5/4 

VALVE REPLACEMENT MANUAL, by A. C. Farnell and 
A. Woffenden 6/2 

Obtainable from leading booksellers or by post from 

ILISTS & SONS LTD., Dorset House, Stamford Street, London, S.E.1 
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The Improved 

VORTEXION 
50 WATT 

AMPLIFIER CHASSIS 

The new Vortexion 50 watt 
amplifier is the result of over 
seven years' development with 
valves of the 6L6 type. Every 
part of the circuit has been care-
fully developed, with the result 
that 50 watts is obtained after 
the output transformer at ap-
proximately 4% total distortion. 
Some idea of the efficiency of the 
output valves can be obtained 
from the fact that they draw only 
60 ma. per pair no load, and 160 
ma. full load anode current. 
Separate rectifiers are employed 
for anode and screen and a 
Westinghouse for bias. 

The response curve is straight 
from 200 to 15,000 cycles. In the 
standard model the. low fre-
quency response has been pur-
posely reduced to save damage 
to the speakers with which it 
may be used, due to excessive 
movement of the speech coil. 
Non-standard models should not 
be obtained unless used with 
special speakers loaded to three 
or four watts each. 

A tone control is fitted, and the large eight-
section output transformer is available In 
throe types : 2-8-15-30 ohms ; 4-15-30-60 
ohms or 15-60-125-250 ohms. These output 
lines can be matched using all sections of 
windings and will deliver the full response to 
the loud speakers with extremely low overall 
harmonic distortion. 

PRICE (with 807 etc. type valves) £18.10.0 
Plus 25% War Increase 

MANY HUNDREDS ALREADY IN USE 

Supplied only against Government Contracts 

VORTEXION LTD. 
257, _The Broadway, Wimbledon, S.W.19 

:Phone : LIBerty 2814 
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RECENT INVENTIONS  
AC/DC SETS 

THE figure shows a receiver of the 
universal type, in which a recti-

fier D and filter unit F deliver a smooth 
HT voltage when plugged in either to 
AC or DC mains. In such sets the 
usual mains coupling transformer is 
replaced by a wire connection L from 
the power supply to the chassis, which 
cannot therefore be directly earthed 
for fear of shorting the mains. At the 
same time it is necessary to by-pass 
any RF voltages that may be ¡level-
oped between the chassis and ground. 
The condenser C provided for this pur-
pose must have a sufficiently low im-
pedance to prevent undesirable back-
coupling between the valves, and yet 
must not be large enough to accumu-
late a voltage likely to give a shock 
to the user of the set. 
The inventors first meet the second 

consideration and then provide special 
means to offset any possible back-
. coupling. 

They point out that the largest leak-
age currents will occur through stray 
capacities from the high potential ends 
of the primary and secondary windings 
of the last IF transformer T. line 
such path is shown in dotted lines at 
LC1; this completes a circuit from the 
primary winding to the chassis and 
back through the condensers C and Cr 
to the low potential end of the wind-
ing. The second leakage occurs at 
LC2, the circuit being completed 
through the condensers C and C2. 

If these two leakage currents are 
made equal in amplitude and opposite 
in phase, the net current through the 
condenser C will be zero and no undesir-
able reaction can take place. Accord-
ing to the invention, the first of these 
requirements is met by placing a fixed 
condenser C3 of suitable value in 
parallel with the leakage path LC1; 
and the secopd by suitably adjusting 
the coupling and tuning of the two 
transformer windingt. 
Phi/co Radio and Television Corfxra-

tion (assignees of E. C. Freeland). 
Convention date (U.S.A.) November 
ibth, 1940. No. 553028. 

A Selection 

of the More Interesting 

Radio Developments 

DOUBLE-BEAM CR TUBES 
TN a known type of cathode ray 
1 tube, the electron stream from the 
gun is divided by an electrostatic 
screen into two distinct beams, which 
are then independently controlled by 
separate deflecting plates. It is 
fcund, however, that each beam is 

'liable to be affected, to some extent, 
by the deflecting voltages applied to 
the other beam. 
The inventors state that this undesir-

able inter-modulation effect, which is 
particularly in evidence when the de-
flecting plate circuits are of high im-
pedance, is due to the collection by 
each of the plates of secondary elec-
trons emitted by the electrostatic 
screen. The latter is inevitably sub-
jected to a certain amount of bom 
bard ment by the original electron 
stream, especially at those parts nearest 
to the gun. 
The source of the trouble is removed 

(a) by carbonising the surface of the 
dividing screen, so. as to minimise 
secondary emission; and (b) by extend-
ing the upper end of the screen into 
close proximity with the anode of the 
tube, thereby reducing the penetration 
of each deflecting field into the region 
swept by the other beam. 
A. C. Cossor, Ltd.; E. E. Shelton 

and H. Moss. Application date July 
23rd, 1940. No. 553131. 

IMPEDANCE CONTROL 

IN an amplier w hich is negatively 
back-coupled through a cathode 

load resistance, the resulting feed-
back is known to vary with the gain 
of the valve. This is usually regarded 
as an undesirable feature, particularly 
when handling signal currents, since it 
introduces objectionable variations in 
the impedance of the input circuit. 
The effect can, however, be utiliged to 

4- HT 

provide an independent control, within 
limits, of the working impedance of 
any selected circuit. 
According to the invention the gain 

or mutual conductance of an amplifier 
with a feed-back resistance in its 
cathode circuit is varied at will, say, 
by adjusting the bias on the screen 
grid. This alters the effective im-
pedance of any circuit connected across 
the input terminals of the valve. The 
circuit under control is, of course, in 
series with the amplifying channel or 
other working load, though the control 
valve is not. 
The control unit can be used, say, 

to adjust the selectivity response of a 
wireless receiver over a comparatively 
wide range, or it will serve to adjust 
the coupling between the untuned ele-
ments of a filter network, thereby con-
trolling the band-pass width. 
• Marconi's Wireless Telegraph Co., 
Ltd. (Assignees of J. L. Hathaway). 
Convention date (U.S.A.) January 7th, 
1941. No. 553884. 

DIODE RECTIFIERS 

AT very high frequencies, a diode 
rectifier is best operated on the 

upper bend of its characteristic curve. 
The positive anode bias then naturally 
gives a high electron speed and a corre-
spondingly short transit time. For such 
work, it has been customary to use a 
small-sized tube with a very short 
filament, to maintain uniform tem-
perature throughout. 
By contrast, the inventors use a 

tube of normal size having an uncoated 
filament, preferably of pure or 
thoriated tungsten, of ordinary length. 
Owing to the dissipation of heat from 
the supply conductoçs, the temperature 
gradient along the cathode wire will 
then be represented by a bell-shaped 
curve, the hottest point being at the 
centre. The anode consists of a pointed 
wire or spade-shaped plate, which is 
carefully arranged opposite the centre 
of the filament, at the hottest point. 
For very short waves, only the elec-

trons passing across the shortest path 
between the cathode and anode have a 

F 
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Circuit for reducing feedback in AC/DC sets 
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transit-time which is short relatively to 
the cyclic time. Those reaching the 
anode from other points of the filament 
have such mutual phase-displacements 
that they effectively cancel out. A 
hairpin filament may be used, but a 
straight wire under tension is preferred. 

Philips Lamps, Ltd. (communicated 
by N. y. Philips Gloeilampenfabrielten). 
Application date December 18th, 1941. 
No. 554977. 
ELECTRON - BEAM MODULATORS 

R FES to discharge lobes of the 
kind in which an electron stream 

is first passed through a hollow resona-
tor, where it is " bunched" by the 
action of the alternating fields inside the 
resonator. The stream can then deliver 
energy to a similar resonant system pro-
vided its passage through that system 
is suitably phased. 

R p G 

OUTPUT 

A 

COMMUNICATIONS DEPEND._ 

Electron oscillator 

The efficiency with which such de-
vices can be used to generate or amplify 
oscillations of ultra-high frequency is 
limited by the strength of the electron 
stream, and by the intensity of the 
alternating fields set up inside the 
resonating electrodes. 
The figure shows an arrangement in 

which the electron stream is forced to 
oscillate to and fro across the gap G of 
the resonator R, somewhat in the 
manner of a Barkhausen-Kurz oscilla-
tor, instead of passing straight through 
as usual. This expedient is used to 
increase the overall efficiency. 
The resonator R carries a higher 

positive potential than the anode A, 
which serves to collect only the more 
highly accelerafed electrons. The " ap-
proach " electrodes El, Et: and E3, E4 
are made of two interleaved parts, as 
indicated by the zig-zag lines, which 
carry different positive potential. and 
are insulated from each other. The 
relative areas exposed to the stream 
are those required to create such a 
potential gradient along the length of 
the tube as will ensure that most of 
the electrons oscillate to and fro 
across the gap G until they have de-
livered up all their available energy, 
whereupon they are deposited on the 
periphery of the rings P, forming the 
edges of the gap. 
Standard Telephones and Cables, 

Ltd. (Assignees of J. A. Morton). Con-
vention date (U.S.A.) July 5th, 1940. 
Vo. 553866. 

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 

each. 

BULGIN 

FOR 
M.E.S. 

HOLDERS 
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 8.5.5.98, 
and M.B.C. (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 lampholder for every use. 

ON SMALL 
PARTS... 

IN countless instances quite 

intricate pieces of appar-

atus 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 workman-

ship and every article bearing 

our Trade Mark has to pass 

exacting and exhaustive tests 

during the course of its 

production. 

We ask the kind indulgence 

of the Trade on delivery until 

peaceful conditions return. 

Please quote priority and contract No. 

"The Choice of Critics" 

BULGIN 
REGISTERED • TRADE • MARK 

A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING, 

TEL. : RIPPLEWAY 3474 (4 lines). ESSEX 



27 WIRELESS WORLD 

q.e.f 

I 1x,cisto ' Q4 

soUND 

IN se) 
*SPEAKERS 

*AMPLIFIERS 

* MICROPHONES 

WHEN HAPPY DAYS ARE HERE AGAIN 

Alg- **ei _ - 
GRAMPIAN REPRODUCERS LTD. HAMPTON ROAD, HANWORTH, MIDDLESEX. 

MARTIN'S HAVE 
IT-IN STOCK; 

Mains Transformers. Well made Standard 
Replacements, 4-v. and 6.2.v., 37 6 each. 

.01 and .03 Tubular Fixed Condensers, 1,500 V.D.C., 
gd. each. 

05 Tabular Fixed Condensers, 1,500 OVO., 1/3 
each. 

0001 Reaction Condensers. 2/- each. Boxed. 
Yaxley Type Switches, 4 way, l•bank, 2-pole, 3/6 

Resistors, 1 watt, 100 ohme to 2 meg., mixed, 
72/-

Reeder., k watt, 100 ohms to 2 meg., mixed, 
68/-

Dropper Resistors, wire wound 1,000 ohms, variable 
superior type, fitted 2-hole fixing lug, 5/9 each. 

10-watt Resistors, 800 ohms, wire wound, 2/6 each. 
2-Gang Condensers. .0005, with elow motion 

11-Ive. Brand new. Boxed, 9/.. each. 
3-Gang Condensers, .0005, new, 7/- each. 
Volume Controls and Tone ('ontrols, all values. 

with switch, 6/6 each; without switch, 4 6 
each. 

Valve Holders, 7-pin British, 8d. each. 
Replaoement Valves for American Midgets, and 

British receiver., nearly all types in stock-all 
at controlled prices. 

MARTIN'S ,Edmonton) LTD. 
34 The Broadway, Edmonton, 

London, N.9. TOTtenham 4188, 

SPEAKER REPAIRS bye», 
Any make, British Specialists 
or American Best Service 
TRADE ONLY Moderate Charges 

I Also Components for Service Men at keenest 
prices. List Id. Holders of Export Licence 

for Northern Ireland, 
A. W. F. RADIO PRODUCTS 'Phone: 
13, Lllycroft Road, Bradford, Yorks. 11926 

AMERICAN 
* COMMUNICATION RECEIVERS 

* MIDGET AND MULTI VALVE 
RADIOS 

*AMATEUR REQUIREMENTS 

*RADIO COMPONENTS 

*ELECTRONIC EQUIPMENT 

• 
For delivery of Post-War American 
Radio and Electronic Equipment, let 

us know your requirements now. 

DAL 
cee -tze út 

13, TRETAWN GARDENS, LONDON, N.W.7 

Cables: IMPDALE, LONDON. 

For high quality 

loud speakers 

when the good 

times come again. 

The courts,Silverdale,Lendon 
17,010 MINIS Lrà S.E.26. S11/ 6666. 

MUSIC WHILE YOU 
WORK 

For buildings up to 5,000 sq. ft. 
EARLY DELIVERY 

For full details of equipment please write. 

R. M. ELECTRIC LTD. 
TEAM VALLEY 

GATESHEAD, 11 

Telephone: FELthom 2657-8 

RADIO SPARES 
MAINS TRANSFORMERS. Prilletrie., 200 

Secondaries, 350-0-350v. 
Type 80A. 80 ma., 4v. 5a. and 4v. 21a.   30 - 
Type IC. 100 ma., 4v. Oa., CT, 4v. 21a.   31 - 
Type 46. 120 ma., 4v. On., 4v. 21a.   35 - 
Tyne 61. 120 ma., 6.0 v. 5a., 5v. 21a.   35. 
Type WS. 100 ma., 6.3 v. 4a., 5v. 2ja.   34 - 

AUTO TRANSFORMERS. 110/200-2450v. 
I no ,eat ta   30 - 

OUTPUT TRANSFORMERS. 
Ileavy Duty Pentode, 100 ma.   13/6 
211,1 0 ma., Midget   

lery   96 
6,9 

CHOKES. Smoothing. 
/1 Henries, 70 Ma., 8 8 ; 20 Henries, 100 ma..... 12;6 

RESIN CORED SOLDER. Per lb. reel  5,6 
MAINS DROPPING RESISTORS. 

20. 950 ohms, 8,9 ; .3a. 800 ohms  6/9 
Fitted with sliding clip and provided with feet for chase!. 
mounting. 

FIELD COILS. HEAVY DUTY. 1,500 ohms. 
2,001, olun.,, 2,500 ohms, 6,500 ohm.   12/-

Delay in delivery may arise owing to demand, but every 
effort will he made to despatch as soon as possible. 
PLEASE NOTE.- orders accepted by poet only, and those 
of JO/. or less should be accompanied by cash. Please 
include postage with order. Orders over in value 
,.an be sent C.O.D. 

H. W. FIELD & SON 
14, Colchester Road, Harold Park, 

Essex. 

Radio Service 
REWINDS. Mains from Output from 

6 -, Field Coils, 9'-. PROMPT DELIVERY. 
VALVES (B.V.A.). Send for list-good selec. 
PHILIPS D.C. CONVERTERS--Bought 
-Sold-and Exchanged. 

S.A.E. to 

A.D.S. Co 261'35, Lichfield Road, 
.ASTON, BIRMINGHAM, 6 

M 0-R- S-E 
COMPLETE 

PRACTICE UNIT 
as supplied to many branches of 11.M. Services 

No. 1261. Complete Morse Practice Unit. 

Heavy commerchtl Hey with nickel silver 

contacts and seniettive triple adjustment. 

High-tone Buzser with silver contacts, 
Mounted on bakelite base with cover. 
Battery Holder, complete with 4.5 Ever 

Ready battery. All uàulal  

nickel plated, and the whole 
esto, 

6/tzt..61.• 296 esto, on polished Mahogany / 
Send Id. stamp for Illustrated List 

SIGNALLING EQUIPMENT LTD., (Dept. 8 
Merit House, Southgate Road, Potters Bar. 'Phone : Potters Liar 3133 
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CLASSIFIED ADVERTISEMENTS. Rate 6;- for 2 
lines or less and 3/- for every additional line or part 
thereof, average lines 5-6 words. Each paragraph 
oharged separately. Press Day : January issue. Bust post 
Monday, December 13th., one day earlierlat branch 
offices. Boa Numbers 2 worts, plus 1f-. Deposit 
System : partrculan on request. No responeibilitY 
accepted for error.. 

Ode  

'Wedge I 
r -No. 27 / 

Don't Transmit 1 1 

1 

Now Is the time of coughs and colds, 
Of " snuffles " and of sneezes, 
You may receive, but don't transmit 
These germs and spread diseases. 

If you note a drop In output 
Plus an oscillating head 
'Tis a sign of low resistance. 
Germs are busy—get to bed ! 

Microphonlc noises haunt you. 
Tubes are blocked, you nearly choke, 
joints are dry, your chassis' aching, 
Speech coil's jammed, your words a croak. 

Germs are lust like radio signals, 
Unseen, silent, till they find 
Sympathetic tuned receivers— 
folk whose health is undermined. 

Control the volume of this scourge 
By perfect insulation, 
Then when dead end effect has passed, 
Get back in circulation. 

Transformer Minutest 

76-78, PETTY FRANCE, LONDON, 
S.W.I. Telephone : A88ey 2244 

1 

ARMSTRONG 
SERVICE 

NEW RECEIVERS AND AMPLIFIERS 

3d-1-WATT ac amplifiers, precision built til-
1, strnments, input and output 'thermals 

to requirements; early dellveries.—Below. 

15 0-wAjrabC:krieremotredig fiSttear amplifiers err:-
mote control for industrial installations; send 
iur full details and illustrations; complete 
equipment, including speakers and micro-
phones, etc., available.—Below. 

1 Q-WATZ ac/do amplifiers, mixing input 
t--7 channels, bass and treble controls, in-

put and output transformers; lagns.—Etelow. DA NCE and stage transportable equipment, 
-Le comprising 18-watt amplifier as above, 
m/c mike, adj. stand, 2 speakers, cables; 36gns. 
—Broadcast & Acoustic Equipment Co., Ltd., 
Broadcast House, Tombland, Norwich. 26970. 
rft RIX amplifier, 4 speakers, IllOw out., 230 
▪ a.c inc. Trix mike on stand, new; £75.— 
F. rrest, Castle St„ Shrewsbury. Tel. 2473. L9 only.—New 7-valve " Wlreles 

eer' World" quality amplifier with ton,. 
ciffitrul stage. 8 watts push-pull triode out-
put, price includes super quality triple cone. 
I2in permanent magnet speaker with large 
matched output transformer and all valves; 
as above but with 15-watt tetrode output, £25. 
Ideal for realist ic reproduction for publii• 
address, limited number avallable_.—Baker, 
Selhurst Radio, 75, Sussex Rd., S. Croydon. 
RECEIVERS, AMPLIFIERS—SECONDHAND 
✓ OR sale, a Baird television set.—Full per 
J. twisters from Box 2972, c/o W.W. [2156 

I0-WATT a.c. amplifier, two speakers, M.C. 
fed hand micro., with cables; £35i-226106, 

Stockton Rif.. West Hartlepool. 

TRIX amplifier, 2 speakers, floor stand mike; 
will exchange for communications re-

ieiver.-105. Spite' Hill, Sheffield. [2174 GAMBREILL coven-valve communications 
type receiver, 13-2100 metrea, R. meter, 

11v 2£92880/.10.; R.C.A. 6-valve car radio, £[75/11906. 

IT A LLIORAFTERS, SX.16, for disposal; Sky 
1.-I Champion, Philips 382A or similar 
roquired in part exchange.— Breese, 22, High-
luid Ave., Pinner, Middx. Tel. 1568. [2193 RADIOGRA Monodial A.C. superhet. 

fitted in II.M.V. 20 record cherage-gram 
(180-guinea model); view by appointment 
only.—T. II. Kenyon, 15a, Croxley Rd., W.9. 
lt/IrcMURDO Silver Masterpiece V.1, 18in 
.13.2- speaker, Vortexion amplifier, Bakers p.m. 
and energised speakers, Garrard auto-change 
unit; particulars stamp.—Whittaker, Rayl[a2n2c1289, 
Waterfoot, Rossendale, LLaaneess.. 
l\TATIONAL ALISX, " Original HRO," 9 

valves plus rectifier, crystal filter, coil 
ranges, A, B, O. D, E and coils for 14.7 and 
3.5mc ham bands, separate power supply, cond. 
as new, performance comparable with latest 
ilift0; any insp. invited.-57, Briarlands Ave.. 
Sale, Cheshire. [2181 
CIOMMUNIOATION receiver, laboratory. 

built on solid brass chassis 20in xl2in. 
omprising ri., Le., oecillator (score, 2 ii., 

d.d.t., phase eplItter, 2 6v6 output, covers 
600Ko to 2131e, " " meter all air dielectric 
rimmers, complete with M.C. loudspeaker, 
lemonstrate week-ends; £40.—J. C. G. Gilbert, 
Pen Rhlw, Royal Ave., Worcester Pk. Der. 2509. 

Wanted 
W.W. 2 R.F. Tuner unit, or other Quality 
7 V ditto.--Barrow Rd., Tarvin, Cheater. \VANTED, Vortexion 15w amplifier, 12v 
V model.—Esal, Blackburn, W. Lothian. W M. preset tuner, T.C. stage.—Wadding-

ton, 4, Cammell Rd., Sheffield, 5. [ 2192 
II7E offer cash for good modern communica-
VV and all-were receivers.—A.C.S. 
Radio, 44, Widmore Rd., Bromley. [1541 
1U-ONODIAL or Quality amplifier complete, 
IVA or any components for either.—Hitchon. 
ill Salisbury Rd.. Moseley, Birmingham. 13. FIALLICRAFTER 2.X.28, complete with 

matched speaker, good condition; good 
price; no dealers.—Barrett, 11 « Kinross ltd., 
ijillngton. Leamington Spa. [2183 
117ANTED, mains or beet. radios, including 
77 portables; need not be working or com-
plete; price and make.—" Radio," 3, Cam-
bridge Rd.. Bromborough, Cheshire. [2187 W ANTED, Quality amplifier, preferably 

W.W. or Ferranti 12- or 30-watt model; 
also one or two M.C. microphones and high-
grade pick-ups—Full particulars and price to 
Jones Motor House, F'alcon Ave., Edinburgh. W ANTED, modern high-performance com-

mnnications receiver, 2 r.f. stages, 
crystal filter, full band-spread, "" meter, 
pre-seleetor; good price paid for first-clase set, 
complete with matched speaker and servicing 
manual.—Box 2947. [2180 -r ONDON CilYNTRAL HAIM STORES will 
-1-a Pay good. prices for receivers, radio-
grama, amplifiers, dynamos, converters, test 

ztral Radio Starlet 21, Lisle Sb., London,iripment, eleotrio rremophone motors, and radio and electrical acciessorieei—London 

W.C.2. Gerrard 2969 [9836 

OUR SERVICE 

DEPARTMENT 

IS STILL 

AT YOUR SERVICE 

Advertisers and buyers are reminded that under 
Defence Regulations 1939, Statutory Rules and 
Orders 1940, Number 1689, a permit (T 99 G) 
must be obtained before sale Cr purchase of 
certain electrical and wireless apparatus, par-
ticularly such valves and apparatus as are ap-
plicable to wireless transmission. 

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

'Phone : NORth 3213 

_RADIO Books 
CATHODE RAY OSCILLOGRAPHS 
By J. H. Reyner, B.Sc. (Hons), A.C.G.I., 
A.M.I.E.E., etc. An easily understood 
guide to the practical application of 
Cathode Ray Tubes to numerous pur-
poses, Including the examination of 
oscillations or wave-forms. Radio men 
will find this book invaluable. Second 
edition. 8s. 6d. net. 

WORKED RADIO CALCULATIONS 
By A. T. Witts, A.M.I.E.E. Comprises 
over three hundred worked examples, 
giving the solution to typical mathemati-
cal problems occurring in examinations 
for radio mechanics and wireless 
operators. Will appeal to all students 
of radio technology. 6s. 6d. nec. 

PRACTICAL MORSE 
By John Clarricoats. One of Pitman's 
" Pocket Handbooks," this book is 
written by the secretary of the Radio 
Society of Great Britain. It presents a 
scientific method of learning the Morse 
code and Its application to radio is well 
illustrated by many diagrams. Is. 3d. net. 

WIRELESS OPERATING SIMPLY 
EXPLAINED 
By W. E. Crook. This is one of the 
" Simply Explained " books. It gives a 
clear and interesting picture of the 
wireless operator in action—what he 
had to do and why and how he does it. 9d. 

39 PARKER ST., KINGSWAY 

P1TILIN'S 
L.R.S 

STUART PUMPS 
.1, supplio ,1 COIllity (; 

'these Centrifugal Pumps are ideal for Machine 
Tool Cooling and all pumping purposes--hot 
or cold water. Supplied complete with foot-
valve, strainer and hose union. Suitable rubber 
hose available from stock. 
No. 10. 100 gals. per hour. Cam 21. antra NS 2 6 
No. 11. 280 gale. pee hour. Oar, 21. extra. 143 6 0 
No. 12. 560 gals, per hour. Corr. 3/. evire. 17 12 0 

Please send 'lid. stamp for spetificotion. 

Tim STUART AUTOMATIC FLOAT SWITCH 
is the best method of controlling water- Post paid 
level. Price complete with all fittings.... 43 13 0 

LONDON RADIO SUPPLY CO. 
Estab. 1925 

Ardingly Road, Holcombe, Su seex 
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—THE RADIO INSTRUMENT CO.— 

MAINS TRANSFORMERS 
IMPORTANT ANNOUNCEMENT 

The Prices of all our Maine transformers, chokes and 
output transformers are increaaed aor from Nov. let. 
Please alter any lists In your possession accordingly. 
Types A. 13, 8 are now 26/6. 
Types T, X & Y Increased to 37/6. 
Types 2 & AZ .. 41/6. 
0012 transformer, new partially enclosed _i/sPe 
Improved model with higher primary inductance. 48/6. 
PRIORITY. Heavy contracte are absorbing a very 
large percentage of available output, but every 
endeavour le made to provide for the civilian non-
priority user. 
For full specill.stion see previous W.W. issues, or apply 
for full catalogue (20.) 
Coming dhortly: an intervalve transformer for ose 
with the 0P12 as output, coupling I: 3 with separate 
secondaries to provide bias to individual grids of the 
PP valves. 
IN STOCK. Oln. and 8In. PM speaker wdrens.. 26/, 
29 6. Replacement speaker transformer bobbins. 27.-
dos.. 2/9 each. 
Twin Sex, from 50/-100 yd. coil. 
Blae condensers, lOmfd. 25 volt, 14/- dos. 
rogglee t3P on/off 2/11, DPC0 3/11. 
These and hundreds of other lines are available to the 
eervice trade, phwee writs for our Components 

lista 
EVERYTHING FOR THE RADIO SERVICE 

ENGINEER. 

THE RADIO INSTRUMENT CO. 
254, BROADWAY, BEXLETHEATIII, KENT. 
  'Phone. Perleyheath 3021. 

I am telling 
the truth! 

" When I first read the testimonials from 

students who said that they were able to 
send and receive morse at MIS w.p.m., 

after finishing the fourth lesson, I thought it 
was impossible. But I have just finished 
lesson four and I find I am able to send at 
12 w.p.m. and receive at 10 w.p.m. I am 
telling the truth when I say all the credit 

is due to the Candler System Co." 

Yours very faithfully, 

Ref. No. 704. D.H. 

When you send for the Candler " Book of Facts " 
you will receive extracts from 24 letters sent 
in by Candler students. These give definite 
proof of the excellence of the Candler method of 

MOUSE CODE 

TRAINING 
for 

Iteginners and Operators 

The originals of numerous unsolicited testi-
monial letters may be inspected at the London 
office. 
Details of the Candler junior and Advanced 
Morse Code Courses are given ln the Candler 
" Book of Facts," sent Free on request. 

Courses supplied on Cash or Monthly payment terms. 

CANDLER SYSTEM CO. 
(Room 55W), 121 Kingsway, London, W.C.2 

Candler System Co., Denver, Colorado, U.S.A. 
(1243) 

NEW LOUDSPEAKERS 
PROATICAST 12in P.M. loud speakers, pre-

oision built instrumente to lab, standards 
and micrometer accuracy, Ticonall magnets, 
demountable diaphragm and magnet assem-
blies, perfect and permanent alignment, ex-
tended frequency range, uniform response, 
superior acoustical characteristics, maximum 
sensitivity, highest efficiency.-Broadcast & 
Acoustic Equipment Co., Ltd., Tombland, 
Norwich. 26970. [2025 

(£4 C) /.....pleonleé.n-eBrpanermd anneenvt' msagneee. Olpueitallite)i 
made by Bakers Selhurst Radio, the pioneel 
manufacturers of moving coil speakets sine( 
1925, wide frequency range, even response 
ideal for qual, reproduction, fitted with 11/2  
inch speech coil and magnet having excep 
tionally high flux density in the air gap. 
suitable for public address equipment whet. 
quality reproduction is first consideration, 
send 21/2 d. stamp for leaflet giving details of 
above and constructional details of infinite 
bailie cabinet>: every music lover interested ii, 
realistic reproduction should write for leaflet 

ir ne dn t £ 8 'Cnen'cl magnet et s sueeeark e rP°wvited 
18- inch triple cone, will handle 20 watt. 
IDO., ideal for quality public address equip 
rneut.-Bakers fielhurst Radio, 75, Sussex Rd. 
South Croydon. 

LOUDSPEAKERS SECONDHAND 
GOODMANS infinite baffle speaker.-Box 

2981. [2200 BAKERS Selhurst speaker in infinite befit 
cabinet; £5.-Box 2973. [2160 BAKERS Super p.m., used 2 tells; 33/10.- 
Haydon, 274, Addington Rd., Selsdon. 

rrWO 012 PM, in Howe box baffle will, 
J. 2 30M horns and PM unite, £40; won't. 
,eporete.-84, Villiers Rd.. Colley, Herts. 
IIITESTERN ELECTRIC 555 unit, with large 
TY folded metal exponential horn; £27/10 
-Smythe, 118, Burdon Lane, Belmont, Surrey 

Wanted 
ITOIGT corner horn reqd., with or withou 

Re2, 
bass chamber. unit not mat'. 

14b, Belsize Lone. N.W.3. 
MORSE EQUIPMENT 

Emu. range of transmitting keys, practice 
seta and equipment for Morse training.-

Webb's Radio. 14, Soho St., London, W.1 
'rel. Gerrard 2089. [9553 

TEST EQUIPMENT 
A VOMETER. model 40, new, guaranteed; 
II, nearest offer £25.-Box 2979. [2189 G 106X, £33; Y/voltmeter, offers; Ave( 

wanted, any cond.-Box 2971. [2154 
¡'OR sale, one oscillograph, 21/2 in tube, litt1( 
.1. used, good condition; £20, no offe[2r1s8.-6 
Box 2978. AYO model 40, brand new, aleo de Ayo-

meter ( large), just 0/hauled by makers; 
offers.-Box 2982. [2202 CHAUVIN ARNOTTX tn.c. meter, aperiodie, 

10-100ms, 2-20v, rind, oak case; £5; seen 
at Victoria.- Reigate 2131 (ewe.). [2183 
rrESTOSCOPE, used everywhere by radio 
J. service engineers, makes 20 important 
testa; send for interesting leaflet " 
Runbaken. Manchester, 1. [1074 
nIIR 14 years' experience as suppliers of 

test apparatus kits is at your service; 
please send s.a.e., stating requirementa-Mac-
raehlan and Co., Strathyre. [2204 
PEAK voltmeter, Oeram A37-300v Eler 
1 trustetic, £8/10; Weston 3in 25m ta M.C. 
oncalibrated, £2110; Sullivan substandar ,, 
mica condensers, 975 and 33088F., £1/5' 
Sullivan Universal galvo shunt, £8; valve' 
voltmeter. a.o./d.c. me. indicator, £7: 
General Radio impedance bridge, 650A., offers; 
Supreme decede, 0-1M. mega 0-108F., £ 15; Cam 
bridge Wheatatone decade bridge 4 dial, 10.000 
mega, £16/10; Cambridge Unipivot galvo, L. 
pattern, 1208A., £8/10; Tinsley de, mirror 
galvanometer, £7/10; Tinsley Wheatstone 
bridge, 10,000 mega £10; Weston battery 
oscillator. E692. 100Ko-25Mc., £15; Ferranti 
electrostatic 300v, £5, Ferranti 500 microamp 
M.C., £4; 7.5 volt M.C.. £2; Edgcumbe 5mA 
M.C., £2; Turner 2mA MC., £2; Weston 
centre aero galvo 375, £3/10.-Box 2986. [2220 

Wanted 
A VOMETER Model 7 and valve tester, good 

price-Bennett., Fakenham, Norfolk. 
A DVERTISER wishes to purchase radio and 

.22- electrical laboratory equipment, in par-
ticular a.c. and d.c. bridges, calibrated 9.1. 
alternators, galvanometers, inductance stan-
dards, variable and fixed, mutual indite-to-
meters, b.f, oscillators, double beam cacillo 
scopes, output meters, a.c. potentiometers, q. 
meters, r, and c. decade boxes end standards. 
signal generators and wave analysers, instru 
mente must be the produce of recognised 
firms, be of reasonably modern mamilecture. 
and In first-class order; minor defecta of ap-
pearance only might not be objected to.-For-
ward particulars of make, type, specification, 
age, and condition, together with price asked, 
to Hoc 2985. [2215 

Salford Electrical Instruments Ltd. 
PEEL WORKS, SILK STREET, SALFORD 3 

Something that 
money can't buy 

There's all intangible " something" 

that has been part of Gardners 
Radio for so long that it has 

become a tradition. It is the 

driving force that keeps us striving 

for perfection. It is the spark 

that inspires in each one of us a 

personal feeling of responsibility. 

It's the vital part of everything 

that Gardners make. It is some-

thing that money can't buy. And 

In the Gardner range of quality 

components this " something" is 

particularly evident in the Small 

Power Transformers up to 4 kva. 

So when next you need these and 

the specification demands " some-

thing that money can't buy," 

Gardners can give it you. 

We regret that at present Small Power 
Transformers are available for highest 
priority orders only. 

qUALayMI S IRAN Fo m0 

GARDNERS RADIO LIMITED 
SOMERFORD• CHRISTCHURCH • HANTS 

BATTERYCHARGERS& 
 _ TRICKLE CHARGERS 

for all purposes 
"QUIK-CHARGE" CHARGERS 

well known for reliability 
Booklet R.15, giving useful intormatton 

de,erriPin• 12 Model, os ,rueer 

RUNSAKEAWANCHE.f71111 

ts. 

tructi 

Tolophones BlAtkInars 6688 6 I•nril 
Peepreeters. Too G  Elect", Co Ltd.. 
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PREMIER RADIO 
ROTA X METERS 

90 amps. charge, discharge, bakellte ease, 19,6 each 

CHASSIS 
Lead coated steel, undrilled. 
10 nOV   price 7/- each. 
16 x 8 o ft   price 8,6 each. 
20 x S o ft•  price 10,6 each. 

I.F. TRANSFORMER S IRON CORED 
450-473 km., plain and with lying lead, 716 each 

NEW PREMIER S.W. COILS 
4- and 6- pin types, now have octal pin opening 
and will fit International Octal valve holdeis. 

4-PIN TYPE 6-PIN TYPE 
Type Range Pelee Type Range Price 
04 9-15 m. 2,6 06 9.15 in. 216 
044 12-26 m. 2,6 064 12-26 m. 216 
04B 22-47 m. 2;6 06B 22-47 m. 2,6 
040 41-94 as. 2.6 060 41-94 m. 2'6 
04D 76-170 m. 2,13 061) 76.170 m. 2/6 
042 150.320 m. SI- CHASSIS 
04P 245-550 ne. 8/. MOUNTING 
040 490-1.000 in. 4i- OCTAL HOLDERS 
0412 1,000-2000 m. e- bid. each. 
New Premier 8-Band LW. Coil, 1 l-25. 25-38, 
36-86 m.. 4 9. 
Rotary Wave Change Switch. to nuit above. 1/6. 
Bakelite Dielectric Reaction Condensers. 
0001 mf. 1 3 0003 mf. 2,6 0005 mf. 2'9 each 
0003 mf. Differential   2/11 meh 
2.0ang 0005 mf. Condenases, with 
trimmer.   76 each 

H.F. CHOKES 
S.W. H.F. Choke. 10-100 m.   1/3 
Standard H.F. Choke   1/-
Binocular H.F. Choke   1/6 
Brass Shaft Couplers, /M. bore   714. each 
Flexible Couplers, left bore  1.2 each 
7-pia ceramic Chassis mtg. English Oiling Vale* 
Holders. 1/6 each. 
Amphenol Octal Chants mounting Valve Holders. 
International type. LB each; English type. 
113 each. 

RESISTANCES 
Baru ResIstanees, 660 ,hrial 3A Tapped. 360 x 
150 . 60 Y 60 ohms. 5.6 each. 
1,000 ohms, 24 Tapped. 900, 800. 700 600, 
son ohm.. 5/6 each 
watt all valueo, Bd. each. 
1 watt all vain«. 7d. each. 
4 watt frail 50 to 2.500 ohm., 1/- each. 
8 watt from 100 to 2,500 ohms. 18 each. 
15 watt horn 100 to 10.000 ohms. 2/- each. 
311 .402. from 100 to 20.060 ohms. 29 ...eh. 
I eon, ± 1%. aultable foe Bridges. 8/, 

SWITCHES 
HMIs panel mounting, split knob type, 2 point 
°root. 2/- each. 
Double pole orpoff, 31 each. 

VOLUME CONTROLS 
Carbon type, 00.000. I meg. and 2 meg., 3/9 each. 
roam. 10.000. 48 each. 
Wire Wound Type. 5,000 and 10,000 ohms. 6,6 
each. 
Valve !lateens for International and U.S.A. types, 
l'2 ewe. 
Rena-Cored Solder. lid. Per coil. 
Push-Back Connecting Wire, 21d. Per yard. 
Systofles Stewing, 2 tom.. 2 6 Pet do.. reeds. 
Screased Braided Cable. dingle. 1,3 par yard. 
Twin., 1 6 per yard 

MOVING COIL SPEAKERS 
Rola 600. P.M. Speaker. 3 ohms voice cull. 251-
Rota Sin. P.M. Speaker, 3' ohm. voice °ell. 251-
Above Speakers are lees output transformer. 
Pentode Output Tranglormees, SI watt., price 
10,6 each 
Celestion Bin. P.M. Speaker, 29,6. 
CelesUon 10i.. P.M. Speaker. 49.6. 
The above speakers are lined with output 
trisiatormars. 

filone.—The Premier Oscillator supplied complete 
aim valve, on steel chassis. price 27 6. Pmetice 
key 3,3, TX key 6,10. super Key 11 6. 3. Hoary 
(Stoke. Ira used In Oscillator). 10/-. Sigle pitched 
Buaaer adjustable note. 3/- each. 

Bend for details of our Microphones. 
Valves, and other Aceesiories available. 

ALL ENQUIRIES MUST BE ACCOMPANIED 
BY A 24d. STAMP. 

PREMIER RADIO CO. 
ALL POST ORDERS TO: 

JUBILEE WORKS. 167. LOWER CLAPTON 
ROAD. LONDON 2.5. ( Ainherat 4722.) 

CALLERS TO: 

JUBILER WORKS or 
169, FLEET STREET, E.0.4. tOentret 2038.) 

tlXCHANGE Ekco complete eliminator, 
1124 Model C24, lot' mowing coil meter, or 
cash.—Butler. Christleton Mill, Chester. [2177 

NEW MAINS EQUIPMENT 
XYORTEX1ON mains transformers, chokes, 
7 etc., are supplied to G.P.O., B.B.C., 
L.P.T.B.; why not you? Imitated but un-
equalled; orders can only be accepted against 
Government contracts. 
‘TORTEXION. Ltd., 257, The Broadway, 
7 Wimbledon, London, S.W.19. Lib. 2814. 
GRAMOPHONE AND SOUND EQUIPMENT QUALITY amplifier, speaker, gram, motor 

and components; s.a.e. details.—Read, 
110. Mottingham Rd., S.E.9. [2184 
PARMEKO disc recorder, with cutting head, 

as new, cost £70, accept £50; Andak 
rutting head, £4.—Harris, Strouds, Bradfield, 
Berks. [2207 
(OILS for filters, tone controls, etc., all 

types transformers for " W.W." circuits; 
please note new address.—R. Clark, 30, Lang-
land Cres., South Stanmore, Middx. 12230 RECORD1NG cutters—We can supply first. 

claw steel cutters at 8d. each; cash with 
onler only.—The Bishop Sound and Electrical 
Co., I td., 108. Beverley Way, London, 8 W.20. SIJPERB H.M.V. automatic record changer. 

mechanism plays twenty 10In, 12in 
records mixed, in any order, quality job. needs 
attention; £ 20. carriage paid; send s.a.e for 
our list& of radio cabinets and loudspeakers; 
valves and H.T. batteries sent cod.; state 
requirements.—Snell, Arcade, Swansea. Fatah 
lished 1900. [2159 

NE Single spring Garrard motor, £ 1; 1 
Western Electric cutting head, £5: Gam• 

brell Novotone, £ 3 / 10; amplifier two-stage 
paraphase. 354es P.X.4s, less output trans 
foi mer, £10; attenuntors, stud type, wire. 
sound. 3db 5.000 megohms, £2: Gerrard R.C.10 
record changer, slight adjustment needed, £ 12; 
liothermel-Brush Studio crystal pick-up. 
£7110; postage extra.—J. C. G., Gilbert, Pen 
Ithiw, Royal Ave., Worcester Park. [2219 

Wanted CASH paid for ac record players, gramotors, 
pickups, ac/dc meters, quality speakers, 

sound or faulty.—Box 2988. [2228 W7 ANTED, diamond recording needles. must 
' be undamaged; good price offered.—L. 

Greoory. 51, Higher Rd., Urmston, Manchest. r. 
COMPONENTS—SECOND-HAND, SURPLUS 
1-4,INE radiogram cabinet. Piffle,''00 giunea 
1 model; £15.—Box 2974, e /o W. W. [ 2161 
▪ XPERIMENTER'S surplus components , 
• lists free. Butler. Chistleton Mill, Chester. 
A USTERITY RADIO, Ltd. ( formerly F. H. 
• w ,lson) 51 2 Chancery Lane, London. W.C.2 

C0NDENSERS, tubular, 0.000Emfd to 
0.005, 6d. each, 0.02 to 0.01 9d. each; 

re lea 0.01, 2.200v test, 1/ 6; silver mica. 
0 0005. 0.0002. 0.0005, 0.00005mfd, 9d. 
'VARIABLE condensers, single 0.0005mfd, 2. 
• speed drive with pointer, knob and dial. 
no escutcheon required, one-hole fixing for 
portables, crystal sets, Ac., 131-; tuning con-
densers 30mmfd. 2/ 6. SWITCHES. new Yaxley type midget, single 

bank. 3-pole 3-way. 3/6; single pole, 10-
stop long spindle. 5/6. 
1TALVE holders. 4-, 5-, 6-, 7- pin Pagan. 
• 6,1 ; International Octal. 9d.; Octal cable 
plug and socket, 2 /-; 5-pin cable plug Ito fit 
standard 5-ein English valve holder) with 5 
',loured leads. 2/-. 
pAXOLIN. polished, flat. strong. 18 x 231.,x 
• 3 '3 2nd , approx.. 1/0; soldering tags, 3d. 
doyen; terminal strips, from 3d. to 9d.; eye-
lets, 1/2 to 1/6 gross; resistors 1,4w, 6d.; 1 w. 
1/. each, most values available; Spiro clips, 
2 a 1; flevible coupling joints, large, 1/-; 
dial lamp holders. 13d.; Al. AB, E panels, 6d.; 
Systofiex, coloured, plain and striped. 4d. per 
yd gr h; screen table, single or twin, 1/6 yd. 

See also our display advt. on p. 32. 
USTERITY RADIO. Ltd.. 51-2, Chancery 

Lik lane. W C.2. 'Phone: Flolborn 4691. B.A. thread screws and nuts. 1,ergc stork. 
Enquiries invited. One gross »sorted 

nseful SiZeS. 1/6: ditto all.hens, 1/6 gross; 
fibre washers. 1/6 gross; assorted wilder togs. 
2 /. gross; rubber-covered stranded copper 
wire, ld, yard; heavier quality, II,4d.; very 
heavy, 2d, yard, ideal for aerials, earths, etc.; 
finest quality resin-cored solder, tinlb.. 2 /-; 
Wood's metal stick, 21!4n.x 14in., 1 /-; sensitive 
permanent crystal detector. Tellurium-alncite 
combination, complete on base, guaranteed 
efficient, 2/6; wireless crystal with silver cats-
whi.iker, 6d.; new single eerphone. 750 ohms. 
made originally for the Air Ministry, 5 / 6; 
reconditioned headphones. complete, 4.000 
ohms. 12/6; all postage extra.—Post Radin 
S,rmsrci iev. 67. IC ngscourt Rd., London, B.W.16. 
PRELIMINARY mike amplifier for moving 
1 coil mike, battery operated. £ 6; G.E.C. 
'ape! mike, £4; G.E.C. moving roil mike, £6; 
Trig second stage amplifier type. 16, £19; 
eleotrio gramophone with pick-up and tone 
arm £ 15.—Roberts, 9, Winsovev Rd., Spalding... 

ELECTRADIX 
IMPORTANT 

MOTORS and DYNAMOS. We 
have acquired a useful parcel of D.C. 
Motors in all sizes from 1/8th H.P., 1/6th, 
1/4th, 1/3rd, I-, t. I, I 2, 3, 4, 5 and 
6 H.P., in 110, 220, and 440 volts. There 
are also a number of A.C. Motors, single 
and 3-phase, from 1/8th H.P. to 3 H.P. 
Kindly specify wants and we will offer 
the nearest, as no priority is needed on 
these machines. 
10 MERCURY VAPOUR LAMPS, 400-watt 
Phillips ' Philora," with chokes, condensers, 
lampholders and 20m. Reflectors, for sale singly 
or as one set. 

PORTABLE ELECTRIC DRILLS. D.C. 
110 volts, £5 10s. ; A.C., 220 volts, £ Ws. 

DRILLS. Electric Bench Drills, D.C. Wolf, 110 
volts, massive pillar type, geared feed, counter 
weight rise. No. 1 morse socket for lin, steel. 
For delivery without permit, f8/10/- each. 

PUMPS. Stuart motor pumps, centrifugal, C.D. 
Shelter, 12 volts D.C. or 230 volts A.C. in stock. 
Twin-piston pumps with or without motors, for 
suds or water. 

POWER TRANSFORMERS. Single phase 50 
cycles 35 KVA. 35,000 watts, by Brit. Elec. 
Transf. Co. 220 volts to 110/110 volts, £30. 
5 KVA 220 volts to 5,000 volts and 500 volts, 
£10. 2 KVA Foster 200 volts to 4,000 volts, 
DI 10s. lé KVA Zenith 100 volts to 6,000 volts, 
£13. 3KVA 400 volts SP 50 cycles to 600 volts, 

oil filled, by Metvick. £9. 2 KVA 230 volts SP 
400 cycles to 11,500 volts. CT., oil filled, Foster, 
a 10s. 1 KVA 1,000 volts SP 50 to 20.000 volts, 
oil filled, by j. & P., V. I KVA 240 volts to 17 
volts 57 amps, 4 taps to 6 volts, air SP 50, by 
G.E.C., £7. KVA 230 volts to 4 volts 100 amps., 

air SP 50, by A.M.. £4 IS,. All as new. 

TRANSFORMER COMPONENTS. Stamp-
ings Control limits supply. We offer some 100-
watt transformers for rewinding. Complete, good 
class but unknown ratios. Sold for re-making, 
22 6. Larger 250-watt size, 27. 6. Stalloy Sheets 
for Transformer Stampings, 38m. x 61n., 1/3 
each. Radio Mains Transformers, 57/6. 

SUNDRIES. Sin. Pocket Thermometers, 
nickel case, Vet Type, for animals, 90,100 deg., 
116. H.M.V. Resistors, glass cased, wire ends, 
4 watts, .01, .025, .05 and I meg., per set of 4, 
or 2/9 per doz. S d Mike Cable, flexible 
sheath, single core, 1'2 per yard. Multiple 
Connection Strips, of soldering taggs, telephone 
type moulded mounting, in 25, 50, 75 or 100 
ways, at 2/6, 3'-, 3'6 and 4/- each. G.P.O. Plugs, 
21- each. Terminal Covers, bakelite, with two 
securing screws size of domino, 9d. G.P.O. 
Vertical Telegraph Galvos, slightly damaged 
but in working order, 7/6. Mentor Battery 
Indicators, thermal type signal light, thermal 

type, 2éin. dial, flush panel, 6 volt and 12 volt, 5"-. 
Small Solenoids, " Gemi," 6 volts, I} amps. 
Iron plunger, 66. Oldhams Miners Lamps, 
all-metal, for accumulator or dry cell, 7/6. 4-way 
Cords, long, suit mikes or handcom phones, 2'-. 
Electric Counters to 10,000 revs., G.P.O., 56. 

COVERS. Light Metal ventilated covers for 
test boards, resistances, chargers, etc., special 
arch shape to contain 6115. x Sin., with terminal 
cover extension, 3/-, postage 6d. 

HEADPHONES, 15', Headbands only for 
2 earpieces. 26. Govt. Cords, 26. Crystal 
parts, as advertised. MORSE KEYS. We have 
some ex-G.P.O. Quad Keys, in blitzed condition, 
needing overhaul, I16. Keys from 5/- each. 

CONDENSERS. Ultra Short Wave variable 
air condensers. Trolitul Insulation ball-bearings. 
Surplus to a Govt. contract and new, 5/-. 

NEW LIST NOW READY. 
(Limited supply.) Regulations require us to 
charge for this. List sent post free for 6d. 

Please send stamped envelope for answer to enquiries 
and include postage for mail orders. 

ELECTRADI X RADIOS 
214, Queenstown Road, Battersea, London, 6.W.6 

 Telephone 1f {Crudely 2159   
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SEXTON'S for 
RADIO SERVICE 

WHY NOT BUILD YOUR OWN 
RADIO RECEIVER. A Four-Valve Uni-
versal Mains Medium Wave radio can be 
easily constructed at home from many of the 
odd components that you as a radio enthusiast 
will undoubtedly have, or which are readily 
obtainable from practically any radio dealer. 

We offer to you comprehensive instructions 
at 5/- per set which contains theoretical - 
circuit, point to point wiring diagram, 
component layout and list of the components 
with the correct specified values that are 
necessary to build " THE VICTORY 
UNIVERSAL FOUR." Frankly you will 
be amazed at the performance of this midget 
radio when comparing with the high-price 
sets at present on the market. 

BRIVARON BRITISH MADE VALVES. 
American types,: 80. 5Y3, 5Y4, 5 volt rectifiers, 
RF. 120 4 volt rectifier, type RF.30 equivalent 
to IDS, URIC at I I- each. 

HAND CRYSTAL MICROPHONES, with 
7 ft. screened cable, manufactured by Brush 
Crystal Co., Ltd., at a 3s. each. 

GOODMAN'S 321n. P.M. Speakers 12 ohms 
voice coil, ideal for microphones, communica-
tion set at 30;- each. 

CYCLE DYNAMOS, with brackets and 
lead, less lamps, 6 volt type at 15/6 each. 
Limited quantity. 

TERMS : Cash with order only. Send Id. 
stamp and S.A.E. for list of electrical appliances, 
valves, etc. 

J. E. SEXTON 8, CO. LTD. 
164, Gray's Inn Road, London, 

Tel : Terminus 1304 & 4842. 

You must know 
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T. & C. RADIO COLLEGE, 
2, THE MALL, EALING, W.5 

If you wish to understand radio or any 
other technical subject thoroughly, you 
must know Mathematics. 

Our method of Home-Study Tuition 
is an outstanding success. Hundreds of 
our students who imagined they could 
never master maths, have progressed 
up to the Calculus, and thoroughly 
enjoyed learning: 

RADIO. Big developments in Radio 
and Television have been 

forecast. There will be splendid oppor-
tunities for trained men to secure well-
paid employment, or start businesses 
of their own. 

Now is the time to increase your 
knowledge, so that you may face 
the future with confidence. 

0% Post coupon for free details of 
our Home-Study Courses in " 
Radio Reception, Servicing, 
Transmission, Television, 
Mathematics and Radio 
Calculations. 

(Post in unsealed envelope, ld. stamp.) 

Please send me free details of your Home. 
Study Mathematics and Radio Courses. 

NAME  

ADDRESS  
W.W.24 

L EDON CENTRAL RADIO STORES.— 
() Manalsotarers surplus components col-

lected from all over the country; real bargains 
for discriminating radio enthusiasts;  no extra 
charges for postage, peeking, eta.; this avoids 
confusion. CHASSIS, 14x8%x3in, drilled for 11 valves 

and transformer, 6/6 

STEP-UP, step-down transformer•  100-240v,60w; 30/6, 

rr.C.C. condensers, 8mfd, 30v, d.c. working; 
A 2/6. 
0-GANG superhet variable condensers, .0005-
Fe/ mid, with trimmers; 10/6. 
VAXLEY type wave-change switches, 4-way, 

3-bank, with shielded oscillator section, 
length from stop plate approx. 51n, spindle 
21e. 6/3: 5-way, 6-bank, with 3 screened se, 
tions. adaptable to many uses, length from 
stop plate approx. 64in, spindle 2in, 7/3; 3-
way, 3 double banks, without shields, 2In 
spindle, length 6,s.in, 6/3. 
VAXLICY pattern switches, 5-way, single 
A bank, on-off mains switch, carrying 1 ann. 
at 250v, lin spindle with knob, 6/-; 3-way, 
single-bank, lin spindle, with knob, 3/3. 
OAK switches, 292in spindle, complete with 

knob, 4-way, 2-bank, with connecting 
block, 5/-•. 4-way, 2-bank, 4/3. 
QPEECH transformers, brand new, ex well 

known speaker maker, ratio 30: 1, a fine 
Job; 6/9 each. RELAY13.—Brand new, surplus stock from 

Standard Telephones, electro-magnetic 
snake and break units to operate on 11/4  volts 
nt 15mA; to clear stork, 5'9 each. M OTOR tuning.—Fine brand new 3-gang 

.0005ndd condenser, no trimmers, de 
signed for mot& drive, large diameter driving 
dise and reduction gear for slow motion 
manual drive; 13/6 each. 
-DRABS rod.—Berewed brass rod, 2B.A. anti 

413.A., 12-inch lengths, useful for many 
purposes; 5/8 dog lengths. 
VALVEHOLDER5. all brand new, Celestlon 
V Amphenol, Mazda and International 

octal; 1/- each. 

CONDENSERB. tubular wire end, made by 
Plessey, 25mfd, 25 volt working, 50mtd, 

12 volt working; 1/9 each. 
11,1 ESISTANCE8.—Assorted wire-end resist-
-2-lb ances by best makers, ideal for service-
men and experimenters; to clear, 3/8 doz, 
13/3 for 50, 23/8 for 100. CERAMID valveholders, brand new, low loos. 

7 pin; 1/5 each. CONDEN8ERE.—First-class . 1rnfd. 
5,000 volt working; only 11/6 each. T.O.C. tubular condensers.—.1mid, 6,000 volt 
de test, 8/0 moll; also 2mfd tubular', 

30 volt working, 2/6 each. 
rr.C.O. condensers lu metal cases, special 
1 offer, much reduced to clear, 4x4mfd, 
70 volt working; 2/6 each. 
PEAK ER transformers for Pentode output 

cl valves; 5/10 each. 
IT1BRATORS.—Brand new American syn-
Y c.hronons self-rectifying vibrator units, 12 

volt input, 280 volt output, 85mA, fitted with 
7- pin American base; 161- each. 
nOUNTER8.-Ex. G.P.O., every one perfect, 

electro-magnetlo, 500 (dam coil, counting 
to 9,999, operated from 25v-50v de, many in-
dustrial and domestic applications; 6/-. 
ITALVEHOLDER8.--Paxolin, 7 and 9 pin; 
V 7d. each, 6/- doz. 
D ROPPING resistances—To replace 2- and 

3-way line cords, with diagram showing 
connections, . 3amp, in strong metal ease, 13/-
each; without case, 10/- each. 
VILEC. razor resistances, universal input, in 
.1.4 strong metal case; 10/- each. 

tools.—Fine set of 12 hakelite 
1 handle trimming tools in roll-up leather-
ette case. Ideal for servicemen; 33/- set. REAOTION condensers.—Fine quality «Job, 

.0003 mid; to clear at 2/3 each. 
PUBULAR13.—Wire-end tubular condensers, 
A. .1 and .01mid, 400v working; 1/-. 
VALVEHOLDEREL—Side contact, 8-pin type, 
Y in bakelite, 1/9 each; anode bakelite 
valve caps, 10d. each. DIAL lampe—Philips' screw type dial lamps 

for dial illumination, 15 watt; 1/9 each. SPEECII coil ribbon wire, enamelled copper, 
gauge approx, 20 thou. by 5V3 thou.; 3/3 

per lb. reel. 
MIXTENSION speakers.—Brand new, first-
AU class p.m. loud speakers, in beautifully 
polished cabinets, 61/8; rexine covered, 57/8. 
-LILEXIBLE driven—Ideal for remote control 

in radiograms, etc., approx. 2ft. lgth.; 4/3. 
IrALVES.—EA50, Mullards; to clear, 10/6 
V each. 

BLEILDER reshitanoes. 100-250 ohm"; Si-
each. 

PLUGS and jacks.—Ex-Govt., powerful phos-
phor-bronze springs, ensuring perfect «in-

tact, overall 15th., mol. Uhl threaded shank, 
men, 'applied with nut for panel mtg.; com-
plete with best quality plug, 8/8. 

(Continue/ in p. it) 
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100% 100 °/e 
British B iii ish 
Design Made 
arametro all OHM'S LAW probloms—fer example: 
What will be the voltage when sanest I Sows through 

resietanee R P 
What will be the voltage with watts value W and I 

current Sowing P 
What Is the eurrent lowing where watts value is W 
and voltage hs E P 

What surreal will flow though R resistance where 
voltage is E 

What will be the reflectance where current I Sow, at 
voltage E P 

What will be the resiatanoe where watts W is at 
voltage E P 

What will be the resistance where watt,' W is at 
current I P 

What in the wattage at voltage E through reeistanee R P 
What In the wattage et earnest I through reeistanee R P 
What will be the wattage of I ounent at E voltage P 
The wade. read Irons 1 millivolt to 1,000 volt. From 
1 ohm to 1,000,000 ohms. From 1 milliamp to 10 
amperes. From onv-teeth of a tuilllwatt tee 10.000 

watte. 
11.01£ INSTRUCTIONS WITH EACH INSTRUMENT 

PRICE 4/6 Postage 3d. 

Order at once whilst deliveries are good 

IONIC LABORATORIES LTD. 
6, Orasbeers• Terrace, Salt Mil, SLOUGH, BUCKS. ENO. 

_AG M ETALLISED 
AND 

c oteefireite TINNED 

E.& M. DEVELOPMENTS LTD. 
492, IPSWICH ROAD, SLOUGH, BUCKS. 

Tel 81.0l1(111 

COVENTRY RADIO 
COMPONENT SPECIALISTS SINCE 1925 

Latest List of Coils, Cond i, Trans-
formers, Resistors, Switches, Speakers, 
Trimmers, Chokes, Rectifiers, Volume 
Controls, Instrument Wires, Flex, etc. 

Sent on receipt of Ia. stamped envelope 

THE COVENTRY CO., 
191, DUNSTABLE ROAD, LUTON 

"IENIGirtidirz.IEF;i1tii4G 
ORPCIRTLIISIIITIIES" 

This unique handbook 
shows the easy way to 
secure A.M.I.Idech.B., 
A.M.Brit.I.R.B., 
City and Guilds, etc. 

WE GUARANTEE— 
"NO PASS—NO FEE." 

Details are given of over 160 
Diploma Courses in all 
branch•s of Civil, Mech., 
Elec., Meter, Awe, Radio-
Television and Predeetion 
Engineering, Tracing, Building, 
Bert Employment, R.A.F. 
Mates., Metric., etc. 
Think of the future and send 
for your copy at onee—FRIE 

SHAKESPEARE HOUSE 

IT, STRATFORD FLUE, LONDON, W.I. 
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SOIDAI 
SOLDERIIIC 
bpspeed-surn 

ir • With the Solon 
there's no waste 
heat — the heating 

element is inside the 
copper bit itself I All 

the heat is at the point— 
where you want it. The 

terminals are at the other 
end, safely housed away 

from the heat and easy to get 
at. Every Solon is supplied 
complete with 6ft. of Henley 

3-core flexible. Made for the 
following standard voltages :-
100/110, 200/220, 230/250. Supplies 

are, of course, only available for 
essential war werk. Order well in 
advance as demands are heavy. 

Made in England 
lituslration 
Maud a stand. 
are 65 grail 
model; other 
typeJ and rim 
anailadle. 

SOLON 
çaitiFRING IRON Ns INDUSTRIAL USF 

W. T. HENLEY'S TELEGRAPH WORKS CO. LTD. 
ladaseriag Dept., Milton Coon, Walcott, Derides, genes 

LASKY'S RADIO 
370, Harrow Road, Paddington," W.9 
(Op. Pndd HospItal 'Phone Cunrunghorri .1979 

OFFER FOR SALE the FOLLOWING: 
U.S.A. Octal Bue Valve Holders 76 doz. 
Assorted V. Conta., less Switch ... 2/9 each 
Volume Controls, I, * & 1 msg., 

with Switch 5/11;each 
Volume Controls, meg., less 

Switch, for Midgets 316 each 
2 mfd. 600 v. Block Paper Cond. ... 2/6 each 
10 mfd. 500 v. Block Paper Cond.... 5/6 each 
.02 mfd. 2,000 v. tubular ... each 
.25 2,000 v. 1/6 each 
.05 „ 500 v. 1/- each 
50 „ 12 v. „ ... 1/4 each 
25 „ 25 v. „ ... 1/6 each 
10 „ 25 v. „ 1/6 each 
.1 „ 350 v. „ 6/. doz. 
Toggle Switches 3/. each 
3 Gang Condensers 7/6 
.03 amp Mains Droppers, Tapped ... 7/6 

VALVES. VALVES. VALVES. 
We have a large stock of English and U.S.A. 
Mains and Battery Valves, Including 6A7, 6A8, 
U3I, 501.6, 35Z4, 35L6, 78, 75, 6C6, PENA4, 
VP4, U12, MU 12, TDD4, VP2, SPI, PM22A, 
523, etc. 

SPEAKERS. 
Rola 51n., 19/6; 61n., 21/- ; 81n.,23/6 ; 101n., 
31/6 in stock, less transformer, P.M., 3 ohms 
Voice Coll, Goodmans 31 P.M., 12 ohms 
Voice Coll, 25/- each. Universal Output 
Speaker Transformers, Pentode, Power, etc., 
7/6 each. 6}• R-A. P.M. Speakers with Uni-
versal Output Transformer, 29/6 each. 
4v. + 4v. 3500/350 best quality Mains Trans-
formers centre tapped, 35/- each. 
7-pin English V. Holders, fd. each, 8/- doz. 
.3 amp. Line Cord, 3-way, 70 ohms per foot. 
Beat quality 5/9 per yard. 

Send us your requirements. C.O.D., BUT 
CASH WITH ORDER PREFERRED. 

(Continued front p. 31.1 
QOADiNIfIG and detector cells, ea television 

recesses-u, oornp. in metal frame; 8/6 ea. PUBE button units.—Permeability iron-cored 
coil unite, 6 wring loaded switches, 16/-

each, 8 switch unit (no tails), 4/6 each; 11 
switch unit ¡ no coils or switches), 2/6 each. 
SEE also our display advt. on p. 34. 

T ONDON CENTRAL RADIO STORES, 23, 
-1--4G  Lisle St., London, W.0.2. [2191 

RID leaks, 14, 112, 14, 1, 11,4, 8 meas., 5d. 
each. 3/6 doz; closing down from Dec. 14th. 

—Barr. Cheetauts, Uppinghatn, Rutland.[2199 

ti.31.1. type 201 m.o. microphone (new), 
-Ed £12/10; chrome folding tripod. £2.— 
Smythe, 118. Burdon Lane, Belmont, Surrey._ 
" A DAPTOPAK" 113 do to 115 cc vibrator. 

OK, comp. with smoothing, 82; Amen-
man Magnovox." 7in cone. West. rect., ener-
gising. 200y, pan. trans.. £4; Celestino 7in.. 
hr Reid, pen trans., 81; 250, Ferranti an 
v-meter. 81; Philips an set, no speaker, minus 
2 valves, trans. and rent. O.K.. £1; good selec-
tion ac/dc valves, 43, 18, 6a7. FCI3, CYI, 
Mullard E; Wolfe do 200v %in drill, recon., 
£6; Airways vac, 230v, O.K., £ 10; 3hp 460v 
do motor. Crompton, starter, pulley, etc., £ 15; 
Philco 6-volt battery set in walnut cab., new 
con. perfect order, offers; ado. trans., 6 f- ; 
100:0-100 MI MA, 10/-; cash with order.— 
11111, Wharfedale Ores., Tadcaster. [2205 
nOULPHONIS Radio, New Lcington, or. 

Preaten.—New goods ouly. Tungsram 
valves, English and Amer. rectifiers, 10/6; 
mains tranis., 350v 100mA, 4v 6A, 4v 21/2 A, 
32/8; 350v 120mA 6.3v 3A. 5v 3A, 33/6, 
Rola p.m. Ices transi., 5in 20 -, 61/2 10 22/_-. 
8in 64/, p.m., 29/6; Celestion 8m P.M. with 
trans. 30/-•, cored solder, 4/6 lb; tin, cop. 
wire, 2/3 %lb.; 2mm Bystofiex, 3d. yd.; Barr, 

resist., 6 /-; line cord replete, resist., 800 ohm, 
2 adl. taps, 6/0; Paratecd trans?, 41, 
5 /-: 60mfd 12v 2f, 25mid 25v 2/-; Erie • 
resist., 1 w 9d.. Pew 6d., IGNv 4d.; Pushback 
wire, 100ft 13/-; switch cleaner, 2/3 bott.: 
Power-Pentode out. trans., 7/6; bell trans'. 
6/6; valveholders, Id. per pin; Stanelen el. 
solder. irons, 21 /-; tub, end mica cond., V 
cont., with sw. 6/9, less sw. 4/9; 450w. iron 
elements. 2/3; s.a.e, for stock list. (2164 W EBSTER M.O. microphone, desk stand. 

£6; Bruno Ribbon microphone and 
transformer. £4/10: Wright de Coster 12m 
moving coil, 200v field. £4/10; Berce 200.000 
megohms wirewound 3in potentiometers, £ 1; 
Plessey 3-gang 0.0005, 7/6; Jones 4-way plugs 
sockets. 5/-• 3fasteredio 12v G650 vibrator. 
15/-; thibilimr 0.01 mica. 5/-; 0.1 mica, 8/6: 
Wearite IF transformers 465Kc. 616; 
Westinghouse rectifiers. H.T.8 10 /-, 11.50 7/6. 
f1.10 5 /-, Weateetore 2/6; T.Issen 4-way turret. 
10/-; Melmner type roil unit, unit R.F. own. 
later 465 Kr, F.C. air trimmer«. 10-2.000 
meters, £5/10; 1-waft resistors. 6,1.; 2-watt. 
1/, all values; Delestion M.C. permanent mac 
net, nniversal transi., £2/5; Baker's triple cone 
permanent magnet, 15 megohms., £3; many 
British valves at % list price; 1852, 1853. 
954. 955 at list price; Mazda Thryatron T.31 
Marconi Stolz/11volt, offers; postage extra.— 
J. C. G., Gilbert, Pen Rhiw, Royal Ave.. 
Worcester Park. 

OUTHERN RADIO'S wireless bargains:  :: Sinews and nuts, assorted gross of each 

(11 gross in all), 10/-; soldering tags, includ-
ing spade ends, 6f- groin; Phileo 3-point ter 
aerials, excellent for short-wave and home 
aerials, 7/6; Limit tone arms, universal fix-
ing lot ell types of sound boxee and pick-up 
heads, 10/-; Ace " P.O." microphones, com-
plete with transformer, reedy for nee with 
any receiver, 7f-; circular magnate, very 
powerful. 1%In diameter, by %in thick, 1/6 
each, 15 /- per doz.; Erie resistances, brew' 
new, wire ends, all low velue from 0.8 ohms 
upwards, a few higher value are included in 
each parcel, 14, 1,4, 1 and 2 watt. 100 resist-
ances for 30/-•, Multicon Master mica conden-
eers, 28 capacities in one from 0.0001. etc., 
etc., 4/- each; special assorted parcel for 
(Service men, 100 Erie resistances (description 
above), 24 asserted tubular condensers, 6 re-
action condensers, 0.0001, 12 lengths insulated 
steering, 75ft push-back connecting wire. 
soldering tags screws, wire, eto., 65/-, all 
brand new; crystals (Dr. Cecil), 6d., with cots-
whisker, 9d.; complete crystal detectors, 2/6; 
75ft wire for aerials, etc., 2/8; 25yde push-
back wire, 5/-; Tolson reaction eondensere, 
0.0001, 1/9 each; Peleen large disc drives, 
complete with knob, etc. (boxed) type W 184, 
2/6 each; insulated 'leaving, assorted yard 
lengths, 3/6 doz.; single screened wire, doz. 
yarda, 10/-; loud speaker units, unshrouded, 
midget type, 4f.; metal ease condensers, 0.1 
+0.1+0.1, 2/6; rheostats, power type, 30 ohm, 
4/6; painter knobs, black and brown, 14in, 
1 /-.--Houthern Radio Supply Co, 48, Lisle 
St., Londe', W.C. Gerrard 56 5 5 [2188 

E NOW  

AUSTERITY RADIO, LTD. 

CONSTRUCTORS' KITS 
3-v. T.R.F. 

A.C. Kit 
Assembled. 

When amembled these Kite give excellent 
reproduction on Medium and Long Waves. 
Supplied complete with , 11 aria Sin. x 05ta. x 
20n., Valv«, M.O. Speaker and wiring diagram. 
(Regret, no cabinets.) 3 controls. A.C. 8-7. 

RECTIFIER) HIT. V.M.II.P. Pen., Triode, 
L.P. Pen., Rectifier, u.c. Speaker. Price 10 ens. 

BrÁTTERilliP1'.8-V3./61LIITc.kinVg./f(".Htu7F.abPleen)"., Triode 
Detector and Output Tetrode, P.M. Speaker. 
Price £7. Post 1/1, phis 3/6 puking (returnable). 
8-0,120 CONDENSERS, ceramic insulation, 
.00028, 7/6; .0005. with trimmer+, 10/6. 
AERIAL AND an TRANSFORMERS with 
reaction medium and long + ave.. Iron cored on 
medium waves loading coil on long wave. 
10 , Per Pair.' 
A. & R.F. TRANSFORMERS with reaction 
colour coded. 10:6 • pair. 
468 E08. IF. TRANSFORMERS, screened air 
cored, 12,6 each. 
UNIVERSAL MAINS TRANSFORMERS, AO 
input, 230 v. output, 300.0-300, 6.3 v., 4 amp., 
5 v., I amp., 1 v., 2 amp., 4 v., 4 amp., 80 m.. 
Screened primary colour coded—a good replace-
ment tranafonner, especially for se« using mixed 
valve. 32/6 each. 
STANDARD REPLACEMENT MAINS TRANS-
FORMERS, input 200/250 A.C., output 350-0-350, 
SO 0, ..o 4 vo 4 amp., 4 v., 2 amp. Screened 

STANDARD 01- 77AchIS A S TRANSFORMERS, Input 
200/250 A.C., output $50-0-350, 150 ma., 6.3 v., 
o amp., 5 e., 2 amp.. 315/- sash. 

bracket., 

CONDENSERS, standard .0005 ceramic 
Insulation, slow motion drive, and mounting 

MAINS VOLT DROPPING RESISTORS. .2 amp. 
1,000 ohms, 2 variable slider+, 6,'-; .3 amp. 
750 ohms, 2 variable sliders. 7/... 
10-WATT WIRE-WOUND RESISTORS, 2.000, 
1,000. 500 and 120 ohm., 2/6 each. 
PADDER8. Twin ceramic .0005 mid. and .001 
mfd. (man.), 2/8 each. 
VOLUME CONTROLS. meg., with switch, 
6'6 each. 25,000 and 50,000 ohms, le« switch, 

COMBINED VOLUME CONTROL. 100,000 ohrna 
and Reaction Condenser. 6/6. 
WESTECTORS. Type We, 15/- each. 
CHASSIS. Undrilled steel, painted, new, 10i 
8 x 211n., 7/8; 8 x 6 x 416 each. 

Please add postage for enquiries and 
orders, CAD. orden accepted. 

Licence to export to Northern Ireland and Hire. 
Owing to present ciroumatanc«, prices are 

subject to increue without notice. 
See our Classified Advt. on page 30 

51-52 CHANCERY LANE. 
ONION. W.C.2. T. - 
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Service Components 
GANGING TOOL OUTFIT 
14 assorted Screw Drivers and Box Spanners. 
Polished ebonite with metal plated parts. Com-
plete with extension handles ; in carrying wallet 

30/. 
E.M.I. Type replacement Mains Transformer 
Bobbins, 350-0-350v. 4v 4a, 4v 2a 18,6, also avail-
able in 6v. 18/6 
ELECTRIC RAZOR resistor voltage dropping 
from 250 to 100v., with var. slider 7/6 
SPECIAL resistor for replacing CI and .C1C 
Barretters 5/-
NEVs 1,000 ohm Dropper with 2 var. sliders, 5;-. 
Vit enamel 100w resistor, 2,000 ohm 7/6 
CARBON RESISTORS. Half-gross packets 
assorted w.. 24 - ; 36 assorted paper Condensers, 
.01, 05, . 1, etc. 18/. 
" SERVISOL " Switch-cleaner, 8-oz. tin 5/-
SERVICE BOOKS. Three New Service Books 
on American Receivers. Vol I. Emerson and 
Sparton. Vol. 2. Crossley and Belmont. 
Vol. 3. Crossley and Belmont ( Part 2). The 
set, 37 6, or individually, 126 each. 
RADIO INSIDE OUT. Complete Service 
Manual, Colour Codes, Valve Bases. Specified 
replacement parts and hosts of useful service 
hints, 49 post paid. 
CONDENSERS. Silver MICA Condensers, 
36 assorted for El. 
VOLUME CONTROLS less switch, 2 meg., 
I meg., t, 100,000, 50,000 ; 3/6 each. 
VALVE-HOLDERS, Mazda Octal, 8d. each. 
LINE CORD, 3-way, 60 ohm per foot, at 2/3 
a foot. 
CARBON MICROPHONE on stand, with 
transformer, 7,6 ; la Bell Transformers, 5/- each. 
Microphone Transformers, 7/6 each. 

NOTE : EXCLUSIVELY MAIL ORDER 

WAVEBAND RADIO LTD. 
30, QUEEN'S GATE, LONDON, S.W.7 

Precision Engineers 

EUGENE WORKS. EDGWARE ROAD. HENDON. N.Wov.a 

Delivery promises are often like pie 
trust—made to be broken. Micro. 
scopical tolerances In light Engineer-
ing Products are routine with us, 
but our delivery dates have a 
tolerance of 3 1000 of a year. 

W. BRYAN SAVAGE 

\\ \  WESTMORELAND RD., N.W.9 

MIMI COUNDALE 7131 

LTD. 

Expert assistance In the solution of 

problems relating to 

• TRANSFORMERS, CHOKES 
e AMPLIFIERS 

e POWER UNITS 
and Specialised Equipment 

embodying 

ELECTRONIC CONTROL 

IBM 

CA. A. RYALL, 69, Wharfdale Gardens, 
Thornton Heath, Elurrey.—Please note new 

temporary address; mail order only. 
VRIE resistances.--½W, 680 ohms, 3/-
-S-u doz. 
11C.C.C. 0.1 non-inductive tubular condensers, 
-L in pa:satin tubes, type 330, 350v wks., 
6/6 dozen, 75/- gross. SLOW motion (epicycle) drives, in well. 

finished brass, ratio 8-1, shaft 11,41n long, 
5,;in dia., drilled to take pointer, 1/3 each. 
101)AXOLIN strip, 21,4in wide, 12in lengths, 

3 1/5 and 100 25/-; short lengths cut 
group board size, 6 1/3. 
THIMBLE top caps, 24 1/3; insulating 
-S. tape, black, 1/3 lb; Wearite switches. 
ebonite with silver-plated rontacts, for 2h1 
and band pass with dial lights, 1/6 each. 
VAXLEY switch screens, size a,.proa. 4in 
▪ x31,,,,in, drilled mtg. flange, 3 for 1/3. 
-PIN plugs and sockets, complete with 

I, metal insulated cap, 2 for 1/6. [2197 

LASKY'S RADIO, 370. Harrow Rd.. Pad 
dington, W.9 (opposite Paddington 

Hospital) offer for sale the following con 
densers: 0.02mfd 2.000v at 1/- each, 0.23mid 
2,C00 • at 1/6 each, 0.05mfd 2.000v. at 1/ 
each; lOmfd 500v, 5/6 each; 2mfd cond., 700e, 
at 2/6 each; 50mtd 12v tubular, 16/- doz., 
25mfd 25v tubular, 18/- doz.; 0.1mfd 350v 
tubular, 6/. doz.; lOmfd 25v tubular. 1/6 
each; speakers, speaker output transform,:rs 
from /-; 614in moving coil speakers: Rola 5in 
P.M. speaker. 3 ohms voice coil, 19 ,-; Rola 
61Atin P.M. speaker, 3 ohms voice coil, 21/-; 
Rola 8in P.M. sptaker, 3 ohms voice coil, 
23/6; above speakors are less output trans. 

DYNAMOS, MOTORS, ETC. 
MOTOR alternator, input 110v dc. output 

230v 600eye, 1.800w, £12/10; another, 
110v de to 75v, 7.7 amps, 190 cycles, £7/10. CRYPTO rectifier, 230v ac to 15v 5 amps 

de, with switchboard, £ 15; Naco con-
verter, 200/220v ac to 16e 24 amps, £17/10; 
G.E.C. rectifier, 200/250v ac to 250v 100 ma 
dc, £4; Tobe rectifier, 110v ac to 6v 5 amps. 
£4 Philips charger, 110v ac to 12v 1.3 amps, 
£4 Philips charger. 100v ac to 6v 1.3 amps, 
£3 Westinghouse rectifier, 200/250v ac to 
9e 1 amp, £3; metal rectifier, 230v ac to 
35v 1.3 amps, £4; Tungar rectifier, 200/250v 
ac to 7/15v 2/1 amps, £ 5; Tungar rectifier, 
100/110v ac to 7/15v 6/3 amps, £6.—Harris, 
Stroud's, Bradfield. Berks. [2208 
A LL types of rotary converters, electric 
XL motors, battery chargers, petrol-electric 
generator sets, etc., in stock, new and second-
hand; supplied against priority orders only. 
WARD, 37, White Post Lane, Hackney 
TV Wick, E.9. Tel. Amherst 1393. [1988 

L.T. dynamos for charging. Lucas-Etotax, 
6-12v 8 amps dc, 3rd brush, weight 111b, 

size 8inx41/2in, unused ex W.D., cost £ 10. to 
clear 17/6 each; ht and It G.E.C. double' 
current 6v and 600v, 171b ditto. 27/6; all 
earn paid England and Wales.—Electradix. 
214, Queenstown Rd., Battersea, S.W.8. [1748 

VALVES 
A CORN Triodes 955 16.3,1, nnueed; offers. 
▪ -Box 2975; c/o Wirelm World. [2168 ACORN valves, triodes. 40/-,• pentodes, 501-; 

rash or cod.—Frost, Castle 81, Brighton. 
5 0 0 0 valves, all types, including output, 

rectifiers. etc. s.e.e.—Davies 28, 
Mount Vernon Crescent, Barnsley. 

AVINO a stock of over 6.000 valves should muld 
• ensure your want being fulfilled; try us; 
sa.c.—Dalton s, 11, London Rd., Derby. 12231 
100 malos valves for would nee.wc.haanllgetypz i: 

bench test equipment, radiogram or quality 
amplifier with pre-selector; cash adjustment 
either way.—Box 2983. 
flUR adaptors will help in replacing un-

obtainable valves; send 7d. for inter-
esting booklet on valve replacements; trade 
enquiries invited.—Y.E.8., Radio flouse. 
Ruislip. [1885 
«VALVES, British and American, many types 
✓ in stork; 10 mid 600v working, block 
paper condensers, 8/-; Midget aerial and h.f. 
coils, medium and long waves, ideal for midget 
T.R.F. receivers, 11/- per pair; mains drop-
pers, 1,000 ohms, 2 amp, fitted two variable 
taps, 4/6; 750 ohms, 0.3 amps. db. taps, 5/6; 
superior quality, 2-gang. 0.0005 mfd variable 
condenser, ceramic insulation, 8/-; wire. 
wound potentiometers, 2.000 and 20.000 ohms, 
6/6; semi-circular standard knob, 11:iin dia-
meter, 7/6 doz; volume control, 100.000 ohms, 
with switch, long spindle, 6/6; screws and 
nuts, 4BA, round heads, 6/6 gross; hexagonal 
4BA nuts only 3/6 gross; toggle switches, 
on/off, 3/-; Midget 2-gang 0.0005mfd variable 
condensers, fitted slow motion drive, 12/6; 
full range speakers, sleeving, condensers, etc.. 
etc.; tieence to export to N. Ireland; lists 
available; stamped addressed envelope with all 
enquiries, please; postage on all orders.-0. 
Greenlick, 34, Bancroft Rd. Cambridge Heath 
Rd., London, E.1. Stepney 'Green 1334. (2210 

— " UNIVERSAL CIRCUITS" — 
by R. S. Roberts, M.Brit.l.R.E., AMI//E. 

Three folders and s thirty-six page booklet, presenting 
the mein principles of radio circuit operation in a 
concise and convenient tom for the pocket. 

I. The Transmitter. 
II. The T.R.F. Receiver. 

III. The Superheterodyne Receiver 
By meass of hinged flaps, the charts give a large 
number of recognised alternatives for each stage. To 
assist the student in memorising and understanding 
these, a logical five-colour scheme has been adopted 
throughout. 
" Grid Leak" ',aye " The Charte and Notes are really 
intended for students and teachers of radio, but are 
extremely useful to every radio engineer." 

Price complete 6:3 Post free, from 

The Bookstall 
NORTHERN POLYTECHNIC 

HOLLOWAY, LONDON, N.Y 

AFTER THE WAR! 
The advance in Radio Technique after the war will 
offer unlimited upportunitiee of high pay and secure 
posta for those Radio Engineer. who have had the 
foresight to become technically qualified. Bow you .n 
do thle quickly and easily in your spare time Is fully 
explained in our unique handbook. 
Pull details are given of 
City & Onilds Exams., and particulars of up-to-date 
courses in Wireless Engineering, Radio Servicing, Short 
Waves, Television, Mathematics, etc., etc. 

We Guarantee " NO PASS- NO FEE" 
Prepare for to-rnorrow's opportunities and port-war 
competition by sending for your copy of thle very 
Informative 112-page già de NOW—FREE 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY ¡ Dept. 3138J 

17, Stratford Place, London, W.1 

LONDEX for RELAYS 
The wide range of 

Londex Relays in-
cludes • variety of ef-

TYPES APPROVED 

by 

AIR MINISTRY 

M.A.P. 

ADMIRALTY 

Ask (or details and 
loran SRN/ WW. 

Multiple contact 
Relay LF. 

MATRICULATION 
6rensis &team 
‘1.hatever your age, you can now etudy 
for the all.important Matriculation 
Examination at home on " N() PASS— 
NO FEE " terms "MATRIC" is the 
accepted passport to all careers, and 
opens up upportuoitiee s. tiioh would 
otherwise be completely closed to you. 
Eneure the success and security . 4' you 
and yours through p.iet-uar di fficultiea 
by writing for our valuable "Guide to 
Matriculation " immediately — FREE. 

MT.'. (Dept. 114) 
356, Oxford Street, London, W.I. 
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VALVES-
This is part of our current stock of 

valves, and if all their equivalents were 

mentioned it would be found that we can 

supply either the exact valve or a suitable 

replacement for almost any type. 

Wherever possible please order C.O.D. 

Stamp with enquiries please. 

PRICES STRICTLY B.O.T. RETAIL 

ACHL, ACME, A0044. ACP, AC/Pen, ACTHL 
ACT?. ACVP1, ACVP2, AC2 l'es. A06 Pen, All. 
AZ31, B63, CL4, CC1135, CL33, 1341, 1363, D1313, 
DIM. DDT, DD Pen, DMA. DL63, DW2, 11BC1. 
EBC33, BBL1, EBL31, ECH2, ECH3. ECH35, 
EPO. ERS, EF9, BR39. EK2. ELI. ELI. EL5. ELM, 
11514. PC2A, EC4„ RCM FW4/200, 1463. 111324, 
HL4, HU:L/11.13C, H1,21DD, HL22,11L23.11L4IDD, 
111.133DIL 111.1320, HP210, 1W4-360, KT2, K 194. 
KT.*. KT33C, K T41, Km, K T63, KT66. KTW61. 
KTW63, KTZ63. 1.63. LD210, LP220. 911141, MHD4. 
SHULL RIK 74. HS Pen, SIV8 Pen, MS Pen11, 51113 
Paull. ((X40. Otd4. OMB. 009, P9. Pen4DD, Pen4VA. 
PenAl. Pea& Renee, Pen45DD, Pen46, Pen428. 
Resale. PM2A. P3112/1, Ptd22A, Ptd24A. Ptd26. 
PP6400. P14, P125, RR30. 11F1211, 8P4, 4P413. 
SPIS. 8P1120. 8P1320. TH4, T11413, TP1340. TLHEL 
TDDI. TD13130 TX4, TX41. U11, 1:10, U12. U14. 
1:17, 1131. 1560, 1.152. (IU7. URIC. U431. 

VPI, VP2B, VP4. VP4A, VP4B, VP13A. 
VP13C, VP20, VP23, VP41. VP133. VP210, VP1320. 
W21, W42, X21, X24, 141, 161, 164. X65, 461, 
114, Z21. OZ4, 1A4, 1A13, 1A7, 1E14, 105, 1D6.1C7, 
1115. 1116, 1R4, 106, 1LH4. 1E5, 1Q5, 136, 2A6, 2A7, 
2117. 213413. 2P, 21?. 4131, 4TH A. 504, 61,3. 51'4, 544, 
524, 6A3, 6A6, BUHL 648, 684, 6136, 6B7, 600. 606. 
608. 6135. 11D6, 6F6, 6F7. 81,13, 6116, 637, 6K6. 6K7. 
fiK8, 61.6, 6L7, 6P6, 6E7, 6Q7, 6.8Q7, 67118, 6V8, 6X5. 
6Z5, 7117, 706, 8D2, 9A1, 9D2, 10, 10A, 10111, 
1101 1311,6, 12.15, 1237, 12Q7, 120A7, 1281,6, 12897, 
IS, MAI, 15132, 19, 20AL 24, 25A6. 2/5/16, 2524, 2615. 
26, 27, 29, 811. 31, 12, 33. 34, 95, 3524, 36, 37. 38, 39, 
4111111., IIMP, 4161P0, 418TH„ 42, 4221P, Pen. 
43111, 46, 48, 49, 60, 52, 63, 66, 67, 58, 59, 71A, 75. 
77, 78, 79, 80. 81, 89, 84, 813, 89, 11716, 15013.210DDT. 
210P0, SIOLF, 2108PT, 210VPA, 210VPT. 21680, 
220B, 2207'H 2901.4, 994V, 1821. 

VALVES & ADAPTORS 
In the few eases where we cannot supply the exact 
valve or replacement, we can get your set going with 
a valve and an adaptor, the addiUmuti coat being 4/6. 

SPARES 
LINE CORD, .3 amp., 3 core, 60 ohms per foot. 
extremely good quality. 6/9 per yd. CELLULOSE 
CEMENT for speaker, valve and most other repairs, 
6/- large tin. " SERVISOL." more than a switch 
cleaner, 6/. tin. MAINS TRANSFORMERS. 250.0-350 
4 volt heaters. 291. VOLUME CONTROLS, with 
',witch. 7/6. VALVE EQUIVALENTS. 17, 

J. BULL 8L SONS 
246. HIGH ST., HARLES0EN. N.W.10. 

HILL AND CHURCHILL 
BOOKSELLERS 

8WANAGE DORSET 
• 

ENGLISH Se AMERICAN 

ROOKS IN STOCK ON 

RADIO AND 

TELECOMMUNICATION 

• 
CATALOGUE ON APPLICATION 

1V.E have a large stock of uew and boxed 
valves, all guaranteed, at retail prices, 

plus tax; also U.S.A. lease-lend types for re-
place.; send your requirements. - Lasky's 
Radio, 370, Harrow Rd, (opposite Paddington 
Hospital), Paddington, W.9 (2171 

1000 valves in  stock,-PM2A, Pen A4, 12/10; Pen 4DD, 1151/3- 

2D4B, 6/9; T112321, 14/-; AC5/ PenDD, 15/3; 
FC13, 14/-; SP13C, 12/10; AC/ TP, 14/-; 
UU5. 11 /-•, 431U. 11 /-; 1C5CT. 11/-: 
IH5GT, 11 /-; DU, 11/--' 80, Ili': 45, 
11/7; CL33, 12/10; CL4. 12/10; CBL1. 
15/3; 1150. 11/-; DC2/Pen. 30/5; 357,40. 
11 /-; 25Z40, 11/-; 12J5GT, 9/2; 6Q7GT, 
11/7; 12SQ7GT, 11/7; send s.a.e. for valve 
end wireless parts lists. 2d.- Ransom, 9 and 34. 
Bond St., Brighton. Retailers not supplied. 

Wanted 
'MEW boxed valves wanted, any qnsint'ty. 
11 dealers and service men's complete stocks 
bought. -J Bull and Sons, 246, High St 
Harlearien, N.W lO. [2155 

REPAIRS AND SERVICE 
EPA1RS to the trade, own trensprvi 
needed.-Catnodyne Radin Service. 134a 

grin th F^1“,e Perode. W.5. Eat 1368 f ,15 
MIDWEST, McMurdo, Belmont, Crosley. 
IVA Ferguson, etc., valves; the American 
cxperts.-Bennett's, 4, Humberstone Drive. 
Leicester. M ETROPOLITAN RADIO SERVICE Ci. 

guaranteed repairs to American and 
;/rush receivers. - 1021, Finchley Rd. 
N.W.11. Spe. 3000. [9641 
A LL types of rad.o receivers serviced, Murphy 
ra. and Pilot specialist; valves in stock; 
sound repairs for 13 y em.-T. E. Fevyer, 
F.I.P.R.E.. 50. Vine St., Uxbridge. [2182 
RADIO repairs to the trade by experienced 
At engineers, any make of set repaired under 
guarantee.-E R. Bird, 11, Hereford r2R1d50.. 
Bayswater, W.2. T.N. Bay. 2609. 

" SERVICE 
with a Smile."-Repairers of ell 

types of British and American receivers; 
coil rewinds; American valves. spares, line 
.-ords.-F.R.I., Ltd., 22, Howland St., W.I. 
Museum 5675. (1575 
)AINS transformers service, repairs. re 
111 winds, or construction to specification of 
any type, competitive prices and proinpt ser. 
vice.-Sturdy Electric Co., Ltd., Dipton, New-
castle-upon-Tyne. 
m ta AJESTID diagrams and service details of 
-1-V-L most popular 1930 to 1940 models. sup. 
plied exclusively to radio service engineers; 
price £2/2, post paid.-( Dept. W.), Inter-
national Majestic Radio Corporation, Ltd., 6. 
Angel House, Angel, London, N.1. 21 
ne;ALLIER'S, Ltd.-" Service with a 

guarantee." If you cannot get you: 
receiver serviced, let American specialists do 
the job; first-class workmanship only; sp,c.al-
ising in Air-King, Belmont, Challenger, Delco. 
Detrola, deWalti, Emerson, Ferguson, Gored, 
11511k rafter, Hammerland. Lafayette, Meisner, 
McMurdo, Midwest, Majestic, Pilot, Phileo, 
Player, Sparton, Stronberg-Carlson, Wells. 
Gardner. etc., also any British set. Remem-
ber, for 14 years we have brindled as &std. 
butors American receivers; this is self-ex-
nlanatory ; s.e.e with all enquiries.-Degal[1e2r2'54, 

u Ltd., 9, Westbnrne Court, W.2. 2 
MISCELLANEOUS W ANTED, any information on ETA, 362. 

and other non-B.V.A. valves ( not Tunas-
ram); all lists. etc., paid for.-Toms, 9, Sil  
cup Hill Cdns., Sidcup. RUBBER stamps made up to your special 

requirements, and design, typical ex-
ample, stamp showing name, address and pro 
fresion; 9/6 post free.-V.E.S., Radio House. 
Ruislip. [1884 ADVERTISER wishes to contact engineers 

with special experience in the design of 
narticular types of al transformers micro 
phone infer-valve output line bridge, etch. 
and willing to undertake some spare time 
work of this nature from time to time at fees 
to be agreed.-Write, stating qualifications and 

2 
tvne(s) in which especially experienced. nced i 13 
2984. 

SITUATIONS VACANT W ANTED, London, operator-technician. &c-
tore telegraphy; no previous experience. 

good knowledge electronics necessary; exempt; 
not essential works: £390 per annum.-Boy 
2976, cío Wisdom, Worid. 
MANAGER required for mechanical dre2s1ig6n9 

dent, of large mass production factory; 
several years' experience in light electrical 
engineering and/or radio industry; salary 
arcordine to exnerience and qualifications.-
Write, giving full information of past experi-
ence, age, salary reonired, etc., to Box 2987. 

SITUATIONS WANTED EE chief radio officer merchant navy desires 
width:in, 6 years' sea service and 18 

months in commercial and marine radio engin-
eertng; first-class P.M.G.; excellent references; 
exempt; resident in Leicester.-Box 2977. 

TELEVISION 
ANNOUNCEMENT 

'Just purchased!‘ 
a Stock of 

H.M.V.-PYE-ULTRA-DECCA 

TELEVISION (with sound) SETS 
Also a few 

TELEVISION (vision only) SETS 

In addition we have a limited 
quantity of 

COSSOR TELEVISION and 
RADIO RECEIVERS 

All the above are complete in Cabinet. 

-FOR CALLERS ONLY - 

MILLIAMMETERS 
Ferranti moving coil 
milliammeters. 0-5 
niillianips. Panel 
mounting, size 2 3/16 
x 2 3/16. A fine 
instrument, brand new, 
and packed in original 

(Regd. Post) 63/6 cartons 

MERCURY SWITCHES (Brand New) 
These switches 
are of the best 
manufacture 
and not easily 
obtainable to-
day. Quick 
make and 
break and will 
carry 5 amps. 
Many hun-
dreds of useful 
applications. 
Small quantity to clear. 

Price 8 6 
MAINS 

TRANSFORMERS 

Input 200/250 v. A.C., 
350-0-350 v., ISO m.a. 
4 V. 2 a., 4 v. 2 a. 
4 v. 2 a., 6•3 v. Centre 
tapped 

prke 52/6 
200/250 V. A.C. 1 Phase 
30041-300 v., 250 m.a., 
4 V. 6 a., 4 v. 2 a. Size 

xitix3f. 46/6 Weight, 10 lb.  

P.M. MOVING 
COIL 

LOUDSPEA KERS 

in. without 24 6 
transformers 
With 
transformers 27,6 

IALL PRICES 

INCLUDE POSTAGE 

VW our Classified Advert, on p. 3 If 

LONDON CENTRAL 
RADIO STORES 

23, LISLE STREET, LONDON, W.C.2 
GERrard 2969 
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TECHNICAL TRAINING GREAT possibilities exist for technically 
qualified engineers, hey men in wartime 

and afterwards. Through the home-study 
courses of The T.I.G.B, take a recognised engi-
neering qualification, such as A.M.I.Meeh.E„ 
A.M.I.E.E., A.F.R.Ae.S., A.M.I.Chem.E., C. 
and G., etc„ in which examinations the 
T.I.G.B. students have gained 25 FIRST 
PLACES and hundreds of passes. Write to 
day for " The Engineer's Guido to Success "-
free- containing the world's widest choice of 
engineering courses covering all branches, iii-
eluding aeronautical, mechanical, electrical, 
wireless, chemical, etc. 
rirliF. TECHNOLOGICAL INSTITUTE OF 
1 GREAT BRITAIN, 82, Temple Bar 
House, London, E.C.4. [1403 AA .M.I.E.E., City and Guilda, etc., on " No 

pasa-no fee" terms; over 95% 11110061510a. 
For full detail» of modern courses in all 
branches of electrical technology send for our 
112-page handbook, free and post free.-
B.I.E.T. ( Dept. 388A), 17, Stratford Place. 
London, W.1. [2165 

TUITION 

L EARN Morse code the Candler way— Seeadvertisement on page 29. [1292 

RADIO training.—P.M.G, exams. and IRE. 
Diploma; prospectus free. — Technical 

College, Hull. [0611 
Howr postal course for 1st or 2nd class 

cert i heat es, with occasional 
optional attendances; Nth. London, 2 mino 
station. BCM/Radiocerts ( 2). W.C.I. [215 7, 

C0ACH P.M.G. ING for P examinations; 150 
typical 1st and 2nd class technical ques-

tions, price by post 51-.—The North Eastern 
school of Wireless. 69, Osborne Rd., New-
castle-upon-Tyne, 2. [2081 

LIMITED 

Experimental and Aeronautical 

Engineers and Scientific Instrument 

Makers. Manufacturers of Precision 

Mechanical, Electro-Mechanical and 

Thermionic Instruments. Electro-

Medical and Industrial Apparatus, 

Time Interval Measurement and 

Counters, DC Amplifiers and 

Recorders. Specialised Design 

Enquiries Welcomed 

THE AIRPORT, PORTSMOUTH 
Tefeohone : 74474. 

— 

• 

Ive 

Cabinets 
 d production facilities enable 
us to give immediate attention 

to orders for urgent requirements 

and we are now in a position to 
accept further contracts or sub-

contracts.for Government work. 

We specialise in AMPLIFIER and 
EXTENSION SPEAKER CABINETS, 

METAL BOXES & CHASSIS. 

All enquiries should be accompanied 
by Priority No. 

HIRSH & HYAMS, LTD. 
Cabinet Manufacturers, 

93, Hackney Road, London, E.2. Bush. 4012. 

"SYSTEMATIC RADIO SERVICING " 

A method for organising the repair-shop, d•vised 
and employed by J. Bull. Also a catalogue of 
many Radio Service Aids including" History of 
Faults," " Job Cards," which almost repair the 
sets, " Valve Base Data Cards." and perhaps 
most important. a Rectifier which will replace 
any of the popular Universal valves such as 12Z3. 
25Z5, IDS, U30, 40SUA, etc. Pn. 1/7 pi. 

Nee li•S• 1, 
(W)Radio Hous•Melthorne Dries, Reislip,Mdx. 

FOR Radio Students, Set Constructors, 
Service Engineers, etc. 

Assorted, New and Secondhand Oomponents. £1 per 
parent Each panel oontaming amortinent uf Single and 
Twin Gang Variable Condense—Tuning Coils—Rwistore 
—Grid-leake—Fixed C,ondovers—Marasbridee Condensers— 
Valve-holden — Insulator. — Wave-otumge Switohee — 
Volume Controla-1-IT emoothing Oboke or energised 
speaker-pot—RP Obokee--Connecting wire—Flea wire.-
Fuse wire — Terminals — Tau — Name-taba — Inmkting 
tape — Inmlating hooks — Barth sIp. — Bulb-holders — 
Knobt—Diale--Surews and Nuts—Wuhan—Wood sorrows, 
oto. Postage sod pecking 2,- «tea. 

Woredwful euler. Satihfuotiett guaraultod. 
Terms: Cush with order. (hemp teeth all ortquirim 

E. H. ROBINS TRADING CO., LTD. 
44, Kyle Crescent South, Wetherell, Glam. 

ADIO Engineering.—Television and Wire-
11, less Telegraphy, comprehensive postal 
courses of instruction. Apply British Scheel 
at Telegraphy, Ltd., 179, Clapham Rd., Loa 
don, S.W.9 ( Estd. 1906). Also instruction at 
school in wireless for 1LM. Merchant Navy 
and R.A.F. [9249 
" E NGINEERING .,Opportumtics." — tree 

I12-page guide te training for 
A.M.1.Mech.E.. A.M.1.E.E., and all branches 
of engineering and bultlding; lull of advice 
for expert or novice; write lor free copy and 
make your peacetime future secure. - B.I.E.T., 
(Dept. 387131, 17, Stratford Place, London, W.I. 

A POSTAL training in electrical engineer. 
ing—power or radio; individual corres 

condemn tuition by highly qualified engineers 
with wide teaching and teohnical experience. 
Elementary-or advanced courses. Preparation 
for recognised examinations. Pre-servio. train. 
IDE specially arranged.—G. B., 18, Springfield 
Mount, Kingsbury, N.W.9. [1731 

TIIE Tuitionary Board of the Institute ot 
Practical Radio Engineers have au& 

able home study courses covering elemen 
tary, theoretical, mathemattcal, practical, and 
laboratory tuition In radio and television 
engineering; the text is suitable coaching 
matter for I.P.R.E.. Service-entry and pro 
greulve exams.; tultionary fees—at pre-war 
rates—are moderate.—The Syllabus of Instruct 
tional Text may be obtained post free from 
the Secretary, Bush House, Walton Avenue, 
Henley-on-Thames, Oxon. [1462 

BOOKS, INSTRUCTIONS, ETC. 

" W ibRonf816.Wgre,;i, 
[9163 W ANTED, " W.W." complete vols., 1938 

1939.—F. Forcellini, 19, Oampion 
Isl.-worth.. Middx. [2162 
IXTEBB'S radio map of the world locates 
ve any station heard, size 40 x301n, 4/6. 
in 6d.' on linen, 10/6, post free.—Webb'a 
Radio, 14, Soho St., London, W.1. Tel. Ger-
rard 2089. [9947 

Wanted 'URGENTLY required, copies of Elowprby's 
" Foundations of Wireless," 3rd edition, 

in good condition.—Price and particqlars 
the Secretary, Glasgow Wireless Collura 3. 
Park Gardens, Glasgow,  C.3. 

WARD 
Patrol Electric G ing Plants, H.T. 
Generators, D.C. Motors, Frequency 

Changers, etc., up to 25 K.V.A. 

CHAS. F. WARD 
37, WHITE POST LANE, HACKNEY WICK, E.9 

'Phone: Amherst 1193 

ROTARY 
CONVERTERS 

I NVENTORS 
The world - wide Simmonds 

Organisation has established new 

methods and new products in 

many industries with great 

success. Simmonds Development 

Corporation seeks new ideas and 

inventions of brilliance and 

ingenuity to be developed by the 

technical resources and marketing 

knowledge of the Simmonds 

Group. 

ALL COMMUNICATIONS MUST BE IN 
WRITING IN FIRST INSTANCE TO— 

`The SIMMONDS GROUP 
LONDON • MELBOURNE • MONTREAL • PARIS • NEW YORK • LOS ANGELES 

SIMMONDS DEVELOPMENT CORPORATION LTD. 2-3 NORFOLK ST. W.C.2 
Printed b Plagtaad Sr the Pablahere, 7M71,11 an. Son Len., Dorset Rom, Stamford Street, London, &ILL, by Taw Cox-swam. Yams 1.M., Patio Garden, Stamford Stmt.. 
London, SALL "Wireless World" can be Obtained abroad from the following—Are/name and Saw ZEALAXII • Gordon a (iota% 144. bon.. t L IL Wheter • Co. 
CAWAOÀ: Imperial Ness Co.; Gordon St notch, Ltd. BOUTU AFRICA: Central New. Agency, Ltd.; WITIlam Dawson d Bons (S.A.), Ltd. Mingo STATIgiTheInteroallomi Rews 
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WHY 
the Solder wire with 3 cores of non-corrosive ERSIN FLUX is preferred by the majority of firms 

manufacturing the best radio and electrical equipment under Government Contracts. 

WHY THEY USE CORED SOLDER 

Cored solder is in the form of a wire or 
tube containing one or more cores of 
flux. Its principal advantages over stick 
solder and a separate flux are : 

(a) it obviates need for separate flux-
ing ( b) if the correct proportion of flux 
is contained in cored solder wire the 
correct amount is automatically ap-

plied to the joint when the solder wire is melted. This is 
important in wartime when unskilled labour is employed. 

WHY THEY PREFER MULTICORE SOLDER. 3 Cores--EasierMelting 
Multicore Solder wire contains 3 cores of flux to ensure flux 
continuity. In Multicore there is always sufficient proportion of 

flux to solder. If only two 
OMIT cores were filled with flux, 

satisfactory joints are ob-
tained. In practice, the care 
with which Multicore Sold-
er is made means that there 
are always 3 cores of flux 
evenly distributed over the 
cross section of the solder, 

so making thinner solder walls than single cored solder, thus 
giving more rapid melting and speeding up soldering. 

ERSIN FLUX 

For soldering radio and electrical equipment non-
corrosive flux should be employed. For this reason either pure 
resin is specified by Government Departments as the flux to 
be used, or the flux residue must be pure resin. Resin is a com-
paratively non-active flux and gives poor results on oxidised, 
dirty or " difficult " surfaces such as nickel. The flux in the 
cores of Multicore is " Ersin"---a pure, high-grade resin sub-
jected to chemical process to increase its fluxing action with-
out impairing its non-corrosive and protective properties. The 
activating agent added by this process is dissipated during the 
soldering operation and the flux residue is pure resin. Ersin 
Multicore Solder is approved by A.I.D., G.P.O., and other 
Ministries where resin cored solder is specified. 

PRACTICAL SOLDERING TEST OF FLUXES 
The illustration shows the result of a practical test made 
using nickel-plated spade tags and bare copper braid. The 
parts were heated in air to 250° C, and to identical speci-
mens were applied )1" lengths of 14 S.W.G. 4360 solder. To 

' sample A, single cored solder with resin 
Mer_l flux was applied. The solder fused only 

at point of contact without spreading. A 
A dry joint resulted, having poor mechani-

cal strength and high electrical resistance. 
To sample B. Ersin Multicore Solder was 
applied, and the solder spread evenly 

over both nickel and copper surfaces, giving a sound 
mechanical and electrical joint. 

ECONOMY OF USING ERSIN MULTICORE SOLDER 
The initial cost of Ersin Multicore Solder per lb. or per cwt. 
when compared with stick solder is greater. Ordinary solder 
Involves only melting and casting, whereas high chemical skill 
is required for the manufacture of the Ersin flux and engineer-
ing skill for the Multicore Solder incorporating the 3 cores 
of Ersin Flux. However, for the majority of soldering pro-
cesses in electrical and radio equipment Multicore Solder will 
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show a considerable saving in cost, both in material and 
labour time, as compared either with stick solder or single 
cored solder. Cored solder ensures that the solder and flux 
are put just where they are required, and by choice of suitable 
gauge, economy in use of material is obtained. The quick 
wetting of the Ersin flux as compared with resin flux in single 
core resin solder ensures that with the correct temperature 
and reasonably clean surface, immediate alloying will be ob-
tained, and no portions of solder will drop off the job and be 
wasted. Even an unskilled worker, provided with irons of 
correct temperature, is able to use every Inch of Multicore 
Solder without waste. 

ALLOYS 
Soft solders are made in various alloys of tin and lead, the 
tin content usually being specified first, i.e. 40/60 alloy means 
an alloy containining 40, tin and 60% lead. The need for con-
serving tin has led the Government to restrict the propor-
tion of tin in solders of all kinds. Thus, the highest tin content 
permitted for Government contracts without a special licence 
is 4555 alloy. The radio and electrical industry previously 
used large quantities of 60/40 alloy, and lowering of tin con-
tent has meant that the melting point of the solder has risen. 
The chart below gives approximate melting points and 
recommended bit temperatures. 
ALLOY Equivalent Solidus Liquidus Recommended bit 
Tin Lead B.S. Grade C.° C.°  Temperature C.* 

45/55 M 183° 227° 

40/60 ' C 183' 238° 

30/70 ! D ' 183° 257* 

18.5/81.5 N 187° 277° 

267° 

278° 

297' 

317° 

VIRGIN METALS — ANTIMONY FREE 
The wider use of zinc plated components in radio and 
electrical equipment has made it advantageous to use solder 
which is antimony free, and thus Multicore Solder is now 
made from virgin metals to B.S. Specification 219/1942 but 
without the antimony content. 

IMPORTANCE OF CORRECT GAUGE 

Ersin Multicore Solder Wire is made in gauges from 10 S.W.G. 
(.128°- 3.251 m/ms) to 22 S.W.G. (. 028--.71 I mints). The 
choice of a suitable gauge for the majority of the soldering 
undertaken by a manufacturer results in considerable saving. 
Many firms previously using 14 S.W.G. have found they can 
save approximately 33 1/3%, or even more by using 16 S.W.G. 
The table gives the approximate lengths per lb. in feet of 
Ersin Multicore Solder in a representative alloy, 40/60. 

S.W.G. 10 13 14 16 18 22 

' Feet per lb. 23 44.5 58.9 92.1 163.5 481 

CORRECT SOLDERING TECHNIQUE 
Ersin Multicore Solder Wire should be applied simultane-
ously with the iron, to the component. By this means maxi-
mum efficiency will be obtained from the Ersin flux contained 

in the 3 cores of the Ersin Multicore Solder 
Wire. It should only be applied directto the 
iron to tin it. The iron should not be used 
as a means of carrying the solder to the 
joints. When possible, the solder wire 
should be applied to the component and 
the bit placed on top, the solder should 
not be " pushed in" to the side of the bit. 

ERSIN MULTICORE SOLDER WIRE is now restricted to firms on Government Contracts and other essential Home 
Civil requirements. Firms not yet using Multicore Solder are invited to write for fuller technical information and samples, 

M ULTICORE SOLDERS LTD., Commonwealth House, New Oxford St., W.C.I. CHAN 5171 2. 






