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N RUBBER BONDING 
THIRD EXAMPLE 

ete'qin Pic"1.44e'd 
  but upon submission tu us we found st ress-

concentrations at metal corners and resulting 
drilled holes projecting into rubber. 
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... all sharp metal edges ',mused. also plain 
drilled holes altered to smooth cored holes. 
and tapped holes ,hortened to prevent 
cutting into rubber. 

  szaffl,iereet e (44 — 
... •tress- concentrations. at ,liarp milers ; 
centre metal block difficult to locate accurately 
in mould. 

. stress-reducing —beads— and radii added:   
also adequate means of locating metal part. 

RUBBER BONDERS LTD. 
é-, ENGINEERS IN RUBBER BONDED TO METAL 

FLEXILANT WORKS • () UNSTABLE • BEDS. 
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THE AUTOMATIC COIL WINDER E- ELECTRICAL EQUIPMENT CO.. LTL.) 
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THE Services and war-time 
industry are familiar with the 
high standard of dependable 
accuracy of AYO Electrical 
Testing Instruments. They will 
be an equally dominant factor 
in the post-war rebuilding of 
our great industries and the ad-
vancement of amenities worthy 
of a world at well-earned peace. 

In the belligerent interim, orders 
can only be accepted which bear 
a Government Contract Number 
and Priority Rating. 

fe-1 

Orders bearing Government Contract Numbert and Priority Rating can now be accepted for quick delivery of the following two "AVO " Instruments:— 

THE " AVO" TEST BRIDGE 
A portable self-contained 50-cycles bridge of exceptional accuracy 
and utility for direct measurement of all normal values of condensers 
and resistances. Facilities also provided for condenser power 
factor measurements and leakage tests by the flashing neon method, 
resistance, capacity and large inductance measurements against 
external standards. May also be used as a highly efficient valve 
voltmeter indicator for measurement of both audio and radio 
frequency voltages. 

THE ALL-WAVE " AVO" OSCILLATOR 

An inexpensive, accurate modulated oscillator covering a continuous 
fundamental frequency band from 95 Ke. to 40 Me. A harmonic 
calibration extends the range to 80 Mc. A large clearly marked 
dial is directly calibrated throughout, accuracy being within 1'. 
Externally modulated, internally modulated, or R.F. signals obtain-
able at will. Calibrated double attenuator enables signal to be 
varied from a few microvolts to 50 millivolts, with a lone output 
of 1 v. Self-contained, fully shielded. 

• 
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A REA( PLEASURE TO USE 

Nominal 1 lb. reels 

13 S.W .G. - 4/10 
16 S.W .G. - 5/3 
Above prices subject to 
usual Trade Discount. 

11'5 HALVED MY 1.1 
SOLDERING ME 

WILL INS/ST 0/V 
Moir/CORE IN Fürtme 

Just a few of the things that 

Service Engineers are saying 

about the A.I.D. approved Solder 

Wire containing Z»,' cores of Non-corrosive 

Ersin Flux. " The finest cored solder in the 

world", hitherto exclusively supplied for Govern-

ment contracts, is now available to Service Engineers 

If you are not already enjoying its advantages remember 

that if you do not find it the best you have ever used we 

will refund your purchase price in full. Order supplies 

from your factor to-day and ensure that you get reels 

labelled Ersin Multicore THREE CORE SOLDER. 

THE SOLDER WIRE WITH 3 CORES OF NON-CORROSIVE ERSITit FLUX 

MULTICORE SOLDERS LTD. COMMONWEALTH HOUSE, NEW OXFORD ST, LONDON, WC I Tel tHAncery 5171/2 
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HIGH 
PERFORMANCE 
Long years of patient training 

and practice are behind 

every Dubilier volume control 

and variable resistor. There 

is no substitute for these years 

of experience which ensure 

that uniformly high perform-

ance for which all Dubilier 

products are world famous. 

411111111 

Illustration shows Volume Controls 

A 
TYPE 

APPROVED 

 DUB! LIER ,  
CONDENSER CO. ( 1925) LTD. 

C. R. CASSON 4 
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A new and mighty army marches with us in 
the van, of progress — an army of electrons, 

harnessedçutilized after years ofpatient research 
and effort. This is the science of electronics, 

that tells us the hidden secrets of the farthest 
heavens and the smallest micro-organism; gives 
us new knowledge of the air we breathe, the 
food we eat, the clothes we wear, the homes 
we live in. 

The tiny electron, allied to industry, ' now 
regulates traffic, records high-altitude weather 

conditions, controls the machines and processes 
of many industries. It has .brought new and 
spectacular advancements to milling and min-

ing, paper-making and paint production . . . 

The fields of application have no bounds. Each 

new discovery, each new application brings new 
possibilities in its wake. 
The Mazda Thermionic Valve, product of 

pioneering and electronic research, is revitaliz-
ing industry, bringing new light and methods 

to medicine and science. This is the birth of 
the Electronic Age . . . 

MAZDA valves 
FOR INDUSTRIAL, MEDICAL, RADIO, 

SCIENTIFIC AND DOMESTIC APPLICATIONS 

THE EDISON SWAN ELECTRIC CO. LTD., 155, CHARING CROSS RD., LONDON, W.C.2. 
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WHAT IS MEASUREMENT? 

93.003.00 0 

93,000,000 miles to the sun. You 
are not worried ?—Maybe not. 
But things like amperes and volts 
can give you a headache if you 
don't know their values. 

FOR 

ACCURATE MEASUREMENT 
USE ACCURATE INSTRUMENTS 

‘sile 
Excellent design, workmanship and 
manufacture have made M.I.P. 
Instruments standard equipment wher-
ever Electrical Measuring Instruments 
figure in specifications. 

The illustration shows 3 in. dia. Flush Type Ammeter 
suitable for 'planes, launches, charging boards, etc. 

MEASURING INSTRUMENTS 
(PULL1N1 LTD., 

Electrin Works, Winchester Street, Acton, W.3 

B.S.R. STANDARD SINE WAVE SOURCES 
-77 TYPE L0.800A. OSCILLATOR 
—an actual oscIllogram of output voltage is Ill d gives good 
waveform even below 10 c.p.s. This necessitates a minimum 

pull-in' between the two H.F. oscillators. Superlative design 

results in an almost perfect waveform from the lowest to highest 
frequencies. The output voltage Is constant to within a few per 
cent, over the frequency range. This Model is chosen as a Standard 

by most Departments. Stable, reliable. Indispensable to all serious 
workers. 

to 5 watts. Three range output voltmeter 
incorporated-0-250, 0-50, 0-10. 
Four output Impedances, 5000, 
1000, 600 and 15 ohms. 
Frequency ranges (3 models), 
0-15000, 0-25000 and 0-50000 
c.p s. 
BIRMINGHAM SOUND 
REPRODUCERS LTD., 

Claremont Wcrks, Old Hill, Staffs. 

Output up 

radley Bentb ni PS S U rrn.: 11«troula.1 ,1d 

LOUDSPEAKER 
YOU KNOW IN: EAR 

EVERY WAR EFFORT 

BRITISH LIMITEI 

DEVIZES • LONDON . 13 IDEFORD 
ENGLAND 
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Sickles Midget Transformer 
and Trimmer. 

WORLD'S LARGEST RADIO 
COIL MANUFACTURERS 
RADIO FREQUENCY INDUCTORS 

INTERMEDIATE FREQUENCY 
TRANSFORMERS 

RADIO FREQUENCY COIL 
CHOKES 

MICA COMPRESSION 
CONDENSERS 

AIR DIELECTRIC CONDENSERS 
MICA MOULDED CONDENSERS 
SICKLES SILVER CAP 

CONDENSERS 
GANGED PERMEABILITY TUNING 
COMMUNICATIONS EQUIPMENT 
F.M. EQUIPMENT PARTS 

U.H.F. RADIO EQUIPMENT 

SPECIAL ELECTRONIC 
EQUIPMENT 

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

RAYTHION 

RAYTHEON “FLAT" 
HEARING AID TUBES 
l'"HEY'RE tiny, but mighty when it comes 

to dependable hearing aid performance. 
And mighty popular, too, because of their 
long life and low battery drain. That's 
why RAYTHEON flat hearing aid tubes 
are standard equipment in leading elec-
tronic hearing aids. 
Through continuous growth over these 
past 5 years Raytheon has become the 
world's largest supplier of hearing 
aid tubes. 

WORLD'S LARGEST EXCLUSIVE 
TUBE MANUFACTURERS 

RAYTHEON 
PRODUCTION CORPORATION 

NEWTON, MASS., U.S.A. 

P. R. IN A LLORY & CO. Inc. 

MDR 
VIBRATORS 
ARE ALWAYS DEPENDABLE 

Along every front 
Mallory has pioneer-
ed in Vibrator design 
to ensure safety, de-
pendability and long 
service. 

Mallory offers syn-
chronous and non-
synchronous Vibra-
tors for 6, 12 and 32 
volt input, also a 
complete range of 
STRATOSPHERE' 

Vibrators plus the 
world famous Mal-
lory VIBRAPACK' 
(Regd. Trade Mark). 

Mallory engineers are at 
your disposal. 

* Vibrapack is a reg-
istered trade mark. 
the property of the 
P. R. Mallory & Co., 
Inc.. Indianapolis, 
U.S.A. Units which 
do not bear this 
trade mark are not 
of genuine Mallory 
manufacture. 

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

U.S.A. 
Radio and Electronics Division 

ALSO 

"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. 

FRANK 
HEAVIIM 

LIMITED 
Kingsley Road, BIDEFORD, 

N. Devon 

THE SEEING EAR 
YMBOLICI of modern electronic equip-

,' ment— these human senses amplified 
and extended to limitless range . . 
through fog and smoke . .. beyond the 
limits of normal sight and hearing . . . 
our fighting forces now SEE and HEAR 
at distances and under conditions that 
amase the uninitiated. Such are the 
remarkable accomplishment, of a war. 
inspired American Electronic Industry. 
Censorship shrouds the Seeing Ear in 
secrecy, but . . . In to-morrow's day of 
peacetime production 1,1.1. will adapt its 
share of Seeing Ear developments to new 
products and to modernisation of Its pre-
war products. Many of these new ideas 
will have direct applications in our 
Record Changers—Variable Condenser. 
—Push Button Tuners—and other 
product.. 

THE GENERAL INSTRUMENT 
CORPORATION 

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

WO-WAY radio 
communica-

tion systems, like 
the plastic- cased 
beauty illustrated, 

are one of the new developments leading 
industrial designers are thinking of to 
speed the work of a busy post-war world. 
Applications of this compact, plastic-cased 
' walkie-talkie ' are almost unlimited. 
Naturally, this is only one of thousands 
of uses plastics will be put to after the 
war, but it will serve to remind you that 
post-war planning is being done . . 
Kurz-Kasch designers, engineers, tool-
makers and moulders . . . specialists for a 
generation in plastic planning and mould-
ing will help you with your problems. 

KURZ-KASCH INC. 
Planners and Moulders for the Age of Plastics 

DAYTON • OHIO • U.S.A. 
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REDIFFUSION WAVEMETER 

The compact, precise check on every ship 

and shore radio station. Used by very 

many senior inspectors and officers for 

setting and maintaining accurate frequency 

calibration. Immediate delivery. 

100 to 43,000 K.C. (3.000 
to 7 metres) in 8 ranges. 
Size 7 l" x 99" x 61". 
Weight 7-9 lbs. Coil box 
5' x 8" x 8". 

Write for details to Sales I. 

REDIFFUSION LTD REDIFON 
A Subsidiary of Broadcast Relay Service Limited 

Designers and manufacturers of Radio Communication and Industrial Electronic Equipment 

VICTORIA STATION HOUSE • VICTORIA STREET • LONDON • S.W•I ( PHONE VICTORIA 8831) 

WHARFEDALE 
PUBLIC 

ADDRESS 

LOUD SPEAKER 

W.1 
ALCOMAX MAGNET 

n NE of the first large Speakers to be fitted with the 
new ALCOMAX Magnet, giving enormous magnetic 

flux with moderate size ( 12" 61") and weight (9-lbs.). 

The entire unit is of robust construction to stand up 
to heavy input. 

Flux Density 11,500 
lines CM2 

Total Flux 130,000 lines 

Speech coil impedance 
12 15 ohms 

LIST PRICE 135/-
(Priority Orders On/y) 

WHARFEDA LE 
WIRELESS WORKS 
Huteh'nson Lane, Brighouse, Yorks. 
Phone -Brighouse 51) 'Grams : WHARFDEL 

W 12 

FREQUENCY 
ALFRED tMHOF ÉTIL 112.116 NEW OXFORD STREET LONDON. WC 1 MUSEUM 54.1 

If you are inclined to the view the your 
instrument• d•serve a case that is 
better built and of more attractive and 
functional design, or you build equip-
ment that needs precision sheet metal 
work, you will be interested to have 
this catalogue. A penny stamp and the 
request on your business letterhead 

will bring it you. 



JULY, 1944 WIRELESS WORLD 

• LINAGLOW LIMITED • 
" LI It ERTY SIX" 

sm-VALVE SUPERHET CONSTRUCTORS KIT 
ALL-WAVE 16-50m., 200-560m., 1,000-2,000m. 
Brief Specification : Frequency changer with two valves, 
separate oscillator, Six Tuned Circuit. 465 KC. Iron 
cored I.F.s. Separate tone and volume, 5-watt output, 
13" P.M. speaker with baffle and output transformer, 
supplied with all valves, chassis, Practical and Theo-
retical wiring diagram and Parts Lists, Nuts, Bolts and 
Wire, ready to assemble, 200/250 volts A/C. 

Including Purchase Carriage paid £16 . 16 . 

SERVICE KITS 
SKI. I A-mid. 400,500 v. Aluminium Can Electrolytic; 
6 each Silver Mica CondenseraReabitora and Trimmer.. 1219. 
SEE, I 32-mfd. 325 v. Aluminium Can Electrolytic; 
6 each Silver Mica Condemers, Resistor., Trimmers and 
Tubular Paper Condenser.. 15/8. 
SEL. 1 32-mid. 325 v. Aluminium Can Electrolytic, 
I 2-mfd. Teo. Tubular 250 v. Electrolytic; 6 each Silver 
Mica Condenser., Resistors; 1 radio screwdriver ; 1 each 
2. 4 and 6 B.A. Box Spanners. 21/6. 
SKIS. I 8-mid. 4001500 v. Aluminium Can Electrolytic; 
I 2.mfd, T.C.C. Tubular 250 v. Electrolytic; 6 each Silver 
Mica Condensers, Resistor., Tubular Paper Condensers; 
I tone control. 28/8. 
SEN. 1 0-mid. 400/500 v. Aluminium Can Electrolytic; 
I 40-mfd. T.C.C. Block 250 v. Electrolytic; 6 each Silver 
Mica Condensers, Resistor, and Tubular Paper Condenser° ; 
2 tone controls. 85/.. 
SRO. 1 0-mid, 400/500 v. Aluminium Can Electrolytic; 
1160 8 med. 350/450 v. Aluminium Can; 1 24.mfd. T.C.C. 
Block 250 v.; 12 each Silver Mica Condensers, Reedators 
and Tubular Paper Conderufers; 3 aworted Volume Con-
trols; 2 pmhpull 4-point switches. 58/8. 
SEP. 2 0-mid, 400 v.; 2 12-mid, 325 v.; 1 1606 med. 
400 v.; 1 24-mid. 250 v. Electrolytic.; 12 each Silver 
Mica Condenser., Reeletora. Trimmer. and Tubular Paper 
Condensers; 2 4-point pushpull switches; 2 tone controls. 
£3 111s. 8d. 

SEQ. t 0-mid. 400/500 v. Aluminium Can; 1 1608 mid. 
350/450 v. Aluminium Can; 1 32-mid, 325 v. Aluminium 
nss; I 40.mfd. T.C.C. Block 250 v.; 1 24-med, T.C.C. 
Block 250 v.; 1 2.mfd. T.C.O. Tubular 250 v. Electrolytic,; 
25 each Silver Mica Condenser. and Resistor., 12 each 
Trimmer. and Tubular Paper Gondemers; 3 emceed radio 
screwdrivers; leach 2, 4 and 6 B.A. Box Spanner.; 2 LP. 
Tramformen Aluminium Can iron cored 460 KCis.; 1 set 
Long, Medium and Short Aerial and Oscillator Coils. 
95 5e, 
PORTABLE P.A. AMPLIFIER. Specification: 4- valve 
Amplifier Unit in metal cage, microphone, one speaker, 
all cables, contained all in one cabinet and collapsible 
type tripod, floor stand, AC/DC, 200-250 v. 5 watt maxi-

mum, imitable for hall averaging 600 people. Input 
jack provided, tramvene current carbon type microphone, 
aepsrate volume controls for microphone and Oft 0. 
gramophone input. Variable tone control. 
MICROPHONES. De Luxe Pleno Crystal microphones 
in chromium cam. Specification: 60 11.0. below 
I volt. Frequency responso 30/8,000 6 Gns. 

3 Gns. 
As above-Standard model in bakelite 
case   
2-tier Stands for above. 251-. 
HIGH FIDELITY MOVING COIL MICROPHONE. 25 ohm 

cycles. 78 DB below 1 v.   
impedance, 'frequency response level 50-8,000 £5 15 
AERIAL AND OSCILLATOR COILS. Beet double eilk• 
covered Wire Wound, colour coded en bakelite formers, 
Short. Medium and Long Wave, 16/50 ; 200/550 ; 
1.000/2,000 metre,. 15;- the set. 

SCREENED INTERLACED ruzzezx MICROPHONE 
CABLE. Single. Special Offer. lid. per yd. Twin. 
1,5 per yd. Super quality Twin, rubber Insulated. 1/9 
Per yard. 

TUBULAR PAPER CONDENSERS, 350-500 r D.C. working 
.0001, .0003 mid., doz. ; . 001, .004 med.. 61. dos.; 
.01 mid.. 71- doz.; .05 med.. 2/- doz. ; .1 mid., 12/. dos.: 
23..5 med.. 16/- doz.; or assorted parcel ce 50 for 27,6. 
Minimum orden. I doz. any type. 

UNIVERSAL RAZOR RESISTANCE. Suitable for prac• 
Dully every type of electric Razor, drop. voltage from 
200.250 to 100 110 v. Supplied in gaiety metal cage with 
...Moto@ lining. Specification 1,500 ohms with adjustable 
Hider, 10/6. 

VALVE HOLDERS-AMPHENOL TYPE. International 
or Mazda Octal, chassi. mounting. 1 

 Special Offer 
Manufacturer's Clearance Stock of 

I-watt CARBON RESISTORS 
Wire awl Clip end, % aim, myna, 1,,), ranging 
•PPrOg. from 20,000 ohnin to '2 meg 
Unique opportunity. per Din 12/6 

UNIVERSAL RESISTOR. Suitable for practically every 
type of American and Britinh AC DC Receiver. Supplied 
in safety- rage with ashoftee lining. Specification 750 
ohm., .3 amp., with f. uir slider. for ad/actable tapping., 126. 
TUBULAR STEEL FRAMES. Cadmium plated for radio 
chased, mounting and many other purpose., drilled ready for 
me-18in. high o 141n. wide, very useful for swivel frame 
in Radio Laboratory, 7/8 the pair. 
LINE CORDS. 3-way heavy duty, .3 amp., 360 ohm., 
13'5 : 400 ohm% 17 6 ; 000 ohm.. 21 -. 

VALVES-AMERICAN TYPES AT B.O.T. 

CONTROLLED RETAIL PRICES. FOR REPLACE-
MEET PURPOSES ONLY. 1115. I2F5, 12.15, 1281,5, 9,2; 
105, 1N5, 253, 2514. 3514, 11,'- ; 6Q7, 12r./7. 11,7 ; 
6P6. 6K7, 12.17. 12,127. 351,6, 12/10 ; 6A8, 6B8, 6K8, 
6SA7. 12.SA7. 14/- ; 8:1, 15E. 
Alea British Valves at Manufacturers' Lint Prices. ACME, 
10/8; 1.1114, VUS. UU7, ; 111.411)D, TDD4. 11/7 
AC/VP2, CL4, EP39, KTW6I, Pen 45, 8/.41, SP451, T41, 
VP41, 12/10i D1 Diode lin. Peanut Valve with valve-
holder, 1E10 ; ECH3. PC13, R63, 14'- ; AC6Pen., 
EL35, Pen 46.• Val. 18/3. 

• Post Office Permit neveixiary. 
All price,' include Purchase Tax. Add nd per rol,v pontage. 

CAR 
ADIOS 

NEW AMERICAN 5-VALVE 
SUPERHET CAR RADIOS 

2 Wavebands-(200-2,000 metres). Push-

button and 'Manual Controls. 6-volt. 
Built-in Speaker. Complete wills roof-top ; 

bar Aerial. Small and compact. 7x5 ' 

X 12in. Crackle finished enamel. 

gns. inciudi.gP•r• 

• CALLERS  to Show Rooms, 

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

LINAGLOW LIMITED 
HOURS OF BUSINESS 9 a.m. to 5.30 p.m. 

Saturday, 9.30 a.m. to 12.30 p.m. 

RAINS TRAIMFORMERs. 200250, 300.0-350. 15.3 v-
3 amp., 5 v. 2 amp., 120 M.A. 'brooded. 42,1; 300-0-300 
4 v. 6 amp., 4 v. 2 amp.. 150 tn... ; 325-0-325, 4 v. 
6 amp.. 4 V. 2 amp., 2 V. 1.5 amp., 100 ma.. 45,- ; 
350-0-350, 6.3 v. 3 amp., 5 v. 2 amp., 100 ma.. 97 5; 325.0-325, 6.3 v. 3 amp., 4 v. 2 amp., 100 ma., 42.. 

AUTO TRANSFORMERS. Step up or down, 110/22u, 240 r., 
ISO- volt, 35 -. 

ADJUSTABLE CAR AERIALS. • Chrome bar roof fixing. 
complete with suction rubbers, etc.. 16, 

SCREENED LEADS, Nft. long, fitted 2 Wander plugs imitable for ( learn.. Mike. Pick-up, etc.. 4.8. 

39m. GOODMAN P.M. LOUDSPEAKER. Extra bears 
magnet for Midgets and communication set., 30 -. 
LOUDSPEAKER TRANSFORMERS. Push- Pull output 
tapped Primary and Secondary, 120 m..., ratio. 10: 1, 
5 1 and 3.5 : I, 15'- ; Multi•Ratio and Pineh-Pull Dane-
former, ratios 30 I, 45 , 1. 60 : 1, 90:1 and P.P. Claws B, 
75 ma.. 12 8. Heavy duty multi-ratio tramformer. 
ratio« 24 : 1, 41 1. 48 : I, 58 : I, 82 : 1, 116:1. FM ma.. 
15 II Clam II and Q.P.P., 75 ma., 12/6. Triode Pentode 

L400 U"'D'8., 19 
1. 8EA1C.ERS. P.M. 3-ohm voice coil without tram 

former, 51n., 21 - ; Sim. E5,6 ; lOin., 286. 641n. Cele.. 
tina. 22 8. lifin. Maim Energised, 250, 500, 1,200, 2,000 
ohms held, 36,'- each; 10in. B.T.H. Model R.K. Mains 
Energised, 1000 ohm field, 15 ohm, speech, weight 28 
1181., reconditioned tf. new, 2816'-. Ideal for P.A. work. 
Directional Baffle for RE., 31t. 0211, ii,,. o lft. Sin., felt-
lined with sumpennion hooka made felon lin. ply, aa new. 
83.1.5'. each. 8In. C,eleation with Transformer, 37,8. 
LE, TRANSFORMERS 465 kcj.. Iron cored with flying 
lead. Aluminium can Limited quantity. 918 each. 
VOLUME 8cippRcffs. 1,000, 5,0110, 10,000, 20,000, 25,000, 
50.000,100,000-ohm ; I, 4, 1 and 2 enegohm, without 'witch. 
4.9 each. An shove, with awitch, 6 9. 100.000 ohms 
Double Pole Switch, beat American, 7 8. WIRE WOUND, 
beet American. New, ex television. 2,000 arid 10,000 ohms, 
5,'- each. 
WIRE END CARBON RESISTORS. New, ex television 
chareis. 4, 4. 1 and 2.watt. Anaorted parcel of 100. 

3-1flula, .0003 VARIABLE CONDENSERS, with geared 
ielow-motion ball drive, pointer and dial frame. Ceramic 
Insulation, 141. 
121n. AUDITORIUM P.M. LOUDSPEAKER CHASSIS, 
Ticonal magnet, 10 chins 12,15 watts. Exceptionally 
sturdy conntruction, £7,15 6 each. 

L.P. SMOOTHING CHOKES. Finest quality, 20, 40 and 
60 henrys. 150 ma, 1819 each. 
FLAT FLEE. 9-way, 14 36, 18 20ft length., suitable for 
amplifiers, extemion speaker., remote control and many 
other porpoaes. ',Meet quality pre-war manufacture, 7 
I per coil. 

LOUDSPEAKER FRETS. Coppered ream. 139 x 7in.. 3 O. 
141 x9110., 81). 

6IiIiVi‘. -Ch001,174R6E.D BAFFLE BOARDS. 12 , 01n., Pm Ply 

ALUMINIUM VALVE CAPS. Spe,ial price 8d. 
SUPERIOR QUALITY KNOBS, ex televianm, mailable for 
radio. Por tin. miiiollen with grub wrew. 141n.. 1 9 ; 
I in.. 13 ; liii.. 9d. 

CATHODE RAY TUBES, Mullard & 
Mazda, 7in., £3 10 0, 9m., £4 18 0 

BOLDER, 0tcalming and focussing unit w ith coil co fire abomplete with mount- 47/6 

200,250 v.. 4.000 v.. 2 v. 2 amp  
HIGH VOLTAGE TRANSFORMER for above, 47/6 
Line Scanning Output Transformer  

0.1 T.C.C. 4.000 r.w. Condensers for abo‘s 8,1 
RBrandniw ECTIrEES FOR ABOVE, Ul-4 at 11; 
U21 at 18.3. 

12/6 

•  POST ORDERS to Dept. M.0.20 

3 HAMPSTEAD LANE, N.6. 
CASH WITH ORDER ONLY. 
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AND HERE IS THE REASON . . 

. . . the answer has been found in Bullers Low 
Loss Ceramics to the problem of Dielectric Loss 
in High Frequency circuits. 

Years of Laboratory research and development 
have brought these materials to a high degree of 
efficiency. To-day they are in constant use for 
transmission and reception, and play a vital 
part in maintaining communications under all 
conditions. 

BULLERS, LTD. 
THE HALL, 

OATLANDS DRIVE. 

WEYBRIDGE, SURREY 
Telephone: 

Walton-on-Thames 2451 

Manchester Office : 
196 Deansgam Manchester. 

Made in 

Three 

Principal 

Materials 

FREQUELEX 
An Insulating ma-
terial of Low Di-
electric Loss, for 
Coil Formers, Aerial 
Insulators, Valve 
Holders, etc. 

PERMALEX 

A High Permittivity 
Material. For the 
construction of 
Condensers of the 
smallest possible 
dimensions. 

TEMPLEX 
A Condenser material of 
medium permittivity. For the 
construction of Condensers 
having a constant capacity at 
all temperatures. 

Bullers 
LOW LOSS CERAMICS 

Please ont for 

technical brochure. 

This new and improved Taylor Valve tester measures the Mutual 
Conductance of all types of amplifying valves and also checks the 
emission of Diodes and Rectifyinrcalves 
Two ranges of Mutual Conductance measurement are available being 
3 rnA/V full scale and IS rnA ,V respectively. Anode and Screen Volts 
can be adjusted to suit the valve under test and a variable supply of 
Grid Volts is also available A switch gives a choice of 17 different 
filament Volts covering from 1.1 Volts to 117 Volts 
Sixteen valve holders are provided to cover all the popular British, 
American and Continental types Separate   are available for 
checking Continuity. Element Shorts and Heater to Cathode Leakage 
The three selector switches ensure that the correct voltage is applied 

to every pin of the valve under test. 
A comprehensive book of Instructions is issued with each Instrument, 
complete with a valve chan giving settings for over 2.000 valves 

of all makes 
The instrument is operated from A.0 Mains and a mains adjustment 
is provided covering from 200-230 Volts at 40-100 cycles. 

Model 45A/S 

Price LIS . IS 0 T ay .rtrl o r 
elecIricol inument, 

Send yeu , enque ,tes iv 
TAYLOR ELECTRICAL INSTRUMENTS LTD., 
419-424 Montrose Avenue, Slough, Bucks. 
Telephone: Slough 213Sl ( 4 lineal Grima .••Tayhns. Slough' . 

The TRIX ELECTRICAL CO., LTD. New Address: 
1-5, MAPLE PLACE,TOTTEN HAM CT.RD.,LONDON,W.I. 

Tel: MUSeum 5817. 'Grams & Gables: TRIXADIO, WESDO, LONDON. 

SOUND (1141pIn en t 
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Get your copy of 

ELECTRONIC ' 
TELESIS 

A n4.page booklut 
that will assist eng, 
fleets in explaining 
the fundamentals of 
electronics to the 
layman. Copies will 
he mailed to you 
without obligation 
,.. additional copies 
lot you, associates 
upon request. Don't 
delay! The edition is 
limited. 

Follow the leaders to 

EIMAC 3n4TH 
bag ii 

plate diatpais•N • 
300 WATTS 

.„. 

EITEL-McCULLOUGH, INC. 
SIS San Mateo A , SAN BRUNO, CALIF. 

Plants located at. 

Son Stone Cal,fornoo and Solt loi• Cay, Utah 

Evens Atom: FRAZ AR & HANSEN 

301 Clay Simi, San &rodeo Calif. U. 5. A. 

EIMAC 132TH 
ha, r 

plate ohnipation 

ISO WATTS I 

First Public Appearance 
of these 5 EIMAC valves 

Eimac has never stopped development of new 

vacuum valves. While many types must still be 

kept secret for military reasons the five here 

presented can be announced. Full technical data 

is available now on these five as well as new 

information about the entire Eimac line. Write 
today for your copies. 

EIMAC 23 T 
ha, a 

plate ehttipeitou 

25 WATTS 
IIMAC 3224/24G 

of 
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Concentric Diffuser Loudspeakers for P. A. 

EX WORKS 
Designed for high power 

handling capacity, they meet 
present-day requirements in 
large halls and workshops. 
giving consistently high 
fidelity reproduction with 

full volume. 

Early application is recommended in view 

of restricted quantity. As no adequate 

packing is available for rail and road transit, 
we are obliged to offer these speakers to 

those who can collect ex works unpacked. 

_G000rnnns 
INDUSTRIES LIMITED 

THE PAST— 
In the past, almost a matter of more years than we 
care to remember, the name " RAYMART " was, 
to readers of this journal, synonymous with ample 
supplies of a very wide range of reliable and well 
designed radio components. Then—WAR. 

THE PRESENT— 
Our name is as good as ever, but our supplies for 
the Public are, unfortunately, at a rather low ebb ; 
you see we, too, are now serving the SERVICES. 

THE FUTURE— 
This will mean much to you and also a great deal 
to us ; we look forward to the pleasure of being of 
service to our many old friends, and to those who, 
whilst serving their country, have gained a valuable 
insight into the realms of radio science. Here's 
to the future—YOURS as well as OURS. 

THIS MONTH'S BRIGHT SPOT! 
We can now offer a limited quantity of our 

MICRO-VARIABLE CONDENSERS. 
Enquiries are invited, particularly for our Standard 
(VCX) Series Condensers. 

AYMART 
48, HOLLOWAY HEAD, BIRMINGHAM, I. 

LANCELOT ROAD. WEMBLEY. MIDDX. 

LONG LIFE,HIGH EFFICIENCY AND 

A SIMPLE CIRCUIT 

A metal rectifier in ‘. 
the voltage doubler 
circuit provides full 
wave rectification 
with a transformer 
secondary voltage 
less than the voltage 
of the output from 
the rectifier. Further, 
no filament winding 
is required and the transformer 
costly. 

and 

H.T.41. 

is simpler 

WESTINGHOUSE 

METAL RECTIFIERS 
WESTINGHOUSE ;BRAKE & SIGNAL CO., LTD., 

Pew Hill House, Chippenham, Wilts. 

less 
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TOWERS Of STRENGTH 
or us c with 

high voltages 

The outstanding characteristics of U.I.C. Ceramic Pot 

Condensers are their high break-down strength, low 
loss factor, and small dimensions. 
Test Voltage up to 15 KV D.C. or to KV R.M.S. 
Working Voltage up to 7.5 KV D.C. or 5 KV R.M.S. 
Radio Frequency Working Load from 2.5 to 15 KVA 
according to type. Capacity Range 2opF to 125opF. 
Made to Specification KJ to. Full details on request. 

UNITED INSULATOR CO. LTD. 
12-22, LAYSTALL STREET, LONDON, E.C.1 
Tel: TERminus 7383 (5 lines) Grams: Calanel, Smith, London 

THE PIONEERS OF LOW' LOSe'CERAMICS 
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few of 

items. 

As sail. woe are 

elate 

here are a 

many useful 

last month 's 

advertisement for others. 

our 

See 

MOVING COIL 
AMMETERS. 

(cistre Zero. 5 amp. 
Charge and Discharge. 
High grade instrument in 
well finished black case 
with bevelled glass top. 
2in. clear *0 read-
ing dial ... . 

ELECTROLYTIC CONDENSERS. Metal Cased. 
250 mfd., 100 v. working, 5 x 3 x 12/6 
lin. With terminals... . 

MANSBRIDOE TYPE CONDENSERS. Metal 
Cased. 10 mfd., 350 v. working, 41 x 0/6 
3 x 2f in. ... 1 

PENTODE OUTPUT 
TRANSFORMERS 

NVell made and efficient. 
Suitable for Small 
Speakers. 
Size it x 1 x Ilins., 

7/-
LARGE CROCODILE CLIPS. 21 x lin. Power-
f ul spring grip, 1/3 each or 12 - per doz. 

MANSBRIDGE Type Metal-Caseil CONDENSERS 
350 v WORKING, 2 mfd., 4 -. I s. 2/1) 
500v. WKG. infd., • 2 5/6 
mid., l x 2irt. 4/5 

Special Offer. BRAND NEW RESISTORS. 
Wire ends, • and 1 watt. Assorted and 
useful values. 30/- per 100 or 4/8 per doz. lots. 
YAXLEY TYPE W/C SWITCHES. 2M. spindles, 
4-way, 3-bank, with shielded ose. section, 6/3 ; 
5-way, 6-bank, with 3 screened sections, 7/3 ; 
3-way, 3 double banks, without shields, 4/8. 

100,000 OHM POTENTIOMETERS, lin. spindle, 
319. 
VITREOUS ENAMELLED RESISTORS. 10 ohms 
10 watts. 316. 
WIRE WOUND POTENTIOMETERS:750,000 
ohms. Less switch. 6,6. 

LOUDSPEAKERS. Wuhan Sin., with trans-
former, 29,6. Goodman P.M. without trans-
formers : Si., 30, - ; Post and pack., 1/6 eat-h 

extra. 
OAK SWITCHES. 21in. spindle, complete with 
knob. 4-way, 2-bank with connecting block, 
4/- ; 4-way, 2-bank, 3/3. 
PLATINUM CONTACTS. Double Spring,mounted 
on ebonite, 1/6. 
CONDENSERS. First-class 0.1 mfd., 
5,000 v., working, only 11/6 each. 

TWIN SCREENED PICK-UP LEADS, fitted 
2 plugs, 8f t. 6M. long, 2/9. 

ELECTRO-MAGNETIC COUNTERS. Ex-G.P.O., 
every one perfect, electro-magnetic, 500 ohm 
coil, counting to 9,999, operated from 25 v.-
50 v. D.C., many industrial and domestic 
applications, 6/, 

EX-G.P.O. PLUGS, 1/6. 

23 LISLE STREET, 

PLUGS AND JACKS 
Order NOV while they last ! 

These ex-Govt. Jacks have powerful phosphor-
bronze springs ensuring a perfect contact 
Overall length, including fin, threaded shank, 
31m. Supplied with nut for panel mounting. 
Price complete with best quality Plug 6/6 
(as illustrated). Post, etc., 3d. ... 

MAINS TRANSFORMERS 
A special line of 
ne vly manufactured 
British transformers. 
300-0-300 v. at 80 
ma., 6.3v. 3a, eT/6 
5v. 2a. size .. •,» 
Post and packing, 

1/3 extra. 

" MJTER" PUSH-BUTTON UNITS 

12-Button Unit. Complete with buttons 8 /6 
and escutcheon, as illustrated ... ••• 
8-Button Unit, with mains switch rated 125 v. at 
.3 amp. and 250 v. at 1 amp. Complete 6/6 
with knobs but no escutcheon 

LONDON, W.C.2 
GERrard 
2969 

R. 

No longer Is KS Sound Equipment accessible for ordinary 

purposes, for all our energies are devoted to doing our part 

to hasten the time when we can put into production our 

post-war range—a range which we can promise you will be 

truly outstanding in the fullest meaning of the word. So with 
you, we look forward to the day when R-S Sound Equipment 

will be as readily • 

accessible to you as 
wallets seem to be to 

the newspaper-reading 

gentleman above. But 

not so « free "-ly, of 

course ! AMPLIFIERS 

S. Amplifiers, Ltd., 3-4. Highfield Rood, Stleppecton, Mido. 

Tel. : Walton-on-Thames 1019 

LOUDSPEAKERS 
As in the oast, so in the 

future, the highest possible 

quality of reproduction 

will emanate from Loud-

speakers bearing the name 

CELESTION 
The Foremost Name in 

Sound Reproduction. 

(At present supplied against Priority 
Orders only.) 

CELESTION LTD. 
Acoustical Engineei's 

KINGSTON•UPON-THAMES. SURREY. 
reteph.w . isiAstan 5455- 7-8 
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ADVERTISEMENT OF THE TELEGRAPH CONDENSER CO., LTD. 
6F1 
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(Yllseregemost 
success/Yes/ ts 

AUDIO 
AMPLIFIERS & 
SUB-ASSEMBLIES 
STANDARDS 

In addition to 

Standard Amplifiers the activities of Acoustical in-

diode Special Amplifiers for Industrial Applications, 

Microphones, Transformers, Coil Winding, Sheet 

Metal Work, Stampings, Switch Assemblies, etc. 

(1G9LJSTIGAL 
MANUFACTURING CO LTD. 
HUNTINGDON • TEL 361 

SUPPLIES 
have the following superior and brand new ELECTRICAL and INDUSTRIAL 
EQUIPMENT in stork and available for immediate delivery or collection. All 
prices nett cash. 
G.E.C. POWER PACES (BCS.2332) for 60-watt amplifier.. A.C. mains 190/250 
volte. Supplied with two U18 Ottram Rectifier.. Smoothed 11.T. delivery 450 V. 
345 tn.. and 6.3 v. for 8 heater's, Heavy duty output transformer is Incorporated 
with primary to match lour KT66 In parallel P.P. and secondary providing taps for 
2.5, 5, 7.5, 15 and 600 ohm loading. Very robustly built in closed change form, 
weight 48 lbs. £21. ( caer. 5:.). We have only 25 left. 
STEP-DOWN MAINS TRANSFORMERS. Prim. 200,240 v. (tapped) and sec. 5, 12 
and 17 v. at full 6 amps, 49,6. POWER TRANSFORMERS. Prim. 230 v., secs. 
1700-0-1700 v. 400 nt.. and 6.3 v. 5 o, high insulation, finished with bracket& and 
terminal panels, weight 55 lbs. £13 10a. (ean' 51-). 
" PU21T " ELECTRODE WIRE JOINTERS. Both models again in utokl Place 
twisted ende of wire in jaws of tool-press and release trigger-instantaneous and 
perfect wire jointing. Complete with well-housed portable transformer (200/250 v.) 
and allies*, ready for use. Model 30 (for 50 to 30 MVO). Eli. Model 20 (for 30 to 
20 SW(S), 523. (Pt. pkg./corr., either, 3(6). Govt. number must be quoted for 
this item. 
LONDEE BELAYS. In 61e, by lin. by 29in. metal homing. 230 v. A.C. coil with 
10 amp. Mercury " make" switching, 6916. Also name mine with 6 v. D.C. coil 
and 15 amp. Mercury " make " switching, 57,6. Also unhomed type with 230 V. 
A.C. coil and 3-pole change-over 6 amp. silver contact switching, 42/6. Also 6 
D.C. coil with 3 amp. 2-pole " break" switching, 7/8. 
SLIDING RESISTANCES. 100 watt,. Fully enclosed, 61in. long. Following range 
now in stock: 400 ohms 0.5 amp., 200 obese 0.7 amp., 100 ohms I amp.. 50 ohms 
1.4 amp., 10 ohms 3 amps., and 4 ohms 5 amps. Any one 25i-. Also a few, some 
size, 172 ohm'', suitably graded for a current taper of 1 to 0.07 amps at 12 volte. 
291. STAGE DIMMERS.- Constantly rated and with carbon break flicker switch 
and " off" position. For controlling stated load from full bright to blackout at 
220/240 v. With screw-motion drive and hondwheel. 1,000 watts, £6 176. 6d. 
1.500 watt., £8 Si. (Pkg./corr., either, 616.) 
ROTHEY.MEL-BSUSH PIEZO-ORTSTAL MICROPHONES. In black bekelite 
homing 211n. dia., with plated mounting bone tapped en, thread, fitted Oft. screened 
lead. Hundreds sold to important mere. Only 42/-. Suitable FLOOR STANDS. 
collapsible. ext. to Sit din., 4543. TABLE STANDS, extending, ch ..... dum, 25'-. 
GOODMAN Sin. P.M. MOVING COIL MICROPHONE/SPEAKER UNITS. High 
efficiency model with weighty ,tInico magnet. Imp. 12 ohms, 30', Suitable 
/516E0149DNE TEmaspoRmEas, ratio 801, miniature type in mumelal box, 21, 
CABINET SPEAKERS (G.E.C.), 6 watt, in service-grey wooden cabinet, P.M. Unit 
with transformer. 52 8. Also 10 watt in massive polished oak cabinet with 10in. 
P.M. Unit with transformer. £6 10d. (We cannot despatch thaw.) 
CENTRALAB " T " PAD FADERS for Sound Projection (or other) control. For 
500, 2(10 and 50 ohms lines (3 models), controlling three channel.. Last few at 
42 6 each. 
" PYROBIT" ELECTRIC SOLDERING IRONS, 230/250 v. " Instrument " model-
can he held llke a pencil. The moat popular iron, 2P- with pencil hit. Extra 
adjustable angle bit. if required, 4 6. " PYROBIT" NEON TESTERS, with erres'. 
driver, 100/750 v. A.C. ,D.C., 916. 
TOGGLE PRESSES (Staneko). Double-acting precise tool for all email preesing 
operations in many trades. Fressure 19 tone, weight 150 lbs. Delivery front stork 
agaimt Govt. number, £30 nett, ea thin address. 

Please include sufficient for packing, postage. 

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

There'll come a time. 

SPEAKERS 
WHITELEY ELECTRICAL RADIO CO. LTD, MANSFIELD, NOTTS 
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Stockists and Distributors for 
EDDYSTONE Products 

EDDYSTOR 
558x 

Special attention to individual features has 
given the Eddystone 358X its outstanding 
performance. It covers all frequencies from 
31,000 to 40 Kcs. This most reliable of 
receivers is designed and built in keeping 
with the advanced character and requirements 
of present day radio communication. Complete 
technical details in 30-page instructional 
booklet " 358X " price 2/6 post free. 

WRITE,CALL.OR TELEPHONE 

THIS RECEIVER MAY BE INSPECTED 

AT OUR SOHO STREET DEPOT 

In addition to our well-known existing stocks of radio gear, 
we have our own facilities for the construction of specialised 
apparatus : transmitters (from 5 watts to 1,000 watts), 
amplifiers, valve voltmeters, oscillators, etc. 

* * * 
For the convenience of urgent official needs we have 
available : Single Range Meters 020 microamps to 
I amp. D.C. ; Single Range Meters Thermo Couple 
0 100 microamps to 5 amps. ; Multirange E44 Meters ; 
High Voltage Variable Condensers ; High Wattage 
Wire Wound Resistors ; Office Inter-communication 
Installations ; Metal Screening Cabinets in various 
sizes ; Basic materials in variety, e.g., Sheet and 
Former Bakelite, Keramot, Polystyrene, Ceramic 
Formers, Resistance Wire, Copper Wire, Metal Work, 
Screws, etc. 

TEL EPHONE.• GERRARD 2089 

OFFICIAL business hours 9am.to 6 ptm.SHOP HOURS,I0o.m.to4pm.(SAT.10o.mfolhoon) 

and 
P friendly, intelligent, practical 
service guaranteed to all cus-

tomers. 

1ndd 'The stae is enthusia 

is stic 

knowledgeable : they ore in 

jobs because of a radio their  and 

electrical flair. 
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You can't shake a Spire Nut 

loose. A Spire fixing locks itself. 

Whatever the assembly there's a good 

chance that the job can be done better 

and quicker by Spire. Send us examples 

of your assemblies ; parts or drawings. In 

about a fortnight we'll show you how 

you could do the job the Spire way — perhaps 

with Spire nuts or clips; perhaps by re-designing your 

components so that the Spire dévice is part of 

them — in which case you won't need nuts at all. 

THAT'S Fixed THAT! 
This is a typicalcase of intelligent use of Spire fixing. 
This was originally a spring clamp which was 
screwed to its base with screw, washer and nut. 
Now the clamp is redesigned to incorporate its 
own Spire fixing, and the nut and washer havé 
disappeared. Apart from the saving in material 
it is a much quicker and simpler assembly job, 
the clamp is zipped on to the screw and 
tightened firmly home. 
Designed as a fuse holder this fixing NS 1307 is 
suitable also for securing any cable, rod or circular 
equipment from r to jr diameter. 

+ A BETTER way of fixing 

Simmonds Aerocessories Limited • Great West Road • London • A Company of the Simmonds Group 
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As many of the circuits and 
apparatus described in these 
pages are covered by patents, 
readers are advised, before 
making use of them, to satisfy 
themselves that thev would 

not be in e fmt,•rttç 

Miniature I.F. Transformers 
DESIGNED FOR MAXIMUM 
GAIN AND SELECTIVITY IN 

MALLEST DIMENSIONS THE S 

The coils are contained in enclosed pot-type 
iron dust cores, tuning adlustments being 
obtained by means of adiustable Iron dust 

centre cores. 
Fixed tuning condensers are contained 
inside the screening can 

The following frequencies are preferred 
standards but others are available for 
particular applications :— 
M.400 - - 460 Kc/s. M.405 - - 1.6 Mc/s. 
M.411 - - 2.1 Mc/s. M.4I 5 - - 4.86 Mc/s. 

M.418 - - 9.72 Mc/s. 
Wartime restrictions prevent our accepting orders 
other than those covered 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. 

WRIGHTAVEAIRE LTD. -\ 
HIGH ROAD, TOTTENHAM, N.I. 
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X-Rays 
There are no fanfares for him; no 

news-reels show him in action; he 
wields no weapons more lethal than a 
slide-rule. But he is instrumental in 
placing a great invisible power in the 
hands of others. 
He—and his colleagues of the research 

and development laboratories — have 
made it possible to see deep into the 
heart of the metal of vital things like aero 
engines and gun barrels, to make sure 
that no hidden flaws exist; they have 

given to doctors and surgeons an 
ally of ever-increasing power and scope 
for diagnosis and cure; to them belongs 
much of the credit for the part which 
mass radiography will play in the final 
elimination of the scourge of tubercu-
losis. 
He and his colleagues have contributed 

greatly to Philips leadership in the field 
of X-rays. Their knowledge and experi-
ence are of vital importance to the 
nation today. 

PHILIPS 
PHILIPS-

RADIO * LAMPS 

AND ALLIED ELECTRICAL PRODUCTS 
PHILIPS LAMPS LTD ., CENTURY HOUSE, SHAFTESBURY AVENUE, W.C.2 (28m 
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inont111) Commentary 
Governing Principles of Frequency Allocation 

IT is generally agreed that one of the most press-ing needs in the world of wireless is a new 
international agreement on the allocation of 

frequency bands between the various services. 
Obviously that need cannot be fully met until after 
the war, but we have already suggested that the 
urgency of the matter justifies an attempt to bring 
about an interim agreement before the end of the 
war. If a conference could be arranged, the work 
of the delegates would be simplified and expedited 
if a few clearly stated principles for their guidance 
could be agreed beforehand. 
A recent Chatham House publication, " Interna-

tional Telecommunications "* discusses the inter-
national organisation of communication services, 
and although its suggestions relate mainly to the 
post-war period, much consideration is given to 
general principles. Some publicity has been given 
to a statement in the book that at the Madrid 
International Convention of 1932 the proposal was 
made that in any wavelength allocation priority 
should be given to services that cannot use other 
means of communication. Though that proposal 
was not looked upon with favour either at Madrid 
or at the Cairo Convention in 1938, there now 
seems to be a danger that it may be accepted 
and given a much wider interpretation than was 
intended when the idea was first put forward. The 
opinion is now often expressed—sometimes in 
circles that are not quite disinterested—that wire-
less should be restricted entirely to services where 
one or both of the stations concerned are mobile; 
in other words, tocases where a metallic link is 
physically impossible. 
Now Wireless World cannot claim to be disin-

terested, but it costs us no great effort to admit 
that at some time in the indefinite future wireless 
may well be entirely restricted to those uses for 
which the wire will not serve. But that time is 
not yet; the literal application of the principle 
would certainly hinder human progress. For 

* By Brig. Gen. Sir Osborne Mance (Oxford University 
Press, 7s. 6d.) 

example, there is no physical or technical reason 
why internal broadcasting should not be distributed 
universally by wire. But apart from other con-
siderations, it would at present be economically 
impossible to do so in most countries. A similar 
argument applies to television, of which the prac-
tical development would be postponed indefinitely 
if it were decided that it should be distributed to 
the viewer by cable. Taking the most tolerant 
view, the principle under discussion cannot yet be 
accepted without reservations. At the most, it 
may be regarded as an ideal for the future. 
A second principle proposed at Madrid and men-

tioned in " International Telecommunications," is 
less controversial: between competing services, 
" priority should be given to the one which has 
the greatest social importance." That seems to 
offer safe guidance to those whose task it will be 
to organise the future use of wireless. 

Controlling All Radiation.—Agitation in favour 
of legislation against avoidable interference with 
wireless reception is carried a stage farther by 
a suggestion put forward by the British Institution 
of Radio Engineers. It is made in a Report from 
which extracts are given elsewhere in this issue, 
and is to the effect that there should be Govern-
ment control of all electro-magnetic radiation. 
Medical and industrial uses of RF energy are cited, 
and it is suggested that control should no longer 
be confined to the transmission of intelligence. 

Although we would deprecate the passing of any 
hasty legislation that might restrict the develop-
ment of these important offshoots of radio tech-
nique, it seems inevitable that they should even-
tually be controlled. Except for temporary war-
time restrictions, there is nothing to prevent the 
user of radio heating apparatus from radiating 
kilowatts of energy on any frequency he chooses. 
Another new development—Radar—also has 

obvious interference-producing capabilities. It is 
interesting to speculate whether it can similarly 
be considered beyond the scope of existing legis-
lation. 
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PRINCIPLES, THEORY-AND PRACTICE 
Early Ideas on Wave Propagation 

THE most outstanding 
achievements in the early 
days of wireless telegraphy 

were accomplished in spite of 
principles and theory. 

It is only fifty-five years since 
Hertz wrote, on December 3rd, 
1889, in, reply to an enquiry from 
a Herr Huber, that there was no 
prospect of his discovery being 
used for telephony, as the wave-
length would be about 300 kilo-
metres. " If," he said, " you 
could construct a mirror as large 
as a continent you might succeed 
with such experiments." 
I might add here as a kind of 

footnote that although in his 
" Pioneers of Electrical Communi-
cations" the late Rollo Apple-
yard gives a translation of the 
letter from Hertz to Huber, he 
mistranslates " telephon " as 
" telegraph," due undoubtedly to 
his difficulty with Hertz's hand-
writing. Telegraphy is not 
mentioned in the letter. 

Hertz died on January 1st, 
1894; that is, fifty years ago, 
without knowing that he had laid 
the foundations of a new and 
revolutionary branch of electric 
communications, although Crooks 
had written in 1892 : " Here is 
revealed the bewildering possi-
bility of telegraphy without wires, 
posts, cables, or 
any of our pre-
sent costly 
appliances . . . 
and by concert-
ed signals 
messages in the 
morse code can 
thus pass from 
one operator to 
another." 
Many of the 

most outstand-
ing advances in 
wireless tele-
graphy have 
been made, not 
along lines 
indicated by a 
study of principles and theory, but 
rather contrary to such indications, 
and the success achieved has then 
led to a revision of the principles 
and theory. 

It is nearly 40 years since Pro-

The following is the text of an address 
delivered by Prof. G. W. O. Howe, 
D.Sc., M.I.E.E. (Technical Editor 
of our associated journal Wireless 
Engineer), at the recent Commem-
oration Meeting of the Wireless 
Section of the Institution of 

Electrical Engineers 

fessor Ayrton told me, with a 
slightly malicious twinkle in his 
eye, that the reason that Marconi 
and not Lodge was the first to 
transmit radio signals across the 
English Channel was that Lodge 
was so well versed in electro-
magnetic theory that he knew it 
was impossible, whereas Marconi, 
not knowing that it was im-
possible, went and did it. 

If in 19oo Marconi had con-
sulted a panel of the leading 
scientists as to the feasibility of 
sending wireless signals across the 
Atlantic it is doubtful whether he 
would have made his classic 
experiment. They would have 
pointed out to him that the 
electromagnetic waves employed 
were of the same nature as light, 
and that between Cornwall and 
Newfoundland there was a moun-
tain of sea water over a hundred 
miles high. Principles and theory 

It was with gear like this that the outstanding achievements of the 
early days of wireless telegraphy were accomplished " in spite of princi-
ples and theory ". This Marconi transmitter, exhibited at the I.E.E. 
Wireless Section Commemoration Meeting, comprises (right to left) 
induction coil, spark gap, Leyden jar battery and " jigger" (aerial 

coupling transformer) 

were all against him, but fortu-
nately he made the experiment 
and gave those versed in the 
principles and theory the task of 
adjusting them to explain the 
facts, a task which was corn-

menced by Heaviside and Kennelly 
in, 1902 and which has been 
pursued ever since by a number of 
scientists with wonderful results. 

So improbable did trans-
Atlantic telegraphy appear that 
there was much scepticism among 
scientific people when it was first 
announced that Marconi had re-
ceived the signals in Newfound-
land. 

In the 'eighties Balfour Stewart 
had suggested the existence of a 
conducting layer in the upper 
atmosphere as a cause of fluctua-
tions in terrestrial magnetism, but 
until the discovery of the electron 
and ionisation such a suggestion 
could be little more than a vague 
idea. 

It is very interesting now to 
read the section dealing with this 
subject in Fleming's" Elementary 
Manual of Radio Telegraphy and 
Telephony," published in 1908, 
that is, 36 years ago. Ionisation 
of the atmosphere is mentioned, 
but only to explain the absorption 
of the waves and the variation of 
this absorption during the twenty-
four hours. This ionisation, said 
Fleming, " cannot be wholly ac-
counted for by radio activity of 
the sea and soil. Knowing, how-
ever, that ultra-violet light is the 
cause of ionisation and [that] 

perhaps the 
penetration of 
the upper 
layers of the 
atmosphere by 
cosmical mat-
ter carrying 
electric charges 
is another pos • 
sible cause, we 
may no doubt 
assign to these 
agencies some 
share at least 
in the pro-
duct ion of 
a tmospheric 
ionisation. . . . 
Air exposed to 

sunshine, although it may be ex-
tremely transparent to light waves, 
acts as if it were a slightly turbid 
medium for long electric waves." 
Fleming put this explanation 
forward as an alternative to 



Marconi's suggestion that the 
variations were due to the dissi-
pative effect of sunlight falling 
upon the transmitting aerial. 

In explanation of the mystery 
of the transmission of the waves 
around an eighth of the earth's 
circumference, Fleming says: " It 
has been suggested that the con-
ductivity of the upper layers of 
our atmosphere is sufficiently 
great to confine the waves to a 
spherical shell of the lower atmo-
sphere, but no data at present 
available give support to the con-
clusion. We have already indi-
cated that the possible cause of 
this advantageous transmission 
round the terrestrial sphere is due 
to the earth connection of the 
transmitting and receiving 
antennae, whereby both these 
an.teimœ and the earth are practi-
cally converted into a single 
oscillator." 
We see, therefore, that in 1908 

the Heaviside layer was just 
mentioned as having been sug-
gested but not taken very seri-
ously. 
Ten years elapsed after Heavi-

side's suggestion before any ap-
preciable progress was made. 

Mechanism of Refraction 
I think that the first clue as to 

the real nature of the mechanism 
by which the electromagnetic 
waves are refracted was given by 
Dr. Eccles in 1912 and 1913. He 
said: " The hypothesis intro-
duced by the author is based on 
the assumption that the sun's 
rays ionise the atmosphere in such 
a way that the concentration of 
ions increases gradually as we 
ascend in the atmosphere. In this 
event a ray started horizontally 
will pursue a curved path with its 
concavity towards the earth, and 
thus, if the ionisation is great 
enough, an electric ray may follow 
and overtake the curvature of the 
earth." 

In his calculations Dr. Eccles 
assumed that the decrease of 
apparent permittivity was due to 
the movements of ions of mole-
cular size, and it was a sign of the 
times that the wavelength assumed 
in his example was 5.4 kilometres. 
The war then intervened and 

little more progress seems to have 
been made in the principles and 
theory of the ionosphere until 
1924, when Larmor contributed a 
paper to the Philosophical 
Magazine entitled " Why Wire-
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less Electric Rays Can Bend 
round the Earth." He stated that 
" the theory was hammered out 
in class lectures at Cambridge on 
electric waves, and had been 
already expounded in answers in 
the Mathematical Tripos." It 
was an extension and develop-
ment of Eccles' theory but taking 
the electron and not the molecular 
ion as the operative agent in the 
reduction of permittivity. Things 
now began to move more rapidly. 
Although in September 1925 
Smith-Rose and Barfield, in con-
nection with their direction-find-
ing researches, were of the opinion 
that " adequate experimental 
evidence of the existence of the 
Heaviside layer is still lacking," 
in the following month Appleton 
and Barnett showed from an 
experimental examination of the 
phenomenon of fading that it was 
due to waves deviated through 
large angles by the upper atmo-
sphere, and that the waves were 
elliptically polarised in accordance 
with the magneto-ionic theory, 
and that there must be at least 
ioo,000 electrons per cubic centi-
metre in the ionised layer. In the 
following year Appleton and 
Barnett showed by experiments 
in which the wavelength was 
rapidly changed and the inter-
ference fringes photographed, that 
the height of the layer increased 
during the night and decreased 
rapidly about sunrise. 

Notwithstanding this, in the 
following year ( 1927) Banneitz in 
his " Taschenbuch der Drahtlosen 
Telegraphie" says, after describ-
ing what he calls the Eccles 
hypothesis, " It is very probable 
that these theories will one day 
be replaced by others that will 
prove more suitable for explaining 
the transmission phenomena." 
Thus 17 years ago some doubted 

the existence of the ionosphere, 
while others were exploring it and 
even determining the density of 
its population. In the same year 
we find Prof. P. 0. Pedersen in his 
book " Propagation of Radio 
Waves," p. 70, accepting the 
ionosphere but saying with regard 
to the idea that it should normally 
be divided into several indepen-
dent layers, an opinion which he 
says seems to be very wide-
spread. " We cannot see any 
reason for assuming such a separa-
tion to exist. The features in con-
nection with the propagation of 
radio waves may be explained in 

195 
a fully satisfactory manner on the 
basis of the ionisation of one single 
coherent portion of the atmo-
sphere." 

It is not for me, however, to 
throw any stones at Pedersen 
or Banneitz, for in September 
1931 the Editorial in Wireless 
Engineer was entitled " How 
Many Ionised Layers ? " It was 
based on a description of experi-
ments made in Germany by 
Zenneck from which he concluded 
that the effects which suggested a 
second ionised layer were really 
due to waves reflected from the 
earth, which had' done a second 
journey to the ionosphere and 
back. His experiments were 
all made, however, at a wave-
length of 533 metres and the 
intervals which elapsed between 
successive signals always corre-
sponded within the errors of 
observation to successive reflec-
tions from a single ionised layer. 
The Editorial pointed out, how-
ever, that great caution should be 
exercised in comparing results 
obtained at other wavelengths. 

Proof at Last 
This was after Sir Edward 

Appleton had christened the two 
layers E and F, but it shows that 
some doubt was still felt as to 
their existence. One had a feeling 
that it was an easy way out of 
a difficulty in interpreting results to 
invent a new Heaviside layer, but 
the powerful experimental method 
first devised by Breit and Tuve 
and used with such brilliant results 
by Sir Edward Appleton, and a 
number of workers guided and 
inspired by him, has put the 
matter beyond any doubt. To 
realise the complexity of the 
problem, one has to remember 
that the echo signal may have 
been turned back by either the 
E, F,, or F, layer after doing the 
return journey once, twice or 
even three times, and that, owing 
to the earth's magnetic field, 
each signal sent out is divided 
into two with different ionospheric 
properties, but fortunately with 
different polarisations by which 
they can be identified. The con-
ditions differ with the wavelength 
and with the time of day. 
The knowledge that we now 

have of the constitution and pro-
perties of the ionosphere repre-
sents a triumph of combined 
operations between experimental 
research and principles and theory. 
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R-F PENTODES AS A-F AMPLIFIERS 
Advantages over Triodes in Early 

I
T has become customary in 
recent years, particularly in 
the design of P.A. amplifiers, 

to use resistance-capacity coupled 
RF pentodes of the " straight" 
or non-variable-mu type as voltage 
amplifiers, their chief advantage 
over triodes being that a much 
higher stage gain is possible. The 
SP4I, for instance, can under 
suitable conditions give a stage 
gain as high as 400 times, which is 
many times greater than the 
highest value obtainable with a 

HT-

Fig. i Basic ercuit for R-C 
coupled RF pentode as an AF 

amplifier. 

triode. From the usual expres-
sion stage gain = iiR/R + R. in 
which it = amplification factor of 
the valve, R = value of anode 
resistance, and R. = anode AC 
impedance of the valve, it is 
obvious that the greatest possible 
value for the stage gain is p, this 
occurring for an infinite value of 
anode resistance. As p for small 
triodes seldom exceeds 50, this 
, value is the upper limit to the 
stage gain possible with such 
valves, but p for RF pentodes can 
be as much as 8,000. Alternatively 
it is possible, using negative feed-
back, to reduce the stage gain of 
an RF pentode to the value obtain-
able using a triode, and by so 
doing the distortion introduced 
by the pentode will be many 
times less than that introduced by 
the triode. 

It is the purpose of this article 
to discuss a number of important 
points to which attention should 
be paid in the design of AF 

By S. W. AMOS, 
B.Sc. (Hons.), Grad.I.E.E., A.M. Brit. I.R.E. 

amplifiers using RF pentodes. As 
such pentodes have a very high 
value of R. (its value is seldom 
less than i megohm) they behave, 
with normal values of anode load, 
as constant current generators, 
and should therefore only be used 
with purely resistive anode loads, 
if a response independent of 
frequency is wanted. If they are 
used with choke-capacitance or 
transformer coupling there will be 
a " top lift" in the reproduction 
due to the rise in the reactance of 
the anode load which occurs with 
increase in frequency. This can 
only be avoided if reactive loads 
must be used, by using enormous 
inductances of prohibitive size 
and cost, or by shunting normal 
components with resistances of 
about 30,000 ohms in value, but 
with the latter method the advan-
tage of the high µ is entirely lost. 
The basic circuit for an R-C 

coupled RF pentode is given in 
Fig. 1, and the first thing to note 
is that the screen potential, En , 
should not exceed the quiescent 
value of the anode potential, E. 
(i.e., the value of Ea with no 

DYNAMIC 
CHARACTERISTIC 

Stages 
valve becomes inoperative. The 
same observation applies to the 
operation of output pentodes, of 
course, but for these the quiescent 
value of E. is obvious, being only 
a few volts less than the HT supply 
voltage (the vqltage drop across 
the primary winding of the average 
output transformer is very small). 
In Fig. i the quiescent value of 
E. is not obvious as the load 
resistance RI may have any value 
up to ioo,000 ohms, but we can 
calculate the correct value for R2 
quite easily as follows. In the 
majority of RF pentodes the 
screen current is usually equal to 
a definite fraction of the anode 
current over quite a wide range 
of operating conditions. The value 
of this fraction can be ascertained 
from the literature supplied with 
each valve by the manufacturers. 
For the ACSP3 the fraction is 
approximately one-third, whereas 
it is roughly one quarter for the 
SP4r. Let us suppose that the 
valve in Fig. i is an ACSP3. It 
is clear that if the screen potential 
is to equal the quiescent anode 
potential, a good working arrange-
ment, then R2 must be three 
times the value of RI so that the 
voltage drop across R2 equals that 
across Rs. R2 should therefore 
be 300,000 ohms if RI is Ioo,000 

ohms. This rule 
will not apply if 
the screen is fed 
from a potential 
divider across 
the HT supply. 
Many quality 

enthusiasts look 
askance at pen-
todes used as 
audio- frequency 
amplifiers, being 
somewhat ner-
vous about the-

TIME 

Fig. 2. Curves showing 
increase of third harmonic 
distortion caused by in-
crease of input signal to 
a pentode AF amplifier. 

signal on the grid) by more than 
about 20 volts, otherwise the 
screen tends to monopolise all the 
emission from the cathode and the 

amount of harmonic distortion 
they introduce, and it is certainly 
true that they cause some third 
harmonic in addition to second 
harmonic distortion. Second har-
monic distortion occurs when the 
positive and negative peaks of a 
sinusoidal input signal are ampli-
fied unequally giving a " flatten-
ing" effect on one peak. The 
E.-I. curves of a pentode show the 
opposite form of curvature from 



the E9-I0 curves, so that second 
harmonic distortion tends to can-
cel, and for one particular value 
of anode load for each set of 
operating conditions it is true 
that second harmonic distortion 
cancels completely. Unf or-
tunately the same cannot be said 
of the third harmonic distortion 
so that this form is as inevitable 
with pentodes as second harmonic 
is with triodes. This is illustrated 

25 250 
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Fig. 3. Relationship between 
stage gain output volts and load 
resistance for 2 per cent, third 
harmonic distortion, in a high-
slope pentode with 250 volts HT 

supply. 

by the nature of the dynamic E.-I,, 
characteristic for a pentode valve 
which is given in Fig. 2. This 
diagram shows how the amount of 
third harmonic distortion mea-
sured by the amount of flattening 
of both peaks increases with the 
extent of the grid—and hence the 
anode—potential swing. To keep 
this form of distortion at a low 
level, therefore, the anode potential 
swing should be limited and, in 
particular, it should not swing in 
the negative direction so that it 
approaches zero. As high values 
of anode load lower the quiescent 
value of E., for a given percentage 
of third harmonic distortion the 
swing, of anode potential becomes 
progressively less as the value of 
the anode load is increased. One 
should not therefore attempt to 
get a great voltage output from 
a pentode with a very high value 
of anode load, and a good rule is 
to use the lowest value of anode 
load which will give the desired 
output. Clearly, too, a high 
value of HT voltage is desirable, 
for the greater this is, the higher 
will be the quiescent value of E. 
and so the smaller the percentage 
of third harmonic distortion intro-
duced. All these points are 
brought out in Fig. 3, which shows 
how the output obtainable for 
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per cent, third harmonic distor-

tion and the stage gain of a 
" television" type RF pentode 
vary with the value of the load 
resistance. For every point taken 
the screen potential was adjusted 
to equal the quiescent value of the 
anode potential. 
One difference between directly 

and indirectly heated valves is 
that the latter, by virtue of their 
equipotential cathodes, start to 
take grid current even when the 
grid is appreciably negative with 
respect to the cathode. This 
effect is particularly noticeable in 
the case of high-slope RF pentodes 
which in some cases begin to take 
grid current when the grid is as 
much as three-quarters of a volt 
negative with respect to the 
cathode. One should therefore 
take care to see that adequate grid 
bias is used to prevent grid 
current flowing during any fraction 
of the input cycle. In practice a 
grid bias resistor of s,000 ohms is 
usually suitable for the high-slope 
type of valve. 
Even if a large value of stage 

gain is not required it is still worth 
while using an ÉF pentode instead 
of a triode for AF amplification, 
for negative feedback can be used 
to reduce the stage gain of the 
pentode to the required value, and 
it will also, of course, reduce the 
amount of distortion introduced 
in the ratio in which the gain is 
reduced. Suppose, for example, 
that a stage gain of 40 times is 
wanted. A pentode could do this 
with ease: a triode could do it if 
worked " flat out" and the fact 
that it is " flat out" means that 
the distortion content will be 
fairly high. Using a valve of the 
SP4s type with a load resistance 
of 70,000 ohms and the appropriate 
screen potential we shall probably 
get a stage gain of some 200 times, 
as shown in rig. 3. By using the 
correct degree of negative feed-
back this can be reduced to the 
required value of 40 times. The 
amplification, M', given by a valve 
with feedback is given by M' 

-F a . M) in which M is the 
amplification without feedback 
and a is the fraction of the output 
voltage which is fed back to the 
grid circuit. This expression can 
be put into the form a = 
(M — M')/MM' which is useful 
for showing the degree of feedback 
required to produce a desired 
value of stage gain, M'. Sub-
stituting the values appropriate 
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to the example quoted, namely 
M = 200 and M' = 40 we have 
a = 5/50. This value of feedback, 
then, will reduce the voltage gain 
by five times, to the wanted value. 
It will do the same with the 
distortion content, and if we had 
2 per cent. total.distortion before, 
we shall only have 0,4 per cent. 
after the application of feedback. 
In these circumstances the per-
formance of a pentode valve is 
vastly superior to any triode. 
One way in which voltage feed-

back could be applied is shown in 
Fig. 4. Attention should be paid 
to the following points in order to 
secure the desired performance. 
RI and R2 should be chosen so 
that a --- 122/(12s + R2) in order 
that the right value of feedback is 
used. Rs should greatly exceed 
R3 to avoid shunting and there-
fore effective reduction in the 
value of the anode load. The 
reactance of C should be very 
much less than R x at the lowest 
frequency wanted. The values 
indicated in Fig. 4 satisfy these 
conditions fairly well. Incidentally 
the conditions governing the choice 
of values for C and Rs are 
precisely those quoted for the 
choice of an AF coupling con-

F g. 4. One method of app ying 
voltage feedback to a pentode AF 

amplifier. 

denser and succeeding grid leak, 
and therefore there is no reason at 
all why C and Rs should not be 
the coupling condenser and grid 
leak of the following valve, as 
suggested by the dotted lines in 
Fig. 4. The adoption of this 
scheme will avoid further reduc-
tion of the effective value of R3 
which would be caused by the 
addition of a second coupling 
condenser and grid leak. 
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AESTHETICS OF SOUND 
REPRODUCTION 

High Fidelity or Judicious Distortion ? 

THE object of this essay is to 
try to show that that par-
ticular branch of electronic 

gymnastics usually known as 
high-fidelity reproduction" has 

not, by itself, got the value to a 
trained musician or music lover it 
is supposed to have, since it falls 
between the two stools of at-
tempted but unsuccessful imita-
tion on the one hand and spon-
taneous creative art on the other. 
I am fully aware that, in put-

ting forward such a point of view, 
I am attempting to knock away 
the foundations of a platform on 
which I have stood for more years 
than I care to think of; but I also 
feel sure that with riper experi-
ence one should change one's 
mind if one feels called on to do 
so. So I have changed my mind. 
I am no longer an exponent of 
plain, unadulterated high-fidelity 
reproduction. I shall give the 
reasons why I have changed my 
mind, and also what technical 
steps I have taken to achieve 
what I consider musically satis-
fying electronically synthesised 
sound. 
The latter phrase is used quite 

deliberately. A high - fidelity 
gramophone or radio set does not 
give a high-fidelity reproduction 
of a musical composition as per-
formed by an orchestra. The 
"reproduction" is much lower 
fidelity than a four-colour process 
reproduction of an oil-painting. It 
is not a reproduction at all. What 
it is shall be deferred for the 
moment, but I call it electroni-
cally synthesised sound, and as 
the mechanical properties of the 
loudspeaker have also something 
to say in the matter, we might 
shorten the phrase and say just 
" synthetic sound." The pedants 
will say, of course, that nearly all 
sounds are synthetic, but the 
reader will know what I mean. 

What is " High Fidelity "?— 
I wrote an article in 1932 called 
"Broadcast Reproduction" 
(Wireless World, May 4th and 
nth, 1932, pp. 442 and 487). In 

By H. A. HARTLEY 

it I showed that, for reasonably 
realistic reproduction of speech 
and music, the frequency response 
curve of the whole system should 
be a level straight line between 
the limits of 32 and 9,000 cycles 
per second. The classic experi-
ments of the Bell Telephone 
Laboratories indicated that the 
upper limit should be it,000 
cycles per second, and recently 
Dr. F. G. Dutton (" Recording 
and Reproduction of Sound," 
I.E.E., Feb. 15th, 1944) showed 
that the frequency response range 
might well go as high as 12,000 
C S. 

It must be remembered that in 
the far-off days of 1932 there were 
two schools of thought bitterly 
opposed to each other. The one 
said that the frequency band from 
5,000 to to,000 cycles succeeded 
in reproducing only interference, 
noise and scratch, and contributed 
nothing to the musical quality; 
the other said that any listener 
with the slightest pretensions to 
having a musical ear would at 
once perceive that a cut-off at 
5,000 cycles ruined the reproduc-
tion of most musical instruments, 
all " programme noises" and the 
human voice. Time proved the 
" mellow cello" school wrong, 
but a new controversy arose. Was 
it better to cut at 5,000 and elimi-
nate scratch and interference, or 
was it preferable to put up with 
a noisy background for the sake 
of good musical quality? There 
has never been a settlement of 
this argument, and there never 
can be, for personal preference 
enters so completely into the 
points of view of protagonists in 
such an argument that it is not 
amenable to reasoned discussion. 
" I like what I like" stands com-
pletely unassailable. 

Musical Taste and Understand-
ing.—This business of personal 
preference is usually known as 
" taste," and, judged by certain 

accepted artistic standards, a per-
son may be said to have good 
taste or bad taste. But it is not 
all so simple as that. For 
example, Mr. Eric Coate's " Call-
ing All Workers" is much liked 
by a very large number of people, 
but ignored by musicians and 
music lovers of refined and edu-
cated discrimination. This is no 
slight on Mr. Coates, who pro-
fessedly writes, and does it very 
well indeed, what is usually called 
" light music." But, by the ac-
cepted canons of art, a person who 
likes " Calling All Workers" and 
dislikes Beethoven's Seventh 
Symphony is a person of bad 
musical taste. 

Going, now, a stage further, 
what are you going to say about 
a person who likes Tchaikovsky's 
First Piano Concerto, but doesn't 
like Bliss's Piano Concerto? I 
think the musical connoisseur 
would say that anyone who likes 
the Tchaikovsky Concerto is 
damned beyond hope, but I think 
he is much more advanced on the 
road to good musical appreciation 
than the person who adores the 
Warsaw.. Concerto. There are 
subtle things in musical composi-
tion which finally determine 
whether a certain work is great 
or merely superficially attractive. 
The Warsaw Concerto is pseudo-
classical; the Tchaikovsky is not 
great but it has its points; the 
Brahms No. 2 Concerto is & great 
work. Now it is coming to pass 
that the Bliss Concerto is being 
regarded as a great work, so what 
can we say about the man who 
says.> likes the Brahms but not 
the Bliss, and likes the Beethoven 
Seventh Symphony but not the 
Bax Third Symphony? It is not 
a question of taste now, for we 
are dealing only with musical com-
positions of undoubted merit. 
What our friend really means is 
thig: that he understands and 
appreciates the Beethoven Sym-
phony, but does not understand, 
and so cannot appreciate, the Bax 
Symphony. 
I hope the reader will now 



appreciate that I am trying to 
show the difference between musi-
cal taste and musical understand-
ing, for it has a great bearing on 
" reproduction" of music. Taste 
divorced from understanding will 
determine whether you cut off at 
5,000 or xo,000 cycles, but what 
does understanding determine? 

Responsibilities of the Scientist. 
—Scientists have recently had an 
opportunity of trying to thrash 
this out with a very distinguished 
musician. Dr. Malcolm Sargent 
has given his views on "High 
Fidelity Reproduction" (Brit. 
I.R.E., March 9th, 1944), and we 
are at once brought into the 
realms of art. The scientist may 
properly object that he has 
nothing to do with art when he 
is acting as a scientist, and will 
probably add that the artist, qua 
artist, cannot presume to interfere 
with science. This, unfortunately, 
must result in stagnation or even 
worse. All around us we see the 
result of the scientist allowing his 
science to be used for purposes 
he never envisaged when he made 
his discoveries. I maintain that 
the scientist should also take an 
interest in art, for without a social 
and artistic aim, science becomes 
abortive. The politician and the 
artist may ask for something 
which is scientifically impossible, 
but if the politician, the artist, the 
citizen, and the scientist collabor-
ate, something useful will emerge. 
What can emerge in the field of 
synthetic sound? 

Reproduction is Not Artistic.— 
Dr. Sargent says that what 
should not emerge is high-fidelity 
reproduction, in other words, 
imitation. He maintains, and I 
am convinced he is right, that 
imitation cannot be artistic. It 
will be difficult, at first thought, 
to appreciate that the nearer you 
get to reproducing an orchestra 
playing a certain composition, the 
further you are getting away from 
artistic presentation of that work 
in your own home. Let me illus-
trate what I mean by reference to 
reproductions of pictures. An 
artist in oils will paint a canvas 
and dthe result is a work of art. 
The artist has not only mastered 
the technique of handling his 
tools and materials, brushes, 
knife, pigments, but he has taken 
care that the composition of the 
picture is right, that the colours 
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are applied with artistic discre-
tion, and that the way the paint 
has been put on the canvas is in 
sympathy with the subject matter 
of the composition. Now, by 
photo-mechanical processes, let us 
turn out a hundred reproductions 
of that oil-painting. Those copies 
are not works of art, they are but 
imitations of a work of art because 
the result is not what the artist 
intended. He designed his paint-
ing on the basis of oil pigments 
on canvas, and the printed repro-
duction is something totally dif-
ferent both as to materials and 
surface. On the other hand, an 
artist may engrave a copper plate, 
and inked impressions from that 
copper plate, etchings, are works 
of art because the artist intended 
that the technique he used should 
be the technique of taking inked 
impressions of his engraving on 
sheets of paper. 
Now the scientist may say " I 

accept this analogy, and since I 
am in the position of the colour-
printer, I must, like the colour-
printer, make my method as faith-
ful as his. I am not an artist, I 
am concerned only with imitating 
works of art, and the best I can 
do is to provide a good imitation." 
This is logically sound, but is 
open to objections. I have said 
that the scientist must be more 
than a scientist, and Dr. Sargent 
says that the musician is not inter-
ested in imitations. And since he 
is not interested in imitations, he 
is not called upon to answer the 
question which was put to him at 
the meeting I referred to, which 
asked " If perfect reproduction is 
not scientifically possible, what 
sort of distortion will the musician 
object to least? " 
The question we have to ask 

ourselves is, " What sort of sound 
synthesis is artistically satisfy-
ing? " The answer I propose to 
give is, " Something other than 
high-fidelity reproduction." The 
chief difficulty with high-fidelity 
reproduction is that it is continu-
ally letting you down. You begin 
to get into the way of thinking 
that what you have got is pretty 
well the real thing, and before you 
know where you are you suddenly 
become conscience that there is 
something there which ought not 
to be there. Whether the inter-
vening medium is a record, film or 
" the ether," there is a distorting 
medium which cannot be cor-
rected. With a trained ear and 
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a wide frequency response, dis-
tortion of the upper harmonics 
becomes acutely noticeable, and 
the more scratch and interference 
is eliminated by good technique 
(not by cutting the top) the more 
noticeable this distortion becomes. 
It is difficult to see how this form 
of distortion can ever be over-
come. Possibly the best results 
will be obtained from high-fidelity 
wired wireless, but what shall we 
do about our personal libraries on 
disc and film? 
My own experiments have 

tended to prove that the keenest 
artistic enjoyment is to be secured 
when the response curve has been 
" doctored." I find that the doc-
toring has to be -varied according 
to the nature of the thing one is 
listening to, and the doctoring 
has to be done with a fine sense of 
artistic discretion. Putting it 
briefly, I start off with a high-
fidelity radiogram, and then, 
according to my mood and the 
mood of my fellow listeners, I do 
certain things to the electrical 
and acoustic properties of the 
apparatus, so that what issues 
from the loudspeaker is artistic-
ally satisfying. All this is per-
fectly legitimate. I did not de-
sign my radiogram merely to be 
able to show a fellow technician 
that I was capable of producing a 
technical marvel; I designed it so 
that I should get pleasure and 
satisfaction from listening to the 
music, the synthetic sound it 
made. The instrument and the 
control knobs were my brushes 
and pigments, and the room was 
my canvas. I have found, as 
have my friends, that there is far 
more emotional " kick " to be got 
from the result than I ever got 
from straight high-fidelity repro-
duction, so called. 
Now this means that my 

musical taste as well as my 
musical understanding has been 
imposed on the sound; but in 
saying this I hope a misunder-
standing will not arise. If, as a 
designer, I included a top cut-off 
at 5,000 cycles per second, then 
those who used instruments made 
to my design would have my taste 
interfering with their taste. If I 
provided a " high-fidelity" in-
strument without control knobs, 
then the individual listener could 
not gratify his desires. So I must 
provide a number of knobs which 
can alter the response curve in 
various ways, but the original 
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curve must be as wide and flat 
as possible. Thus the listener is 
able to gratify his taste and his 
musical understanding. 

His taste is satisfied by his 
choice of broadcast programmes 
and records, and by his freedom 
to choose between " mellowness " 
and " high-fidelity." His under-
standing is satisfied in a more 
subtle way. What he is listening 
to is not the sound that was pro-
duced in the studio, nor may it 
be what the composer intended he 
should hear. It is something 
quite different, and different in 
colour or texture but not in form. 
Dr. Sargent pointed out that a 
great artist could take liberties 
with Beethoven; but if you are 
not a great artist then it is better 
to play straight Beethoven. A 
listener to reproduced music can-
not interfere with the form of a 
Beethoven composition, but as 
its colour or texture has already 
been interfered with before it 
reaches the listener's room, fur-
ther interference is justified if the 
final result is more acceptable to 
a discriminating ear. The nature 
of that further interference is 
determined by musical under-
standing of what was likely to 
have been in the composer's mind 
in the first place, and, in addi-
tion, understanding of what con-
;;titutes artistic knowledge and 
;reation of a series of musical 
sounds, even if different from the 
sriginal conception. 
In parentheses, it might be 

pointed out that Dr. Sargent be-
lieved in the idea of composing 
music for reproduction by elec-
trical methods, for entirely new 
effects could be achieved which 
were impossible in a concert hall. 
This does not imply the use of 
electronic musical instruments, 
but that individual instruments 
can be given a power not possible 
under purely acoustic conditions. 
With this sort of composition a 
knobless reproducer of predeter-
mined specification is essential. 
The composer is using known 
materials to achieve a certain 
artistic result. 

The Sorts of Distortion to be 
Avoided.—In a technical sense, 
this doctoring of the response 
curve means distorting the response 
curve, and where we are adding 
distortion to distortion already 
present (since anything less than 
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absolutely perfect reproduction 
must contain distortion) we must 
be careful not to introduce dis-
tortion which will offend a sensi-
tive musical ear. Some of the 
things that must be avoided at 
all costs are cabinet resonances, 
air column resonances in the 
cabinet, noticeable resonances in 
the speaker and pick-up, valve 
overload, bass and treble attenua-
tion. The resonant types of dis-
tortion are very distressing. 
Pseudo-bass from a cabinet or 
speaker becomes a one-note 
thump which accompanies all 
music. The customary 3,000-
cycle resonance in a poorly de-
signed speaker does not give bril-
liance to the reproduction but 
merely " edge," which becomes 
extremely fatiguing and does not 
allow one to " turn the wick up" 
when it is felt that this is neces-
sary. Absence of real bass takes 
the body out of the music; 
absence of top deprives the 
musical instrument of its charac-
teristic quality, and orchestral 
works become muddy, indeter-
minate noises lacking depth and 
clarity and any musical value. 
Valve overload gives rise to very 
unpleasant harmonic distortion, 
which, however acceptable it 
may be in a factory broadcasting 
system, is unbearable in a home 
musical performance for dis-
criminating listeners. 

It will have been noted that 
resonances, which mean excessive 
output at some particular fre-
quency, are to be avoided; they 
must also be avoided for another 
reason. The surface noise, or 
scratch, from a gramophone 
record is reproduced with great 
intensity when there are well-
marked resonances in the speaker 
or pick-up; it is almost innocuous 
when the overall response is flat, 
even when there is no top cut-off 
below, say, to,000 cycles per 
second. It will be seen, therefore, 
that scratch is not to be elimin-
ated by cutting top, for if the 
speaker resonance is at 3,000 
cycles the cut would have to be 
below this, and the musical 
quality resulting from such a cut 
would be valueless. Scratch can 
only be subdued by having an 
overall response in which there is 
no output peak due to resonances. 

The Sort of Distortion that is 
Needed.—So far, then, I have 
postulated that resonances must 

not be present, that there must be 
neither bass nor treble cut, that 
there must be no harmonic distor-
tion due to valve overload. This 
seems to be a specification for 
high-fidelity reproduction, and so 
it is. Where, then, does the 
" doctoring " come in? The 
answer is to put depressions in the 
response curve, their width and 
depth depending on the effects 
to be achieved. I have found, 
by comprehensive experimenting 
over a long period, particularly on 
records, that while the ear is 
acutely sensitive to peaks on the 
response curve it does not appear 
to notice the presence of valleys, 
or, at any rate, of canyons and 
gorges. If, however, these can-
yons and gorges can be introduced 
in certain variable ways, for the 
ways must be variable according 
to the effect desired, a good deal 
of the noticeable imperfections in 
musical reproduction can be taken 
out without in any way spoiling 
the musical quality of the instru-
ments. Quite obviously a re-
sponse curve with canyons must 
introduce amplitude distortion 
which does not exist in a flat re-
. sponse, but the result is more 
artistic, and lines up with Dr. 
Sargent's contentions that truth 
is not necessarily beauty, that 
high-fidelity is to be avoided if 
you want to be artistic, that 
beauty begins where utility ends. 

Practical Considerations. — I 
shall give a description of the 
apparatus I have used for the 
tests which led me to adopt the 
opinions I now hold, but as this 
might be described as the tech-
nical part of my article, I may 
conveniently give here a:short ex-
planation of how the introduction 
of a canyon in the response curve 
can suppress (or rather, not allow 
to be created) unpleasant and un-
musical noises. It would become 
very complex and difficult to deal 
with the whole gamut of musical 
sbunds played simultaneously by 
a large orchestra, just as difficult 
as trying to give equations show-
ing how the single diaphragm of a 
loudspeaker can make a noise like 
an orchestra. A simpler example 
can be discussed—surface noise 
with records. 
I have pointed out that surface 

noise is likely to become very 
noticeable and strident if there is 
a peak in the speaker or the pick-
up (I assume that linear ampli-



fiers are not difficult to make). It 
can be shown, too, that in the 
absence of peaks or resonances the 
surface noise is not particularly 
prominent. The former effect is 
due, in large part, to the fact that 
ae loud note emitted as a funda-
mental by the peak, modulated 
as it were by the surface noise, 
will create mew upper harmonics 
if sufficiently intense, and new 
subjective tones, either summa-
tional or differential, with other 
tones already present in the repro-
duction (see any standard text-
book on sound). With a flat re-
sponse equipment, I have also 
noticed that the comparatively 
gentle hiss of surface noise appears 
to form subjective tones with 
other tones present in the repro-
duction, and it seems reasonable 
to suppose that these new 
spurious tones are the cause of 
what a keen ear usually puts down 
as harmonic distortion in high-
fidelity reproduction. What hap-
pens is that new harmonics are 
added to the harmonic range of 
the musical instruments, and the 
musical artist at once says there 
is something wrong. 

Surface noise, if not exactly 
" aperiodic," like atmospherics in 
radio reception, is present over a 
large part of the frequency spec-
trum. The more critical part is 
between 2,000 and 8,000 cycles 
per second; but if we suppressed 
all harmonics we should also sup-
press the wanted music. The 
more prominent interferences can 
be located and suppressed by mov-

Fig. t. 
(a) 

Two forms of rejector circuit for introducing a variable sharp 
dip in the response curve of the amplifier. 
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This point is not the same with all 
records nor even with records of 
the same make; it can only be 
found by trial, and it is an in-
teresting experience to notice how 
the character of the surface noise 
changes as one or another har-
monic is suppressed. Finding the 
best setting is part of the art of 
sound synthesising in the home. 

The Rejector Circuit. — The 
simplest way of injecting a sharp 
dip into the response curve is 
by using a rejector circuit. Fig. 

shows two forms. The tuned 
circuit L C, must be fairly low-
loss, and this is not too easy to 
achieve since the inductance of L 
is appreciable. C, can be a 0.0°05 
i.LF variable air-dielectric con-
denser, and L should have an in-
ductance of 2.5 to 3 henries and 
be air-cored. It is possible that 
a suitable design could be worked 
out with high-permeability core 
material, but I have not actually 
made such an inductor. The coil 
should be section-wound to keep 
down self-capacity and the wire 
should not be finer than 36 SWG. 
As several tappings are required 
(six spaced equally throughout the 
coil) it is probable that trouble 
would be experienced in bringing 
these tappings out of the con-
densed winding of a high-perme-
ability design. 
Fig. (a) shows the better 

arrangement. An eight - way 
switch is connected to the two 
ends and six taps of the coil, and 
the variable condenser across the 

(b) 

ing our deep canyon up and down 
the frequency scale. At a certain 
point the surface noise will drop 
suddenly, and the extreme treble 
will instantly become cleaner. 

whole of the coil. The fixed vanes 
should be connected to that end 
nearest the previous valve anode 
coupling condenser. When the 
switch arm is connected to the 
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first tap of the coil, the rejector 
circuit will cause a very sharp dip 
of about 28 db. to appear in the 
response curve of the amplifier, as 
shown in Fig. 2, curve A, where 
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Fig. 2. Response curves of rejec-
tor circuit. Frequencies are 

marked in kilocycles. 

the point of maximum attenua-
tion is shown at 7 kc/s. By ad-
justing C, this point can be moved 
(with a 3 henry coil) over the 
range 4 to to kc/s. When the 
switch arm is connected to the 
free end of the tuned circuit, the 
dip will be like curve B in Fig. 2. 
If the reader happens to possess 
a suitable coil which is not tapped, 
it can be connected as in Fig. 
1(b), where 11, can be 5,000 to 
to,000 ohms and Rs is a variable 
resistor of too,000 ohms. The 
arrangement of Fig. t(b) is infi-
nitely variable, of course, but I 
have found it convenient to have 
the adjustment in steps, as it is 
usual to find that a certain record 
requires one particular tap, and it 
is a simple matter to mark each 
record with the number of its best 
tap. The rejector circuit is put 
out of use by moving the switch 
to the beginning of the coil. 
The top-cutting circuit C,R, is 

never used except with old or worn 
records and for special effects. C, 
should be 0.02 ,UF and R, mo,000 
ohms. With R, at maximum, the 
effect of the circuit is negligible; 
with 12, at minimum resistance 
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the loss of top is severe. It is 
amusing to use this top-cutting 
circuit with organ records on 
which there is little or no playing 
cm reed pipes. The flute stops of 
the organ have a limited harmonic 
development and are not spoiled 
by loss of top, but with reduced 
top and increased volume the 
pedal bass can be reproduced in 
a manner which is thrilling, pro-
vided the speaker can stand it 
without overloading. 
Two rejector circuits in series 

might be used, to give two sharp 
dips in the response curve. A 
greater measure of conductorship 
could thus be applied to the music, 
but great care would have to be 
exercised, for if the two rejectors 
were tuned to fairly closely adja-
cent frequencies something like an 
inverted band-pass circuit would 
result, with distressing conse-
quences from a musical point of 
view. One rejector circuit will be 
found adequate for ordinary re-
quirements. 
With practice, handling the re-

jector circuit control becomes 
quite easy. It is used in conjunc-
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tion with the volume control and 
the top-cutting-off control (I can-
not bring myself. to using the ex-
pression " tone control") when 
the latter has to be used. The 
volume control is used, of course, 
to increase contrast, since the 
volume range on both radio and 
record is much restricted. Auto-
matic contrast expansion just will 
not work because it cannot divine 
what is going to happen next. De-
tailed knowledge of what is on 
your records will enable you to 
do all the expanding you want, 
and with very artistic results, if 
done properly; but you cannot do 
anything about B.B.C. broad-
casts. The only way to control 
their control engineer is to 
bludgeon him into insensibility. If 
the controls are going to be used 
continuously in this way, then 
provision should be made for get-
ting them outside the cabinet, to 
keep pick-up chatter within its 
proper bounds. I have found flex-
ible drives of the Bowden cable 
type, which can be pushed back 
into the cabinet, very convenient 
for this purpose. 

(To be concluded.) 

UNITED NATIONS STANDARDS 

IT is learned from the British 
Standards Institution that it has 

been decided, as a temporary 
measure pending the return of full 
international co-operation, to estab-
lish a United Nations Standards 
Co-ordinating Committee to provide 
a centre for the immediate co-opera-
tion of standards in the field of com-
munications of all kinds, both trans-
port and telecommunication, and 
the development of standards for 
use in the transfer across borders of 
raw materials and partly or wholly 
finished articles. These standards 
will provide agreed methods of ex-
pressing and testing the properties 
of materials, appliances, symbols, 
terms and definitions, and will in-
clude dimensional standardisation 
to secure interchangeability where 
the replacement of parts is an im-
portant consideration. 
The object of the Committee, 

which will have offices in London 
and New York, will be the promo-
tion of the maximum possible co-
ordination and unification of stan-
dards necessary for the war effort 
and the immediate post-war period. 
The promulgation of the standards 
will be the responsibility of the 
National Standards bodies of the 
United Nations. 

"THE LONGEST WAY ROUND... 
T HE principle of avoiding zones of ionosphere dis-

turbance by passing signals through relay 
stations situated in equatorial regions, as discussed 
in the May Wireless World, is employed by Cable 
and Wireless to increase the reliability of Empire 
communications. For several years, the difficulties 
of operating the London-Montreal circuit, which, by 
the direct path, encroaches on disturbed polar 
regions, have been avoided by relaying signals via 

Ascension Island. A new relay station to serve both 
the London-Montreal and London-Melbourne circuits 
has now been opened at Barbadoes (B.W.I.). Perth 
(Western Australia) is also employed as a relay for 
the east-about London-Melbourne service. Still 
another relay station for this route is being built at 
Colombo, Ceylon. All these automatically operated 
short-wave wireless links are shown on the accom-
panying map. 
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AUTOMATIC RADIO RELAYING 
Some Genera/ Considerations 

T HE successful operation of a 
long-distance line telephone 
system depends upon the 

use of numbers of unattended re-
lays (repeaters), yet the idea of 
automatic relaying stations in a 
radio communication system is 
still looked upon as a somewhat 
daring innovation. In regard to 
television signals, some engineers 
still consider the relaying of the 
radio signal as more difficult than 
transmitting the video signal over 
a cable, in spite of the difficulties 
experienced on the London-Bir-
mingham coaxial cable. What 
then accounts for so slow a de-
velopment of radio relaying?* 
One reason for the early 

development of closely spaced re-
peaters on line telephone systems 
was the need for an approximately 
constant level of speech power at 
all points in the system, so that 
there was no need for adjustments 
in the individual subscriber's ap-
paratus for calls over different dis-
tances. This consideration has 
not so far been applicable to radio 
communications, because thy 
greater inherent difficulties of 
operation have made it essential 
to retain human supervision of 
the communication channel and 
have caused terminal equipment 
to have a wide range of available 
gain. For example, the receiver 
in a short-wave radio telephone 
system will have a wide range of 
automatic gain control to counter-
act fading, but there is still the 
risk of abnormal propagation con-
ditions in the ionosphere which 
would require the operator to in-
tervene and transfer communica-
tion to another channel on a dif-
ferent frequency (if available). In 
radio working, therefore, the ten-
dency is first to make the receiver 
as sensitive as possible so as to 
work to the maximum distance 
from a transmitter of given power. 
An additional gain of 6 db. in the 
receiver (2: i in voltage sensitiv-
ity) would ideally be equivalent 
to doubling the field-strength; but 
the latter would involve a four-
* The so-called " radio relays," which dis-

tribute B.B.C. programmes by wire at audio 
frequency to individual subscribers, never 
were true radio relays, and some of them 
which obtain their programmes directly by 
land-line from B.B.C. studios now have no 
connection with radio at all. 

By D. A. BELL, 
M.A. 

TELEVISION RELAY.—An 
artist's conception of an un-
attended " lighthouse " relay 
station, suggested by RCA 
Laboratories in America for 
the nation-wide distribution of 

television. 

fold increase in transmitter power; 
e.g., from 25 kW to Rio kW, 
which would be far more costly 
than increasing receiver sensi-
tivity. (Gain in received signal 
level through increase of trans-
mitter power has been described 
as " gold-plated decibels" on 
account of the high cost.) 
But a limit to useful receiver 

sensitivity is reached when it can 
handle a signal which is right 
down to the noise level; this level 
is set by 'different factors at dif-
ferent radio frequencies. Atmo-
spherics and interference from 

electrical machinery are domin-
ant at the lower frequencies and 
the inherent noise level of the re-
ceiver at the higher radio frequen-
cies. Here we have a fundamen-
tal problem of communication 
systems, which in line working is 
solved by the use of repeaters but 
in radio working has usually been 
solved only by an increase of 
transmitter power and directivity. 
The difference in tactics arises 
from a fundamental difference be-
tween the two systems; in a loss-
free telephone wire the signal 
strength would not decrease with 
distance, but a radio signal in 
loss-free space would still show a 
decrease of amplitude with dis-
tance due to the spreading of the 
energy over a greater volume as 
the radius from transmitter to 
wave-front increases. If one in-
stalled a relay station with non-
directional aerial half-way be-
tween a transmitter and receiver, 
most of the energy from the relay 
station would not go in the direc-
tion of the receiver, but in all 
other directions, including back to 
the transmitter. Of course one 
would use " beam " aerials if the 
wavelength were short enough, 
but there would still be a con-
siderable spread of energy. On 
world-wide short-wave systems, 
another problem is to know where 
to put the relay station, since the 
signal may go one way or the 
other round the world according 
to which side is in darkness. 

Since it has become possible 
to build high-power transmitters 
which would normally send sig-
nals to the far side of the world, 
there has not been much encour-
agement to build a chain of 
several stations, each of fairly 
high power, to do the same job; 
the occasions when long-distance 
communication was prevented by 
specially unfavourable propaga-
tion conditions were regarded as 
unavoidable natural events. Con-
tinued study of the ionosphere 
has brought a much greater un-
derstanding of such phenomena, 
and a more hopeful attitude; it is 
now proposed (see Wireless 

• World, May, 1944, p. 140) to erect 
a chain of stations so that traffic 
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which would formerly have been 
transmitted directly from one side 
of the world to the other, with a 
risk of occasional interruptions, 
can in future be passed over per-
haps half a dozen shorter links, 
each of which will be very nearly 
oo per cent. certain in operation. 

Greater reliability would be ob-
.tained by this system, but the 
operating costs might be higher. 
An entirely different set of con-

ditions holds when we come to 
decimetre and centimetre wave-
lengths. In the first place, their 
propagation is approximately opti-
cal, so that communication appre-
ciably beyond the horizon. (as seen 
from the top of the transmitting 
aerial) can only be secured by the 
use of relay systems; and the ex-
pense of increasing the range of 
a station on such wavelengths is 
not that of increasing the power 
but of increasing the height of the 
aerial mast or tower. Secondly, 
the directivity of aerials is so 
much greater that the system can 
be made to behave as a series of 
well-defined channels between 
transmitters and receivers, almost 
like a wire communication system. 
Finally, the amount of fading ex-
perienced is small (provided there 
are no large objects moving in the 
vicinity), so that ;there is little 
need for variations in receiver 
gain; this also resembles land-line 
conditions. 
One of the difficulties of all 

radio relaying systems is to pre-
-vent feed-back between transmit-
ter and receiver at the relay sta-
tion, since this would cause 
oscillation. On the longer wave-
lengths the only solution is to use 
separate frequencies for transmis-
sion and reception, i.e., the signal 
changes its carrier frequency in 
passing through the relay station. 
For VHF working it has been sug-
gested that the feed-back between 
transmitting and receiving aerials 
could be neutralised (Patent No. 
541796, see Wireless World, June, 
1942; p. 152), but usually a 
change of frequency will be the 
safer plan. An objection which 
has been raised to the relaying of 
television signals is that the signal 
would be detected in the receiver, 
amplified, and used to modulate a 
fresh transmitter on a different 
carrier frequency, and the pro-
cesses of detection and modulation 
are both likely to introduce some 
distortion. But there is an alter-
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native method; suppose the signal 
is received on a carrier frequency 
of 500 Mc / s, and it is desired to 
relay it on a frequency of 520 
Mc / s. The 500-Mc / s signal could 
be given some RF amplification 
and then applied to a mixer valve 
together with a locally generated 
frequency of 20 Mc / s and the 
desired 520 Mc /s signal selected 
from the output of the mixer and 
amplified up to the required power 
for re-transmission. Besides avoid-
ing the risk of distorting the 
modulation in the detection and 
re-modulation processes, this 
method reduces the frequency 
stability requirements at the relay 
station. For the local oscillator 
provides only 4 per cent, of the 
relayed carried frequency, and so 

in io€ stability of local oscillator 
would become r in 25 x roe 
stability of relayed carrier. 

There is therefore a good case 
for long-distance VHF communi-
cation systems based on highly 
directional aerials and automatic 
relaying stations at appropriate 
intervals. It has been suggested 
in this country that such a relay-
ing system should be used for dis-
tributing our television services to 
transmitters in various parts of 
the country, and in U.S.A. fre-
quencies of the order of 300 Mc / s 
are already used by sound broad-
casting stations to replace tele-
phone lines as the programme link 
between studio and transmitter. It 
had even been suggested in U.S.A. 
that a VHF communications net-
work might grow up which would 
rival the ordinary line telephone 
networks. It is certainly a branch 
of radio which, in its various 
applications, should have an 
important future. 

RANDOM RADIATIONS 
 By "DIALLIST"  

Old Friends Again 
A s i write, our long-awaited in-

vasion of the Continent of 
Europe has just got under way. 
Like a good many others, probably, 
I heard the first news of its starting 
from a German station picked up by 
chance. In my excitement, I did 
not make a note of what station it 
was, so it may have been either a 
real German, or a station in one of 
the occupied countries broadcasting 
willy-nilly in that language. It may 
not be long—I hope it won't— 
before we have some of the old 
friends we used to know so well in 
Norway, Denmark, Holland, France 
and Belgium transmitting again in 
their own tongues all the time and 
sending out their own programmes 
instead of the unpleasant mixture 
prescribed for them by Dr. Goebbels 
and his minions. What a joy it will 
be to be able to tour round the 
medium-wave and long-wave bands 
once more and hear stations in 
liberated countries being their true 
selves again. It may be some little 
time, though, before they are all 
back with us, for many stations will 
be wrecked by the hazards of war or 
deliberately by the retreating 
Boche. 

D OD 
A Fresh Start 

ONE thing that the war, or rather, 
the peace which follows it, 

should be able to do for wireless is 
to clean up and set in order the 
wavebands assigned to broadcast-

ing. You remember the pre-war 
semi-chaos, which conferences, plans 
and much hard work on the part of 
the U.I.R. had failed to straighten 
out? Many countries entered whole-
heartedly into the various agree-
ments and carried out their con-
ditions in the spirit and in the letter; 
but there were others which were 
not so scrupulous and either didn't 
or couldn't make all the stations 
within their boundaries obey the 
rules. At the end of the war there 
will be a glorious opportunity of 
setting all this to rights and of form-
a governing body for broadcasting 
in Europe as enlightened and as 
powerful as the Federal Communica-
tions Commission in the United 
States. One thing that most of us 
would like to see is a return to the 
original so-kilocycle separation be-
tween channels: the 9-kc is separa-
tion in operation when the war 
broke out was not sufficient to 
ensure decent quality or to prevent 
heterodynes. 

The Way Out ? 
How are we ever going to find a 

way of fitting the quart of European 
stations into the pint pot of channels 
available for them to operate upon? 
Even if the fullest use were made 

of synchronisation and of common 
channels, I doubt whether any 
scheme could be devised which 
could make it possible for all the 
stations existing in 1939 to work 
without mutual interference on the 
medium- and long-wave bands. 



Something may be done by reducing 
the numbers of stations in countries 
which had more than they really 
needed to give a satisfactory ser-
vice; something, too, by increased 
compulsory use of directional or 
semi-directional aerials. Severe 
penalties for wavelength-wandering 
would help to some extent. But 
none of these things will provide a 
complete answer to the problem. 
‘Vhat I hope to see is an increasing 
use of VHF high-fidelity relays, fre-
quency modulated for choice, in all 
countries. It would be necessary 
for each to retain a few medium-
wave or long-wave stations for the 
benefit of those who have receivers 
suitable only for these wavelengths 
and for amplitude modulation. But 
once the advantages of the VHF 
relay scheme (whether or not it is 
used in conjunction with vision 
broadcasts) are fully realised, and 
once the listener has come to appre-
ciate the close approach to perfect 
quality of reproduction and the free-
dom from mutual interference ob-
tainable with VHF, I believe that 
it will not be long before the bulk 
of broadcasting is done in this way. 
It seems the best and simplest of 
solutions of the European wave-
length tangle. But there's a snag— 
and a big one: we can't make full 
and free use of VHF unless and 
until certain kinds of easily pre-
ventable man-made static are out-
lawed by Act of Parliament. 

D OD 
Aids to Memory 

TH"13 I gave last month about decimals of sevenths is a useful 
one that has served me in good 
stead. When I said that it came in 
handy when you are working with 
I meant, of course, that it did 

so only as long as 22/7 is taken as 
a sufficiently accurate approxima-
tion to ir for the work in hand. 
Though it gives you accurately the 
decimal for any number of sevenths 
from one to six, it obviously won't 
help if 22/7 is not close enough. 
Talking of ir, one reader sends me 
an ingenious way of remembering 
its reciprocal. All that you have to 
do is to ask yourself: " Can I re-
member the reciprocal? " The 
answer is in the number of the 
letters in those five words-3, r, 8, 
3 and ro: r/w is 0.318310. That's 
one of the neatest that I've come 
across. What is curious is the 
number of readers who, in sending 
me tips about quick ways of doing 
mental calculations, give examples 
on paper—and get the answer 
wrong! The errors are always due 
to some little slip-up in the simplest 
of multiplications or additions. It's 
very comforting to find that others 
besides one's self are liable to these 
slight mental aberrations. I have 
an incurable habit, when what I'm 
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pleased to call my brain is getting 
tired, of adding instead of multiply-
ing or vice-versa: five nines are 
fourteen and that kind of thing. 
Does anyone know a remedy? 

0 0 0 

AC and DC 

HEAPS of readers sent in solu-
tions of the Watte-Knowse 

problem: What would an accurate 
moving-iron ammeter record if it 
were passing simultaneously 3 amps 
DC and 5 amps AC? The majority 
got the answer right, but the wrong 
answer numbered not a few. Is it 
not a fundamental principle that 
when any number of currents of dif-
ferent frequencies are carried by a 
conductor the RMS value of the re-
sultant current is the square root 
of the sum of the squares of their 
RMS values? Regard the DC com-
ponent as AC of zero frequency and 
RMS value 3 amps, and there you 
are. Should you require proof that 
the rule is of general application 
you can obtain it by integrating 
over one cycle. 

Another Problem 
One correspondent sends me 

another problem which, though 
quite straightforward, may be of 
general interest. Here it is. One 
anode lead of a bi-phase mercury 
arc rectifier is carrying intermittent 
direct current in the form of square 
pulses of roo amps. The duration 
of each pulse is o.or second and the 
interval between pulses also o.or 
second. Now, what is.the minimum 
current rating of the anode lead 
cable? As the combined output is 
roo amps, would a 50-amp cable be 
permissible for the individual anode 
lead? 

0 

Standard Terms 
A N excellent article on the sub-

ject of standardised electrical 
terms appeared in a recent issue of 
Electrical Review. It pointed out 
the importance of using the correct, 
up-to-date terms, which have the 
advantage of meaning what they 
say and saying what they mean. 
Many of us (I know I'm guilty) pick 
up a wire-wound or composition 
component and say " this is a 
20,00o-ohm resistance." We should 
by rights refer to the concrete object 
as a resistor: it possesses the 
abstract property of resistivity and 
has a resistance of 20,000 ohms. So 
with inductor, inductivity and in-
ductance; reactor, reactivity and 
reactance; conductor, conductivity 
and conductance and the rest. Old 
habits die hard and it is not easy to 
cure oneself of talking about coils, 
condensers and so on; but they are 
very loose terms after all, for a wire-
wound resistor is a coil, and so, 
very often, is a lamp filament. The 
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word " condenser" is really mean-
ingless in electricity, though not in 
steam engineering. Another point 
made in the article is that the mis-
use of abbreviations of electrical 
terms is far too common. How 
often does one see MA for milli-
ampere instead of mA, mfd. for 
microfarad (piF) and either SZ or mil 
for megohm (Mû)? Another mis-
leading abbreviation is mc for Mc/s. 
The general use of accepted terms 
and abbreviations makes the read-
ing of articles and textbooks far 
easier and is therefore to be 
encouraged in every way. 

NEW WIRELESS WORLD" 
BOOK 

Guide to the Ionosphere 

TN the " good old days" of wire-
less we managed to achieve long-

distance communication before any-
one really knew how electro-mag-
netic waves travelled to their 
destination. That fact was recently 
emphasised in a speech by Prof. 
G. W. O. Howe, reported elsewhere 
in this issue. But those days are 
past; now, a wireless man cannot 
go very far without at least a work-
ing knowledge of wave propagation 
—especially if he is concerned with 
waves of from, say, ro to roo metres 
in length and with a world-wide 
range. Indeed, we are reminded 
almost every day of the growing 
importance of the work of the 
" ionospherist." 
A new book, issued from the 

offices of Wireless World, aims at 
imparting the kind of knowledge on 
this subject that is most widely 
needed. " Radio Waves and the 
Ionosphere," by T. W. Bennington, 
is believed to be the only book of its 
kind in existence. It sets out, in 
the author's words, to explain 
propagation phenomena in language 
as simple as is possible, without any 
mathematics. Though it is primarily 
written for the professional radio 
technician, it can, as Sir Edward 
Appleton says in a Foreword, be 
recommended as a friendly and well-
informed guide to anyone interested 
in long-distance radio communica-
tion. 
A good idea of the scope of this 

little book—and of its orderly and 
logical layout—can be gathered 
from the chapter headings: Ground 
Waves and Sky Waves; The Sun 
and the Ionosphere; How the Iono-
sphere is Sounded; Ionosphere 
Variations; Long-distance Trans-
mission; Ionosphere Disturbances 
and Other Abnormalities. 
" Radio Waves," which is, illus-

trated by 27 figures, is issued by our 
Publishers, Iliffe and Soils Ltd., 
Dorset House, Stamford Street, 
London, S.E.r, at (is. net; by post « 
6s. 4d. 
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NON-INTERFERING AC MOTORS 
The Induction Type and Its Limitations 

T is often suggested that greater 
use might be made of the in-
duction motor by manufac-

turers of small appliances. In the 
first place this type of machine has 
no commutator and cannot, there-
fore, be guilty of radio interfer-
ence which arises from this source 
and, in the second place, its con-
struction is much more simple and 
robust, which should result in 
cheaper first cost and a longer life 
without attention. Manufactürers 
of small appliances are not un-
aware of this situation and their 
designers are constantly examin-
ing the problem, but, unfortun-
ately, the induction motor has 
certain disadvantages as com-
pared with the commutator motor 
and it is the limitations imposed 
by these disadvantages which 
make it impossible to substitute 
the induction motor for the com-
mutator motor in many directions. 

Split-phase Induction Motors.— 
The parts of a typical single phase 

h.p. induction motor are shown 
in the accompanying illustration. 
The stator is built up from lamina-
tions suitably held together, in the 
slots of which are wound coils of 
insulated wire. The stator may 
be wound for any eveà number of 
poles, although there are practical 
limitations to this, as will be ex-
plained later. 
The rotor comprises a core of 

steel laminations through the slots 
of which pass uninsulated copper 
bars which are soldered or other-
wise fixed to copper end rings, 
thus forming a solid indestructible 
mass. The single-phase induction 
motor has no inherent starting 
torque and, therefore, an auxiliary 
winding of some description must 
be provided to produce a modified 
two-phase field system during the 
starting period. 
In the case of power motors 

such as that illustrated, it is usual 
to employ a starting winding 
which is wound in a similar man-
ner to the main winding and either 
has a high resistance or else is 
connected in series with an electro-
lytic condenser so that its power 
factor is appreciably different 
Ír91:11 that of the main winding; 
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i.e., there is a phase displacement 
between the two windings. This 
auxiliary winding is cut out of 
circuit as the machine approaches 
full speed, generally by means of 
a centrifugal switch. 

Smaller induction motors used 
for other purposes have a simpli-
fied stator construction, depend-
ing on performance requirements. 
For instance, in the case of a desk 
fan four salient poles are used so 
that the main winding is concen-
trated in one coil instead of being 
distributed around the periphery. 
A reasonable flux distribution in 
the air gap is obtained by making 
the curvature of the pole face a 
greater radius than the air gap so 
that the gap is a minimum at the 
centre of the pole and increases 
towards the tips. At a position 
approximately one third from the 
edge of the pole a slot is made. A 
single copper coil is put around 
this third of .a pole and the cur-
rent which is induced in this coil 
produces a secondary flux suffi-
cient to provide a starting torque. 

Speed.—The speed of an in-
duction motor is a function of the 
frequency of the supply and the 
number of poles for which the 
stator is wound, and is given by 
the formula :— 

N  — 2f x 6o 

where N is the synchronous speed 
in r.p.m.; f, the frequency in 
cycles per second; and p = the 
number of poles. 

In practice, however, the induc-
tion motor does not run at syn-
chronous speed, except that on no 
load it does so very nearly. The 
machine runs at a speed slightly 
less than synchronous, the differ-
ence being called the " slip." The 
slip increases with the load until 
the point is reached where the 
motor is exerting the maximum 
running torque of which it is 
capable. In fractional horse 
power motors the slip at full load 

is of the order of 5 per cent. to 
ro per cent. In a I h.p. four-pole 
5o-cycle motor, the synchronous 
speed is, therefore, 1,5oo r.p.m., 
and the full load speed is about 
1,420 r.p.m. In smaller machines, 
especially where the " shaded pole 
construction" referred to above 
is used, the slip is much greater. 
Thus the speed of a four-pole 50-
cycle desk fan would probably be 
about 1,150 r.p.m. 
Where it is possible to provide 

a supply of abnormally high fre-
quency, an induction motor may 
be used at a high speed. For 
instance, in a factory where a 
large number of portable tools is 
used, it is quite an economical 
proposition to install a frequency 
changer to provide, say, 200 

cycles, in which case small 
portable tools fitted with two-pole 
induction motors will have a syn-
chronous speed of 12,000 r.p.m. 
In this case also a three-phase 
system can be used, and thus the 
starting torque difficulties which 
are present in a single-phase in-
duction motor are eliminated. 

Torque.—It has already been 
indicated that the major difficulty 
with the single-phase induction 
motor is to provide a starting 
torque. The means adopted 
depends on the load for which 
the motor is to be used. The 
lower the starting torque required, 
the cheaper can be the means for 
providing it. For instance, the 
motor which is used to drive a 
domestic refrigerator must have a 
high starting torque, and this 
torque must be provided without 
drawing an excessive current 
from the mains. Consequently 
the capacitor arrangement is 
used; i.e., the starting winding is 
connected in series with an elec-
trolytic condenser. This is, re-
latively speaking, the most 
expensive arrangement. At the 
other end of the scale, where the 
load on the motor is a fan or some-
thing else where the starting 
torque required is very low, the 
cheap shaded pole construction is 
good enough, provided the loss of 
efficiency which results from its 



being permanently in circuit can 
be tolerated. 

Substitution of Induction 
Motors for Commutator Motors.— 
To begin with, it must be clearly 
appreciated that the commutator 
motor used in small appliances is 
invariably a universal motor; i.e., 
it is designed to run on DC as well 
as AC. Although considerable 
progress has been made in the 
adoption of a standardised 30-
cycle supply, one is often sur-
prised at the extent to which DC 
is still found. Any manufacturer 
who decided, therefore, to adopt 
an induction motor to drive a cer-
tain appliance where a universal 
motor previously had been used 
would either be unable to supply 
customers on DC or else would 
have to run a separate design for 
DC, which would generally be 
found to be uneconomical. 

Speed Limitation.—Not only 
does the commutator motor run 
at high speeds, but, in fact, it 
can only be de-
s igned as a 
really successful 
universal motor 
if it does run at 
high speeds. 
The speeds in 
question are of si AMR 
the order of 
io,000 to 15,000 
r . p . m. The 
maximum ob-
tainable with an 
induction motor 
is 3,000 r.p.m., 
less slip, say, 
2,800, but, in 
actual practice, 
it is found that 
a two- pole 
motor is more 
difficult to pro-
duce than a 
four- pole. 
Owing to the 
fact that the 
stator coils 
must span 
nearly 18o deg., the ratio of 
active material to inactive is less 
favourable, and it is also found 
more difficult to obtain a good 
starting and running-up torque. 
However, assuming that for any 
given application a satisfactory 
two-pole motor can be made, the 
speed would still be far below that 
at which a universal motor has 
been run. On a domestic vacuum 
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cleaner, for instance, the universal 
motor runs at about 8,000 to 
to,000 r.p.m. It has been sug-
gested that an induction motor 
could be used in conjunction with 
gears. The difficulties here would 
be the cost of the gears and the 
absolute necessity of ensuring that 
they would run without any 
attention whatever for many 
years without causing any trouble. 
It is probable also that they 
would increase the noise, which is 
already considerable. More likely 
solutions are either the use of im-
pellers of larger diameter or a belt 
drive from the motor to the im-
peller. The latter would suffer 
from the disadvantage that the 
belt life is bound to be relatively 
short, and even if this item were 
easily replaceable, it would prob-
ably still constitute a vital ob-
jection. 

Torque and Speed Control.— 
Although in some applications, 
e.g., for vacuum cleaners, the low 
starting torque of an induction 
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impossible to run at intermediate 
speeds. Apart from the fact that 
the speed-torque characteristic of 
the induction motor does not lend 
itself to speed control, as soon as 
the speed is brought down below 
the cut-out speed of the centri-
fugal switch, the starting winding 
comes into operation, and this 
cannot be allowed as the winding 
is only short-rated. 

Weight. — Horse-power and 
speed conditions being equal, the 
induction motor is inherently 
rather lighter than a commutator 
motor, but if a comparison is 
drawn between an induction 
motor of a certain horse power 
running at, say, 2,800 r.p.m. with 
a universal motor of the same 
horse power running at, say, 9,000 
r.p.m., the commutator motor is, 
of course, a very great deal 
smaller and lighter simply because 
it is developing the horse power 
at a very much higher speed. The 
consequence is that even if the 
low speed of the induction motor 

could be com-
pensated for by 
the use of gears, 
a belt drive or 
some other way, 
the designer is 
still up against 
the difficulty of 
weight. In very 
many small ap-
pliances this 
would be an in-
superable 
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Cut-away view of a typical small induction motor, made by G.E.C., 
showing construction and salient features. 

motor would not be an objection, 
in others it would. A more serious 
problem is that of speed control. 
There are many instances where 
small appliances are required to 
run over a range of speeds, and 
when a universal motor is em-
ployed this is easily arranged. A 
sewing machine motor is a good 
example of this. If an induction 
motor were employed, it would be 

Synchron-
ous Motors.—A 
synchron-
ous motor is an 
A C machine 
which runs at 
synchron-
ous speed. In 
the case of large 
machines (true 
synchron-
ous motors) the 
rotor is excited 

from a DC supply so that 
it presents alternate north and 
south DC poles to an AC stator. 
The result is that once it has been 
run up to synchronous speed it 
will carry its load at that speed. 
In the case of small machines, 
however, this arrangement is a 
practical impossibility. The so-
called small synchronous motors, 
therefore, are not true synchron-
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Non-interfering AC Motors— 
ous motors at all, but rely for 
their operation by taking advan-
tage of certain phenomena asso-
ciated with rotating machines. 
The simplest example is that of 
the synchronous squirrel cage 
motor. If the rotor of the squirrel 
cage motor shown in the illustra-
tion is built up with pieces re-
moved from the rotor core so that 
the core presents four salient 
poles, the squirrel cage winding 
being in position, it will be found 
that the motor will start up as an 
induction motor, but will run at 
synchronous speed. It will also 
be found, unfortunately, that at 
synchronous speed it will not de-
velop more than about / 12th 
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h.p. and if it is loaded beyond 
this, it will fall out of step and 
run as an induction motor at a 
slip speed, but owing to the loss 
of active material from the rotor 
it will be very inefficient and will 
not develop its original I h.p. 
In smaller motors still, e.g., 

those in electric clocks, very many 
ingenious " freak" designs have 
been produced. These generally 
rely on cogging" effects which, 
in the case of large machines, are 
a nuisance to designers. 

In the case of all these 
machines, however, the maximum 
power developed is very small in-
deed and, therefore, their use for 
anything but these very small 
applications is quite impossible. 

BOOK 
Radio Technology, by B. F. Weller, 
. A.M.I.E.E. Pp. 358; 113 figures. 
Chapman & Hall, II, Henrietta 
St., London, W.C.2. Price 21S. IN spite of the large . number of 
books on radio which has been 

published during the last few years, 
there is still a definite need for 
something intermediate in size and 
standard between elementary expo-
sitions and full-sized text-books. 
With this volume Mr. Weller has 
made a very able attempt to fill this 
gap. 
Fundamentals of the subject are 

provided by the first two chapters, 
the first dealing with resistance, 
inductance and capacitance, and the 
second with the generation and 
detection of electromagnetic waves. 
Considerable space is devoted, in 
Chap. II to coupled circuits. Chap. 
III introduces thermionic emission 
and describes the use of diodes for 
detection of modulated RF and 
mains rectification. Triodes, tetrodes 
and pentodes and their applications 
in detection and AF and RF volt-
age amplification are described next, 
and after a chapter on class A, B 
and C amplification, the author 
deals with oscillators, RF power 
amplifiers, quartz crystal control 
and their use in telegraph trans-
mitters. Naturally enough, the next 
chapter (VII) on telephony trans-
mitters deals with microphones, the 
broadcasting chain and modulation 
systems. 

Receivers are next treated, Chap. 
VIII describing the " straight " and 
Chap. IX the superheterodyne 
types, and the final chapter deals 
briefly with propagation conditions 
and in detail with transmitting 
aerials and feeder systems. 

• The book has quite a high mathe-
matical standard and several of the 
well-known differential equations 
are encountered in it. The diagrams 
throughout are excellent, although 
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one or two textual errors are pre-
sent in some of them (in the cap-
tions of Fig. 3, p. ro and Fig. 37, 
p. 116, for example). 
Many books dismiss the large 

subject of transmitters in a few 
pages. The author deserves con-
gratulations for producing a book in 
which equal space is devoted to 
transmitters and receivers. It is 
also extremely pleasant to see the 
subject of aerial feeder systems ade-
quately treated. A somewhat uh-
fortunate feature is, however, that 
the author has used the familiar and 
convenient " it can be shown" at 
least ten times in the first 30 pages 
in spite of his intention, voiced in 
the preface, to avoid this and equi-
valent phrases. In spite of the 
absence of any references to fre-
quency modulation or television, 
which some may consider a serious 
omission, the book can be con-
fidently recommended, and should 
prove a valuable contribution to 
radio literature. S. W. A. 

"MUSIC WHILE YOU WORK" 

"pOLLOWING an investigation of 
the effect of music in relation 

to repetitive manual work the 
American War Production Board 
has issued some interesting findings 
which are based on the result of a 
survey covering roo war plants in 
all parts of the United States. Of 
the plants visited 76 were using re-
corded programmes for their music 
sessions whilst the remaining 24 em-
ployed either bands or orchestras 
mainly recruited from the staff. It 
should perhaps be pointed out that 
there are no broadcast programmes 
similar to the B.B.C.'s " Music 
while you work" shows transmitted 
in the United States. 

Considerable space in the report 
is devoted to the effect of music on 
morale, production, etc., and to the 
length and frequency of pro-
grammes, but we will confine our-
selves to a few technical findings. 

It is stated that given efficient 
technical equipment and enough 
loudspeakers music was found to be 
perfectly audible to workers even 
above a noise level of roo decibels, 
or more. The explanation is said 
to be that the ears of workers be-
come attuned to the noise in which 
they work and which actually forms 
for them a background to the music. 
The importance of maintaining 

the volume at a constant level is 
stressed, and to this end it is recom-
mended that special recordings for 
reproduction in works should be 
made. Until such times as these are 
available in sufficient quantity the 
inclusion of a volume expander in 
the amplifier is recommended. 

In many cases programmes were 
being relayed over PA systems 
originally installed for paging people 
through the works. These were, of 
course, found to be unsuitable as 
they are not designed for the wide 
frequency coverage necessary to 
reproduce music. 
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RADIO DATA CHARTS-16 
Voltage Gain of Resistance-Coupled 

THE formula for the gain of 
a resistance-coupled ampli-
fier (Fig. s) is given by 

the relation 

M =  
Ra/RL I 

(s) 

Where 

M -- voltage gain, 
--- amplification factor of 

valve, 

R. = anode resistance of 
valve, 

and RL -- load resistance. 

This presupposes that u and R. 
are known for the valve in ques-
tion, and this data is usually 
given by the valve manufacturer. 
By substituting the familiar valve 
relatión 

(2) 
where gm = mutual conductance 

Fig. 1. Resistance-coupled am-
plifier, CB is a blocking condenser 
and C a condenser whose re-
actance is low compared with Ro 
at the lowest frequency to be 

amplified. 

of valve, into ( s) we obtain the 
equally familiar formula 

M — gRL 
Rte. -I- I 

which may be reduced to 

M = gRL (3) 
when R. is very large compared 
with RL as is often the case when 
pentodes are used. This formula 
(3) will always give too high a 
result: so per cent. high when 
120 = ToRL, i per cent. high when 
R. = iooRL, and so on. In 
practice, valve manufacturers 
usually quote gm and Ra for 

By 

J. McG. SOWERBY, 
B.A., Grod.I.E.E. 

(By permission of the Ministry of Supply) 

pentodes, so that if equation (r)— 
on which the present chart is 
based—is to be used, ei must first 
be found from (2), and so the chart 
has been designed to cover this 
relation as well as ( 1). If (3) is 
sufficiently accurate in any given 
case, no chart is required, as the 
formula is so simple. Thus to 
calculate the gain of a resistance-
coupled triode (et and R. known) 
the chart is used directly. To 
calculate the gain of a resistance-
coupled pentode (en and 120 
known) is is first found with the 
chart and then the same pro-
cedure as for the triode is followed. 
This will be brought out in the 
examples. 
Now suppose that to reduce 

distortion (or for some other good 
reason) negative feedback is used. 
The gain is then reduced to 

M' • • (4) 
— (31\1 

and for negative feedback (3 is 
negative. The chart is also 
designed to cover this formula 
when M and 0 are known, as well 
as ( z) and (2). There are many 
ways of producing negative feed-
back and controlling the fraction, 
/3, of the output fed back in anti-

Fig. 2. Single-stage amplifier 
with current negative feedback-
general case. Rb = bias resistance, 

R1= feedback resistor. 

Amplifiers 
phase to the signal at the point 
of application. Moreover, there 
are two main kinds of feedback— 
known as current and voltage 
feedback. Current feedback is 
usually applied only to one stage, 

Fig. 3. Cathode follower whose 
gain is always less than 1. 

as shown in Fig. 2, and the gain 
is given by 

M' — 
ORL  

(is + 1)R, + 120 RL 

This gain may be calculated 
another way, which is more con-
venient from the point of view of 
our chart. If the gain M is first 
calculated by ( 1) it may then be 
modified by (4) by taking the 
feedback factor as 

R. 
fi —   • • (5) 

RL 

which, when r, may be 
reduced to 

R — = . .. (6) 
RL 

with only a small error, it should 
be noted that this value of fi for 
current feedback may only be 
applied to the calculation of gain, 
and may not be used indiscrimin-
ately in other voltage feedback 
formulae. In the case of the 
cathode follower (gain always less 
than s) the gain may be found by 
calculating as if R. were the anode 
load, and modifying by (4) taking 
— p = 1. A cathode follower 
stage is shown in Fig. 3. 
A single stage with negative 

voltage feedback might be con-
nected as shown in Fig. 4, and 
here fi is given by 

- 
R, R, 

(Concluded on page 211) 

R, 
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Radio Data Charts-16 
and M' may be found from (4) 
when M is known. 

inspection of the chart and 
examples show that to find M' 
when M and p are known, only a 
pair of adjacent scales are used, 
and so these have been extended 
to cover gains greater than would 
be met with in a single stage, so 
that the effect of feedback on 
multi-stage amplifiers (Fig. 5) 
may be found. The gain without 
feedback may be found by multi-
plying the gains of the individual 
stages together in the usual way, 
and these individual gains may be 
found from the chart. The feed-
back factor — ft) will depend on 
the arrangement chosen, but can 
usually be made dependent only 
on the ratio of a pair of resistances. 
EXAMPLE I.—Let US first use 

only the p and M scales to find the 
effect of feedback on gain. 
A multi-stage amplifier has a 

gain of 2,000 without feedback. 
Negative feedback is applied from 
output to input so that fi= O.0035. 
What will the new gain be ? 

Opposite 2,000 on the M scale 
is 0.00105 on the fi scale. Adding 
0.0035 we obtain 0.004, and 
opposite this is 250 on the M 
scale—the new gain. 
Now suppose that (due to 

ageing of valves, etc.) the gain 
without feedback falls to 5,500. 
Then opposite 1,500 is found 
o.00066. Adding 0.0035 we obtain 
0.00416, and the corresponding 

Fig. 4. Single-stage amp ifier 
with negative voltage feedback. 

gain is just under 240. Thus a 
change of 25 per cent. in valve 
performance results in, only 4 per 
cent, change in gain, and so con-
siderable stabilisation has been 
effected—though at the expense 
of gain. 

Wireless World 
EXAMPLE 2.—A triode of it --- 34 

and R., = ,ocoo 12 is loaded with 
60,00o Q. What is the gain ? 

( a ) 

(b) 

3 

211 
which is the gain with the goon 
bypassed). Now find the feed-
back factor, which is very nearly 

Fig. 5. (a) Two-stage feedback amplifier. (b) Three-stage feedback 
amplifier. The feedback depends on RI and R2. 

11,000 
Now RuiRL =  = 0.1835, 

6o,000 

an joining this to it = 34, the 
chart gives M = 28.7, which is the 
required gain. 
EXAMPLE 3.—A pentode of 

gm  --=-- 1.2 mA/volt and 120 
1.25 MS/ is loaded with 150,cooS? 
(= RL) in the anode and 900S? 
cathode bias resistor (not by-
passed). What is the gain? 
Now RJR', -= 1.25/0.15 = 8.34. 

Joining gm 1.2 to R„ 1.25 we 
find et = 1500. Joining IL --- 1500 
to Ra/RL = 8.34 we obtain o.0062 
on the p scale (opposite is 16i, 

900/150,000 = o.006. Adding, we 
get o.006 0.0062 = 0.0122 and 
opposite this on the p scale we find 
the required gain to be 81.9. 

COVER ILLUSTRATION 

OUR cover illustration is from a 
photograph taken at the E.M.I. 

Recording Studios and shows a re-
cording head cutting a wax blank. 
The wax thread is removed by suc-
tion and is seen entering the tube. 
Note also the test cuts on the ex-
treme edge of the wax which ate 
made to check the accuracy of the 
depth of the groove. 

AMPLIFIERS: DESIGN DATA 

IT is regretted that all back numbers of Wireless World containing con-
structional information on high-quality AF amplifiers are now out of print. 
The only publication on this subject at present available is a reprint of 
an article describing war-time versions of the Wireless World Quality 
Amplifier. This leaflet is obtainable from our Publishers for 4¡d. by post. 
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RADIO HEATING EQUIPMENT 
IV. Interference Problems : Importance of Efficient Screening 

I T is probable that within a 
very few years many tens of 
thousands of kilowatts of 

radio power will be generated in 
this country for industrial heat-
ing. The rapid growth of radio 
heating in America is typified 
by the case of one industrial plant 
concerned with the tin plating of 
steel, in which over 3,000 kW 
of radio power is used for heating. 

It is essential to ensure that 
the enormous RF power which 
will be utilised for industrial 
purposes is not radiated to any 
appreciable extent. Great though 
the advantages may be in applying 
radio power to some heating pro-
cesses, it must not be forgotten 
that the application which confers 
the chief benefit is undoubtedly 
in the field of communications. 
There has been some talk of 

the possibility of certain fre-
quency bands being allocated 
exclusively for radio heating 
equipment. No precaution against 
radiation would then be required, 
but it would be necessary for the 
frequency accuracy and stability 
of the equipment to be of a high 
order. 

If this scheme were adopted, 
the master oscillator—power 
amplifier type of generator would 
have to be employed, and there 
are disadvantages accompanying 
the use of such equipment. The 
power amplifier containing the 
" work" in its anode circuit 
would need to be tuned accurately 
to the frequency of the master 
oscillator to ensure efficient opera-
tion. For most " work," how-
ever, the tuning will change 
rapidly during the heating cycle, 
a very sharp change occurring 
with magnetic " work" as the 
Curie temperature is approached. 

Difficulties of Frequency Control 
The desirability of the auto-

matic time control of the heating 
cycle has been mentioned earlier, 
but, when the rate of heating 
is controlled manually by an 
operator who is endeavouring to 
maintain the amplifier in tune, 
it is doubtful whether the heating 
time will be uniform for repetition 
work. There is, of course, the 

By 
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possibility of having a generator 
sufficiently powerful to induce 
heat fairly rapidly, when some-
what mistuned, and under these 
conditions, a consistent heating 
time for repetition work could 
be achieved with reasonable ease. 
Were it possible to maintain 

the amplifier in accurate tune, by 
automatic means, the full power 
could be utilised at all times. Un-
fortunately, the normal electronic 
method of automatic tuning, 
which depends upon the variation 
of interelectrode capacity of a 
valve due to the Miller effect, is 
not practicable when applied to 
circuits of large power. Again, 
the variation in tuning required 
when heating some " work " 
would be outside the range of 
such a device. It may, of course, 
be possible to achieve automatic 
tuning by a complicated and 
costly electro-mechanical system. 

Another difficulty occurs when 
the amplifier works at very high 
frequencies, for the tuning capa-
city of the tank circuit would 
then consist of the valve inter-
electrode capacity and other 
strays. Owing to the varylIng 
potentials applied to the valve 
electrodes during operation the 
Miller effect would cause a fre-
quency spread, which may result 
in an appreciable reduction in 
the output, due to mistuning. 
The allocation of fixed fre-

quency bands would be a limiting 
factor in the usefulness of radio 
heating, as there is an optimum 
frequency for the most efficient 
heating of given " work." The 
selection of the optimum fre-
quency for " work" of given 
diameter assumes some import-
ance at high temperatures when 
the permeability of magnetic 
material falls to a stable low 
value, and in all cases where non-
magnetic material is to be heated. 
The use of the more rugged self-

excited power oscillator with no 
restriction on the frequency of 
operation is obviously to be 

preferred from the industrial 
standpoint. If reasonable care is 
exercised in the design, such as the 
recommendations regarding filters 
mentioned in the previous article 
and the advice on screening which 
follows, no undue amount of inter-
ference should occur. 

Electrostatic Screening 
External electrostatic fields may 

be suppressed by placing the 
generator in an earthed metal 
cabinet, the high conductivity of 
which ensures that it always 
presents an equipotential surface. 
The electrostatic screening effect 

of a metal sheet is not affected by 
holes or long narrow slots, pro-
vided that the conductivity of the 
material is high. At very high 
frequencies the resistance of the 
material increases, and there will 
no longer be zero potential differ-
ence over the surface. The screen-
ing effect under such conditions 
is reduced, and double screening 
will be required with the outer 
screen situated not less than 
f inch from the inner one. 
The rapidly varying magnetic 

flux set up by the oscillator 
induces eddy currents, which will 
flow in a layer of the cabinet 
material. The thickness of this 
layer will be proportional to the 
square root of the specific resist-
ance of the material and inversely 
proportional to the square root of 
the frequency. The magnetic flux 
due to these eddy currents will, 
by Lenz's Law, oppose the primary 
flux creating them, and magnetic 
flux existing exterior to the cabinet 
will be negligibly small. The 
magnetic screening of the cabinet 
will not be affected by the presence 
of holes, provided that their 
diameter is very small compared 
with the wavelength of oscilla-
tion. Slots in the cabinet, how-
ever, may pass radiation if they 
are parallel to the lines of magnetic 
flux set up by the oscillator tank 
circuit. 
The presence of the cabinet 

surrounding the tank coil will have 
the effect of reducing the induct-
ance, while increasing the effective 
resistance of the tank coil, after 
the manner of shorted turns 



coupled to it. A reduction in 
" Q" will normally result, but 
there are isolated cases where the 
damping is largely imposed by 
dielectric losses exterior to the 
coil, and in these instances the 
presence of the screening cabinet 
may improve the value of " Q." 
The interposition of a high con-
ductivity screen between the tank 
coil and large masses of high 
resistivity ferromagnetic material, 
which may unavoidably be in 
close proximity to the oscillator, 
may also result in an improvement 
of " Q." 

In both electrostatic and electro-
magnetic screening, the containing 
cabinet must be of high conduc-
tivity material, in the one case to 
ensure that no unduly large 
potential difference may exist over 
its surface, and in the other to 
create a low-impedance path for 
eddy currents. The cabinet must 
be constructed of sheet metal, 
perforated or expanded 
metal or wire gauze. 
The Post Office recom-
mendations are that the 
size of the mesh of the 
perforated or expanded 
metal should not exceed 
three-sixteenths of an 
inch, while for wire 
gauze the size of mesh 
should be not greater 
than one-quarter of an 
inch, and the wire not 
thinner than 25 SWG. 
The bonding between 
sides or sections of the 
cabinet must, of course, 
be as electrically perfect 
as is possible, or the 
objective of efficient 
screening will not be 
attained. 
The RF power must, 

in many cases, be 
brought out of the 
screening cabinet, and 
the leads and "work" coil or appli-
cation electrodes will radiate. Two 
factors control the degree to which 
radiation will take place, namely 
the radiation resistance of the 
external system and the current 
flowing in it. The radiation 
resistance is proportional to the 
square of the ratio between the 
distance separating current carry-
ing conductors and the wave-
length of operation. It is thus 
advisable to have no widely-
spaced unscreened circuit carrying 
RF currents. 
With eddy current heating, the 
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" work" coil forms an antenna, 
the radiation resistance of which is 
proportional to the square of the 
diameter and, to a somewhat lesser 
degree, to the number of turns 
on the coil. Since, in practice, 
the diameter will usually be very 
small compared with the wave-
length of operation, there is 
likely to be no undue radiation. If 
the " work" is at some distance 
from the generator (an inadvisable 
arrangement), the leads to the 
" work" coil may consist of two 
parallel wires, and the radiation 
from these will largely cancel. 
The radiation resistance of a 
parallel wire non-resonant trans-
mission line may, in fact, be 
regarded as the same as that of a 
single wire antenna, the length of 
which is equal to the separation 
between the wires. .Since this 
distance will be negligible com-
pared with the wavelength of 
operation, radiation will normally 

Type RHz, 25o-watt radio heater by Rediffusion Ltd., 
suitable for experimental and small scale dielectric 
heating. The screened work chamber is connected to the RF 
generator by a concentric cable and a mechanical locking 
device is used to cut off the power before the screen can 

be opened. 

be very small. It is as well to 
bear in mind, however, that the 
capacities of the leads to earth 
may not be exactly balanced, and 
in high-powered installations this 
may result in appreciable radia-
tion. 
With dielectric heating, the 

higher frequency of operation 
increases radiation difficulties, but 
to pre-heat plastics for moulding, 
it is usually possible to have the 
" work " electrodes in an 
effectively screened hinged cage 
on the side of the cabinet. If, 
however, RF power is to be taken 

213 
any distance from the generating 
cabinet (again inadvisable), it 
is better, from the point of view 
of reducing radiation, to employ 
a concentric conductor, as the 
outer sheath forms an effective 
screen. The " work " electrodes 
at the far end may, nevertheless, 
have to be contained within a 
suitable screen. 

In the heating of plywood and 
other large-scale " work," the 
electrode spacing may well 
approach a half wavelength and, 
with the large power employed for 
such purposes, radiation would be 
very considerable. The room or 
cubicle containing the " work" 
would then have to be screened 
in accordance with the recom-
mendations to be found in the 
Post Office Engineering Instruc-
tions, Radio Interference, CI io, 
which is obtainable on application 
to the Engineer-in-Chief's Office 
(Radio Branch), G.P.O., Harro-

gate. 
Although the lower 

frequencies used for 
ECH tend to restrict 
radiation, trouble may 
arise if the output of 
the generator has a 
large harmonic content. 
The use of the push-
pull circuit, giving 
better waveform on 
load together with the 
suppression of even 
harmonics, is thus to 
be recommended. The 
" Q " value of the tank 
circuit when loaded has 
a large effect upon 
harmonic generation, 
and it may sometimes 
be advisable to work 
with a higher loaded 
" Q" value to limit 
the harmonic power, 
although there will, 
of course, be a 
in the efficiency of the 

generator if the optimum. value is 
appreciably exceeded. 
Any radio heater that is installed 

will require to be approved by the 
Post Office. Under present con-
ditions, equipment generating over 
ro watts of power at a frequency 
exceeding io,000 c/s is controlled 
by the Defence Regulations. Such 
equipment may only be possessed 
or used by a person holding a 
Post Office permit to do so. 
Permits are issued when the Post 
Office is satisfied with the screen-
ing arrangements. 

reduction 
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NEXT SUNSPOT CYCLE 
Low Maximum Activity Predicted 

SUNSPOT cycles are of some 
interest to radio men because 
of the fact that the ionisation 

of the upper atmosphere, which 
controls the frequencies usable for 
short-wave communication, varies 
in sympathy with them. During 
1944 the present cycle is expected 
to come to an end, and indications 
of the beginning of a new cycle 
have already been observed by the 
astronomers, some of which were 
described in this journal earlier 
in the year.' But we cannot be 
at all sure about the exact time 
of minimum sunspot activity, nor 
about the way in which the solar 
activity will vary after the mini-
mum is passed. 
However it is interesting to 

learn the latest ideas upon this 
subject, and A. H. Shapley has 
recently given his views in an 
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high-latitude sunspot (all the spots 
of the old cycle appear in low 
solar latitudes towards the end of 
the cycle). In the case of the 
coming cycle Shapley considers 
this to be a small spot which was 
observed for one day only in Lat. 
32 deg. On Dec. 20th, 1942. Thus, 
using the decimal date system, he 
makes the beginning of the new 
cycle B = 1943.o. 

In order to estimate the sunspot 
number at the next maximum, 
which is the next step in making 
use of the formule, he examines 
the maximum sunspot numbers 
for the past hundred years, and 
finds that a high maximum was 
always followed by a low maxi-
mum during this period. The sun-
spot numbers show, in fact, that 
there were nine highs and eight 
lows alternating, the last maxi-

/ 

00 o 
<7. 

Observed and predicted relative sunspot numbers : 1900-1950. 

article appearing in Terrestrial 
Magnetism.2 He makes use of for-
mule recently derived by Brunner 
relating the epoch of maximum 
and minimum sunspot activity 
with the epoch of commencement 
and the height of maximum of a 
sunspot cycle. Brunner considers 
the time lag between the begin-
ning of a cycle and the epoch of 
the succeeding maximum of sun-
_ spot activity, and this time lag 
may also be compared with the 
height of the maximum as given 
by the sunspot numbers, and with 
the interval between the maxi-
mum and the preceding minimum. 
To make use of the formule it is 

first of all necessary to determine 
the time of the beginning of a 
cycle, and this is taken to be the 
date of appearance of the first 

1944: Sunspot Minimum Year," Wireless 
World, February 1944. 
" An Estimate of the Trend of Solar Activity, 

1944-50," Terrestrial Magnetism, March 1944. 

mum being that of 1937.4, which 
was a high. The ratio of each 
high maximum to its succeeding 
low was very similar, and the 
mean of the ratio high to low for 
the eight cycles was 1.48. The 
sunspot number at the maximum 
of 1937.4 was 119, so Shapley esti-
mates the sunspot number at the 

119 
next maximum by taking 

1.48 
giving Rid= 80. 

If this figure is inserted into 
Brunner's equations it is found 
that T (time lag from appearance 
of first spot to epoch of maxi-
mum) = 6.6, and T' (time from 
maximum to preceding minimum) 
=4.7. Thus, to find the date of 
the next sunspot maximum and 
also that of its preceding mini-
mum, we have Em = (B + T) = 
1943.0 + 6.6 = 1949.6 as the date 
of the next maximum, and 
Ent = (Es -- T') = 1949.6 — 4.7 = 

1944.9 as the date of the coming 
minimum. 
Shapley then gives the curve of 

sunspot activity as evidenced by 
the yearly relative sunspot num-
bers from igoo to 1943, and also 
the trend of sunspot activity from 
1944 to 1950 as estimated from the 
epochs and height of maximum 
which he has derived. This is re-
produced in the accompanying 
diagram. 
The author points out that not 

only the formule of Brunner, but 
also his own estimate of the height 
of the next maximum, contain 
many uncertainties. This is seen 
to be so if the sunspot cycles are 
examined for a period prior to the 
maximum of 1848.1, the first 
maximum used in the derivation 
of the high to low ratio of 1.48. 
Before 1848, not only would the 
ratio of high to low appear to be 
quite different, but also the very 
principle of alternating high and 
low maxima would appear to be 
completely upset. But whether 
this is due to any defect in the 
methods of recording or observ-
ing the sunspots prior to that date 
it is hard to say, but certainly 
there is that possibility. Anyhow, 
Shapley's concluding remarks 
constitute very sound advice; i.e., 
that his results should be regarded 
rather as an indication than as a 
definite prediction. As such, they 
should be of some considerable 
use to shèrt-wave radio men. 

T. W. B. 

HIGH-SPEED TELEGRAPHY 
W IRELESS telegraphy, at one 

time the sole application of 
our technique, has of late en-
joyed so little of the limelight that 
it has tended to become the Cin-
derella of the radio family. A 
recent I.E.E. paper by R. B. Arm-
strong (Marconi's) and J. A. 
Smale (Cable and Wireless) on 
" High-speed Recording of Radio-
telegraph Signals" came as a 
reminder that modern telegraphy 
compares well with other branches 
of the art in refinement and 
subtlety. The subsequent discus-
sion showed that development is 
still proceeding and that there is 
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no lack of ideas on the subject. 
Most of the complexities of re-

ception are brought about by the 
need for counteracting the three 
forms of distortion to which the 
received signal is liable. Straight-
forward fading and the effects of 
interference are comparatively 
innocuous; most of the trouble is 
due to " phase distortion." This 
is caused by arrival of the signals 
over transmission paths of vary-
ing length, and is more generally 
known as " multi-path " or 
" multiple effect." Even at the 
comparatively low speed of 125 
w.p.m., the length of a dot is only 
jo millisecs. and distortion is such 
that the length of a signal ele-
ment may vary by 20 per cent. or 
more of its true value. Normal 
maximum speed is 200 w.p.m., 
but in exceptional cases 400 
w.p.m. has been achieved. 

To combat distortion troubles, 
elaborate receiving systems with 
diversity reception are employed. 
In spite of the use of AGC, there 
may be some fading of the signal 
passed to the recording unit; to 
secure constant amplitude, limit-
ing is employed. These and other 
methods are described at length 
in the paper. It is pointed out 
that the bulk of traffic is handled 
by morse code, but automatic 
printing is on the increase. 
Discussing future developments, 

the authors pointed out that the 
"on and off" nature of tele-
graphic signalling, with the ab-
sence of radiation during space 
intervals, aggravates the various 
forms of distortion. Frequency 
changing, or what may be de-
scribed as frequency modulation, 
with continuous radiation, is con-
sidered to offer possibilities. 

BRIT.I.R.E. 
THE first part of a report' on 

"Post-war Development in 
Radio Engineering," issued by 
the British Institution of Radio 
Engineers, surveys the probable 
trends of progress in the main 
branches of radio science. It 
opens with a plea that the Govern-
ment, after considering the vari-
ous reports on post-war planning, 
should encourage those industries 
offering the greatest prospect of 
national well-being. 

Points from the report :-
Broadcasting. - A frequency-

modulated UHF broadcasting ser-
vice is a desirable supplement to 
the existing transmissions. In any 
case an early Government state-
ment on transmissions systems is 
desirable, in order that receiver 
production may be planned. As a 
result of the war the export mar-
ket for broadcast receivers will be 
greatly increased, but standardisa-
tion of valves and other compon-
ents is necessary. Television pro-
posals are given elsewhere in this 
issue. • 
Communications.-The war de-

velopments offer fruitful fields of 
application to peacetime uses. 
Establishment of relay chains on a 
single carrier frequency offers a 
means of alleviating congestion of 
the ether. 

Industrial Electronics. - Many 
applications have been found dur-
ing the war. In addition to con-
trolling devices used in mechanical 
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processes, electronics has been 
applied by the chemical industry 
to such operations as the control 
of hydrogen-ion concentration. 
Shades of colour can be matched 
by unskilled operators to limits 
beyond the capabilities of the 
human eye. Almost every kind of 
industry stands to benefit from 
electronics, but full realisation of 
its benefits will only come about 
if industry invites the co-operation 
of the electronic engineer to a 
greater extent than hitherto. 
Government Control.-Control 

should not be restricted to the 
radio transmission of intelligence 
but should cover transmissions of 
an accidental type-" all electro-
magnetic radiations." 
Standardisation. - Wartime 

standardisation of components for 
the Services should, in the main, 
be perpetuated after the war. 
Other components could with ad-
vantage be standardised, both in 
mechanical features and electrical 
qualities. The case of valves is of 
particular importance. 

BROADCAST RECEIVER 
SPECIFICATIONS 

A booklet entitled " Receiver Specifi-
cations and Prices" has been issued by 
The Wireless Trader, Dorset House, 
Stamford Street, London, S.E.I; price 
is. 6d. by post. It contains information 
on broadcast receivers manufactured 
between 1935 and 194o, and serves as a 
means of identifying sets and determin-
ing prices that may be charged for 
second-hand models. 

GALPINS 
ELECTRICAL STORES - 

"FAIRVIEW," 
LONDON ROAD, WROTHAM, 

KENT. 

TERMS : Cash with Order. No C.O.D. 
All prices include carriage or postage. 

MOTOR-DRIVEN PUMP, for oil or water, motor 
220v. D.C., I amp., 1,250 r.p.m., maker Keith 
Blackman. £11 10s. 

MASSIVE GUNMETAL WINCH, complete with 
long handle, for use with ¡in. dia, wire cable, 
weight 50 lbs., condition as new. £3. 

ELECTRIC LIGHT CHECK METERS, first-class 
condition, electrically guaranteed, for A.C. mains, 
200/250 volts 50 cy. 1 phase 5 amp. load, 11/- each. 

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

TUNGSTEN CONTACTS, * in. dia., a pair mounted 
on spring blades, also two high quality pure 
silver contacts, * in. dia., also on spring blades, 
fit for heavy duty, new and unused. There is 
enough base to remove for other work. Set of 
four contacts, 5/, 

RESISTANCE UNITS, fireproof, size 10 x lin. 
wound chrome nickel wire, resistance 2 ohms to 
carry 10 amps. 2s. 6d. each. 

3-PHASE TRANSFORMER, 410v. to 240v. at 
2kW, size of core 14m, by Olin. by 5 square inch 
section. £10. 

TAPE MACHINE, fitted Klaxon 220v. D.C. motor 
geared drive, rheostat control, 18 ohm relay, 
complete with tape reel and tape. £10. 

AIR PRESSURE GAUGE by famous maker. 
10in, dia., reading 0-4,000 lb. per square inch, 
as new, in case. £1 10s. 

SWITCH FUSE in wrought iron case, 3-way, for 
400 volts at 40 amp. 45/, 

METER MOVEMENT for recalibrating, moving 
coil, 4in. scale, deflection not known. Price 20/-. 

MOVING COIL ampmeter reading 0-350 amps., 
6in. dia., switch board type. Price 10e. 
DITTO reading 0-20 amps. £2 10$. 

• 
H.T. TRANSFORMER, case 14 x 9 x 8in., no oil 
imput 200/240v.; output 10,000 volts centre 
tapped, 3kW., intermittent rating. £15. 

VIR CABLE, 200 amp., 19/33, in good condition, 
in approx. 30 yard lengths. £5 per coil. 

MAINS AMPLIFIER, 110/250v. A.C., approx. 
5 watts, 3v., no valves, size of case 16 x 11 x 7in., 
metal rectifier H.T., by famous maker. £5. 

TANGENT BELL, 250v. D.C., 12in. gong, weather-
po›. i £4. Ditto, 6in. gong for 110v. D.C. 30/, 

ROTARY CONVERTER, D.C. to D.C. imput 
48 volts, output 2,500 volts at 1 kW., constant 
rating, as new. £10. 

ROTARY CONVERTER, input 40 volts D.C., 
output 75v., 75 m/A, A.C., also would make good 
50v. motor or would generate. £2. 

DYNAMO, output, 20v.-10 amp. Ball bearing, 
shunt wound, speed 1,750 r.p.m. £5. 

AUTO TRANSFORMERS. Step up or down, 
tapped 0-110-200-220-240; 1,500 watts, £7 ; 
1,000 watts, £5. 

D.C. MOTOR. 12 volts (not car), approx. h.p., 
speed 1,500 r.p.m., large size. £2 10s. 

H.T. TRANSFORMER, in case, size 10 x 7 x 6in 
(no oil), 200v. to 10,000 volts, C./T. output, 
21 KVA at 500 cycles, intermittent rating, £8. 
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  WORLD OF WIRELESS 
RECEIVERIPRODUCTION 

THE manufacture, and supply by 
manufacturers, of valve-oper-

ated broadcast receivers, are 
brought under control for the first 
time by the issuing of the " Musical 
Instruments and Wireless Receivers 
Order, 1944," by the Board of 
Trade. Manufacturers will be re-
quired to obtain licences permitting 
them to continue the manufacture 
and supply of sets after July 1st. 
They will be required to apply 

the expression " Wartime Civilian 
Receiver" by means of a transfer 
to wireless sets made in accordance 
with specifications drawn up by the 
Radio Manufacturers' Association 
and approved by the Board of 
Trade. These words must not be 
removed or defaced by anyone, and 
may not be placed on any other 
wireless sets. 

CAR RADIO 
VVITH the recent lifting of the 

ban on the installation of re-
ceivers in cars it may be necessary 
to remind readers of the licensing 
position. 

Whilst the normal receiving 
licence for a fixed address .also 
covers the use of one portable set 
by the licensee or a member of his 
household, a separate licence is re-
quired for a receiver permanently 
installed in a vehicle; it is not con-
sidered to be a portable. 

FM STATIONS 
TT is learned from an article in a 
± recent issue of our United States 
contemporary Broadcasting that, in 
addition to the 51 FM stations at 
present licensed or under construc-
tion in ffixteen States, the Federal 
Communications Commission has re-
ceived during the past few months 
over 140 applications for new 
stations. Of this number 120 are 
from owners of existing AM stations 
whilst nearly 60 come from news-
paper proprietors. 

It is noteworthy that the proposed 
stations are for erection in 35 of the 
48 States. 

"TELCOM" FORCE 
A NEW non-combatant Force is 
1-1. about to join the Empire's 
Forces in oversea theatres of war. 
It will be known as " Tekom " and 
will consist of men and women from 
the United Kingdom on the staff of 
Cable and Wireless serving in cer-
tain operational zones. Their task 
will be to carry the cable-heads and 
advanced wireless stations of the 
Empire's telecommunications net-
work into enemy occupied territory 
close on the heels of the advancing 
armies. 

They will help the Services to pro-
vide operational and administrative 
communications, handle messages 
from the forward areas for Govern-
ment Departments and the Press, 
and handle social telegraph services 
between the troops and their 
families at home. 
Men are already at their posts at 

Gibraltar, along the North African 
Coast, in Italy, in Malta and in Cey-
lon. The first contingent of the girls 
who are to follow them will leave 
Britain shortly. 

TELEVISION STATUS QUO? 

RECOMMENDATIONS on both 
sides of the Atlantic regarding 

post-war television point to a prob-
able resumption of pre-war stan-
dards. 
The annual report of the R.M.A., 

referred to elsewhere in this issue, 
includes findings by the Radio In-
dustry Council on the reinstatement 
of television. The Council has sub-
mitted evidence on behalf of the in-
dustry to the Government Tele-
vision Committee founded on the 
following three basic points :-

1. The television service existing when war 
broke out to be restarted as soon as 
possible after hostilities with Germany 
cease. 

2. The resumption to be followed by an 
extension of the system over the rest 
of the country at the greatest possible 
speed. 

3. Research and development to be carried 
out concurrently with the resumption 
and extension of the old system: the 
research work to be so planned that 
any resulting improved system may be 
begun and run concurrently with the 
existing transmissions. 

Two pages of the sixteen-page 
report of the Brit. I.R.E. on the 
post-war development in radio engi-

1 

neering, extracts from which are 
given on another page, are devoted 
to television. The view is expressed 
that the following characteristics in 
common with 1939 television stan-
dards should be included:— 

(I) That the service be " broadcast," i.e., 
there shall be a (generally) non-
directional transmission without wires. 

(2) That the vision and sound transmis-
sions be of the same order of carrier 
frequency as pre-war. With regard to 
the assignment of any new frequencies 
required, a conservative policy is advo-
cated having regard to the possibility 
of echo trouble at higher carrier fre-
quencies. 

(3) That the bandwidth for vision transmis-
sion be of the same order as pre-war, 
viz., 4 Mc /s approximately. 

It is also suggested that considera-
tion should be given to better 
utilisation of the above bandwidth 
by making use of vestigial side-band 
transmission and also to increasing 
the number of lines to that which is 
the optimum for the increased 
modulation bandwidth. The pro-
posed figures are 525 lines (gross. 
interlaced); 3,25 Mc/s, ' maximum 
modulation frequency. 
From the United States Radio 

Technical Planning Board comes the 
recommendation that the pre-war 
American television standards of 
525 lines, interlaced scanning ":With 
30 frames and a channel width of 
6 Mc / s be resumed after the war. 

INVASION RADIO 
*L'ULL technical details of the 

means whereby the B.B.C. 
covered the Western Front are not 
yet available. It is, however, known 
that portable miniature recording 
equipment, similar to that described 
in a recent issue of Wireless World, 
was employed by the reporters who 
landed with the advanced Forces. 

SHELL-HOLE RADIO. A U.S. shore fire control party directing by 
wireless the fire of Naval guns during the Normandy landings. Note 
the hand-driven generator. The operator on the right is using a 

" handie-talkie." 



Mobile recording trucks are also 
being used, and it is understood 
mobile transmitters are being set up 
on the shores of France. 
The B.B.C. introduced on June 

7th the Allied Expeditionary Forces 
programme, which is radiated on 
285.7 metres from 5.55 a.m. to II 
p.m. The wavelength employed by 
this station was used prior to the 
war by the West of England Re-
gional transmitter. 

BIRTHDAY HONOURS 
PROF. J. D. COCKCROFT, 

Ph.D., Chief Superintendent, 
Air Defence Research and Develop-
ment Establishment, Ministry of 
Supply, is created a C.B.E. in the 
Birthday Honours List. W. A. 
Duncan, Deputy Director of Sig-
nals, Air Ministry, and Dr. S. E. A. 
Landale, Superintending Experi-
mental Officer, Admiralty Signal 
Establishment become 0.B.E.s. 
Among a number of executives in 

the wireless industry who receive 
honours are: R. H. Hacker, man-
aging director, Dynatron Radio; 
T. H. Kinman, head of the radio 
section, research laboratory, British 
Thomson-Houston Co.; M. I. Lip-
man, manager of one of E. K. Cole's 
factories; H. L. Oura, assistant 
superintendent, Designs and Devel-
opment Department, Gramophone 
Company; F. C. Robinson, man-
ager, A. C. Cossor; W. C. Tingey, 
general manager, Dispersal Fac-
tories, Dubilier Condenser Co., and 
S. S. West, development physicist, 
Cinema-Television, who become 
Members of the Order of the British 
Empire. 
A Huey, a radio officer in the 

Merchant Navy, becomes an M.B.E. 
Miss Grace Bristol, in charge of 

McMichael Radio's engraving plant, 
receives the B.E.M. 

WHAT THEY SAY 
D;ELAYING TELEVISION. — There 
1-S- may be some doubt whether 
the television industry alone can 
support extensive television relay 
chains. We must then keep in mind 
that such radio highways may be 
used for many other purposes. 
They may be used for a radio mail 
service . . . in facsimile . . . The 
radio chains will constitute trunk 
lines of telephone and telegraph 
communication with greater 
capacity than all thé wire lines in 
existence. . . . When we once estab-
lish this radio service it will no 
longer be a question of cost. We 
will not be able to get along with-
out it any more than we can get 
along without the railroads.—Dr. 
E. F. W. Alexanderson, of the 
General Electric Co. of America. 
NEW PROFESSION.—I am an 

ionospherist. . . .—Dr. A. L. 
Green, of Amalgamated Wireless 
(Australasia), at the I.E.E. 

Wireless World 
WORLD-WIDE NETWORK.—What 

is needed is a world-wide network of 
radio and cable communications 
open to all nations at uniform rates 
and modelled on the lines of a uni-
versal postal union. To be effective, 
such a system must be absolutely 
free from domination by any one 
nation or by any group of nations. 
—J. L. Fly, chairman of the U.S. 
Federal Communications Commis-
sion. 

INTERNATIONAL BROADCASTING.— 
In the Europe of to-morrow inter-
national broadcasting should take 
precedence over national broadcast-
ing.—A. Hubert, president of 
S.A.I.T. (the Belgian wireless 
operating company) to the Radio 
Industries Club of Scotland. 
MORSE DIVINATION I—. . . a 

Waaf, who is one of a cargo of girls 
taken up in a trainer, is tuning in 
to the ground with a morse tapper. 
—Inscription to picture in " Daily 
Herald. 
ADVICE To B.B.C. — Never 

truckle to the politicians. . . . Bring 
the B.B.C. above all Party levels.— 
Brendan Bracken, Minister of In-
formation. 

COMMUNICATIONS 

A NEW direct wireless link be-
tween this country and Uru-

guay was recently opened by Cable 
and Wireless. The service is con-
ducted on short waves and for some 
hours each day a high-speed circuit 
is possible. The South American 
beam at the Dorchester station is 
used whilst the transmissions from 
the Cerrito station, operated by the 
Uruguayan Government, are re-
ceived at Brentwood. 

Direct wireless communication for 
Press traffic was opened between 
Rome and London on June nth. 
An additional transmitter having 
been installed at Naples, the mobile 
wireless unit, which is operated by 
Cable and Wireless, has been trans-
ferred to Rome for this purpose. 

NEWS FROM ABROAD 
MO changes in the scheduled 

transmissions of news in English 
from oversea stations, as given in 
last month's issue, having been 
notified, the list is not included in 
this issue. 

IN BRIEF 

Wired Wireless.—Figures given in 
the U.I.R. Bulletin show that 75 per 
cent, of the subscribers to the Swiss 
wired wireless system operated by the 
postal authorities have a choice of five 
programmes. A further 21 per cent. 
have a choice of four programmes. 
Radio in Canadian Homes.—The 

result of a recent census taken in 
Canada shows that 1,887,217 of the 
Dominion's 2,500,000 homes are 
equipped with radio. 
Gallant Radio Officers.—In a state-

ment at the ordinary general meeting 
of the Marconi International Marine 
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CRONAME 
RADIO COMPONENTS 

RA ILITARY demanda 
on the electronics 

industry reaulre large 
quantities of material 
made to precision stan-
dards newer before 
approached by quantity 
production methods. 
Crowe has had signal 
success in solving pro-
blemsof rapid production 
of precise electronics 
control mechanisms. This 
experienced ability will 
be an important factor 
in the post-war pro-
grammes of many firms. 

Brawled, 
Great Britato by 

FRANK HEAVER LTD. 
Kinsale, Road, Bideford. 

N. Devoe 

CROWE NAME PLATE AND 

MANUFACTURING CO 

CHICAGO, ILI_ U.S .A. 

Come lovely 
Flowers 

And so it is that from 
the darkness of the 
present hour will emerge 
a brighter day when the 

brain and brawn of modern industry will 
be utilised in further peacetime products 
and pursuits. While serving the Govern-
ment to-day we are broadening both 
creative and manufacturing possibilities for 
a happier world to-morrow. Astatic engi-
neers are available to work in co-operation 
with electronic engineers in the develop-
ment of new wartime equipment, especially , 
as it may have to do with pickup and 
transmission of sound. Astatic crystal 
microphones, pickups, cartridges and 
recording devices will be available again for 
your use when those brighter days are here. 
Register your name with our Representative for 

your future benefit. 

THE ASTATIC CORPORATION 
YOUNGSTOWN, OHIO, U.S.A 

TORONTO, CANADA. 
Exclusively Represented by 

Frank Heaver Ltd. Kingsley Road, 
Bideford, N. Devon. 
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World of Wireless--
Communication Company, the chair-
man said that since the beginning of 
the war to the end of last March 31 
of their radio officers had received 
official decorations for gallantry and 72 
had been officially commended for 
gallant conduct. In addition, 13 had 
been awarded the Lloyd's War Medal 
for bravery at sea. 
World's broadcasting Stations.—The 

latest figures from the Bureau of 
the International Telecommunications 
Union show that there are 2,686 broad-
casting stations in the world and a 
further 170 under construction or con-
templated. The continental distribu-
tion is: America 1,8,97, Europe 416, 
Asia 175, Australasia 155, and 
Africa 43. 
Canada's Radio War Production.— 

Canada's military radio production is 
33 times greater than its pre-war 
civilian production, whilst U.S. radio 
war production is 16 times greater than 
in peacetime. This was stated at a 
recent meeting of the Canadian Radio 
Manufacturers' Association by the 
President of the R.M.A. of America. 
An Appeal for headphones and other 

wireless accessories for equipping a 
wireless school has been received from 
the commanding officer of the Ber-
mondsey Unit of the Sea Cadet Corps. 
Gifts sent to the Sea Cadet Corps, 
Bermondsey Unit, Fair Street Schools, 
Tower Bridge Road, London, S.E.i, 
will be gratefully received. 

Radio Men from N.Z.—The New 
Zealand Minister of Supply has 
announced that twelve N.Z. radio 
technicians and scientists are being 
made available to the British Ministry 
of Production. They will be accom-
panied here, in a consultative capacity, 
by the Controller of Radio Production. 

Canadian Radio Plans.—Plans are 
being discussed by the Canadian House 
of Commons Radio Committee as to the 
possibility of establishing a short-wave 
transmitter at Vancouver, B.C. This, 
in conjunction with the 5o-kW trans-
mitter under construction at Sackville, 
N.B., will assure a complete world 
coverage for Canadian " psychological 
warfare, propaganda and goodwill." 

Broadcasting Hours Curtailed.— 
Shortage of fuel has necessitated 
the curtailment of broadcasting from 
Radio Eireann by half an hour each 
evening. 

Civil Promotions for Service Em-
ployees.—Cable and Wireless have in-
formed their employees in the Armed 
Forces and National Defence Services 
that as from July 1st they will benefit 
from any promotions or increases of 
pay which would be normally due to 
them whilst working for the company. 
Waste Paper is still needed for war 

purposes. Large quantities of paper 
have been used to equip our men on 
the Western Front. The paper is 
treated in a vàriety of ways according 
to the use to which it is to be put, 
some being waterproofed to make float-
ing containers for guns and ammuni-
tion. Paper is also resin-soaked and 
turned into plastics. 
Radio Pirates.—According to Scottish 

Press reports one in every forty-five 
users of sets in Aberdeen have paid 
no licence fee. 

Wireless World 
Argentina.-1 lie pm% er of the 

Argentine's new short-wave transmitter 
Radio-Belgrano is 135 kW. The trans-
mitter, which is equipped with direc-
tional aerials, has a frequency coverage 
of from 6 to 15 Mc/s. 

Institute of Physics.—Sir Frank 
Smith was elected President of the 
Institute of Physics for the year 1944-45 
at the annual general meeting held on 
May 22nd. The following were also 
elected: —Vice-Presidents, Prof. J. D. 
Cockcroft, T. Smith and Dr. F. C. Toy; 
Hon. Treasurer, C. E. S. Phillips; Hon. 
Secretary, Prof. J. A. Crowther. All 
these offices take effect from October 
1st next. 

I.E.E. Awards.—Dr. D. Gabor, who 
is a contributor to our sister journal 
Wireless Engineer, has been awarded 
the I.E.E. Duddell Premium for his 
paper " Energy Conversion in Electron 
Valves." The Ambrose Fleming 
Premium is awarded to Prof. Willis 
Jackson, D.Sc., and Dr. L. G. H. 
Huxley for their joint paper " The 
Solution of Transmission Line Prob-
lem by use of the Circle Diagram of 
Impedance." For his paper on " Wave 
Guides in Electrical Communication" 
J. Kemp receives the Extra Premium. 
These three papers were read before the 

ADVANCING INFANTRY keep 
in touch with H.Q. by means of 
the 7-valve " handie-talkie " 

which weighs about 51b. 

Wireless Section during the 5943-44 
Session. 

Radio Industries Club.—An increase 
in membership from 326 to 406 during 
the past twelve months was recorded 
at the thirteenth annual general meet-
ing of the Radio Industries Club. The 
membership of the Scottish Radio 
Industries Club is now 562. 

Scottish Wireless Group.—Considera-
don is being given by the Scottish 
Centre Committee of the Institution of 
Electrical Engineers to the formation of 
a Wireless Group in Scotland. 

Association of Scientific Workers.— 
By an agreement recently signed 
between the Association of Scientific 
Workers and the Engineering and 
Allied Employers' National Federation, 
the A.Sc.W. is recognised as the body 
to represent scientific and technical 
staff of the industry. Membership of 
the A.Sc.W. has grown to 15,000. 

Servicemen's Guild.—At a recent 
meeting of radio servicemen in 
London, it was agreed to form the 
Guild of Radio Service Engineers. 
Objects: To represent, to look after 
the interests of, to improve the status 
of, and to increase the efficiency of 
those engaged in this work. The annual 
subscription has been provisionally 
fixed at one guinea. An open meeting 
is to be held shortly. Correspondence 
should be addressed to J. H. Corbett, 
no, Desborough Road, High Wycombe, 
Bucks. 

PERSONALITIES 

E. M. Deloraine, General Director of 
the Laboratories Division of the Federal 
Telephone and Radio Corporation, has 
been elected a director of the Inter-
national Telephone and Telegraph 
Corporation. Following the last war, 
Mr. Deloraine was engaged on research 
work at the Eiffel Tower under Gen. 
Ferrié. In 1921 he joined the London 
engineering staff of the International 
Western Electric Company, which later 
became the International Standard 
Electric Company, and was made 
European Technical Director in 1933. 
He went to the United States in 5941. 
Mr. Deloraine has made many valuable 
• contributions to the development of 
UHF transmission. 

Pioneer Honoured.—One of the first 
incidents to bring wireless into the 
public eye—the loss of the liner 
Republic in nog—is recalled to mind 
by the election of A. H. Ginman to 
membership of the Courts of Directors 
of Cable and Wireless. Mr. Ginman, 
General Manager of the Company in 
Canada and also President of the 
Canadian Marconi Company, was a 
pioneer marine wireless operator and 
later became manager of the coastal 
station of Siasconsett, Mass. From 
that station he handled the Republic's 
distress calls, and directed rescue 
operations. 

Brit.I.R.E.—At a meeting of the 
General Council of the British Institu-
tion of Radio Engineers held recently, 
Leslie McMichael was unanimously 
nominated President-elect for the year 
5944-45. He has been a Vice-President 
of the Institution for the past three 
years and was a founder member of 
the Radio Society of Great Britain. 
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R.M.A. REPORT 
New Representation of the Industry 

THE introduction to the annual 
report of the Radio Manufac-

turers' Association records that 
during the past year there has 
been active co-operation between 
the Government and the industry 
in each of the three objectives on 
which the work of the Association 
has been based, namely : 

(a) Direct co-operation in the war 
effort; 

(b) Planning for the post-war period 
—with relation to both home and 
export trade; 

(c) Maintenance of civilian reception 
at home at the minimum essen-
tial level. 

The section of the report deal-
ing with the provision and train-
ing of skilled personnel records 
that the work of the Government 
Wireless Personnel Committee is 
based on the principle that all 
skilled wireless personnel are re-
garded as a common pool from 
which allocations are made to the 
Services, the Experimental Estab-
lishments and the industry, 
according to the needs of each. 

It is learned from the rep7rt 
that the Radio Industry Council 
has been asked by the Govern-
ment to assist in the planning of 
the post-war employment of tech-
nicians of the following grades: — 

(a) Experienced radio engineers and 
scientists; 

(b) Scientific assistants of University 
degree or Higher National Certi-
ficate standard; 

(c) Skilled radio mechanics. 

The need for maintaining the 
level of civilian listening has fre-
quently been voiced by the 
Government. The supply of civi-
lian receiving equipment falls 
under four heads :— 

J. 

2. 

Completion of the receiving sets 
which were in progress in manu-
facturers' works when civilian 
production was interrupted in 
1941. 
Distribution of a number of sets 
imported into this country from 
America. 

3. Production of a qudntity of 
standardised receivers to be 
known as Wartime Civilian Re-
ceiving Sets. 
Supply of components for the 
repair and maintenance of exist-
ing receivers. 

According to the Report there 
are still some 70,000 sets awaiting 
completion. Of the American sets 
it is stated: " Early in 1943, the 

Government decided, without 
consulting the British radio in-
dustry, that a considerable num-
ber of receiving sets should be 
imported from America." 
The number of these imported 

sets is not expected to exceed 
30,000 although the original in-
tention of the Board of Trade was 
to import something like 150,000. 

Standard Sets 
Refereme is made to the long-

awaited standard receiver. 
Authority has been given for the 
production of 575,000 AC sets and 
75,000 battery sets. The report 
states that the first •of these sets, 
which are to be styled wartime 
civilian receivers, will become 
available about June this year and 
the production of the authorised 
250,000 will occupy until the 
early part of next year. 
The section of the report deal-

ing with post-war planning refers 
to the necessity of remoulding the 
organisations in the industry, the 
object being the establishment of 
an organisation " representative of 
the various sections of the radio 
industry, and empowered by those 
sections to speak for the industry 
as a whole on matters of common 
interest." This resulted in the for-
mation of the Radio Industry 
Council with the following terms 
of reference: 
" To deal with matters affecting the 

radio industry as referred to the 
Council by any of the sectional 
organisations represented upon it; the 
Council to be empowered to act in any 
matters so referred to it. 
"If the Council wishes, itself, to 

initiate action in regard to any matters 
not referred to it by one of its con-
stituents it should only do so, either 
by reference back to and agreement 
by the constituent organisations, or by 
the unanimous agreement of their 
representatives present. 
" If one or more of the bodies repre-

sented on the Council ask for the 
representation of a part of the industry 
not covered by any of the existing 
constituents, the Council shall be 
authorised to arrange such representa-
tions after due reference back to and 
approval by all the existing con-
stituents." 

A draft constitution has been 
prepared and it is proposed that 
the R.I.C. should, when legally 
constituted, take over such of the 
assets of the R.M.A. as may be 
legally transferred to it. 

THE " FLUXITE QUINS" AT WORK. 

"Something's wrong with this aerial, EE, 
t can't hold the blessed thing, see. 

Get that FLUXITE ! Be slick! 
And let's solder it—quick! 

Don't leave all the tough work to me!!" 

• 
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 & 2/8. 

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

• 
TO CYCLISTS I 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 FLUXITE where 
you went it by 
simple pressure, 
Price 1;6. or filled. 2,4. 

ALL MECHANICS WILL 

FLUXITE 
IT SIMPLIFIES ALL SOLDERING  

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

FLU XITE LTD. 
(Dept. W.W.), Bermondsey Street, S.E.1 
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UNBIASED 
Apologia 

rr is, t think, a sobering thought 
that nobody in the wOrld is 

entirely infallible, hot even Mrs. 
Free Grid, and, as we all know, even 
Homer nods on occasions. I fear 
that I am no exception to other folk 
in this respect, as I must confess 
that I did really drop a rather heavy 
brick last month, the ironical part 
of the business being that I dropped 
it on my own foot., Nor have 
readers been slow to tel me about 
it, messages having come in from 
all sorts of places from Surbiton to 
Samarkand. 

On my own foot. 

My brick was that t framed a 
rhetorical question in such a manner 
that there was implicit in it the 
statement that I believed a per-
ambulator to be a pavement vehicle 
rather than a road vehicle and there-
fore exempt from the now happily 
defunct ban on car radio. In actual 
fact, of course, a pram has no more 
right to be on the pavement than a 
steam roller. 
The irony of the whole wretched 

business lies in the fact that I knew 
perfectly well that a pram was a 
road vehicle and not a pavement 
vehicle, and I stated so in no un-
certain terms in the pages of this 
journal many years ago. The 
number of readers who have written 
to point out the fact that I was 
contradicting no less an authority 
than myself speaks volumes for the 
world-wide circulation enjoyed by 
this venerable journal. One such 
letter even came from a baled-out 
German airman who is enjoying His 
Majesty's hospitality in this country 
for the remainder of the war; he 
adds that he baled out of a per-
fectly good plane solely because of 
the difficulty he experienced in get-
ting regular deliveries of Wireless 
World in the Fatherland. 
The fact that I thus dropped a 

brick on my own foot, however, can 
form no excuse for the crass ignor-
ance displayed in this matter by a 

13y 

Pea GRID 
• 

provincial bench of magistrates in 
a hayseed town in which lives the 
correspondent who sends me the 
details in the form of a cutting from 
the local paper. This bench of 
beaks, sitting in solemn conclave, 
has ruled that a pram is without 
doubt a road vehicle, just as though 
the members of the bench were 
themselves the originators of such 
a ruling. It is clearly evident that 
they are so ill-read that not only 
are they in ignorance of my own 
ruling on the matter but don't 
seem to have heard of the ruling 
of the High Court on this very 
subject in a notorious accident law-
suit of long ago. The next thing 
that these hirsute hicks of the rural 
magistracy will be doing, I antici-
pate, is to issue a solemn pronounce-
ment to the effect that in their in-
terpretation of the law murder is 
undoubtedly a criminal offence. 
I can only add that if, as a result 

of my careless brick-dropping 
activities, I am (as indeed I am) 
in the Slough of Despond due to 
the corns and contusions on my foot, 
the members of this particular bench 
of magistrates deserve to suffer from 
something which is infinitely more 
uncomfortable, namely, " bun-
yans." 

Radio on the Kitchen 
Front 

ONE does not usually expect the 
B.B.C. programme people to be 

very' well versed in the deeper tech-
nical intricacies of radio, yet surely 
it should be the job of the engineer-
ing department to keep them well 
abreast of the times, technically 
speaking, so that they do not con-
vict themselves of ignorance out of 
their own mouths and hold them-
selves up to the ridicule of the 
better-informed section of listeners 
who read Wireless World. There 
was a particularly glaring instance 
of this sort of thing mcently in one 
of the matutinal " Kitchen Front " 
broadcasts in which, among other 
people, one of the leading lights of 
the B.B.C. 's announcer staff teaches 
our grandmothers how to suck eggs 
if they can manage to get hold of 
them. 
The case in point was a lesson in 

cake-making and cake-baking. 
" Why was it," asked several 

listeners in their letters, " that 
cakes had a nasty habit of cracking 
down the side while baking and 
emulate the Japanese rite of hari-
kari by disembowelling themselves 
and making a nasty mess?" The 
reason, so we were told, is that the 
outside of a cake has a tendency to 
bake before the inside and to set 
hard. The result of this is that the 
half-baked contents of the inside 
swell out by generating steam and 
burst open the hard outer crust. 
We were then treated to long-

winded instructions about special 
oven temperatures and the position 
of the cake in the Oven, the observ-
ance of which, it Was claimed, would 
remedy this state of affairs by caus-
ing ( if you Were lucky) the inside 
of the cake to heat up before, or at 
any rate not later than, the outside. 
Such out-of-date instructions may 
have been all very well in Queen 
Victoria's days or even very much 
later, but surely in this age of radio 
heating the oven as a means of 
baking a cake is as dead as the dodo. 
The proper procedure is, of course, 
to apply the principles outlined in 
this journal, and heat the inside of 
the cake by means of the correct 
radio technique and deal with the 
outside later. 
I may say that I have already set 

up an experimental cake-making 
plant of this nature, and am even 
now waiting with a copy of "Mrs. 
Beeton" in my hands, to com-
mence operations as a preliminary 
to applying to the B.B.C. to go on 
the air in the Kitchen Front to ex-
plain my methods. At present, 
however, matters are held up by 
an unseemly wrangle with the 

Take a dozen eggs. 

Nlinistry of Food about special sup-
plie,. The fly in this particular cake 
lies, not in the proverbial ointment 
nor yet in the cake, where it might 
well serve as an ersatz current, but 
in Mrs. Beeton's opening sentence, 
" Take a dozen eggs." But I am 
hopeful of being able to let you have 
full technical details before long, . 
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Letters to the Editor 

W. W. Amplifier With Cathode 

Follower • Output Load 
"Cathode Follower Output 
Stage" 

T HE article by C. J. Mitchell 
j- in your April issue inter-
ested me greatly; since read-
ing it I have modified an 
amplifier, identical in the last two 
stages with the Wireless World 
Quality Amplifier, to take advan-
tage of this type of coupling. The 
alterations and resulting perform-
ance may be of interest to readers. 

+ 276 V mg» 

o 
o 
a 

o 

200 H 

O-25  

o 

of the circuit and ensures a high 
damping factor—approx. zo. It 
should be mentioned that, to 
benefit to the maximum possible 
extent from the electrical damp-
ing, the magnetic flux in the 
speaker should be as large as pos-
sible. 

It is difficult to assess the im-
provement in performance be-
cause, at a standard approaching 
—if not actually reaching—per-

o.ip,F 

0.25M11 

350/1 

IooµF 

10,00011 

LS 

4. 375V 

Diagram showing modifications to Quality Amplifier. 

First, considering alterations, 
the chief problem lies in supplying 
the output stage with about 
35oV peak input. The circuit 
shown has been used to replace 
the original MHL4 voltage ampli-
fying stage, and is a combination 
of auto-transformer and choke 
coupling. The overall inductance 
of the winding at 23oV AC and 
without DC excitation is 250 
henrys. This stage has a gain 
tending to 24, and will handle 15 
volts input so that an output of 
36oV peak is available. An input 
of 8 volts is needed to the phase 
splitter, which is of the resistance-
capacity type. 
Common bias is used for the 

PX4's, as this keeps the resistance 
out of the signal-carrying section 

fection, a psychological factor 
enters into the appreciation which 
is out of all proportion to the 
physical change; as a result, I 
feel I can do no more than point 
out in what respects performance 
is impressive without in any way 
implying how much more so. 
Your correspondent, D. Baker 

(May issue) has referred to a 
sense of unlimited power. I agree 
that this impression is created, 
but there is something in addi-
tion, probably resulting from the 
high electrical damping, which 
greatly reduces spurious speaker 
effects, such as combination tones 
and cross-modulation. The result 
is a great increase in reality in the 
high audio frequencies. 

Bass response is probably the 

The new Vortexion SO 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. 

A tone control is fitted, and the large eight-
section output transformer le available to 
match, 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. 
2 57, THE BROADWAY. 
WIMBLEDON. 5. W.19. 

Phone: L/Berfr 2814 
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Letters to the Editor— 
second most outstanding quality 
and plucked bass string sound un-
cannily real. 
To sum up, I would say that 

there is an all-round sense of 
realism which is entirely new to 
me and which I cannot explain. 
The loss in sensitivity through 
modifying the Quality Amplifier 
may make immediate change im-
possible for some owners, but is 
certainly wort h considering. 
Lastly, the speaker must be a 
good one for first-rate results. 
The effects of low output imped-
ance are lost with a speaker of 
low efficiency , A. C. ROBB. 

Liverpool. 

" Optimum Load" 

\VAS much interested in the 
article on " Optimum Load" 

by Dr. K. R. Sturley which 
appeared in the May issue. As 
Dr. Sfurley rightly states, con-
siderable mental confusion exists 
as to the reason why maximum 
power output is obtained from a 
triode when the load resistance R 
in the anode circuit is equal to 
twice the anode AC resistance r„. 
His article should be of help in 
removing this confusion, and your 
readers may be interested in the 
following alternative explanation, 
which also gives the correct value 
of grid bias to be used and which 
I have found acceptable to 
students. 
The diagram shows three 

Ed 

idealised static characteristic 
curves and the desired load line 
and operating point P. The anode 
voltage E, is known and is fixed. 
The general equation for the 

static characteristic curves is given 

by I = E, + µE, ,  
ra 

At the operating point P: 

I, is also the peak value of the 
alternating component of l„ and 
V„ is the peak value of signal 
applied to grid as well as the 
desired grid bias. 

eiVg 
Hence I 0 r R (2) -- .  

From equations ( I) and (2) we 

E r R 
obtain: V, — ° x.  R • • (3) 

IL 2r„ 

Substituting for Vg in equation ( 2) 

E„ 
gives : I, — 

2ra + R 

AC power delivered to load, P, 

I 2 E 02R 
= 2 - X R —  (4) 

2 2(2r,, + R) 2 

For maximum power output 

dP 
—= 0, or R 2ra. 
dR 

Substituting in equations (3) 
and (4) gives respectively :— 

3 E, 
— _ 
4 /A 
E,2 = 
16r0 

H. DATE. 

Correct grid bias 

Maximum power 

W. 
The Polytechnic, 
London, W. 

Variable -mu or Variable -1.&? 

AM sorry that the great guns 
of your Editorial, hitherto 

directed with such good effect 
against the grosser monstrosities 
'of wireless jargon, scored such a 
lamentable miss in your June 
issue. To change the metaphor a 
little, you should have used both 
barrels on " variable-mu and vari-
able-IL"; instead, you let both 
these miserable specimens get 
away unscathed. 
Every amplifying valve has 

both variable-mu and variable 
-it characteristics, since the 
I0/E,, curves always alter their 
slope and spacing as they ap-
proach the zero anode current 
base line. It is only convention 
thàt associates one particular type 
of curvature with the term " vari-
able-mu," which by itself tells 
you nothing unless you are in the 
know—a perfect example of 
jargon. 

Until we find the ideal term 
conveying the conception of 
gradual rate of change of curva-
ture or minimum cross-modu-
lation when heavily biased, let us 
make do with " remote cut-off," 

" sharp cut-off," or " long base," 
" short base," which tell at least 
part of the story. 

H. MORGAN. 
London, S.E. 

Filament Temperature 

Effects 

T READ with interest " Random 
•L Radiations," by Diallist, 
in your issue of May, 1944, re-
specting the hot and cold resist-
ance of electric lamp filaments. 
About 1926 I utilised the slow rise 
in resistance to effect the release 
of a relay io seconds after ener-
gisation. A 4oW metal filament 
vacuum lamp was used, and the 
relay and lamp in series were 
operated through controlling con-
tacts at 3 to 4 volts. This " to 
seconds" operation has been uti-
lised for a particular application 
is signalling on the London, Mid-
land and Scottish Railway. 

F. BURTON, 
Elec. Asst. to Divl. Signal 

and Tele. Engr., L.M.S. Rly. 
Crewe. 

SURLY failure of lamp fila-
ments is caused by the com-

bined effects of slow combustion, 
erosion and movement during the 
frequent periods when the tem-
perature is changing. Whilst it is 
readily agreed, but not important, 
that the movement of electrons is 
at its maximum limit when the 
filament is cold, due to its low in-
ternal resistance, the temperature 
gradient rises only sufficiently 
eventually to reach the normal 
working temperature of the lamp, 
which is a function of the applied 
EMF. 

Quite irrespective of the actual 
movement of electrons in quanti-
ties, no matter how multitudinous, 
but not of their effects in terms 
of heat, the lamp whilst energised 
passes unobtrusively away with-
out noticeable loss of illumination 
by a popular means of its own 
selection. The disentegrating 
filament eventually burns away, 
usually from one of the electrodes, 
and an arc is formed which bridges 
the gap. The vacuum assists the 
arc and also delays rapid burning 
of the disjoined members, and the 
lamp as an integral piece of equip-
ment has died; but its effect con-
tinues to live—until it is switched 
off. Reapplication of potential 
required to give normal illumina-
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tion is not capable of breaking 
down the dielectric between the 
component parts of the circuit 
that have previously become dis-
united. 
Consequent upon the fact that 

this frequent phenomenon may 
not have been closely observed, 
" Diallist," in conjunction with 
the man in the street, formulates 
the erroneous belief that the lamp 
was not defective when it was 
switched off. 

REGINALD A. BANKS. 
Kew Gardens, Surrey. 

JSHOULD like to take your 
contributor " Diallist" gently 

to task for using such a vague 
expression as " excessive load" in 
connection with failure of a lamp 
just switched on. It is presum-
ably not a temperature effect 
since the whole thing is due to 
the fact that the temperature has 
not risen. 
Would he say that it is mainly 

characteristic of gas-filled lamps 
and not straight filament vacuum 
types? If so, is it due to sudden 
violent attraction between turns of 
the spiral brought about by ex-
cessive current (a well-known 
electromagnetic effect)? This 
would account for breaks by ten-
sion if the filament becomes 
brittle by age and use. Some-
times, too, the fuse is blown and 
the inside of the lamp wrecked 
when the lamp fails on switching 
on. It seems that here the 
attraction may have caused a 
loop of filament to be short-cir-
cuited out, the further increased 
current causing more loops to 
short circuit to give the resulting 
minor disaster. 

S. E. 

" PENTODE-DIODE VALVE 

VOLTMETER " 

A Correction 

IN this article, which appeared in 
our June issue, the value of R16 is 
given on p. 163 as 24,030 ohms. 
This should be 2,430 ohms. 

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. 

ALTHOUGH concealed today 
I-1 in tropical kit or battledress, 
without its familiar trademark, 
discerning technicians can easily 
recognise the well-known brand of 
BULGIN RADIO PRODUCTS 
in every piece of Service radio 
apparatus. Today, as in the 
past, they stand predominant for 
originality, design and reliability, 
ready to co-operate in the future, 
in the shape of " things to come." 

(Please quote priority and Contract Nos.) 

"The Choice of Critics" 

Registered Trade Mark 

A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING, ESSEX 
Radio and Electrical Component Manufacturers. 

TEL. : RIPPLE WAY 3474 (5 lines). 
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RECENT INVENTIONS  
BROADCASTING AERIALS 

A SHORT-WAVE frame aerial with 
a substantially circular radiation 

characteristic consists of eight right-
angled elements Ex . . . E8, arranged 
symmetrically as shown about a 
common centre. The four outer 
corners uf the square so made are 
coupled together by condensers C, ser 
that the periphery forms a " closed ' 
loop. 
The aerial is energised through the 

lour segments S at the common centre, 
which may be made as a hollow huh 
and threaded over the supporting 
mast M. Separate insulation is un-
necessary since each of the segments 
is at a voltage node. 

E I E 2 

E 7 E 8 \ C 

Aerial for circular radiation. 

Correct matching is ensured by ad-
justing the position of the shorting bars 
B, which in effect varies the overall 
length of the corresponding feed line. 
Standard Telephones and Cables, 

Ltd. (assignees of R. S. Hampshire). 
Convention date (U.S.A.) July 12th, 
1941. No. 558473. 

CATHODE-RAY TUBES 
nURING the processes of scanning, 

the electron stream is apt to de-
velop negative charges on the inner or 
impact surface of the fluorescent 
screen. These tend to retard the speed 
of the oncoming electrons, and so pro-
duce the effect known in television as 
interline flicker or flutter. For this 
reason it has already been proposed to 
cover the back surface of the screen 
with a metallic layer, but the picture 
must then be viewed from the side of 
the screen against which the scanning 
beam strikes. 
The remedy now suggested is to 

cover the inner surface of the fluorescent 
screen with a metallic layer, which is 
made sufficiently thin to allow the 
scanning electrons to pass through, 
without any appreciable loss of 
velocity. The picture can then be 
viewed in the usual way, i.e., from the 
front of the glass bulb. The metallic 
layer is preferably made of aluminium, 
of a thickness not exceeding 5 microns, 
and is coated with fluorescent material 
on the side next to the glass bulb of 
the tube. 
Cinema-Television, Ltd. (communi-

rated by C. S. Szegho). Application 
date September ugh, 1942. No. 
559316. 

A Selection 

pf the More Interesting 

Radio .Developnzent$ 

TUNING-IN FM SIGNALS 
-rilE flat response ol a receiver for 
.1 frequency-modulated signals does 
not favour the use of the ordinary type 
of tuning indicator. 
According to the invention an 

audible tuning note, say of 25o cis, is 
injected into the set from a local source 
as an amplitude modulation on the sup-
pressor grid of the usual limiter valve, 
and is passed through the discriminator 
valve to a branch output containing 
the tuning indicator, which can then 
conveniently take the form of a pair 
of headphones. 
The audible note may be switched 

in during the period of tuning only, 
or it may be left permanently in cir-
cuit; in the latter case it will give an 
audible warning of any frequency 
"_drift" either in the transmitter or 
receiver. If the receiver is of the type 
that is operated from a low-voltage 
supply through a vibrator and a step-
up transformer, the tuning note can be 
taken from the unsmoothed side of the 
HT filter. 
The amplitude of the injected note 

falls to zero when the set is brought 
accurately into tune, but rises in 
strength on both sides of the critical 
point. 
The Mullard Radio Valve Co., Ltd., 

C. E. G. Bailey and G. I. A. Bywaters. 
Application date June 30th, 1942. No. 
558467. 

VI 

push-pull amplifiers. Since the phases 
of the voltages set up by the FM signal 
across the two diodes are of opposite 
polarity, they will combine additively 
in the push-pull output. On the other 
hand, any unwanted amplitude varia-
tions that may be present will generate 
voltages of like polarity across the 
diodes. By suitably selecting the cir 
cuit constants, these voltages can also 
be made equal in value, so that they 
will automatically cancel out. 
Marconi's Wireless Telegraph Co., 

Ltd. (assignees of H. O. Petersen). 
Convention date (U.S.A.) November 
27th, 1941. No. 559290. 

FREQUENCY CONTROL 

TIIE frequency of a short-wave 
oscillator V is made to vary with 

a control voltage applied to the grid 
of an auxiliary valve VI. The arrange-
ment can be used to neutralise the 
effect of temperature changes and for 
automatic frequency control generally. 
A tuned feed-back circuit between 

the anode and grid of the oscillator in-
cludes a pair of Lecher wires Li, L3 
and L2, L4 respectively. These 
terminate inside the valve V2, where 
they form a pair of anodes and are 
subject to the space charge developed 
by the screen grid of that valve. The 
distributed capacity along the Lecher 
wires, and therefore their effective elec-
trical length, will thus vary with the 
voltage applied to the control grid of 
the valve V2, and with it the operating 
frequency of the oscillator V. A 

L 3 

L4 

Constantlf requency 

FM RECEIVER THE undesired amplitude variations 
which intrude themselves into the 

energy content of a frequency-modu-
lated signal are usually removed before 
detection by means of a limiter valve 
which, to be effective, must be over-
driven, i.e., loaded to saturation. This 
in turn requires a high level of amplifi-
cation to be applied to the incoming 
carrier wave. 

It is now proposed to omit the limiter 
stage and to couple the last IF 
amplifier directly to the usual pair of 
frequency-discriminating diodes, the 
load resistance of the latter being con-
nected to the two grids of a pair of 

short wave oscillator. 

negative bias, applied from a source B 
through a resistance R, prevents the 
wires L3, L4 from taking current 
during any part of the high-frequency 
cycle. 

Standard Telephones and Cables. 
Ltd., and C. N. Smyth. Application 
date February 20th. 1940. No. 558454. 

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

1/- each. 



JULY, 1944 WIRELESS WORLD 

for 
¡ace 

N‘ 
DOMESTIC COMMERCIAL • INDUSTRIAL • SCIENTIFIC • MEDICAL • EXPERIMENTAL 

THE NULLARD WIRELESS SERVICE CO, LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.Z. rev.) 



WIRELESS WORLD JULY, 1944 

vieTER SWITCHES 

ARE MADE FOR 

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

FULHAM 6192 

C. R. CaSSOS 7 

230 THORNTON ROAD, WEST CROYDON, SURREY 

THOrnton Heath 2462 

When Victory rings down 
the curtain on War, we 
shall again be able to 

provide you with cabinets 
of tasteful design. 

L3quirm 

TYPICAL EXAMPLES 

TYPE 

IMPEDANCE OHMS 

CAPACITY mmfift. 

ATTENUATION 
10 NC 'S db '100ft. 

TRANS RADIO LTD. 
16, THE HIGHWAY • BEACONSFIELD • • BUCKS 

tvl • 0 • Ft • S - E 
COMPLETE 

PRACTICE UNIT 
t. OnPnben to many branches ol N.M. Service, 

No. 1261. Complete Mom Praotlee Unit. 

Heavy mownerelal Ker with olokel silver 
contact, and »mitt» triple adJuatment. 

High-tone Buzzer .5th silver coutacts, 
mounted on baketIte base .5th cover. 

Battery Helder. eomplete .5th 4.6 Ever 

Ready Lottes-y. Ail metal parte heavily 

nickel plated. and the whoM 

mkt on polluted Mabeguner 29/6 
Base. kiln. x 6/kt. l'rn e 

Send Id. stamp for Illustrated List 

SIGNALLING EQUIPMENT LTD. roept. 
Merit House, Southgate Road, Potters Bar. 'Phone: Potters Nor 3133 

Vailey 
TRANSFORMERS 
and CHOKES 
For RELIABILITY 

SEND US YOUR ENQUIRIES 

OLIVER PELL CONTROL 
CAMS R!D6 F ROW, BURRAGE ROAD, 5VOOLV/ICH• 10 t`i00 '; 5E 

I am the c.g.s. unit 
of energy—you'll 
find me in every 
radio circuit. 

ERG 
ERG is the trade mark that will 
identify our products of quality— 
small parts for big jobs. 

*et%  

ERG RESISTORS LTD. -ft.-
FINCHLEY ROAD, LONDON, N W.11 ER G 
PHONE : SPEEDWELL 6967 

Liquid Silver, Platinum and Gold 
for metallising CERAMIC, 
MICA, QUARTZ or GLASS. 

Low melting-point SOLDER from 70•C. 

Non-corrosive Liquid FLUX for all electrical 
purposes. A.I.D. Approved. 

Agents for Australia: A. S. HARRISON & CO. PTY. LTD. 
85, CLARENCE STREET, SYDNEY. 

IPSWICH RD., TRADING ESTATE, 

—1 SLOUGH, BUCKS. Phone: Slough 20992 r-
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NEW RECEIVERS AND AMPLIFIERS 

CLASSIFIED ADVERTISEMENTS. Rate 6 - for 2 
hoes or le.. and 3;- tor every additional line or part 
thereof, average lines 5-6 words. Each paragraph 
charged separately. Pres. Day: August issue, first post 
Monday, July 10tIL one day earlier at branch races. 
Boa Numbers 2 wont., plus 1 Deposit System ; 
particulars on request. No refflegibilitY accepted 
for error.. 

TRANSFORMER 

APPLICATIONS 

and DESIGNS 
The advance of electronic 

engineering has been pheno-

menal. With it transformer 

technique has grown in com-

plexity. Specialised study is now 

essential if the most advantageous 

employment of a transformer is 

to be guaranteed. 

Our Technical Department is 

under the personal supervision 

of Dr. Norman Partridge, Ph.D., 
B.Sc., M.I.E.E., M.Brit.I.R.E.. 

and his unique knowledge and 

experience can be directed upon 

your problems if you so desire. 

Let us help you in your 

development work by offering 

constructive criticism concerning 

your proposed transformer appli-

cations. 

Transformer Manufacturer, 

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

30 -WATT ac amplifiers, precision built in-
struments, input and output channels 

to requirements; early deliveries.-Below. 

150-1VATT racks, comprising 5 amplifiers 
as above intercoupled, fitted for re-

mote control for industrial installations; send 
for full details and illustrations; complete 
equipment, including speakers and micro-
phones. etc., available.-Below. 

-WATT ac/dc amplifiers, mixing input 
channels, bass and treble controls, in-

put and output transformers; 18gs.-Below. 

- D 
 4 

ARMSTRONG 
 SERVICE  

We are doing our best to 

keep your pre-war Armstrong 

Receiver in a state of good 

repair until such times as we 

can resume manufacture and 

supply you with a post-war 

model. 

In the meantime if you need 

our help address your enquiry 

18 
ANCE and stage transportable equipment, 
comprising 18-watt amplifier as above, 

m/c mike, ad). stand, 2 speakers, cables; 36gns. 
-Broadcast Its Acoustic Equipment Co., Ltd., 
Broadcast House, Tombland, Norwich. [2024 
rtUALITY amplifiers, a.c. 200-250v 41,4 watt, 

6igns.; 11 watt, output imped. to require-
ments, Signs; s.a.e, for leaflet-John Brierley. 
1, St. Paul's Ave., Lytham St. Annes. [2851 

A('/DC 4-valve M.W. receiver; build the 
'Wizard in an evening! Set of instructions, 

clear wiring diagram, component layout, theo-
retical circuit, parts list and prices, 5/- post 
free; uses British valves, obtainable from us; 
many equivalents; components sold separately; 
your queries answered free sae.-Franklin 
Developments, Weldona, The Avenue, London, 
N.3. [2625 

£24 110 only-New 7-valve " Wireless 
World ' Quality amplifier with tone 

control stage, 8watts push-pull triode output, 
price includes super Quality triple cone, 12in 
permanent magnet speaker with large matched 
output transformer and all valves; as above 
but with 15watt tetrode output, £25/10; ideal 
for realistic reproduction for public address, 
limited number available.-Bakers Selhurst 
Radio, 75, Sussex Rd., S Croydon. Tel. Croy-
don 4226 for demonstration.[ 2 

HPP. RADIO SERVICES, Ltd., offer new 
llv televiàon chassis, complete 

with power pack and scanning assembly, no 
valvés, £12/10; new radio chassis, compris-
ing 7 screen coils, 31 condensers, 30 re-
sistors, 8 Octal valve-holders, volume control, 
etc., 29/6; 5-watt ac-dc amplifier, 3-valve 
chassis type, including 3 valves, £6/10; new 
Crosby 6v 2-waveband car radio, all sup-
pressors and fitments complete, 16gns; under-
car radio aerial, 18/6; American Ward 
Rothermel crystal gramophone pick-ups, 
£3/18/9, for the Services only (as supplies 
permit); Moteo moving coil microphones, 5gns; 
Rothermel table crystal microphones, 90/-; 
Shaftesbury chromium-plated crystal micro-
phone heads, 5gns.; British and American 
valves, most types; Dubilier 650v 2mfd new 
block condensers. 4/-• volume controls, 3/9, 
with switch 5/6, all values; E.M.I. mains 
transformer replacement bobbins, 4v or 6v, 
350-0-350v, 21/-; Role 8in. p.m. speakers, 
23/6; .0005 triple gang tuning condensers. 
5/-; 2-volt 45 ampere glass acumulators, 
11/-; 120v HT batteries, 15/6; new B.T.H. 
headphones, 4,000 ohm, 21/6; one only 
rotary convertor, 230v de, in 230v ac out, 
£12/10; s.a.e, with all enquiries; list bd. 
Purchase by post with confidence. Carriage 
paid over £5.-H.P. Radio Services, Ltd., 55, 
County Rd., Walton, Liverpool, 4. 'I'el. Ain-
tree 1445. Established 1935. [2825 
RECEIVERS, AMPLIFIERS-SECOND-RAND 

preselector 230 ac, as new; Fe: ranti 
2Vpin flush 0-2 mills.; Milites ht. unit, 

.:pty; offers.-Box 3145. [2811 
35 Q X communication receiver, 31mos to 

40kc/s, complete with power pack, 
as new; £75 or nearest offer.-Box 3139. [2788 
0 0MMUNICATION receiver, 6-valve, £ 15; 

S.T.800 all-wave battery receiver, elimin-
ator, £9.-Tel. Wallington (Surrey) 5435. 
ILM.V. 10-valve auto-radiogram, model 531. 

£50; Sparton 8-valve all wave, £20.-
Hirst, Wood Lane, Hawarden, nr..Chester. HARTLEY-TURNER 812A new valves. 

unused 4 yrs.; Echo portable, Brown's A 
phones. Offers.-Thomas, Newport Rd., Cwm-
earn, Mon. [2841 Q.A. with feeder stage, new valves, Goodmans 

12in p.m. Collaro elec. motor; £30 lot.-
Crawley, 44, Taptonhill Rd., Sheffield, 10. HIGH quality radiogram, two turntables. 

crystal p.u., 15w para. amplifier, massive 
walnut cabinet, Hartley-Turner, large baffle, 
£120; sundry trans., chokes, meters, etc.; sae. 
list.-Petty, Bentham, Lancaster. [2845 

Auto-Radiogram, in hide 
suitcase. by General Industries Inc. 

(U.S.A.), takes eight 10in or 12in records, 90 
to 250 volts ac or dc, short and medium wave-

  bands, in perfect order; £65.-Harris and 
Gillow, 80-2, Wardour Bt., London, W.I. 

ARMSTRONG (Radio Service Dept A T %V- each to lclebarit home tscontstireunctorns 

• part aenxcharignie,mmerientuma oregr s;5; ergo chais. 
WARLTER8 ROAD, HOLLOWAY, LONDON, N. sis, 5/-; cabinets, 5/-; and components (see 

'Phone : NORth 3213. Components column); minimum order £2; 
  sent purchaser's risk, carriage extra.-Harris, 

Strouds, Bradfield, Berks. [2832 

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 or purchase of 
certain electrical and wireless apparatus, par-
ticularly such valves and apparatus as are ap-
plicable to wireless transmission. 

Mail Order Component House 

W.I.VECAND HAIM: :Ad. 
VOLUME CONTROLS with switch ; fine 
stock. 2 meg, 1, 100,000, etc., 59 ea. Less 
sw. type. 3/6. Very fine MAINS TRANS-
FORMER offer : 350-0-350 v. 80 ma., 6.3 V. 
.3 a., 5 v..2 a. (or 4 v. British type), 37,6. 
75 w. AUTO TRANSFORMERS, 27/6. 
O.P. Trans., multi ratio, 7/6. Class " 13" QPP, 7/6. 
HEAVY DUTY CHOKES, 30 hen. 120 m.a. 
200 ohm, 14/6. Replacement BOBBINS for 
4 v. or 6 v. Transformers, 18/6. Philips AERIAL 
COILS, 6/6. Two yard length Metal Braided 
Sleeving, 
NEW MODEL Voltage Droppers with fixing 
feet; 800 ohm .3 amp., 5/9. .2 amp. 1,000 ohm, 
5/-. SILVER MICA Condensers, packets 12 
assed, 5/6. American 100 v. Razors, can be used 
on 200-250 v. with a WAVEBAND special RR/88 
Razor resistor, 7/6. 
TUBULAR Philips wire end paper Condensers ; 
Service Kit of 50 FOR ONLY El. • SERVISOL " 
Switch Cleaner, 8-oz. tin, 5/-. " Servisol" 
Cabinet Cleaner, 3 bottles in carton, 
NEW GUN TYPE RADIO Solder Iron, with 
pointed bit, 14/6. Set of TRIMMER TOOLS, 
14 box spanners and screw drivers, in leatherette 
case, 30/-. Bakelite BELL Trans., 5/6. NEW 
G.P.O. Type TABLE MIKE with trans. fitted, 
7/6. SPADE TERMINALS, 5/6 doz. CROCO-
DILE CLIPS, 4/6 doz. 
TECHNICAL PUBLICATIONS. We wish 
to thank " Wireless World" readers for their 
letters of appreciation. 
Amplifier and P.A. Manual, 2/3. 66-Page Radio 
Valve Manual, 3/9. Radio Circuits, 2/3. Direct 
Disc Recording. 2/3. Service Signalling Manual, 
1/3. " RADIO INSIDE OUT," a complete Guide 
Book for Amateur and Professional, 4/9. Manual 
of Science, Heat, Light, Sound, 213. Tool Makers 
Manual, 1/3. Full set of these 8 Service Books 
sent for 186 only, If you quote " W.W.I644," 
when ordering. 

EXCLUSIVELY MAIL ORDER. 

WAVEBAND RADIO LTD. 
Egyptian House, Piccadilly, London, S.W.I  

1 AMBASSADOR 
FI.A.143 

, Fore INDU STRIAL. 
EDUCATIONAL AND 
WELFARE NEEDS 

's the best gellmg line in P.A. equipment. With 
built-in ....chosen £213.10o. isabiseti + 25/6 TAX 

Industrial speakers 110•1 83.12a. ittibleet) 
Caialegue end hermt on replant. 

It N. FITTON LTD 
HUTCHINSON LANE, BRIGHOUSE 
Scottish Distributors : Tel. : 283 
British Electrical & Manufacturing Co. Ltd. 
133, West Campbell Street, Glasgow 

Tel. : Central 3286 
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for Precision 

Irrtrument Work 

Can be operated 

like a pencil 

T:eR0 B  
  New 

SOLDERING IRON 

•)11% 

With only 45 watts a 

Bit Temperature of 

over 300C is obtained 

for ell Voltages from 6-250 volts. 

The ACRU ELECTRIC TOOL MFG. 
CO. LTD. 

123 HYDE ROAD 

ARDWICK, MANCHESTER, 12 
Telephone: ARDwick 4284 

F OR THE 
RADIO SERVICE 
MAN, 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 principles 
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! 

 ioNAL CORIICSPONOENCE «Hants 

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 Engineering 

Elementary Radio Television 
And the following Radi, ex.m.inations: 

British Institution of Radio Engineers 
P.M.G. Certificate for Wireless Operators 

Provisional Certificate in Radio Telephony and 
Telegraphy for Aircraft 

City and Guilds Telecommunications 
Wireless Operator & Wireless Mechanic, R.A.F. 
Name  Age  
Address  

Want« 
T OCAL or pretuned receiver; for sale, Hart-
1_./ ley-Turner speaker, 2 Px4's.—Box 3154. II.M.V. All wave Aut,..radingraia. Model sen 

preferred. Pei hillier. 24, Raymond Cres-
cent, Guildford. 

A D1OGRAM and / or Communieer r 1280e7 
ceiver.—State price and condition to J.G.. 

71, Grosvenor Av., London, N.5. [2817 
1XTE offer cash for good modern communica-
TT tion and all-wave receivers.—A.C.S. 

Radio, 44, Widmore Rd. Bromley. [1541 
"'DORE-SET Quality Receiver I" Wireless 
e World " August, 1939), tuner unit only (-,1 
..mplete with amplifier, in working order, pari 
,rushed, or compta. and chassis only. Box 3157 
‘XTE buy at your price, used radiograms, 

, VT radios, amplifiers, converters, test meters. 
motors, pick-ups, all radio and electrical acces-
sories, etc.; we call and pay spot cash.— 
Tel. Eust. 1966, or Ger. 4447. University 
Radio, Ltd., 238, Euston Rd., N.W.1. [2536 -r ONDON CENTRAL RADIO STORES will 
-I-a pay good prices for receivers, radio-
grams, amplifiers, dynamos, converters, test 
equipment, electric gramophone motors, and 
all radio and electrical accessories.—London 
Central Radio Stores, 23, Lisle St., London. 
W.C.2. Geuard 2969. [9836 

>NSW LOUDSPEAKERS 
NERCISEI) speaker, 2,000 field. 2.5 yoke, 

-1-4 £2; Benjamin field supply kit, 50 -: 
boxed, brand new.-25, Ormonde Ave., Hull 
NEW Broadcast P.M. loud-speakers, 3 
- models: 12in 12watt 15,500 lines, 1,j.,in 
dia, voice coil; 12in 25watt 18,000 lines, 1/in 
dia, voice coil' 15in 40 watt 18,000 lines, Whin 
dia, voice coil; machined and precision built 
instruments, Ticonal magnets, detachable dia-
phragms, die-cast chassis, uniform response, 
superior standards in fidelity, sensitivity, 
accuracy, tonal quality, appearance and finish; 
prompt deliveries; specifications and illustra-
tions upon request—Broadcast di Acoustic 
Equipment Co., Ltd., Broadcast House, Tomb-
land. Norwich. [2537 

£5 /15 only.—Nranil new Baker super 
Quality 12in Auditorium permanent 

magnet speaker with triple cone, manufactured 
by Bakers Selhurst Radio, the pioneer manu-
facturers of moving coil speakers since 1925, 
wide frequency range, even response, ideal for 
quality reproduction, fitted with magnet hav-
ing exceptionally high flux density in the air 
gap, suitable for public address equipment 
when quality reproduction is first considera-
tion; send 2Ihd. stamp for leaflet giving details 
of above and constructional details of a new 
acoustic chamber designed to extend loud 
speaker frequency range; also constructional 
details of an infinite baffle cabinet; every 
music lover interested in realistic reproduction 
should write for leaflet. 
Ls/i  permanentonly—Brand maBBg a nkeetr  er speaker powercinema  

18in triple cone of new design, giving wide 
frequency response free from objectionable 
resonances; speech is clear and natural and 
music is reproduced with exceptional realism; 
fine engineering job, extremely sensitive, ideal 
for public address equipment when power 
handling capacity plus realistic reproduction 
is required.—Bakers Selhurst Radio, 75, Sussex 
Rd., South Croydon. Tel. Croydon 4226 for 
,m leonstratIon. 

LOUDSPEAKERS SECONDHAND 
VOIGT speaker, protected P.A. type.— 

Phonart. The Bridge, Walsall. [2814 TRIODE amplifier, £ 12; Magnavox 66, £ 8. 
—14. Avenue Rd., Kingston, Surrey. MARCONI 90, many compts.; reasonable; 
s.a.e.—Illingworlh, Church (In., Bridling-

Ion. t on. 
Wanted 

ITOICT speaker required.—Lei, 44, Broad 
T St., Worcester. [2822 WANTED privately, Baker triple cone. Win 

dia. approx. 2,000 ohm field, speech coil, 
2.5 ohm.—Kaye, 34, Leyborne Park, Kew 
Gardens, Surrey. [2803 YOIGT unit with corner horn; consider horn 

only, he or large model, but large[2pre-
ferred; would part exchange Jones m/coil pick-
um -Box 3148. 
0 12M Magnavox Auditorium speakers, 

15ohms s. soil, 2,000 ohms f. coil, with 
built-in rectifiers, to work from 230 a.c., con-
dition as new; £20 or offer. Also 1 Majestic 
and 1 B.T.H. gram motor and 1 B.T.H. cry-
stal P.C., all perfect. Offers.—Hoyle, Oldfield, 
Carr Lane, Hardhorn, Blackpool. (2839 

DYNAMOS, MOTORS, ETC. 
D .C. Gen. 3.75kw 220v, 1,500 i.p.m.: dc 

motor, 2.5hp, 220v, 1,000 r.p m.; Mar-
coni rot, converter, de to ac ' red. 2ft ht.): 
lot, £ 19.—L. Shaw, 13, Hanover St., Rochdale. ALL types of rotary converters, electric 

motors, battery chargers, petrol-electric 
i generator sets, etc., n stock, new and second-

hand; supplied against priority orders only. 
WARD, 37, White Post Lane, Hackney 
V,' Wick, E.9. Tel. Amherst 1393. [1988 

FAMOUS THROUGHOUT 
THE WORLD 

Millions in Use 
since the inception 
of broadcasting 

in 1922 

RADIO INSTRUMENTS LTD. 
Purley Way, Croydon. 

EUGENE 

• 

CLIPS 
Well made ot steel, double ridged tor 
strength. Teeth on three sides st lower 
jaw give firm grip and good contact. 

opens 11. 

emed 
PreCis;o ,, t nE, ,oee ,s 

WORKS, EDGWARE ROAD. HENDON. N.IN.9 
Ce.b 

W. BRYAN SAVAGE 
LTD. 

Expert assistance in the solution of 

problems relating of 

e TRANSFORMERS, CHOKES 
e AMPLIFIERS 
• POWER UNITS 

and Specialised Equipment 

embodying 

ELECTRONIC CONTROL 

WESTMORELAND RD., N.W.9 
COL1NDALE 7131 
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ROTARY converters.-Crypto 500 watts 
200v dc to 110v ac, £17/10;• Crypto 

1.500 watts, 250v de to 110v ac, £27/10: 
E.C.C., 110v dc to 75v ac, 2,000 watts, £25. 
-Harris, Strouds, Bradfield, Berks. [2831 
MILECTRADIX dynamos and motors at bar-
14 gain prices, dynamos, ht and It G.E.C. 
double current, 6v and 600v, weight 171b, 
37/6, pkg. and carr. paid; supplied Eng. and 
Wales only; refund 5/- on returned cases; D.C. 
motors, 1/5th hp and I,yhp dc motors, enclosed, 
silent, 220 to 250v, 1,500 revs, double-end 1/2 in 
shaft, first grade make, guaranteed, 1/5th hp. 
£3/10 each; ',hp, £4 each; all carr. paid 
Eng. and Wales; others in stock.-Electradix, 
214, Queenstown Rd., Battersea, London. 

Wanted 
WANTED, rotary converter, any size.-Hull. 
vv 221, City Rd., London, E.C.1. [2428 

TEST EQUIPMENT CAMBRIDGE Unipivot galvanometer, 60 
micro-amps; £8 or nearest.-Box 3147. 

1410R sale, 1 model 7 Ayo, £25; 1 model 40 
1 Ave, £20; in perfect condition.-Box 3142 PHILCO battery operated signal generator, 

modern, all-wave, just reconditioned by 
makers: offers.-Box 3140. [2790 TAYLORMETER 83A, new; Acometer 40, 

new; Avometer 40, used, perfect; offers. 
Wanted. Taylormeter 90.-Box 3153. [2842 
TITESTERK set Analiser and Oscillator in 
VV one case, complete every detail except os-

cillator ht batt. Offers-P. Lyon, Soham, Cambs. 
litERRANTI 0-1 milliampmeter, £ 3; wanted, 
1 Ferranti mains trans, S.V.18, C.2, C.15 
condensers; s.a.e. reply.-Eric Wood, Burton-
on-Stather, nr. Scunthorpe, [2816 
MULLARD model 3152 oscilloscope, perfect 
-1-14 condition throughout, little used, com-
plete with handbook, 110-240 y ac; £50 or 
offer.-538a, Mansfield Rd., Nottingham. [2843 

VOMETER, model 7, 50 ranges, aye a.c. 
▪ test bridge; Taylor signal generator, 65 A. 
all new with makers' guarantee; Ferranti 
electrostatic, 0.750v. Offers.-Box 3155. 
rrESTOSCOPE, indispensable to radio ser-

vice engineers; makes 20 lists; interest-
ing booklet on request•, from all wholesalers 
or direct; send for leaflet " R.1."-Runbaken, 
Manchester, 1. [2702 
A VOMETERS.-Model 7, £19/10; 40. 
ZE- £ 17/10; Uni., £8/10; D.C., £3110; 
good stocks for immediate release to those 
holding Government priority contracts only. 
and II.M. Services. Callers only; no corre-
spondence possible.-Judge, 676, Romford 
Road, Manor Park, E.12. Ilford 2066. [2640 
METERS.-Weston 301, 0-15ma and 0-15v, 
-1-1-1- 36 /- ca.; 431. 0-2ainp and 20-0-20v. 65/-
ea.; 267, 0-200ma. 42 /-; Ferranti. 0-15 ma. 

376 trans., A1"3. AF4. 12/6: AF4c. AF5. 
19/6; AF5e, 30/-: OP13c, OPM5c, 
OPM4c. OPM6c. 22/6; Davenset, 3011. 100ma, 
17 16.- Mac. 3138. 100. Manor St., S.W.4. 

Wanted 
A .C. valve tester and a.c. oscillator ( good 

coverage). avo preferred, state make. con 
dition and price-Stevens, 20, Cordon St. 
Wisbech, Cambs. [2850 
A VO testbridge, Uni Avominor and Taylor 
- oscilloscipe, type 30A or similar, in good 
condition.-Full particulars, Box 3158. [2858 COSSOR Oscillograph 339. Oscillator 343. 

impedance bridge, complete with rack, or 
would purchase separate instruments.- Morgan, 
Dawes. Ltd., 18. Crescent St.. Weymouth. 

NEW MAINS EQUIPMENT 
'UDR TEX1ON mains transformers, chokes, 
• 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. 
TTORTEXION. Ltd., 257, The Broadway, 
• Wimbledon. London, S.W.19. Lib. 2814. 
SECOND-NAND MAINS EQUIPMENT 

°RYPTON 3-circuit garage charger, new, 
• cost £25, £20 or offer; Morse inker. 
£10; T.C.C. 4-1 4, 1.700v wkg., £2110; T.C.C. 
,incased, 0.5, 1,700v wkg., 3/- each; Peak 
lmfd, 1,500v wkg., 7/6; Savage 1,000-0-1.000, 
250ma, £4/10; Epoch Domino, 6v thl.. £2110; 
Arvin 6- valve car radio, new, £10.-Medcraft 
(G-5.1V). 198, Harrow View, Harrow. [2855 
COMPONENTe-SECOND-HAND. SURPLUS INSULATING tape, in various widths, very 

adhesive; 2 /- per lb.; reductions for quan-
lities.-Parade Radio & Electrical Service Co., 
3. Kingsbury Parade. Kingsbury Rd., N.W.9. 
TOOR sale, complete set of parts for 6-valve 

enperliet. metal valves, 3 wave-band. 
switches, power transformers, filters, etc.. large 
number of spares; highest offer.-Write T. 
Russell. 6, Highfield Terr., Beer, Seaton, Devon. 
MO clear, from part exchang;e: 1.1. trans-

formers, 2/6 each; If, chokes, 2/6; h.f. 
chokes, 1/-; fixed condensers up to . 1, 6d.. 
over . 1 1 '6; car, condensers, 1 /-; dials and 
knobs, 3.1.; fixed resistances, 6iI.; plug-in 
coils, 1 /-; tuners, 2/6; push-pull switches. 
6d.; valve-holders. 3d.; grid leaks, 6d.; please 
note, minimum order £1; carriage 1/- in the 
£ extra.-Harris, Strouds, Bradfield, Berks. 

1USTERITY 
RADIO LIMITED 
CONSTRUCTORS' KITSN 

Delivery approximately Oae Month. 
New Litz-wound coils are now supplied with 
these Kits which, when assembled, give goad 
quality reception of B.B.C. programmes. Com-
plete with chassis Sin, x fits. x Ills., Valves, 
MC. Speaker and wiring diagram. ( Regret, nu 
cabinets.) 3 controls. 

AC. 3-7. ( + RECTIFIER) HIT. V.M.H.F. Pea. 
Triode. 1..P. l'en., Rectifier, M.C. Speaker. 
Price 10 gm Poet 1/1, plun 3/6 packing (re-
turnable). 

BATTERY 3-V. HIT. V.M.H.P. Pen.. Triode 
Detector and Output Tetrode. P.M. Speaker, 
Price £7. Post I/1, plus 3/6 packing ( returnable). 

3-v. T.R.F. 

A.G. Kit No C.O.D. 
Assembled. for Kit. 

•ALL-WAVE I PERMEABILITY OR MANUAL 
TUNED IS-way PUSH-BUTTON UNITS, complete 
with buttons. Superhet 453 lies. 30... No 
circuit supplied. 

AERIAL AND OSCILLATOR COILS. comPlete. 
with I. Transformers, US Km, screened. 
20 - per set. 
L.F. CHOKES. 50 ma., .0 ohms, 6 - 
309 ohms. 8 6. 

PARALLEL FEED TRANSFORMERS. Midget 
ratio 31 : 1, -; 4 1, 6 
YA/LEY Type SWITCHES, 3-bauk, 
5-way. 4 8. 
W.B; VALVE HOLDERS. 7.pitt, chassis mount-
ing. 101d. 
PAXOLIN PANELS. 12 o 9 x ¡in. approx., 36. 
3-GANG CONDENSERS. STANDARD .0005 
ceramic imml. 126. 
SHORT-WAVE cm& :1 bands covering 12-50 
metres. Aerial and 11.E. mounted on screened 
switch. Wired up to terminal output connections. 
All munbered. If' spindle. Complete with 
circuit. 20,... 
A. & H.F. TRANSFORMERS with reaction 
colour coded. 106 a paw 
465 RCS. L.F. TRANSFORMERS. Iron-cored, 
linscreened, small, 15:- Pak-
MAINS TRANSFORMERS. Universal. A.C. 
input. 2:0) v. output, :too.- 3011, ii.3 v., 4 amp., 

V., 2 amp., 4 s., 2 amp., 4 v.. 4 amp... I11.8. 
Screened primary colour coded a good replace-
ment transformer, especially for nets using inked 
valves, 32 6 etch. Standard. input 200 250 At., 
output 350.0.350. 150 ni.a., 6.3 v., 5 amp., 5 v. 
2 amp.. 35/- each. 
VOLUME CONTROLS. 10,000. 100,000 ohms, 
I. 1. I and 2 meg., si ith switch, 66 each. 5000, 
10,000. 23,000 and 50,000 ohms, lens as itch, 
4t. each. 
CHASSIS. Undrilled steel, painted, new, 101 x 

.< 2f in.. 7 6 '• x 6 x 21 in.. 4/6 earl, 
OCTAL CABLE PLUG AND SOCKET. 2,-. 
TOGGLE SWITCHES. Miniature On.cff, single 
Pale. 216. 
MAINS VOLTAGE DROPPING RESISTANCES. 
.2 a. 1,000 ohms overall, 8;-; .3 e. 750 ohms 
overall, 7/-, both with two variable sliders and 
feet. 
A BIG SELECTION second-hand components 
for callers only. 

307, HIGH HOLBORN, 
LONDON W.C.I. 'Phone 1101.6orn 465/ 

RADIOSALE8, BCM/Sales, London, W.C.1, 
offer, post extra (list 1d) RESISTANCES, all popular valves, % watt, 
4d; t/2 watt, 6d; 1 watt, 9d each. C0NDENSERS, tubular, 0.0001 to 0.005, at 
9d; 0.01 to 0.05, 1/-; 0.1 at 6d. 

VALVE holders ( Paxolin, chassis type), 
• octal, 7- 9-pin, 9d, 4- and 5-pin 6d. 

VOLUME controls, 5,000, 10,000, 25,000, ¼,V ik M. without sw, 3/6. with 5/-. 

MAINS droppers ( with sliders), 1,000ohrn 
- 0.2amp, at 4/6; 750ohm 0.3a, 5/6. 
MIDGET chokes, 15h 60mA, 7/6; Midget 
111 pentode speaker trihsf, 6/-. SPEAKERS, 8mp.m., with trans,. 30/-: 

Midget 31/2 in p.m., no transt, 30/-. LINE cord, 0.2amp. 180ohms yd. per yd., 
5/6; Systoflex, 4 yds 1 /-. CONDENSERS, 50 asstd, £ 1; resistors, 50 
asstd. 15/ - ; pop. valves only. [2865 CllARLES BRITAIN RADIO (K. H. Edet 
offers real bargains in new radio spares! 

SERVICE kits No. 1.-1 8mfd tubular 450v, 6 each asstd. tubular and mica con-
densers. 11/6 per kit; kit No. 2, 2 16mfd 
200v small can electrolvtics, 1 0.3amp mains 
dropper with var. taps' and 1 60ma choke. 
£1/10/6; kit No. 3, 2 8mfd 450v tubulars, 
2 16mfd 200v cans, 2 2mfd 0.25 Mansbridge, 
1 doz asstd. tubular and mica condensers and 
6 0.2 small Mansbridge, £2/5 per kit. 
rrUBULAR condensers, 1,000v test, 0.1. 9/-
1 doz, 0.05, 0.01, 7/6 doz.; 0.004, 0.002, 
0.001, 5/6 doz; B.f. condensers, 0.04 350v, 
5/- doz; 0.001 450v, 4/6 doz; mica condensers, 
0.0001, 0.00015, 0.0002, 5/- doz; 0.001, 0.002, 
6/- doz; 0.01 mica, 1/- ea; 4,000mmf, 1,600 
mint. 6/- doz. 
QTEEL chassis, 91,x5in, drilled for 2 valves. 

2/- ea; Telsen S.M. disc drives with 
escutcheon ( boxed), 2/- ea; valve-holders, Int. 
Octal and British 7-pin, 7/6 dos; grid caps. 
Oct and British, 1/- doz; sleeving, 3d. yd. 
or 2/6 doz; wave-change switches, Yaxley 
type, 2 pole 4-way, 2 pole 3-way, 4 pole 2' 
way, 3/6 ea. 
«PLATE glass dials, Cossor 3-band, 131/2 x5V2, 
1 2/6 ea; n.m.v. 71/4 x4y, or 7 x3;.4, three 
band, 1/6 ea; vert. type. 61/4 x51/2 , 2/- ea: 
Cossor celluloid, three band, 7%x4. 1/6 ea.; 2-
band clock face dials, 5inx4in, 1/3 ea; small 
dials for midgets, 3(nx4in, 9d. ea. 
mills month's special offers.-Celestion mains 
.11. energised 8in speakers, 2,000 ohm field, 
with trans, £1110/6; 2mfd Mansbridge con-
densers, 600v wkg., finest quality, ehx11/2, 
2/9 ea; see last issue for vol. controls, mains 
droppers, etc.; terms, cash or c.o.d. over £1.-
Charles Britain Radio (temp. address), 
" Eureka," Surrey Gdns., Effiingham, Surrey. LONDON CENTRAL RADIO STORES.-See 
-1-.J our displayed advert., page 14, fps 
issue.-London Central Radio Stores, 23, Lisle g,, London, W.C.2. Ger. 2969. [2359 

,000 0.5mf 600 volts dc condensers, A.T.M. 
make, 2m wide, Y4in deep, 41/2in high, all 

in new condition; best offer required for im-
mediate sale. - Box No. 5023, G.T.C., 21-41, 
Wellington Rd., London, N.W.8. [2815 G.E.C. all-wave push-button 6-valve chassis, 

brand new, slightly blitzed, can be got 
working, contains mains, speaker, M. trans-
formers, condensers, 2 electrolytic blocks, re-
.istors, etc, complete, less valves; £3; c.w.o. 
only.-Cardings, 28, Dudley St., Wolverhamp 
ton. [2866 
MIXPERIMENTER'S surplus.-Mains valves 

▪ KT61, Pen4VA, TH4, N41, DDT, AZ1, 
4THA, DD4, MH41, 25Z5; components, Fer-
ranti AF5c, Westinghouse HT8, mains trans. 
sec. 250v, 4v and 4v, output trans. C.T., 
Polar 2-gang cond., Lissen iron core coil pack. 
band pass and H.F.; what offers for lot ?-
Box 3149. [2824 
SEXTON'S for Service.- Celestion 10in mains 

energised speakers, 2,500ohm field, at 
45/- each; G.I: C. 6Yiin speakers mains ener-
gised 1,40001im field with humdinger, at 24 - 
each; line cords, 360011100, at 7/6 each; 500-
ohm, at 10/- each, two-way only; Brivaron 
radio valves, types RF.120=-Marconi 11.12 
RF.40=URIC, 11)5. at 11 /- each; Rola Sin 
speakers, with transformer, at 29/6 each.-
J. E. Sexton lk Co. Ltd., 164, Grays Inn Rd., 
London, W.C.1. Tel. Terminus 1304 and 4842. HENRY'S offer TOC. 2mfil 1.000v wkg., 

7/6; T.C.C. 1,000mfd 25v wkg.. 10/-: 
lmfd. 200v wkg., small type, 2/ -; 3 

wire-wound instrument rheostats, 500 ohms. 
8/6; small 3 gang 0.0005, with trim., 101-; 
T.R.F. coils, med.. wave, for midget sets, 6/6 
pr.; also med. wave with trim., 9/- pr.; Bul 
gin twin fuseholder with fuses, 2/-: twin 
mains h.f. sup. chokes, 3/6; Goodman 's 3Silin 
p.m., 27/6; matching trans., 7/6; 0.2 line 
cord, two-way, 750 and 900 lengths 10/-; 
small mains trans., input 230 volts, output 
13v, cent. tap., 0.3 amps, 12/6; trans. for 
midgets, input 110-230v, outlmt 170-0-170v, 
6.3v and 5v, 25 )-; shortwave h.f. chokes. 2/-; 
call or write.-Henry's, 5, Harrow Rd., Pad-
dington, W.2. Pad. 2194. [2848 
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LASKY'S RADIO '370, HARROW 
(Op. Azad. I oxpiial). Phone : Cunningham 1979 

Small 2 mfd. block paper Condensers, 
700 v.w., at 24 each. 
THIS MONTH'S SPECIAL OFFERS 
24 assorted Condensers, consisting of 8 mfd. 
500 v., 4 mfd. 200 v., 16 mfd. 350 v. (can type), 
2 mfd. 500 v., I mfd. 500 v., .5 mfd. 250 v., 
.25 mfd. 350 v., .05 mfd. 500 v., . 1 mfd. 350 v., 
.01 mfd. 500 v., etc., etc. All for £2. Post free. 
SATISFACTION GUARANTEED. 
SPECIAL BARGAIN F OR SET BUILDERS 
Grey cellulosed steel radio chassis, including 
27 mica condensers, 30 resistances, tubular 
condensers, 8 mfd. 500 v. condenser, 8 octal 
valve holders, volume control and screened 
coils, with trimmers, etc., etc. Size, 
8m. x I 2in. x Ilin. Price 21 9s. 6d., plus 
postage. 
Servisol at per tin, Systoflex, assorted, at 
2 3, 2 6 and 3 - doz. 
Volume Controls, ¡, t and I meg. less switch, 
at 29 each; with switch, 5/9 each. .2 and 
.3 amp. mains droppers, 419, 519 and 7/6 each. 
.3 amp. 3-way line cord, 70 ohms, per foot, 
best quality, at 5'9 yd. 
Slow Motion Dial and Drive Escutcheon type, 
26 each. Resistors, assorted, Kit of 48 
j.j and I watt at El lot. 
Smoothing Chokes, Midget type, 650 ohms 
60 mA., 66 each; larger type 180 ohms 160 
mA., 15,6 each. Medium and long wave coils 
with reaction at 106 per pair. Universal 
Speaker Transformers, 7/6; class B and QPP, 
driver and output types, 9 6. Pentode 
5/Trans., 5/9 each. Solder, Resistances, tin 
copper wire, soldering irons, knobs, toggle 
switches, 2 and 3 gang condensers, etc. 
SPEAKERS. Rola P.M., Sin., 19/6 ; 611n., 
21 6 ; 8in., 23/6 each. Goodmans hin. 
P.M., 27/6 • 101n., 39/6 each. 
Celestion lOin. P.M., with Transformer, 45/6. 
In stock, over 5,000 new boxed English and 
U.S.A. mains and battery valves at list prices. 
Send 1 d. for our lists of mains transformers, etc. 
Send us your requirement C.O.D.. BUT 
CASH WITH ORDER PREFERRED. 

, 
STUCK! ' 
Should you chance to be 

one of those unfortunate 

WT Operators who, 

despite hours of long 

practice, cannot raise your speed beyond a certain 

point, then you will be doing yourself a good 

service by writing for the CANDLER " BOOK 

OF FACTS." This book gives full details of the 

Candler System of Morse Code training ; it is 
Free and to write for it does not place you under 

the slightest obligation. 

YOU will be interested in the ADVANCED COURSE. 
Read the following extracts from two Candler 
students' letters. 

"1 can now read plain language at about 30 w.p.m., 
and copy at this speed." .... " My ability to copy 
behind has also increased lately, and copying 
press is now a pleasure instead of a somewhat 
trying job." 

J.E.L. Ref. 152. 

"1 can now send at a comfortable 30 w.p.m. and 
can read quite long sentences at a speed lust under 
that." 

J.C.B. Ref. 8794. 

The Originals of above letters may be inspected at 
the London Office. 

There are Candler Morse Code 
Courses for Operators & Beginners. 
Send for Free " Book of Facts." 

THE CANDLER SYSTEM CO. 
(Room 55w), 121, KINGSWAY, LONDON, W.C.2 

Candler System Co., Denver, Colorado, U.S.A. 

G. A. RYALL, 69, Wharfedale Gdns., Thorn-
ton Heath, Surrey.—Please note new tem-

porary address; mail order only; no c.o.d. 
under 201- please. 
rr.C.C. 0.1 non-inductive tubul. cond., in Pax. 

tubes, type 330, 350v wks., 7/6 doz. 
AXOLIN strip, 21/2 1n wide, 12in lengths, 
3 1/6 and 100 25/-; short lengths cut 

group board size, 6 1/3; Wearite switches, 
ebonite with silver-plated contacts, for 2111 
and band pass, with dial lights, 1/6 each. 
rrWO-WAY screened flexible, good quality, 

1/3 yard, three yards 2/9; twin screened, 
high insulation and cotton outer cover 1/9 
yard, 4-way 2/3 yard. 
PEN-WAY cable, good conductors, 1/3 yard, 
-3- three yards 2/9; ten-way cable, including 
three 5amp conductors for low tension circuits, 
2/- yard, three yards 4/9. ØCTAL 8-pin plugs with base, complete with 

instil, metal cap, 1/3 each, three for 2/9. 
mORGA N I TE long spindle 10,000 vol. con. 
•LVA. less switch, 3/9; Ihmeg with switch, 4/9; 
50,000ohm with switch, 4/9. 5-PIN plug and sockets, no metal caps, suit-

able senti-permanent connections, 4 113. 
111AL plates, oblong, 51/2 x21/2  approx.. 

Burndept, Varley, Vidor, with statiiin 
names, 4 assorted for 1/6. MICROPHONE capsules by Standard Tele 

phones, 3/9 ea.; Centralab cc, less switch, 
long spindles, 5,000ohms, I/2meg. 3/9 ea. INPUT strips, 2inxin, 2-way, 2, 6 dozen; 

with terminal screws, 3,3 dozen; anchor 
or mounting strips, 2/3 dozen, 5-way. 
QPECIAL offer T.C.C. double mica tond. 

0.0001x0.0001 five ( ten condensers) fo. 
1/3; Hunts 0.01 mica cond., 1/- ea.; hi chokes, 
on ebonite bobbins, 5,000ohnis, 1 3 ea. 
E RIE colour coded resistanc pe es. 2-watt type. 
-Lu 680, 6,800, 140,000. 150,000, 220,000. 
470,000, 820,000, 2 1/3; Erie 3.watt, 680. 
1/3 each. 
VAXLEY type low loss switches, single polc 

dt. 2 bank, 2/9, single bank, 2/3. 
elLYDON and Plessey trimmers. 70min, 2, 

It-, 1,000 and 2,000mm, 2. 1/-; low 
value oddments, 2, 1 /--
rilWIN rubber flexible cable, new, for mains 
-I- leads, etc. (one rover), 1/3 yd. 3 Yd, 
2/9; push-back connecting wire, stranded, 2 
colours, cotton-covered, 12yds 2/3. [2835 
Xi' AT RE W BROS. oiler rubber covered fiex 
ILL ible wire: 9-30 single-tinned copper. 
insulated para rubber and vulcanised, 3mm 
o.d., 5/- per lb, 90ft. to a lb; 14-30 single-
tinned copper, insulated vulcanised rubber. 
3mm o.d., 5/- per lb, 85ft to a lb; 44-30 
single-t inned copper, insulated vulcanised 
rubber 4min o.d.. 2/6 per lb. 35ft to a lb: 
in coils of 50ft to 500ft; not less than 8Ib in 
one lot, reduction for lcwt lots.—Mathew Bros.. 
25. Sandy Lane North, Wallington, Tel. 4050. 
'D.A. thread screws and nuts, large stock. 

1 gross assorted useful sizes, 2/6; ditto 
washers, 1/6 gross; fibre washers, 1/6 gross: 
assorted solder tags, 2/- gross; rubber-covered 
stranded copper wire, id. yard; heavier 
quality, 11/2 d. yard; very heavy quality, 21/2 d. 
yard; ideal for aerials, earths. etc.; tinned 
copper connecting wire. 20ft coil, 6d.; ditto, 
rubber-covered, 10ft coil, 6d.; finest quality 
resin-cored solder, 1/2 Ib 2 - ; Weed's metal 
stick, 2%inx 1/4in, 1/-; cotton-covered copper 
instrument wire, 141b reels, 113. 20, 21, 22, 
23, 24 gauges 1/6; 26 gauge, 1/9; 42 gauge 
double silk-covered, 2oz. reel. 2/-; sensitive 
permanent crystal detectors. Tellurium-zincIte 
combination, complete on base, guaranteed 
efficient, 2/6; reliab'e crystal. with silver cats-
whisker, 6d.; reconditioned headphones, com-
plete, 4,000 ohms, 12/6; all postage extra.— 
Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. [2698 
riOULPHONE RADIO, New Longton, nr. 

Preston.—New goods only; Tungsram and 
EVA. valves; mains transis., 350v 100 ma. 
4v 6a, 4v 2.5a, or 6.3v 3a, 5v 3a, 33/6; mains 
trend, bobbins, windings as above. 17/6: P.m• 
speakers, less pane, Rots 5in 21/6. 61/2 in 
22/6, 8m 24/-, Plessey 10in, powerful mag-
net, 35/-, Celestion, with pen. trans., 8in 
30/-, 10in, heavy duty magnet, 45/-; 8M ener-
gised, 2,000 ohms field, pen. transi., 32/6; 
power-pen, output transi.. 7/6; push-pull Uni-
versal, 15/6; Parafeed 1.1. trans., 4: 1, 6/6; 
quality inter-valve push-pull transi., 22/6; 
mains dropper resistors, 800 ohm. 2 adj. taps. 
5/6; push-back wire. bow. 5/6, 50ft 3/ -; 
carbon resistors, 50 ohms to 5 meg, ,h,w 4d., 
Yaw 6d., 1w 9d.; switch cleaner, 2/6 bott,; 
cored solder, 4/6 lb tin; cop. wire, 2/3 1/21b; 
%in shaft couplers, 6d.; lin bakelite knobs 
9d.; sleecing, 2mm, 3d. yd.; condeftsers, 50mfd 
12v, 25mfd 25v, 2/-; 25mfd 50c, 2/9; 50mfd 
50v, 3/3; tubular and silver mica, all sizes; 
valve holders. id. per pin; vol. controls, with 
sw, 5/9; less sw, 4/9; electro-micro. soldering 
irons, 60w, 12/6; smoothing iron elements, 
450w, 2/3; fire spirals, 750w, 2/-: 1,0000w, 
2/6; s.a.e. for stock list. [2722 

4 4 Any 
Size 

Low in coot 
Require no attention 
No lubrication 
No adjustment 
Cushion shock 
Prolong lite 
Transmit power 
No wear 
Designed to eliminate 
vibration 

You are certain to be interested 
in this unique constructed 

flexible bearing. 
THE RUBBER AND METAL 
ARE ONE UNIT AFTER 
WELDING OR BONDING. 

ttiM 
F LEXIBLE 

CLAYFLEX LTD. 

TIODINGTON RD. STRATFORD• ON -AVON 

PNONZ STR ATFORD- ON-, VON 3296/7 
GRaral: y A', STAATI,ORD•ON-AVOni 

For high quality 

loud speakers 

when the good 

times come again 

The Courts, 
Silverdale, London 

SPEAKER REPAIRS— 
by Specialist 

TRADE ONLY 
Send trade card and Id. stamp for current list 

publbthed monthly. 
We hold an export licence for Northern Ireland 

A.W.F. RADIO PRODUCTS 
Bormigh Mills, Sharpe Street, Bradford, locks. 

Tel : 11926. 

Please tadre, rnquoriett to:-

SALFORD ELECTRICAL INSTRUMENTS LTD. 
KU WORKS, SaLF0110. 

i4 we Cedes - 111.10.0,. • 

P•0•141TONS, est «MOM CIACTOIC CO. ISO.. Of 11,101..10 
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Illualrallan 
Mews gandard 
5140 wait med.!. 
Other typos aal 
 for earthed, 
apeciatised jobs, 

W. T. HENLEY'S TELEGRAPH WORKS CO. LTD. 
Ettgineertng Dept.. Milton Ceurt, Weeteett, Dorking, Burrs, 

There's no corrosion 
of the connections in 
the Solon Electric Sol-
dering Iron. Tucked 
neatly awe, at the end 
of the handle, the heat 

can't get at them Effi-
cient rubber sleeve cord 
grip prevents shaft) bend-
ing of the flexible. The 
heating element is Inside 
the copper bit—giving con. 
Slant heat ; no mute el 
unrest Features that make 
Solon soldering quicker, 
cleaner, eater : All Solon irons 
are supplied with 6tt. ut Henley 
3-eore flexible. Made for the 

following standard voltages-
10H110, 200.220, 230/250. 
Supplies are, of coune, only avail-
able for essential war work. 
Early orders are advisable, as 
demands are heavy. 

Made in England 

sOLCIN 
SOTOERING IRON ; oï. INDUSTRIAL USE, 

MAINS TRANSFORMERS 

COMMERCIAL RECEIVER REPLACEMENTS 
350-0-350v 100ma 

RADIOGRAM SMALL AMPLIFIER3 
350-0-350v 120ma 

SOUND SYSTEMS AND INDUSTRIAL USE 
500-0-500v 150ma 

Heater windings of 4, 5 and 6 volts are 
available in any of the above range. 

OUTPUT TRANSFORMER. OP 12 
50-watt multi-ratio output transformer, 
matching every possible combination of 
impedances, for triodes or pentodes in any 

" class " of Push Pull, 

THE RADIO INSTRUMENT CO. 
1.A, is.‘yroN) 

294, BROADWAY, BEXLEYHEATH, KENT. 
Works: BEXLETHEATH AND WELLING 

COMPONENT MANUFACTURERS TO THE 
RADIO ELECTRICAL INDUSTRY 

'Phone: Bexleyheath 3021. 

MILECTROLYTICS, 8mfd 350v, 8/-; Midget 
-L:‘ coils, Med. Litz, 6/6 pair; twin gang con-
densers, 0.0005, . 12/-.—Box 3141. [2791 

ELECTRIC soldering irons, pencil bit, 12/6 
resin cored solder, lib 4/6; 18g tinned 

copper wire, %lb, 2 /-; 2mm sleeving, 2/9 dos 
yds; pushback wire, 1/9 doz yds; heavy twin 
mains flex, 7/6 doz yds; rubber-covered 3min 
flex, 1/9 doz yds; 50mfd 12v electrolytics, 
2/-; lOmfd 50v can type, 2/9; 0.2 amp 1.000 
ohm droppers, adjustable, 4/-; 0.3 amp 750 
ohm, adjustable, 5/6; American octal valve-
holders. 8d.; British 7-pin, 13d.: 0.1mfd 350v 
condensers, 6/6 doz; black set knobs, 7 /-
doz ; solder tags, 2/- gross; " Clix " 2-pin 
plugs, 5 amp, 1 /-; 3-pin 5 amp, 1/3; 3-pin 
15 amp plugs, 2/6; BC adaptors, 1/3; volume 
controls, long spindles, all usual values, 3/6; 
with switch, 4/6; top cap connectors, 1 /-
doz; screened type, 8d. ea.; octal or standard; 
insulation tape, 14lb 1/-; speaker cabinets, 
leatherette covered, smart job. 12inx1Oinx 
Sin. 22/6; p.m. speakers, 8in, no trans.. 
22/6; Bin, with pentode trans.. 30/-; midget 
smoothing chokes. 60ma, 7/6: " Moire " mov-
ing coil microphones. £5/5; 100ma 20h 
chokes, 10/6; large stocks American valves, 
etc.; orders above 10 /- post free; niail order 
only.-- A. H.," IIazeljohn, Crofton Lane, Orp-
ington. [2806 

ECTIFIERS, trickle chargers.—Metal recti-
fier, 2v, half amp, complete with trans-

former, makes ideal trickle charger for 2v 
cell, 13/6, post 7d.; instrument rectifiers for 
meters, bridge type, bakelite moulded, brand 
new goods, best make, lma and 5ma, 18/6, 
post 3d.; 10ma, 50ma, 15/6; Hunts elec-
trolytic condensers, 8mfd, 450v working, tubu-
lar, two for 13/6, post free; battery charger 
kits—transformer, metal rectifier, ballast bulb 
for 2v to 12v, 2.5 amp charger, 59/6, post 
10d.; rectifier only, 34/6, post 7d.; kit as 
above for 2v. 6v. 2 amp, 42/6, post 10d.; 
metal rectifier, 12v. half amp, 11/6; trans-
former for same, 25/-, post 9d.; circuit and 
instructions with all rectifiers or kits; Rother-
mel " Bullet" crystal microphones, headlamp 
shape, crackle enamel finish, quality equal to 
D.104 and far cheaper, £3, post 9d.; Rother-
mel Senior bakelite crystal pickups, 78/9, post 
8d., few only; moving cotl microphones, mas-
sive plated housing, black grille, very fine 
reproduction on voice and music equal in 
every way to a well-known £20 microphone. 
£5/10; moving coil milliampmeter, lma full 
scale, 65/, post 9d.—Champion, 42, Howitt 
Rd., London. N.W.3. [2860 

SOUTHERN RADIO'S wireless bargains.— 
Standard Telephone carbon microphone 

inserts, 4/. each; screws and nuts, assorted, 
gross of each (2 gross in all), 10/-; soldering 
tags, including spade ends, 6/- gross; 2mfd 
condensers. Post Office upright, paper type, 
used, but fully guaranteed, high working volt-
age, 2/6 each; Philco 3-point car aerials, 
excellent for short-wave and home aerials, 7/6; 
limit tone arms, universal fitting, for sound 
boxes and pick-up heads. 10/-; Ace P.O. 
microphones, complete with transformer, ready 
for use with any receiver, 7/6; Erie resist-
ances, brand new, wire ends, 14, %, 1 and 2 
watts, mostly low values but a very useful 
celection, 100 resistances for 30/-: Multicon 
mica master condensers, 28 capacities in one, 
from 0.0001, etc., etc., 4/- each; special offer 
of latest radio publications: " Radio Valve 
Manual," equivalent and alternative American 
and British types, with all necessary data. 
3/6; " Radio Circuits," fully illustrated, re-
ceivers test equipment. etc., etc.. 2/-; " Ser-
vices Signalling Manual," int ernational code, 
Morse, etc.. etc., 1/-; " Radio Manual," for-
mulas. tables, colour code, etc., 1/-: crystals 
(Dr. Cecil), 6d.; with catswhisker, 9d.; com-
plete crystal detectors, 2/6; Telsen reaction 
condensers, 0.0001. 1/9; Telsen large disc 
drives, complete boxed ( type W184). 2/6; 25 
yards push-back insulated wire, 5/-; insu-
lated sleeving, assorted, yard lengths, 3/6 
doz.; single screened wire, dozen yards, 10/-; 
metal cased condensers, 0.1, 0.1, 0.1, 2/6; 
power rheostats. Cutler-Farmer, 30ohms, 4/6; 
oush-button switches, 3-way 4/-, 8-way 6/-
(complete with knobs); bakelite escutcheon 
plates for 8-way p.b. switches, 1/6; knobs for 
P.b. switches, 6d.; coil formers, ceramic and 
paxolin, 12 assorted sizes. 7/6; 20 assorted 
tubular condensers, up to 0.1, 15/•; 24 
assorted mica condensers, 12/6: hundreds 
more bargains.—Southern Radio Supply Co., 
36, Lisle St., London, WC. Gerrard 6653. 

Wanted 

COLVERN Colpak midget tuning unit, 3- 
rang Type H.—Gaunt, 33, Clifton St.. 

Lincoln. [2828 
MORSE EOUIPMENT MOR SE practice equipment for class-room 

or individual tuition; keys, audio oscil-
lators for both battery or main operation.— 
Webb's Radio, 14, Soho St., London, W.1. 
Tel. Gerrard 2089. [2291 

PREMIER RADIO 
MAINS TRANSFORMERS 

Wire-ends. All L.T. Windings Centre Tapped. 
SP. 300 300-0-300 v. 60 m.., 4 v. 2-3 a., 

4 V. 2-3 a., 4 v. 2-3 a.   25i-
SP. 350A 350-350 v. 100 ma., 6 v. 2 a  

not HT.), 6.3 v. 2-3 a   29;-
SP. 350B 310-350 v. 100 ma.. 4 v. 2-3 a  

4 v. 2-3 a., 4 v. 2-3 a.   29 - 
SP. 351 350-350 v. 150 ma., 4 v. 1-2 a  

4 v. 2-3 a.. 4 v. 3-4 a  36:-
SP. 351A 350-350-150 m.., 4 v. 3 a., 4 V  

2-3 a., 4 v. 1 a., 4 v. 1 a  39 
SP. 352 350-350 v. 150 ma., 5 v. 2 a  

6.3 v. 2 a., 6.3 v. 2 a  361-
Auto Transformers. Step up or down. 100-125 v. 
to 200,230 or 250 v. AU., 60 watts, 21/-; 125 watts, 
27/6 ; 250 watts, 37/13. 
PREMIER SMOOTHING CHOKES 

Type Current Henrys Res. Pries, 
13 60/400 60 MA 25-34 11 400 ohm» 131-
C 100/400 100 MA 20-34 H 400 clung 19/6 
C 150/185 150 MA 20-34 Si 185 ohms 25/-
C 200/145 200 MA 20-34 H 145 ohms 29/6 
C 250/120 200 MA 25 H 120 ohme 39/6 

MATCHMAKER UNIVERSAL 
OUTPUT TRANSFORMERS 

Will match any output valves to any speaker 
impedance. 11 ratios from 13-1 to 80-1, 5/7 watts, 
22/6; 10/15 watts, 301- ; 20/30 watt., 433 ; 
50/60 watts, 5916. 

STEEL CHASSIS 
thubillea  

10 x 8 x 21'   price 71- each. 
16 x 8 o 21'   price 6/6 each. 
20 x 8 x 21'   price 10/6 each. 

NEW PREMIER S W. COILS 
4- and 6-pin types, now have octal pin spacing 
and will tit International Octal valve holder. 

4-PIN TYPE 6-PIN TYPE 
Type Range Price Type Range Pelee 
04 9-1(1 m. 2/6 06 0'15 m. 2/6 
04A 12-26 m. 2/6 06A 12'26 in. 2/6 
04B 22-47 m. 216 06B 22-47 m. 2/6 
040 41-94 na. 2/6 06C 41-94 m. 2/6 
040 76-170 m. 2/6 0613 76-170 m. 216 
04E 150-350 m. 3/. CHASSIS 
04F 255-550 in. 31- MOUNTING 
040 490-1.000 m. 4/- OCTAL HOLDERS 
04H 1,000-2,000 m. 4/- 1014. each. 
New Premier 3-Band S.W. Coil, 11-25, 25-38, 
38.06 m., 4/9. 
2 Push-Pull Switches to suit above, 94. each. 
Bakelite Dielectric Reaction Condensers. 
0001 ml. 1/3. 0003 mf. 2/6, 0005 mi. 219 each 
0003 mt. Differential   2/11 each 
S.W. H.F. Choke, 10400 In  1/3 
Brass Shalt Couplers, tin. bore  7111. each 
Flexible Couplers, lin. bore. .  1/6 each 

SWITCHES 
QMB, panel mounting, split knob type, 2 point 

orr, 2/- each. Double pole on/off, 3/6 each. 

VOLUME CONTROLS 
Carbon type, 20.000 and 2 meg.. 3/9 each. 
5,000, 10,0001416 each. 
and 100,0001 

Wire Womd Type, 10,000 ohms, 616 each. 
Valve Screens for International and U.S.A. type», 
1/2 each. 
Ruin-Cored Solder, 6d. per coil. 
Push-Back Connecting Wire, 216. Per Yard. 
SystMel Sleeving, 2 mm., 2/6 per dos. yarda. 
Screened Braided Cable, Single, 14 per yard. 
Twin, 1/6 per yard. 

MOVING COIL SPEAKERS 
311.• P.M. Speaker, 15 ohm voice 

Colt, 30/, 
Role Olin. P.M. Speaker, 3 ohms mice coil, 215/-. 
Bola Sin. P.M. Speaker, 3 ohme voice coil, 25/-. 
Above speakers are less output transformer. 
Pentode Output Transformers, 31 watta, price 
10/6 each. 
Celestion or Plessey Sin. P.M. Speaker, 2916. 
Celestion 10iu. P.M. Speaker, 49/6. 
The above speakers are fitted with output 
transformers. 
Premier 1-Valve de Luxe Battery Model LW. 
Receiver, complete with 2- volt valve, 4 coils 
covering 12-170 metres. Built on steel chassis 
and panel, Bandapread tuning, 5151-, including tax. 

I.F. TRANSFORMERS, IRON CORED 
450-470 km., plain and with flying lead, 7/6 each. 

Send for details of ether Accessories 
available. 

ALL ENQUIRIES MUST BE ACCOMPANIED 
BY A 20. STAMP. 

PREMIER RADIO CO. 
ALL POST ORDERS TO :  

JUBILEE WORKS, 187. LOWER CLAPTON 
ZOAD, LONDON, E.5. (Amherat 4723.) 

CALLERS TO:  

JUBILEE WORKS or 
169, FLEET STREET, 3.0.4. (Central 2833) 
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SEXTON'S for 
SALES, SERVICE, SATISFACTION 

" Here it is." Build the " WIZARD FOUR" radio 
receiver. No Maine Transformer, no chokes, no line 
cords. All components are readily obtainable from 
practically any radio dealer. Why wait until after the 
war ? The " WIZARD FOUR" can be built at home 
without any previous knowledge of radio construction. 
Explicit instructions are given, theoretical circuit, 
point-tospolnt wiring diagram, component layout, 
and diagram for using alternate valves, 7.pin or octal 
base, showing readily the necessary connections and 
het of componente with the correct specified values 
that are necessary to construct this "WIZARD 
FOUR." This circuit has been tested to the full and 
we recommend the " WIZARD FOUR" to you with 
every confidence. Send bw complete instruction», 
5s, post paid. 
EXTENSION LOUD SPEAKERS. " Role " 3 ohm. 
voice coil, size bin., with trans., 29,8. Kola" 3 ohm. 
voice, less trans., else Sin., at 241, " ('elestion " 
with trans., at 29,13 each. •• Goodmans" 3Iin. 12 ohm. 
oice coil. Ideal for microphones, communication sets, 

etv., at SO.'. each. 
AMERICAN RADIO VALVES. At Board of Trade 
controlled prices. Types as follow, : 25Z6GT, 51'3, 
80, 1N5, 6D6, 6C6, at 11/- each. 12Q7GT, 6Q7, 750, 
at 11/7 each. 128F5GT. MGT, 6J5GT, 12J5GT, 
1H5GT, at 9/2. 1A7GT, 6L70, 42, 43, 61,6, 6K7GT, 
'25A6GT at 12/10 each. 6K8G, 68A7, 6A8GT, at 
14/- each. 605 ( Magic Eye), at 148 each 6B8 
70L7GT, at 16,3 each. Postage 4d. extra. 
CYCLE DYNAMOS. 6 volt with lead and fixing 
bracket, lees lamps, at 1516 each. 

ELECTRIC IRONS. 200.250 volts AC/DC mains, 
3-3h lb.. in weight, /drone wooden handle, with plated 
dome, connector guard and rest, ground and polished 
'oie plate, complete with Oft, heavy flex, at gati each. 
Please state voltage when ordering, very limited 
,mantity available. 
LINE CORDS. Two.way, 360 ohms., at 718 each. 
500 ohms., at 10;- each. All cords are tested before 
despatch and guaranteed minimum ohmage as above. 
TERMS : Cash with Order only. Send Id. stamp and 
S.A.E. for latest list of electrical 1111,1 radio accessories. 

J. E. SEXTON 8c CO. I-TO. 

164, Gray's Inn Road, London, W.C.I. 
Tel. : Terminus 1304 & 4842. 

YOU 
can become 
a first-class 
RADIO 

ENGINEER 
We are specialists In Home-

Study Tuition In Radio, 

Television and Mathematics. 

Post coupon now for free 

booklet and learn how you 

can qualify for well - paid 

employment or profitable 

spare- time work. 

T. 6r. C. RADIO COLLEGE 
2 The Mall, Ealing, W.5 

(Post iri unsealed envelope, ld. stamp ) 

Please send me free details of your Home--
Study Mathematics and Radio Courses. 

NAME  

ADDRESS  
W.w.30 

ORAMQPNONE AND SOUND EQUIPMENT RECMDING cutters—We can supply first. 
clans super Cuebar" steel recording 

cutters at 1 /- each, cash with order only.— 
The Bishop Sound & Elect. Co., Ltd., 108. 
Beverley Way, London. S.W.20. [2804 
0APEHART auto changer. 10in or 12M, 

200-250v 50 cycles, complete unit, with 
pick-up in cabinet; £25.—Harris, Strouds. 
1.3radlield, Berks. [2834 
MIOR sale, disc recording and p a. outfit, 

comprising 6v amplifier, 200-250v ampli-
fier, turntable player, speaker, mike; £70 corn-
plete.—Box 3143. [2805 

ECORDING engineer offers consulting ser-
At vice for dise-film-tape, etc.; advice, dia-
grams; tests and reports '' general design and 
information all aspects of sound recording.— 
S.a.e. with enquiries BM /DEAD, London, W.C.1. 

Wanted 
IXTANTED, Varley auto-compensating pick-up 
FT arm.—Cairns, 70a, Millburn Av., Dumfries. 
Ur ANTED, highest quality moving coil or 
VT crystal pick-up, with auto-change unit, 
240-volt ay; good price paid for realy first-
class unit.—Box 3146. [2812 

VALVES 
MEW American Acorns, 955 40/-, 954 and 
.1-1 956 50, -.— Box 3152. [2840 5,000 B.V.A. American valves stocked; send 

2d for list of radio electrical components 
and s.a.e. with all enquiries.—Ransom, Bond 
St., Brighton. [2868 

COULPHONE RADIO, New Longton, near 
Preston, for a better valve service; all 

Tungsram and EVA. valves at present manu-
factured in stock; list prices. [2821 Ø1.111 adaptors will help in replacing un 

obtainable valves; send 7d. for inter 
esting booklet on valve replacements; trade 
enquiries invited.—V.E.S., Radio House, 
Ruislip. [1885 
VALVES, B.V.A., non EVA. and American 

at list prices; many types in stock : Mid-
get aerial and ht medium wave, t.r.f. high 
gain coils, 9/- pair; Midget receiver chassis, 
drilled four valves, 10%x 6x2in grey, first-
class job, 9/6; Midget 3-gang condenser, with 
sm. drive, 12/6; Midget If chokes, 50-60ma 
7/6; heavy duty chokes, superior job, 120ma 
200ohms, 15/-; 80ma, 500ohms, 12/6; 300ma 
20 henry, 45/-; 0.5 henry, 20ma, c.t., 25/-
paper block condensers, lOmfd, 800vw, 9/-
10mfd, 450vw, 7/6; 4mfd, 1000vw, 7/6; amid 
450vw, 4/6; tubular, 2m1d, 250v, 3/6; 12mfd 
50v, 2/6; mica, 0.1mfd, 4/-; mike insets, 2/5 
Midget speaker transformers ( pen), 7/6 
heavy duty, lOwatts, 10/6; line cord, 60ohnis 
per foot, 0.3 amp, 3-way, 6/6 yard; universal 
mains droppers for all receivers, 1,000ohms, 
0.2 amp, fitted two variable taps, 4/6; 750-
ohms, ditto taps, 0.3 amp, 5/6; superior 
quality dropper, fixing feet, etc., 800ohms, 
0.3 amp, and 950ohms. 0.2 amp, 7/6; wire 
wound potentiometers. 2,000ohms, for bridges, 
etc.. 6/6; dials, 3 wavebands, ivorine, station 
names, in colours, 7x4in, 1/6; atnadard coils, 
a and ht, with reaction, m and 1 wave, 
boxed, with circuit, 12/6 pair; nuts, screws, 
4BA brase round heads, 7/- gross; 6BA cheese 
heads. 5/6 gross; licence N. Ireland, 2%d. for 
comprehensive list, sa.e., with enquiries, post-
age on all orders.-0. Greenlick, 34, Bancroft 
ltd., Cambridge 11th. Rd., London, E.1. Ste.1334 

Wanted 
'MEW boxed valves wanted, any quantity, 
-LI dealers' and service men's complete stocks 
bought.—.1. Bull and Sons, 246, High St.. 
llarlesden, N.W.10. [2155 

REPAIRS AND SERVICE REWINDS and conversions to mains and 
output transformers, fields, etc., from 

1 6.-4, Bre.c.lieock Rd., N.7. [2826 
f OUDSPEARER repairs, British. American, 
1.1 any make' moderate prices.—Sinclair 
Speakers, 170, Copenhagen St., London, N.1. 
Terminus 4355. [2415 

A CCURATE radio rewinds. mains ZS- trans.formers, fields. op. transformers, etc., 

and all loudspeaker repairs.— Southern Trade 
Services, 297-299, high St., Croydon. [2784 
A LL types of radio receivers serviced; 
21. Murphy and Pilot specialist; valves in 
stock; sound repairs for 13 years.—T. E. 
Fevyer, F.I.P.R.E., 50, Vine St., Uxbridge. 
" QERV1 S CE with a mile."—Repairers of all 

types of British and American receivers; 
coil rewinds; American valves, spares, line 
cords.—F.R.L. Ltd.. 22, Howland St., W.I. 
Museum 5675. [1575 

-HOUR service. mains transformers re-
wound 15/6. output 4/-, c.w.o.; state 

make and type of instrument from which re-
moved. We hold permit for N. Ireland.—Ex-
press Radio Service, Southside St., Plymouth. 

24 

48 

-HOUR service, 6 months' guarantee, 
any transformer rewind; mains 15/6, 

outputs, 4/-. if, transformer 3 /-; all types 
of new equipment supplied to specification.— 
Majestic Winding Co.. 180. Windham Rd., 
Bournemouth, [2764 

Multiple c,-,,,cact 
Relay 1,,F. 

— " UNIVERSAL CIRCUITS " — 

by R. S. Roberts, M.Brit.I.R.E., A.M.I.R.E. 
Three folders and a thirty-six page booklet, presenting 
the main principles of radio circuit operation in • 
concise and convenient form for the pocket. 

I. The Transmitter. 
II. The T.R.F. Receiver. 

III. The Superheterodyne Receiver. 
By means 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" slays: " The Charts 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.7 

"Ptill=1,441E_ERIPlidG 
OPPORTUNITIES," 

This unique handbook 
shows the easy way to 
secure A.M.1.Mech.E., 
A.M.BrIt.I.R.E., A. M . 1.E.E., 
City and Guilds. et... 

WE GUARANTEE— 
"NO PASS --NO FEE." 

Details are given of over 150 
Diploma Courses in all 
branches of Civil, Mech., 
Elec., Motor, Aero, Radio, 
Television and Production 
Engineering, Tracing, Building, 
Govt. Employment, R.A.F. 
Maths., Matriculation, etc. 

Think of the future and send 
for your copy at once—FREE. 

B.1.E.T., 387, SHAKESPEARE HOUSE 
IT. STRATFORD PLACE, LONDON, W.1. 

COVENTRY RADIO 
COMPONENT SPECIALISTS SINCE 1925. 

Erie and Dubilier 4, j, I and 2 watt Resistors. 
kit of 20, 12,4 ; kit of SO, 30:-. 
Cond s. New stock of tubular and mica 
25 pf. to .25 mid.. 20 for 12,6, 50 for 301-. 

Switches, 2 wafer Yaxley type ... 3:6 

Switches. Toggle on-off, D.P.. 3/6 ; S.P., 16 

Sleeving. All colours, l¡ mes. Doz. yds.... 2.6 

Output Transformers. Pentode 6/6 and 7/6 

Coils, Cond s, Knobs, Resistors, Wires, 

Speakers, Switches, Transformers, Chokes 

Volume Controls, etc. 

Send Id, Stamped Envelope for Latest List, 

Prompt Service. Satisfaction Guaranteed 

THE COVENTRY COMPANY, 
191, DUNSTABLE ROAD, LUTON. 

LONDEX for RELAYS 
A large selection 

of Relays for A.C. 
and D.C., includ-
ing Mercury type 
Relays, Time Delay 
Relays, High Sensi-
tive Relays, and 
complete control 
plants. 

Ask for 
Leaflet SPN, WW 

LONDE 
I.E.SOUFACTuEE 

701 ARUM 0080 

X • LTD 
ESE, OF SEL•ES 

• ICINDON•51•20 
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VALVES 
This is part of our cur 
rent stock of valves. 
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. 
Wh  possible 
please order C.O.D. 
Stamp with enquiries 
please. 

PRICES STRICTLY 

B.O.T. RETAIL 

BRITISH, 

AMERICAN 

BATTERY, 

A.G. 

.^° 
UNIVERSAL 

TYPES. 

BATTERY--21051,. 5/10; 1.22o, 1•NI24. 7/4; 
210DDT, 11D24, TDD2A, 9/2; 2108PT. 210VPA, 
210VPT, 22011PT. 220;0T. 165074, KT2, KT24, 
P511274, PM22A, 8P210. VP2I0. v r2r1. W2I, 
Z21, Z72. 11/- ; 210P(1, FC2, 1,02A. A24, 12;10. 
A/C TYPES- 21MA, 6/9; 4151.P. 354V, /Wall, 5014, 
26514, 9/2 ; AZ1, DVV2. A3ZI, DWI-500, IW4-350, 
1110. 11/..; 402P, AC044, 50141, 511134, PX4, TDD4, 
11/7 ; 425&F/Fen, AC/VP!, AC/VP2, AC/Pen. 
AC2/Pen, A09/Peu, KT41, KTZ63, MKT4, M8PenB. 
MV8Pen, 51V8PenB, PenA4, Pen4VA, 8P4, VP4, 
VP4B. 12/10; AC/T111, AC/TF, FC4, MX40, TH4, 
VRT4. 41MPLL 14/- ; KT32, KT33C, PenB4, 14/8; 
MP/Pen. 18/6; FW4/500, KT66, 18/3; PX25, 
ppg/400, NA; Pen428, 30/5. 
UNIVERSAL-2D13A, 9/2; CV!, U31, URIC, UR3C, 
U4020, 11/- ; 11D3, TDDI3C, 11/7 ; 703, 8132, 9E12, 
133PA, CL4. CL33. Pen36C, 5P13, 81'1320, VP13A, 
VPI3C, 12/10; C131,1, CB1,31, PenDD4020, TH21C, 
15/3; T11300. 
MAZDA-IIL23. 5/10; RL21DD, HL23DD, 9/2; 
Pen25, U115, UU6, ITU7, 04020, VP23, 11;- I 
AO/RLDD, IlL4IDD, HL133DD, 11/7; Pen45, 
Pen383, 8P41, TP23, TP26, VP41, VP133. 12/10; 
AC/TP, TI141, TH233. 14/-; QPSS, redeem°. 
15/3. 
E TYPES --2114, ; EBC3, EBC33. 11/7; CL4, 
CL33, EF8, Erg. EL3, E1,33, ; C49135, ECH2, 
ECI13. E01135, EF5, EF6, 16162, 161.3, 141-; EBL1, 
EB31, 15.1; EL35, 183. 
EVA AMERICAN TYPES-21:4, 514, 6.1116, GCS, GCS, 
606, 625, 627. 6K8, 61.6, 657, 18, 25A6, 25L6, 25Y5 
and 25Z5 Conversion, 2514, 42, 47 conversion. 
AMERICAN-024. IA4, 1B4, 105, 106, 1115, 2A6, 2A7, 
287, 644, 6.46. 647, conversion, 6,18, 6E6, 6E5, 6F6, 
628, 6K6, 6L7, 61'5, 681'7, 625, 10, 12W, 128F5, 
12Z5, 15, 19, 24, 32, 33, 34, 35, 37, 38, 46, 48, 50, 53, 
57, 714, 76, 81, 82, 85, 89. 
TUNOSRAM-21.5.16/8 ; LD210. 5/10; P215. 714; 
DD13, 6/6; 698. 14/-; 6K7. 12/10; 6165, 14/-; 
GQ7, 11/7 ; 61re. 12,10; 6X5, 11/, 

VALVES AND ADAPTORS 
In the cases where we cannot supply the exact valve 
or equivalent, we can get your set going with a valve 
and adaptor, the additional cost being 4 6. 

SPARES 
TESTOSCOPE, the vest pocket Instrument for tracing 
faults, makes 20 tests AC:DC. 37/13. 
HIT OF 12 TRIMMER TOOLS in American cloth 
folder, very handy. 30/-. SPEAKERS, 3- inch, 31/ 3 
LINE CORD-.3 amp., 3-core GO ohms per It. extremely 
good quality, 66 per yard. CELLULOSE CEMENT' 
for sp.-11.. r. ,.. 1.• o. other repairs, 6/- tin. 

J. BULL Or.c SONS 
(Dept. W.W.) 

246 HIGH ST, HAFILESDEN, N.W.10 

HILL ex CHURCHILL 
BOOKSELLERS 

SWANAGE DORSET 

ENGLISH & AMERICAN 

BOOKS IN STOCK ON 

RADIO AND 

TELECOMMUNICATION 

CATALOGUE ON APPLICATION 

MAINS transformers service, repairs, re-
.U.1. winds, or construction to specification of 
any type, competitive prices and prompt ser 
vice. -Sturdy, Electric Co., Ltd., Dipton, New-
castle-upon-Tyne. 9651 REW1NDS mains transformers. field coils and 

chokes, high grade workmanship, seven to 
ten days' delivery; new transformers manufac-
tured against Government contracta-Metro-
politan Radio Service, 1021, Finchley Rd., 
Golders Green, London, N.W.11. [2603 
MAINS transformers rewound, return post 
191 delivery popular types to 70 watts, £1 
(trade dis.) specials quoted or c.o.d.; machine 
layer mimaid, specially impregnated and inter 
leaved i oils, better than new; state make, 
model number, etc.-Radio Services, Field St. 
Works, Blackpool. R.T.R.A. Service Members, DEGALLIER'S, Ltd.- " Service with a 

guarantee." If you cannot get your 
receiver serviced, let American specialists do 
the job; first-class workmanship only; special-
ising in Air-King, Belmont, Challenger, Det-
rola, deWald, Emerson, Ferguson, Garod, 
Hallicrafter, Hammerland, McMurdo, Mid-
west, Majestic, Pilot, Philco, Sparton, etc., 
also any British set. Remember, for 15 years 
we have handled as distributors American re-
ceivers; this is self-explanatory; s.a.e, with 
all enquiries.-Degallier's. Ltd., 9, Westbourne 
Court, London, 19.2. [2715 

MISCELLANEOUS 
ARTNERSIIIP required, radio, electrical.- 

1 J. S., 50, Riversdale ltd., N.5 [2795 W ANTED. coil winding machine, with or 
without paper interleaving device; 

state make, price and type.-Box 3151. [2836 W ILL purchase Douglas No. 1 winder, or 
exchange Underwood typewriter; abv, 

offer 82 " W.W.s," 1939- 1943.-Box 3138. 

p110TO-ELECTRIC cells, 90 volts, 21 /- 
1 each.- Universal Electrical Co., 221, City 
Rd., London. E.C.1. [2429 
T IME reoorders.-Write for particulars.- 
1 Gledhill-Brook Time Recorders, Ltd., 84, 
Empire Works, Huddersfield. [2419 RLIBBER stamps made up to your special 

requirements and design, typical ex-
ample, stamp showing name, address and pro. 
fession; 9/6 post free.-V.E.S., Radio House, 
Ruislip. [1884 CHASSIS transformer shrouds, clips and 

many other fittings quickly made on A.A. 
benders; accurate and inexpensive.- Details 
from A.A. Tools, 197w, Whiteacre Rd., 
Ashton-under-Lyne. [2786 

TO large buyers of insulation tape we can 
supply quantities of best quality insula-

tion tape at 1/. per lb.; sample lb. 2/-, post 
free-Parade Radio Co., 3, Kingsbury Parade, 
Kingsbury Rd., N.W.9. [2838 C011. winding machines wanted, hand er 

motorised, suitable for transformer bob-
bins, etc., single or multiple, with or without 
paper insertion; Honeycomb coil winder, hand 
or motorised, single or multiple.-Full details 
to 8. S. S., 15. Newton Place, Glasgow, C.3. 
A CTIVE participation and controlling in-

terest required in small but modern and 
progressive precision engineering and radio 
development concern, approximately 20 mile 
radius of London; finance and excellent post-
war contacts immediately available for the 
right type of busidess.-Apply Box 3101. DUE to retirement of active partner.-A 

small, highly remunerative business ( no 
competition, location transferable) will shortly 
be sold. Since estabishment in 1930 progress 
has been rapid, and demand for products now 
greatly exceeds output. In energetic hands, 
present profits (minimum £ 160 monthly) 
could easily be tripled, while great post-war 
expansion is certain. Might be ceded to active 
partner(s) on limited company basis. Bankers' 
ref. desirable.-Box 3156. [2853 

SITUATIONS VACANT 
"MEWSPAPER (Manchester) invites applica-

tions for position of operator in the tele-
photo dept.; previous experience not neces-
sary; salary from £6.-Box 3159. [2859 REPRESENTATIVE required by London 

firm of radio component manufacturers; 
splendid post-war opportunity; connection not 
essential, but one acquainted with the pur-
chasing departments of the leading radio set 
manufacturers preferred.-Write " Representa-
tive," c/o Alfred Bates and Bon, Ltd., 130. 
Fleet St., E.C.4. [2736 

SITUATIONS WANTED 
VOUNG man, 21 years, first-class P.M.G. 

standard qualification, ex-radio officer 
M.N., discharged due enemy action, requires 
permanent position with prospects; adaptable; 
keen to study; please write.-Box 3160. [2856 

TECHNICAL TRAINING A.M.I.E.E., City and Guilds, etc., on " No 
pass-no lee" terms; over 90% successes. 

For full details 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 .I. [2432 

=ELECTRADIX-
WE HAVE A FEW 
100 ohm and 10,000 
ohm Wheatstone Bridges, 
G.P.O. dial switch rheo-
stats, 4,000 ohm and 
8,000 ohm. Sullivan and 
Tinsley Mirror Galvos, 
Meggers Avos, Siemens 
high-speed Relays. In-
complete ex-Gov't Wheat-
stone Bridges, less coils, 
45 -. G.P.O. vertical 
Galvos, 35 

SWITCHES. Knife-blade A & E. type single 
pole C.O., I 6. Double pole " on-off." 1/9. 
Double pole C.O., 2 6. 100 amp. S.P., with fuses 
on panel, 42 6 pair. G.P.O. Lab. Switches carry 
10 amps., for controls and test work, D.P., 
reversing, 7 6. Switch Theos 0 to 1 ohm, and 
" off," 26. Multi-switches, Lucas 8-way, lever 
handles in line, enclosed, 3 9. 6-way ditto, 3,-. 
6-way Push Button A.M., 2 9. 7- stud R.I. 5 amp. 
ebonite panel on box base 4/un., 76. 

CIRCUIT BREAKERS & SWITCHES. Auto 
circuit breakers, magnetic trip thermal delay, 
10 amp. double or triple pole, 251-- 250 amps., 
£4. Battery charging auto-cutouts, 8 amps. 
6 or 12 v., compound, 10;6. D.C. and A.C. con-
tactors, mains, quoted for 10 to 40 amps. 

ELECTRIC SOLDERING IRONS. 60 watts 
for 200 250 volt mains, with flex cord, 12 6. 

PETROL ELECTRIC PLANTS. Pelapone or 

Stuart 500-watt cyl. 2-

stroke, water-cooled 
self-oiling engine ; mag. 
ign. coupled to 50/70 
volts, 10 amps. shunt 
dynamo, 1,000 r.p.m. £42. 
3 kW. ASTER 4-Cyl. 
W.C. Engine, Coupled 
to 100, I50v., 25 amps. 

Crompton D.C. Dynamo. 

4! kW. AUSTIN. 4-cyl. water-cooled Engine 
mag. ignition and 110 volts 25 amps. Dynamo. 
horizontal Twin Petrol A.B.C. engine, fan-cooled. 
coupled lj kW. D.C. dynamo 50 70 volts 25 amps.. 
mag. Ignition. 

PETROL ENGINES. Almost new ; twin cyl. 
Douglas, fan-cooled, governed, mag. ignition, 
light weight, 21 h.p., £25. 

RHEOSTAT Panel one-hole ETNA 0 to I 
ohm., 3 amps., with pilot bulb, 3 -. Pitkin 
circular lab. Bin. mahog. base, glass front, 50 ohms. 
2 amps., 35 -. Sliders, protected mains type 
amp. 750 ohms., 17 6. 

RECORDING OF MORSE SIGNALS. Ex 
G.P.O. Morse Inkers, record on paper tape, 
clockwork drive, fine workmanship ; Siemens 
make, in first-class order. 612/101-. Special field 
H.Q. Morse lnker, Key and Indicator, £ 15. 

WIND DRIVE DYNAMOS, slow speed, 
6 or 12 volt. Details and price on application. 
New I-cyl. Magnetos, 65:-. 

SUNDRIES. Vee Pulleys for ! in, belt, turned 
steel 4in. 4¡in., 46 and 5 Motor Flexible 
Couplings for h. p. and h.p., 6:- each. Endless 
Belts. vee or flat, 5 6 each. 4 wing Fan Blades. 
6in., for motor shaft, I 6. Liquid Level Indi-
cators with float geared to watch-dial panel 
gauge, 9m, rise and fall, 7,6. Battery Charge 
Indicators. Mentor thermal type signal light, 

dial, flush panel, 6 volt and 12 volt, 5 - 
each. Horseshoe Magnets, permanent steel, 
all sizes, 3,6 to 46. Terminal Covers A.M• 
bakelite with two securing screws. Covers, 
size, 9d. each or 76 doz. H.M.V. Resistors, 
glass cased, wire ends. j watt, .01, .025, .05, I" 
per set of 3 or 2,6 doz. Multiple C ion 
Strips of soldering tags, telephone type moulded 
mounting, in 80 or 100 ways, at 36 and 41. each. 
G.P.O. Plugs, 2,- each. Panel G.P.O. Jacks,• 
I 6 each. Small Solenoids, " Gemi " 6 volts 
11 amps., iron-plunger, 66. Electric Counters 
to 10,000 revs., G.P.O. 5 6. Field telephone 
Cable for emergencies, j and ! mile drums. 

For other Bargains see previous advertisements of 

ELECTRADIX RADIOS 
214, Queenstown Road, Battersea, London, S.W.8 
 Telephone: MACouloy 2 I 59  
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You'll remember 

for 

ELECTROLYTIC 
CONDENSERS 
CONDENSER SPECIALISTS 

FOR OVER 20 YEARS 

Daly (Condensers) Ltd. 
West Lodge Works, The Green, Ealing, W.5 

Telephone Eahng 4841 

WARD 
Petrol Electric G ing Plants, H.T. 
 tors, 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 1393 

ROTARY 
CONVERTERS 

131E11111 -s (SHORT-WAVE) LTD. 
Stock all types of 

VALVES & COMPONENTS 
Send SAE. for Components List " W." 

Telephone : HOLborn 6231. 
25, HIGH HOLBORN, LONDON, W.C.1 

• 

Price 

£9.10.0 

AMPLIFIERS 
& COMPLETE 
FACTORY 

INSTALLATIONS 

DIRECTIONAL 
HORN 

LOUDSPEAKERS 
Designed and specially 
treated to avoid un-
wanted resonances. 
Length 34", flare opening 
28' x 12". 15 ohms, 
handles 10 watts. 

INDUSTRIAL AMPLIFIER 
& TELEPHONE CO. 

Tower Works, Old Town, Clapham, S.W.4 
Tel. • MACaulay 3200 

• 

GREAT possibilities exist for technically 
qualified engineers, key men in wartime 

and afterwards. Through the home-study 
tournes of The T.I.G.B, take a recognised (lip 
neering qualification, such as A.M.I.Mech.E., 
A.M.I.E.E. A.F.R.Ae.S., A.M.I.Chern.E., C. 
and G., etc., in which examinations the 
T.I.G.B. students have passed 25 FIRST 
PLACES and hundreds of passes. Write to-
day for " The Engineer's Guide to Success "— 
free—containing the world's widest choice ol 
engineering courses covering all branches. in-
cluding aeronautical, mechanical, electrical, 
wireless, chemical, etc. 

THE TECHNOLOGICAL INSTITUTE OF 
GREAT BRITAIN, 82, Temple Bar 

House, London, E.C.4. [1403 
TUITION 

T EARN Morse code the Candler way.—See 
LA advertisement on page 28. [1292 RADIO training —P.M.G. exams. and 1.E.E. 

Diploma; prospectus free. — Technical 
College, Hull. [0611 RADIO Engineering.—Television and Wire 
.1.13. less Telegraphy, comprehensive postal 
courses of instruction. Apply British School 
of Telegraphy. Ltd., 179, Clapham Rd., Lon 
don, S.W.9 lEstd. 19061. Also instruction al 
school in wireless for H.M. Merchant Navy 
and R.A.F. [9249 

IRELESS training, operators and ¡flecha 
TV flics, urgent demand, land, sea and air 

appointments.--The North-Eastern School of 
Wireless, 69, Osborne Rd., Newcastle- on-Tyne. 
Estab. 1911. Tel. Jesmond 1356. 150 P.M.G. 
technical questions, 10/ - by post. [2864 
" NGINEERING Opportunities "—free 112- 

page guide to training for A.M.I.Mech.E., 
A.M.I.E.E., and all branches of engineering 
and building; full of advice for expert or 
novice; write for 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-
pondence tuition by highly qualified engineers 
with wide teaching and technical experience: 
Elementary or advanced courses. Preparation 
for recognised examinations. Pre-service train-
ing specially arranged.—G. B., 18, Springfield 
Mount, Kingsbury, N.W.9. [1731 
'UBE Tuitionary Board of the Institute ol 
1- Practical Radio Engineers have avail 
able home study courses covering elemen 
tary, theoretical, mathematical, practical and 
laboratory tuition in radio and television 
engineering; the text is suitable coaching 
matter for I.P.R.E.. Service-entry and pro 
gressive exams.; tuitionary fees—at pre-war 
rates—are moderate.—The Syllabus of Instruc-
tional Text may be obtained post free from 
the Secretary, Bush House, Walton Avenue, 
Kenley-on-Thames, Oxon. [1462 

PATENT NOTICES 

-1a 
ADIO electric patents.—Well-known Lon-
don radio component manufacturers are 

open to consider patents or designs for post 
war period.—Write Progress. c/o Alfred Bates 
and Son, Ltd., 130, Fleet St., London, E.c.4. 

T" proprietor of British Patent No. 
531963. entitled " Device for Producing : 

Vibrato in Sound Amplifying Systems and the 
like," offers same for license or otherwise 
to: ensure practical working in Great Britain. 
--Enquiries to Singer, Elden, Stern and • 
I 'arlberg, Steger Bldg., Chicago, 4, Illinois, U.S. 
1" LE proprietors of British Patent No. 

504934, entitled Improvements in 
Closures for Evacuated Envelopes and Method 
of Manufacturing the Same, offers same for , 
license or otherwise to ensure its praetieal 
working in Gre.at Britain.—Inquiries to Singer, 
Ehlert, Stern and Carlberg, Chrysler Building, 
New York City, 17, N.Y.. U.S.A. [27 

T"E proprietors of British Patent No. 
475750, dated July 20, 1936. relating to 

Improvements in Electric Wave Signalling, are 
desirous of entering into arrangements by way 
of a license or otherwise on reasonable terms 
for the purpose of exploiting the above patent 
and ensuring its practical working in Great 
Britain.— Inquiries to Singer, Ehlert, Stern and 
Carlberg. Chrysler Building, New York. 17, 
N.Y., U.S.A [2783 

BOOKS, INSTRUCTIONS, ETC. W EBB'S radio map of the world locates 
soy station heard, size 40x 30in. 4/6, 

post 6d., on linen, 10/6, post free.—Webb's 
Radio, 14, Soho St., London, W.1. Tel. Ger-
rard 2089. [9947 

Wanted 

CIRCUITS for pair Lissen coils, terminals 
I, 2, 4, and 1, 2, 4, 5, 6; Colvern coils, 

1;1. G2 and G.8.—Box 3150. 28 
" W .W.," vol. 13, bound. also Sept. 14t1i. 

Sept. 21st, 1939; Aug.. Dec.. 1910: 
\Lir.. April, May. 1941.—Usher, 11.N[93E27.C.. 
Manadon," Crownhill, Plymouth. 

indispensable 
to Radio Service 

Engineers. Makes 20 
lests. Interesting Booklet 

on request. From all Wholesale's 
or direct. Send for leaflet Ri.t. • 

RU NBAKEN - - MANCHESTER - - I 

—AMERICAN MIDGETS HANDBOOK 
liescribing with many circuit diagrams the pecullaritleo 
of email American (Midget) Radios. Eapecially written 
for eervice men, niait likely faults and their reniediee 
o ith hiato on wartime aubstitutes fur unobtainable 
parta are all given. The valve data section give. bast., 
and working characteristics of the 80 or so valve. used 
In midget. 

Price 2/6 
from booksellers or by post. 2,8. 

V. E. S. (W ) 
Radio House, Melthorne Drive, Ruislip, Mddx. 

REWINDS 
MAINS & OUTPUT TRANSFORMERS, FIELD 
COILS, PICK - UP COILS, ARMATURES 

PROMPTLY EXECUTED 
Philips and Ebro D.C. Converters bought. sold and 
exchanged. B.Y.A. and American, good art, chg. 

Send stainpa addressed envelope to: price list 

A.D.S. Co. 261-3-5, Lichfield Road, 
ASTON, BIRMINGHAM, 6 

—WANTED TO PURCHASE— 

.\ small or medium-sized Cycle and 

Radio Business (retail). Any district 
considered if well populated and 
with good post-war prospects. 

Full particulars in first instance to 
BoK 3119, go Wireless World. 

WELWYN 
HIGH STABILITY 

CARBON 

RESISTORS 

TROPICAL GRADE 

TYPE APPROVED 

CLOSE TOLERANCES 

LOW TEMPERATURE 

COEFFICIENT 

weir/ roe cArAtosuE TO - 

WELWYN ELECTRICAL 
LABORATORIES LIMITED 
WELWYN GARDEN CITY - HERTS 
TELEPHONE WELWYN GARDEN 3816-8 

Printed ID England for the Publisher., ILIFPZ Anil SONS LTO., Dorset Bowe, Stamford Street, London. SES., by Tits CORXWALI, Paris Garden. Stamford Street, 
London, /LEA. " Wireless World" can be obtained abroad from the following—AldaTkALla sod Naar ZEAL,: : (iritis a Gotch, Ltd. Isms : A. H. Wheeler t Co, 
Casaba) Imperial News Co.; Gordo. k Gotch, Ltd. &Well AFRICA, Central News Agency. Ltd.: William De.... a Aiin. ( S.A.), Ltd. Esirau Scares, The International News Co 
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TO MEET THE ELECTRONIC AGE 

Mr. 
Heinophilus 
Influenzae 

-  é4e if ee 

• 

logist can actually see a virus, then 

EEINR: is believing: when a bacteria-

_ 
medical science is more than halfway 

towards finding the cure. But hitherto the 

best of microscopes have had their limita-
tions. Under the most favourable circum-

stances, even with an oil-immersed objective, 

no greater magnification than 2,000 diameters 
has been possible — far too little to identify 

many of the long hidden causes of disease. 

But, in 19.40, came the first commercial 
Electron Microscope, based upon entirely 

new scientific principles — using electrons 

instead of light — and opening up vast 

new fields of exploration. Today a mag-
nification of ço,000 times is possible—to-

morrow, scientists hope to be able to 
observe the atomic structure of matter. 

"Lhis new kind of Microscope is but 

une more example of the application of 

electronics. Every electronic device 
needs capacitors in many different forms 

—paper, mica, electrolytic, ceramic—all 

are required. That is why our Research 

Engineers are intensively working to 

produce types with special characteris-

tics to meet all the varied requirements 

of tomorrow. If you have a capacitor 
problem, we invite you to get in touch 

with us. 

A. H. HUNT LTD., LONDON, S.W.18 

ESTABLISHED 1901 
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Important contributions have been made in radio 
science by scientists and technical experts, in 
collaboration with the war services. But Osram 
Valves for maintenance of existing equipments are 
obtainable. Consult your usual supplier. 

Striking developments in design and 
technique following miens re research 
and experiment to keep pace with 
service requirements, will be of the 
greatest interest and benefit to all, when 
Osram Valves are once more freely 
available. Then it will be, over to you 
-- over! 

Ad. of The General Electric Co. Ltd., Magnet House, Kin:sway, London, W.C.1 

etv , 1944 




