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This relatively simple Coupling between a The Q Type Coupling is an example of how
driven and a driving shaft can operate the Technique of Rubber Bending can be

= with a conical misalignment of 20° as applied to smooth away transmission irregu. | r
shown. It can replace the Hook type of larities on a passenger vehicle. Similarly, I
c"“]""‘ﬂ with ”“‘ illlll"ll :"l"ﬂ“ta;."\ a"'l 11||ll asan lllllll’ll\'!‘“lelll to llﬂ.\"‘"g"r ('(unfurt, ”

benelit of torsional flexibility,  In other anZimgimountings and scat mountings can

. . . L be planned to incorporate rubber in shear,
words it will ahsorh vibration originating

. wnd. going further into realms of refinement
from either end of the coupling. gowiE

rubber can also he used in vehicles of i
Lastly, it can transmit power (dependent this character to eliminate vibration in l '
upon its size) from -05 TP, to 45 H.P. electrical  fittings  and  instrument  panel {
at 100 R.P.M mountings. il
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RUBBER BONDERS LTD.
ENGINEERS IN RUBBER BONDED TO METAL |

FLEXILANT WORKS - DUNSTABLE - BEDS. ‘ -‘
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Sole Proprietors &« Monufacturers:

THE AUTOMATIC COIL WINDER &

WINDER HOUSE DOUGLAS STREET

Orders bearing Government Contract Numbers and Priority Rating can oW

|ITHE “AVO" TEST BRIDGE

S o N
A" portable self-contained 50-cycies bridge of exceptional acouracy
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 apd radio
frequency voltages.

WIRELESS WORLD

THE Services and war-time
industry are familiar with the
high standard of dependable
accuracy of * AVO " Electrical
Testing Instruments. They will
be an equally dominant fasior
in the post-war rebuildir.g of
our great industries and the ad-
vancement of amenities worthy
; of 3 world at well-earned peace.

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

.-.,,' i
iy

-
s 5l

ELECTRICAL EQUIPMENT CO. LTD
LONDON w WE, VICT

ORIA 3 &

accepted for quick delivery of the following two * AVO ** Instruments .

THE] ALL-WAVE]“|AVO " OSCILLATOR

An inexpensive, accurate modulated oscillator covering a continuons
fundamental frequency band from 95 Kc. to 40 Mc. 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-
nble at will. Calibrated double attenunator enables signal to be
varied from a few microvolts to 50 millivolts, with a force output
of 1 v, Self-contained, fully shielded.

A
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CORE

; ._\ SOIUlu / N /: /i COIQE V/4"4 FUTURE

Just a few of the things that
Service Engineers are saying

about the A..D. approved Solder
Wire containing & 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

Nominal 1 b, reels

13S.W.G. - 4/10 that if you' do not find it the best you have ever used we
: 16 SW.G. - 5/3 will refund your purchase price in full. Order supplies
i Above prices subject o i  from your factor to-day and ensure that you get reels

usudl Trade Discount. Jabelled Ersin Multicore THREE CORE SOLDER.

MULITICORE

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

M UTICORE SOLDERS ITD COMMONWEALTH HOUSE NEW OXFORD ST.LONDON, W.C . Tel: CHAncery 517172
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Are you listening toa ‘tired’ radio? Do
‘woolly’ reception and distortion spoil
your radio-enjoyment? . . . New Mazda
Valves will put that right and give you
listening that is rea/ly listening—crystal
clear, accurate reproduction. Or perhaps
you’re onc of the unfortunates whose sct
has ceased ‘to function altogether. If
valves are the trouble, ask your Dealer
or radio repairer to fit MAZDA, for, in
spite of heavy service demand#® the
Government has allowed us to release a

WIRELESS WORLD

*to us.

(93]

quantity of Mazda Valves for the listening
public.

Your Dealer has all details of available
types, but in case of difficulty write direct
Welll do all we can to help.

MAZDA

RADIO VALVES

THE EDISON SWAN ELECTRIC CO. LTD., 45]; 155, CHARING CROSS RD., LONDON, W.C.2.

R.M.28.
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Manufacturers

of
Switchboard and Port-
able Pattern Microam-
meters: Milliammeters:
Ammeters: Voltmeters:
Wattmeters and Testing
Sets.

2

MEASURING INSTRUMENTS (PULLIN) LTD.
ELECTRIN  WORKS, WINCHESTER STREET, ACTON, W.3.

iy,

mgrell come a time ... MINIATUR MIDGET

WHITELEY ELECTRICAL RADIO
€0., LTD.
MANSFIELD, NOTTS.

HIVA( LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. Hﬁme:'gg%o?
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WORLD’S LARGEST RADIO
COIL MANUFACTURERS

RADIO FREQUENCY INDUCTORS

INTERMEDIATE FREQUENCY
TRANSFORMERS

RADIO FREQUENCY COIL

k CHOKES
MICA COMPRESSION
CONDENSERS
AIR DIELECTRIC CONDENSERS
MICA MOULDED CONDENSERS
SICKLES SILVER CAP
CONDENSERS
GANGED PERMEABILITY TUNING
COMMUNICATIONS EQUIPMENT
F.M. EQUWPMENT PARTS
U.H.F. RADIO EQUIPMENT
SPECIAL ELECTRONIC
EQUIPMENT

The F. W. SICKLES Co.
CHICOPEE, MASS., US.A.

RAYTHEON '"‘FLAT"
HEARING AID TUBES

Ther fit Inside a dellcate ring, they are so
small ; but they are mighty in dependable
performance for hearing aid apparatus.
Long lived with low battery drain, RAY-
THE‘ON Flat hearing aid tubes give quatity
psrformance for electronic hearing aids.

PRODUCTION CORPORATION

HEARING AID TUBE DIVISION
Newton, Massachusetts,

T s e s
.

ARMY-NAVYY ‘E* WITH STARS Awarded
all four Divisions of Raytheon for Con-
tiaued Excellence In Preduction.

WIRELESS WORLD
M Y

VIBRATORS

ARE ALWAYS DEPENDABLE

That’s the Point
of MALLORY
| “Know How™

Contactsina vlgrator take alot of punishment.
They must operate under widely varying
conditions of temperature and must ** make
and break ** 115 times a second. Small
wonder that alert engineers think of contacts
first when selecting a vibrator !

For over 20 years, Mallory has been Induscrial
headquarters for every type of elecerical
contact. It has introduced new contact
compositlons . . . evolved better designs
+ + . formulated improved surface finishes.

As a result of this wide experlence, Mallory
equips Its vibrators with special grade
tungsten contacts which are cut in its own
plant from_material made to its own speci-
fications. They give longer life, are subject
to 2 minimum of erosion and transfer.

Mallory is ready to apply its special vibrator
‘“know how '’ to your specific applications.

P. R. MALLORY & CO. INC.

INDIANAPOLIS, INDIANA,
US.A.
Radio and Electronics Division

ALSO
“ MYKROY ** CERAMIC
INSULATING MATERIALS

GENERAL ELECTRONIC
VACUUM CONDENSERS

FOR THE FUTURE

These Manufacturers will help solve your
post-war problems.

Register yout name now for full detalls which
will be sent you when supply condlitions again
permit,

FRAN K

HEAVER

LIMITED
Kingsiey Road, BIDEFORD,

N. Devon

VICTORY
PRODUCTION

HEN the mission of complete victory

is accomplished, General Instrument
will help ** Win the Peace’’ by making
the best use of still greater knowledge
and experience in the manufacture of
variable condensers and drives.

THE GENERAL INSTRUMENT
CORPORATION
ELIZABETH, N.J., US.A

=
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TWO-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, 3

&

KURZ-KASCH INC.

Planners and Moulders for the Age of Plastics

DAYTON - OHIO - U.S.A.

v +ssucounsssves



196, Deansgate, Manchester.

llear as a

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.

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 Permigtivity. For the
construction of Condensers
having a constant capacity at
all temperatures.

BULLERS, LTD.
THE HALL,

OATLANDS DRIVE,

WEYBRIDGE, SURREY

Telephone :
Walton-on-Thames 2451

Manchester Office :

Bullers

LOSS CERAMICS

y Low

WIRELESS WORLD
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THERE ARE TRIX AMPLIFIERS
FROM 5 to SO0 WATISFOR |
PRIORITY WORK

THE TRIX ELECTRICAL CO.LTD.
5. MAPLE PLACE, TOTTYENMAM CT. RD.
LONDON, W.I.

Ta/a: MUSEUM: BB17  'Grams & Cobles: TRIXADIO, WESDO, LONDON.

MICRO-V ARIABLE
CONDENSERS

Features which have made these
Raymart condensers famous over
many years are i—

@ HEAVY ALL BRASS CONSTRUCTION.

@ BALL BEARING  SPINDLE (ELEC-
TRICALLY SHORTED).

@ CERAMIC (R11X) INSULATION.
@ FREEDOM FROM END OR SIDE PLAY.
@ SMOOTH OPERATION.

Models available : Standard (VCX),
Midget (MCX) Series Condensers,

etc., as listed.
Further details and prices supplied on application.

RAYMART "“SPEED"” KEY

Specification : The contacts are of }in. solid sterling silver. A high
grade of spring is fitted and gap adjustment is easily and accurately
carried out. The base of the key is drilled for two-hole screw
fixing. The appearance of the instrument is all that can be desired,
and the metal parts are instrument lacquer finished.

=
:
2
3

The Raymart *Speed '’ Key is highly BRICE
appreciated by expert W/T operators. 8/6
Telephone :
AYMART -
3254
l_ CRAFT A CREED

48, HOLLOWAY HEAD, BIRMINGHAM, 1.
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BELLING & LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

I | Y Y] inches J
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EADERSHIP { |
i

}

Seles Concessionaires:
—— ) HOLSUN BATTERIES LIMITED, 137 Victeria St., Longdon, S.w.l

- L

Specialising as we do in the design and production of

prototypes, LEADLERSHIP cownes naturally to Gardner

Products. Illustrated is a Gardner Smoothing Choke
which can be supplied in a wide range of inductanee and
current capacity, and is designed to occupy the minimum

of chassis arca, consistent with voitage drop. Just

* now, however, ali our energies
Values of induetance may be
relied upon under working con-
ditions, and are measured with are devoted to the I)I'Odll("
appropriate D.C. flowing + 1
mA. RMS. 50 cyeles super- . A o ital !
imposed. Any toleranee can be tion of equlpment or vital

met to suit your requirements, P i " { ' e |

% purposes. | © e } W .
| VALVEHOLDERS

Manufactured wunder “ Amphenol™ |
Licence. !

RS e S

| The name ¢ CELESTION " is
| a guarantee of quality and
| service.

List of Britishand Amerl-
| | can types will be sent on

| e :Nuut, ) (JV.‘:‘
. CELESTION LTD#{\W
| | KINGSTON-UPOK: THAMES, SURREY. »“

Tetaptrone: KINgsion 3056-78

= 539 13

(Supplied against Priovity Orders Only.)
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To solve a difficult welding problem, Eimac labora-

tory technicians compounded a welding alloy that
could be applied with a paint brush. The alloy flows
easily under an arc to complete the weld, yet subse- |
quent heating to temperatures as high as 2900 de-
grees Centigrade will not destroy the weld. . X .

Such is but an example of the application of the The Sciencé Behind thé Science :bf Electronics

Science of metallurgy in the “science behind the' s the focusing of all branihes of science upon the development
science of electronics.” The extent to which Eimac and improtement of electron vacuum valtes.
Engineers went to solve this relatively small prob- A
lem reveals two important facts:—(1.) The thorough-
ness of Eimac Engineering, and (2.) The complete-
ness of their engincering facilities. The leadership
which Eimac valves enjoy throughout the world in
all phases of electronics is attributable to the sound-
ness of this engineering.

Performance of any electronic equipment is a
direct reflection of the performance of its vacuum
valves. Hence it is advisable for users and prospec-
tive users of electronics to look first to the vacuum
valve requirements. Because Eimac make electron ¥
sacuum valves exclusively their advice toyou isun-  SPECTROGRAPH ... Analysis determines METALLURGY... Compounding special
biased and can be of great value. A note outlining  exact characteristics of metals to be joined. alloys of metals.
your problem will bring such assistance without
cost or obligation,

'77!/" S
HTR-MCIRIOUGN, INC., 870 Sen Mates Ave., San Brune, Lali. i 7 L
¥

‘i

Alloy flows easily and weld is quickly completed under are.

Plonts located at: So 0. Calitarmia and Soh take City, Utah .
Expert Ageats: FRAZAR & HANSEN,
301 Clay 5t., San Franchce 11. Califernia, U.S. A.

Follow: the leaders to

®'rite for your topy of Elec-
srewic Telesis—a 64 page book.
det fully diustrated —covering B8
fondamrntals of Electronies [l
and many of its imporiant
wpplications. Written in lay.
man's Janguage,

OPTICS ... For studying the cffects of processing. ELECTRONICS... Welded elements en electron
vactum valses withstand tremendans heat,

70
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Now each must plan his future; lec past achievement stimulate to

greater effort in times to come.

For us, this means many things: bringing the boon of Rediffusion

service to thousands of homes; contributing Radio Heating to
industrial progress; building Radio Transmitters for world-wide links—

and always, the freshness of vision which commands leadership.

REDIFFUSION LT L
BYErD [ FON
"&/‘ \ \

A SUBSIDIARY OF BROADCAST RELAY SERVICE LIMITED

Designers and manufacturers of Radio Communication and Industrial Electronic Equxpment

VICTORIA STATION HOUSE

| AUDID
o— - AMPLIFIERS &
S *«*vgmmwwms
T0 é?ll‘LCd[,\ STANDARDS

In addition to
Standard Amplifiers the activities of Acoustical in-
clude Special Amplifiers for Industrial Applications,
Microphones, Transformers, Coil Winding, Sheet
Metal Work, Stampings,

Switch Assemblies, etc.

=AcvUSTICAL

MANUFACTURING Co. Lvo.
HUNTINGDON « TEL:361

VICTORIA STREET « LONDON ¢+ S"W:'i

(PHONE VICTORIA 8831)

TO ALL OUR FRIENDS IN THE TRADE

Y .
Grreetings
for
Christmas

and our best wishes for a very early
return to peacetime production in

1945

N.B.—We shall be back with a still bigger range
of Collaro specialities — electric Fan Heaters,
Sunray Lamps, electric Gramophone Motors,
Automatic Record Changers, Pickups, etc., as soon
as post-war reorganisation allows.

COLLARO

VALLEY WORKS, LANGLEY MILL, NOTTINGHAM
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LINAGLOW LIMITED crtendy @hristmas and dew Dear Greetings

to their many thousands of satisticd customers
Listed below is a comprehensive stock of radio and electrical components at exceptionally keen prices.

3-wave band 4-valve T.R.F, CONSTRUC-
TOR'S KIT, !17/2,000 metres, aluminium
screened co(ls, excellent short-wave recep- ¢
tion (the special coils used in this circuit
give a performance equal to a superhet),
4} watts output, complete with loudspeaker,
alt parts, wiring and theoretical diagram—
nothing extra to parchase. Chassis dim.
12in. x 8in. x 6in. to top of dial.
200250 v. A.C. Including tax, 114 GNS.
Case and packing 5/- extra.

VALVES. Aumerican types at B.O.T. controlled Retail
Prices. For replacement purposes only, 65, 12F5,
1205, 123K, /2 3 5Y3, 25626, 11/- ; 6Q7, 12Q7, 11/7 :
6FG, 6K8, 6K7, 6L7, 12J7, 128J7, 36, 12/10 ; GAS, 6B7,
68A7, 14/-.
Also British Valves at manufacturers’ List I'rices.
UU4, UUG, UU7, 11/~ ;: HL41DD, TDD4, 11,7 ; AC/VP2,
CL4, EF39, KTW61, Pen 45, 8P41, 8142, T41, VP41,
12/10 ; 131 dlode lin. Feanut Valve with valveholder,
12/10 ; ECHS, ¥CI3, X63, 1273, 2525, 35Z4, 14/-;
AC6@Pen®, EL35, Pen 46°, U21,18/3.

* I'ost Oflice PPermit necensary.
Prices inciude Purchase Tax. Add 3d. per vdlve post.
VALVEHOLDERS—AMPHENOL TYPE. International or
English Uctal, chassis mounting, 1/-. Lnglish Wafer type,
4-,7-, 8-pin, 6 for 2/8.
CAR AERIALS. Telescopic scuttle fixing. extending to
41t. 6in. Ebonite Insulators, nickel finish, 22/6 each.
WANDER PLUGS In 2 colours, 3/~ per doz.
ELECTRIC SQLDERING IRONS, 60 watt, 200,250 v.,
ACIDC. Chrome-plated, usually 13/9, 9/6.
LOUDSPEAKER FRETS8. Coppered brass, 8} x7In.,
3/6 ; 144 x 9§in., 8/9.
S8CREENED INTERLACED FLEXIBLE MICROPHONE
CABLE, '['win, 6 yards for 8/9. 3ingle,1/- per yd.
SPECIAL OFFER. Best Galvanised Bolts and Brass Nuts,
0,2, 4,6 B.A. e assorted packet. 3/8.
IRON LEADS, with connector, 23/36 circular flex, 3/6 each.
LINE CORDS, 3-way bheavy duty, .4 amp., 360 obms,
9/6 ; 480 ohms, 13/6 ; 600 ohms, 15/9. 2-way 360 ohrns,
5/6 ; 480 ohms, 7/8 ; 600 ohms, 9/3.
CONDENSER DRIVES, elow motion, %in. spindle, 3:1,
1/6 each, extension spindle, }in., 94d. each.
FUSE BOXES, twin, best bakelite, with two glass fuses,

2/6 each.
5WATT PORTABLE P.A. AMPLIFIER, Specifications:
4evalve Amplifier Unit in metal cage, mlcrophone, one
speaker, all cables, contained all in one cabinet and
collapgble type tripod, floor atand, AC/DC 200/250 v.
5 watt maximum, sultable for hall averaging 600 people.
Input jack provided, transverse current carbon type
{ te volume controls f icrup and
gramophone Input. Variable tone control, 20 Gos,
W. AMPLIFIER 8IX ONLY, fitted in metal
cabivet. Mike and Gram. inputs, special fader coutroi,
tone control, 8-valve, 200/250 v., A.C., 35 Gns.
8.M, & L. TRF COILS, Philips, best quality in screened
aluminfuin cans, 17-561, 200-586, 725-2,000 inetres. (These
coils equal the performnance of superbet.) Complete with
circuit dlagram, 9/@ the pair.
M. & L. TRF AERIAL COLLS, sluminlum screen. Philips,
200/585, 725/2,000 metres, complete with circult diagram,
2/9 each.
D.C. RELAYS, 50 ohm 4/8 v., 8-circuit.
worth 15/-, each 7/6.
10in, B.T.H. MODEL R.K, MAINS ENERGISED LOUD-
SPEAKERS, 1,000 ohma fleld, 15 ohms speech, weight
28 lbs., reconditioned as new, £6.6.0.
ldeal for PP.A. work. -
DIRECTIONAL BAFFLE for R.K., 3ft. x 2tt. 6in. x Ift. 6in.,
felt lined with suspension hooks, made from lin. ply, as
new, £3.15.0.

6X5,

Brand new,

7 v. Superhet Constructor's Kit. The
" LIBERTY SEVEN " ALL-WAVE |-
SO m., 200-S60 m,, 1,000-2,000 m. Brief

Specification : Frequency changer with two
valves, separate oscillator, M.E. tuning
indicator, 46S kc. iron-cored |.F.s. Separate
tone and volume controls, S-watt output.
8in, P.M. speaker with baffle and output
transformer, all valves, chassis, Practical and
Theoretical diagrams, Parts List, Nuts, Bolts
and Wire, ready to assemble,

200/250 volts A.C. ... £17.17.0

Case and packing 5/- extra.

SYNCHRONOUS MOTORS
50 CYCLE

200,250v. A.C. 12 m.a, suitable for electric 27/6
clocks,etc. Supplied complete with gears, ea. /

RELAYS complete with circuit breaking switch.
200 250v, A.C. 60,80v. D.C, 300 m.a, IS amp. 7 6
switch .., each /

Relay and Metal Rectifier and Mains Transformer
complete, Input 200,240v. A.C. Output |2v,
D.C. 150 ohm. 20 m.a. ... 35/-

MERCURY SWITCHES

10/1S amp. in Ebonite containers, suitable for

Thermostatic control of Electric Water 6/6

Heaters and relay circuits each 9/
15/6

VIBRATORS. 4-pin 6 volt, best quality
REVOLUTION COUNTERS

American each

. |
e~ a
G amm *5@

0-999 with gear drive and gears each 3/6

ELECTRIC POWER METERS, 200/250v, A.C.
SO cycle, as new, pre-war manufacture, |/-in slot
type, suitable for electric fires, cookers, etc. Ideal
for boarding houses, hotels, Complete
{ess locking key. Maker’s price 70/- each 35/'

TERMINAL BLOCKS

9 point heavy contact, best bakelite with
metal cover ... each 2/6
WESTINGHOUSE METAL RECTIFIERS, type HI.
2% v.D.C. 10 m.a., bargain, 3/6. 22 V.A.C.—
12V.D.C. | amp,, suitable for battery chargers,
etc., 18/6.

MAINS TRANSFORMERS

300-0-300, 4v. 6 amp., 4v. 2 amp., 2v, 1S amp.,
100 m.a. Heavy Laminations, pre-war stock, 27 6
see illustration, bargain each /

350-0-350, 6.3v. 3 amp., Sv. 2amp., 100 m.a.
each 32/6

“ LIBERTY SIX " ALL-WAVE 6-VA
CONSTRUCTOR'S KIT, 16-50, 200-LS‘6'0E~
1,000-2,000 metres. Brief Specification -
Frequency Changer with two valves, separate
oscillator, SIX TUNED CIRCUIT, 465 kc.
iron-cored |.F.s. Separate tone and volume
controls, 5-watt output, 8in. P.M. Speaker
with ‘bafﬂe and output transformer, all valves,
chassis, Practical and Theoretical diagrams,
Parts List, Nuts, Bolts and Wire, ready to
assemble. 200/2S0 volts A.C. ,
Including Purchase Tax ... ... £16-16-0
Case and packing §/- extra.

STRIPLIGHT METAL REFLECTORS made f 3
wauge stecd, ldin. long, complete Mt:‘t\:o gn(r; 'I::l‘py
holders, less 1an pa, 10/8 each. )

RADIO HECH::::ES LONG-NOSE PLIERS, Insulated,

ex ( d 1§ v
A 0 like new,
RADIO MECHANIC'S SIDE CUTTERS, insulated, ex

Govermment stock, t] g C
Cﬂhle(;ll;, 4'!8 e;:hrrc reconditioned like new, excevtlonally
LTAGE BRAIDED SLEEVING, }

firat-class ynality, 3/6 per dozen yards. » 3 sad Tmm.,
P.V.C. PUSH-BACK WIRE, 14/36, red, greenand blue
2/~ per dozen yards. '
ENAMELLED COPPERED WIRE, 30 s.w.g., }-Ib. epools
5/» per spoa).

VOLUME CONTROLS. 1,5, 10, 20, 25, 50 and 100 thousand
ohme, 1, 4, 1 and 2 meg., without awltch, 4/ each. As
above, with switch, 6/9 ; 100,000 ohms, } meg., doubles
sul:n;wg.;:h, :’?&0“{;“‘““' 718 3 2,000 obm ouly, wire
Vol st/ 5 1 . v -
ks i ohm only, carbon with screw adjust:
LOUDSPEAKER TRANSFORMERS. Pentode
;:)lél. 50 m.a., 4'6,

zet Multi Ratlo, 60:1, 80: 1, 40 m.a., 8/6.

Multi Ratlo, 60:1,70:1,75: 1 & push-pull, 42 m.a., 10/8.
Multi Ratio, 40:1,60:1,80:1, & pusb-pull, 80 1s.a., 12,

PORTABLE REXINE-COVERED
AMPLIFIER g
carrying cases, fitted with baffle for 8in, or
10in. speaker and microphone holder, metal :
corners protecting plates, rubber buffers, ®
suitable for auditorium extension loud- :
speaker or amplifier construction, size :
I5in. > 16in. x 10in. Price £2.19.6. :
I’entode Output, 12/15 chms, 100 m.a., 12/6.
Heavy Duty, Mnlti Ratio, 24: 1, 41; 1, 48:1,68:1
82:1,116: 1 and IP., 80 m.a., 15/8. ’
LOUDSPEAKERS, 3-ohm Voice Coil. 6}in. Celestion,
witp trapsformer, 30/- ; 8in. Rola, 19/6 ; 8in. Plessey,
18/8 ; 8in. Goodman, 22/6 ; 10in. Mains Energised 250,
500 and 1,200 ohms, 35/-. See Transformers above to suit.
AERIAL & OSCILLATOR COILS. Rest D.8.C. wire wound,
eolour coded on bakelite formers, Short, Medium and Long
\\ ave, 16/50 m. ; 200/550 m. ; 1,000/2,000 m. ; with circait
diagram, 15/- the set.
LF. TRANSFORMERS. 465 kc. iron-cored Litz wound,
aluminium ean.  Limited quantity, 17/6 ; matcbed pair
9/6 each. '
WIRE END CARBON RESISTORS, new, ex-television
1.4, 1 and 2-watt. Assorted parcel of 100, 30/-.
I-WATT CARBON RESISTORS. Manufacturers’ type,
values unmarked. but ranging 20,000 ohms to 2 meg.
Unigue opportunity, 7/- per 100.
TUBULAR PAPER CONDENSERS, 350/500v., D.C. working
<0001, .0003 mfd., 4/- doz.; .001, .004 mfd., G/« doz.; .01
mfd. 7/ doz, ; .05 mfd., 9/- doz. ; or assvrted parcel of 50
for 27/6. Minimum orders 1 doz. any type. o
L.F. SMOOTHING CHOKES. finest quality, 20, 40 & 60
henries, 150 m.a., 16/9 each.

output

CATHODE RAY OSCILLOSCOPES
Constructors’ Kits. Designed by prominent
well-known radio engineer. All  parts
supplied—theoretical and practical wiring
diagrams and full instructions for assembly
and operation. All parts new, ex manu-
facturer’s pre-war . stock. Demonstration
model can be seen working. Specification :
Magnetic deflection and focussing. C.R.T.
7in. screen. Multi-stage amplifier and linear
time base incorporated. Mains  input
200/280 v. 50 cycles. Anode potential
Si‘OOO v. fOsr.lllosr.ope when completed is in
chassis form, mounted on

tubular metal frame ... ... ... £22-17.6

Case and packing 7/6 extra.

@ CALLERS tp Show Rooms,

2 HIGHQATE HIGH ST., N.6.
‘Phone : MOUntview 9431

HOURS OF BUSINESS : Mon. to Fri.

9 a.m. to 5.30 p.m.

Nearest Tube—Archway

LINAGLOW LIMITED | ¢ POST_ORDERS to Dept. M.0.32

61 HIGHGATE HIGH STREET, N.6.
"Phone : MOUntview 9432
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Hermetically sealed to
resist heat and

moisture

=

MOULDED TUBULAR

oo CONDENSERS

Manufactured in a wide range of capacities
and for working voltages up to and including
6,000 D.C. For high-voltage operation they
provide the most effective solution where size
and weight are important considerations and are
designed to operate continuously in extremely
arduous conditions of temperature and humidity.
Manufactured in three sizes and supplied with
soldering tags at each end, or alternatively with
one soldering tag and a stud for base fixing.

BRITISH INSULATED CABLESLTD.
Head Office * Prescot * Lancashire

all
electronic devices re-
quiring a steady and

to operate

reliable supply of
direct current from
an A.C. source.

WIRELESS WORLD

Type HT .4
Output?.OOV 100mA

Available with outputs from microwatts to Kilo-
watts, there is a suitable

@WWESTINGHOUSE|®

metal rectifier to meet the demands of any
electronic application, including such purposes as
H.T., L.T. and G.B. supplies to amplifiers, receivers,
transmitters, oscilloscopes, etc.

WESTINGHOUSE BRAKE & SIGNAL CO.,
Pew Hill House

LTD.
Wilts.

Chippenham

JANUARY, 1945

(B3R, STANDARD SINE WAVE SOURCES
TYPE LO.800A. OSCILLATOR

| —an actual oscillogram of output voltage is illustrated—gives good
waveform even below [0 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,

incorporated—0-250, 0-50, 0-10.

Four output impedances, 5000,
1000, 600 and 15 ohms.

l
! Output up to 5 watts.  Three range output voltmeter
l
!
|

Frequency ranges (3 models),
0-15000, 0-25000 dand 0-50000
c.p.s.

BIRMINGHAM SOUND
REPRODUCERS LTD.,

Claremont Works, Old Hill, Staffs,

Cradley Heath 6212/3. Grams: Electronie, Old Hil}

LOUDSPEAKER

YOU KNOW BY EAR
How 7
EVERY WAR EFFORT

BRITISH R.O l a LIMITED

DEVIZES  LONDON -Biperono
ENGLAND
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£xide

BATTERIES
FOR RADIO

are playing their part in the
great national effort. They are
as indispensable to -the pur-

poses of war as to those of peace _~

THE CHLORIDE ELECTRICAL STORAGE COMPANY LIMITED
Grosvenor Gardens House, Grosvenor Gardens,
London, S.W.1

W.R. 8B/43
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W'1 arfed a'e |

"MERITOR" |

EXTENSION SPEAKER

This popular
model is fitted
with an 8 inch

This new and Improved Taylor Valve tester measures the Mutual

Unit , W ith Conductance of ali types of amplifying valves and also checks the
emuission of Diodes and Rectifying valves
ALNICO Mag- Two ranges of Mutual Conductance measurement are availabte being

3 mA/V full scale and 15 mA.V respectively. Anode and Screen Volts
net 7;000 lines. [ <an be adjusted to suit cthe valve ynder leysl and a variable supply of
Grid Volts 15 also available A switch gives a chdice of 17 different

| filament Volts covering from 1.1 Volts to 117 Volts
Sixteen valve holders are provided to cover all the popular Britlsh,
l American and Continental types Separate tests are available for
j checking Continuity. Element Shorts and Heater to Cathode Leakage

The three seleccor switches ensure that the correct voltage is appled

We are still making a few Extension Teve AT el e e e
Speakers in gOOd qual ity Cabinets These A comprehensive book of instructions 15 issued with each Instrument,

complete with 2 valve chart giving settings for over 2,000 valves

o . of all makes
are SUPpl led n Sma" numbel’s to Old The instrument is operated from A.C Mains and 2 mains adjustment
. ” is provided covering from 200-250 Volts at 40-100 cycles.
customers. The ¢ Meritor '’ here shown Model 45A/S
retails to-day at .. . .. 57/6 ] Prce £17 . 0 0
Please write for
(without transformer) o technical brochure. r

electrical m/lrumenvid
s ol s——————

WHARFEDALE WIRELESS WORKS (

Send your enquirles to

HUTCHINSON LANE — BRIGHOUSE, YORKS. Ll\qY 5?‘:‘ EL E f T Rslec AALv e':‘ seT RU :f NhT s BL:E;.
B . A - r ue, 1 u .
Phone ; Brighouse 50. Grams : Wharfdel. | Telephone: Slough z:.va? :‘n lnnuoi . c,mg.. I Taghins. Siough®

—M.R. SUPPLIES—
offer only material of the highest 10 and give | dlate delivery fron
stock, All items new and all prices nett.

ELECTRIC MOTORS, mintature inodel approx. 2 by 2 by 2} inches. 12/24 volta DC
(or ahort periods on 20/24 v. AC). I'recision made to (iovt, apec., with hall bearing. |
Excellent torque—sujtable for models, laboratory work, small cine profectors, etc.

2/8. IB.T.H. 3-phase MOTORS, 1/3rd h.p., 400/340 v. 50 c., 1,425 r.p.m,, £6.10.0 i
{carr, 5f-). [y
SLIDING RESISTANCES (100-watl). 50.ohms 1.4 amp., 100 ohms 1 amp., 200 chms
0.7 amp. an4 400 chms 0.5 amp. , fully enclosed, 25/- any one. Also 172 ohms (graded),
max. 1 amp., 27/6. Max. 2 amps., 32/6. .
VOLTAGE CHANGING TRANSFORMERS, 200/250 v. to 100/110 v. (and vice versa),
tully shéeldad with coulét;;reunk terminal blocks, complying with all regulations, 1
75 va., 29/6. 5 .

120 oa.. 37/6.
TRANSFORMER BOBBINS. Prim. tapped 200/240 v. Hces. :—350-0-350 v. 76 ma,,
4 v. 4,4 v. 3 a.,core opening 1$in. 8q., by 13in. through. Standard replacement
for many popular receivers, 18/6. Also same but with 6.3 v. 4 a., 5 v. 3 a., same

price. % city
ROTHERMEL PIEZO-CRYSTAL PICKUPS. Senior black bakelite model, complete ELS in capd

with arm, 78/9. STROBOSCOPIC SPEED TESTERS (50 cycle) showing 78, 79 and LEV tes
80 r.p.m, _ On cardboard ouly, 1/-. W L A* Cab
GRAMPIAN. MOVING COIL MICROPHONES, In equare suspension frame with ! NE ¢ f CO'

mounting bowe, £417.8. Aiso sinall delivery of senior model by same makers, in - uauol\ t‘,°|-||c
all-chromium hotmlyg, with on-off switch incorporated and quick-release mount. atten elec

Sensitivity—42 db., litn. 15 ohma, Arc of pick-up 150 degrees. The finest mike for
high quality work, £7.15.0. ROTHERMEL-BRUSH PIEZO-CRYSTAL MICRO-
PHONES, new bijou odel in neat biack housing with plated mounting boss and
Sit. acreened lead, 42/-. Also same make MINIATURE P.C, MICROPHONES, deaf-
aid type, but quite suitable for all purposes, only 1tin. dlam., 29/6. MICROPHONE uip
8TANDS, all chrom. table, extending, 28,8. Fioor, collapsing to 2ft. and extending eq
to 5ft. Gins., 45/6. MUMETAL M/COIL MICROPHONE TRANSPORMERS (ratio
80/1), miniature type, also suitable for m/coll pick-ups, 21/-.
G.E.C. PROJECTOR SPEAKERS. Comprising 10-watt 15-ohm P.M. unit with multi-
line transformer under weather-housing, and 42in. all-metal exponential tlorn,
£10.5.0 (carr. 7/6).  Also 12-watt type ** A ** Unit with same Horn, £12 (carr. 7/6).
Take this opportunity for your future requirements—delivery by return.
GOODMAN MINIATURE P.M. MOVING COIL SPEAKER/MICROPHONE UNITS.
We have the latest model with the new high efficlency magnet. 15 ohma imp. 3{in.
Fitted protective front grille, 30/-. METAL CABINETS to sull. Octagonal 5}in.
diam., with octagonal opening Sin. diam., 9/6.
ELECTRIC ARC WELDERS for 6 or 12 v, battery operation. 15in. long with generous
length of tough rubber cable with clip, and two carbon electrodes and instructions,
 Useful to everybody, 35/-.
PYROBIT ELECTRIC SOLDERING IRONS, 220/260 v. Small** instrument ** model—
can be held like a pencil-—the most popular fron. With pencil bit, 21/-. Extra
adjustable augle bit, if required, 4/6. Spare Elementas, 2/6.
GBAIPIA‘ OUTPUT TRANSFORMERS, to sult all speakers. Tapped prim. and

Werite for characteristics

BASICALLY BETTER
AIR-SPACED

sec. providing 8 ratios, with C.T. for push-pull, 9/6.
CENTRALAB ‘T ** PAD FADERS for sound profection (or other) control. For 500,
200 or 50 ohms lines (3 models). (Pre-war list £4.) Last few at 42/- each.

FLIK-
O-DISK Ohm's Law Electric Calculators, giviug all the answers quickly, 6/6. DM laW/ﬂff@A E S
Please luclude sufficient for packing and postage.

M.R. SUPPLIES, 68, New Oxford Street, London, W.C.1 ’
(Telephone : MUSeum 2958)
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I's NEWS. ..

WIRELESS WORLD

real good news to

know that R-S Sound Equipment is again available, albeit in

not very large quantities,
Y ge q

The first of the models in

production is the ‘ UNIVERSAL FIFTEEN ' which has
already won for itself an enviable reputation as the most

efficient A.C.-D.C. Portable Equipment
on 190 to 260 volts. We cannot urge

made and operating
you too strongly to

write NOW for fullest details and prices for supplies are not
unlimited—yet.

AMPLIFIERS

R.8. Amplifiers, Ltd., 3.4, Highfield Rd..Shepperton, Middx.

Tel.: Walton-on-Thames 1019

-

IN BLACK ENAMELLED METAL CABINETS
Ontput 15 watts, 5 valves, 200:250 A.C. Pre-Amplifier
for microphone, gramophone and radio terminals. Muiti.
range output 2.5 ohms to 15 ohms. Fitted two volume
controla and tone control. 12in. P.M. VITAVOX
Speaker, £7 extra. Price, Carr, paid . ...21810 0
New ex-Government Milliameters, 0-26, £3 5s.

NEW MAINS TRANSFORMERS, 200 v. and 210 v.
230-250 input, 350.0-350, 120 m.a. 0 v.and 2 v., 4 v,,
5v.and 3amps.0v.,4v,,6.8v, 5amps, earth screen. all
connections marked, welght 6 ib. 4 oz., dimensions
4Mn x 34in. x 3}in. ,37[0
G.EC. EXTENSION SPEAKERS. P.M. in highly
polished walnut cabinets. Post, etc.,2/6 .. 2318 6
EX-GOVT. MAINS TRANSFORMERS. Surplus to
fequirements. Made by Philips. A.C. input 100/260 v.
Screened primary, 300-0-300 v. 80 m.a., approx, 6.3 v.,
12.6 v. Highiy impregouated. Colour-coded leads to
facilitate wiring
HEAVY DUTY MAINS TRANSFORMERS.
200-250 v. A.C., 360-0-350 v. 120 m.a.,4 v.2a.,4v. 3 a.,
6.3 v. 4 a., with 4,000 v. winding for C.R, tube. Weight
10bs, .. cicirrariaririanierraarse

MAI N 8 TBAIBFOBHEB

Size 43 x 43 x 34.
45/-

Welght 10 1b.

LECTB!C SOLDERING
IBONS, 200-260 v., 65[7l?mw.

/6
LARGE CHROMIUMPLATED

with % mlrror " finisb. 8ize
198 x 128 x 38in. (ends and
sides). Drilled for 14 valves,
transformer, choke, etc. A
firat-class job. Post free,27/6,
CHASSIS 11 x 9} x 2} drilled,
p-1. 4/6.

DROPPING RESISTANCES.

Best qnality, 750 ohms, .3 a.,
7/8. 1,000 ohms, .2a.,7/6 p.f.
TRIMMERS. Postage stam,

:.‘I) PF.,84. Twin 40 x 40 PFp,

TWIN FLEX. Latest plastic
covered. White and brown,
4/6 doz. yds.

PLATINUM CONTACTS,
Double 8pring, mounted on
ebonite, 1/6,

OAK SWITCHES. ¥ 2jin.
spindle, complete with“knob.
4-way, 2-bank, with connect-
ing  block, 4/- ;3 4.way,
2-bank, 3/3.

VIBRATORS. 24 v, 4-pin.
Also 12 v. 7.pin, each 15/-,

MAINS "TRANSFORMERS
A special line of newly manu.
factured British transformers.
300-0-300 v. at 80 m.a,
6.3 v., 3a., 6 v. 2a. size, 37/6
Post, md pu:ldng. 1/3 extra,
VALVE HOLDERS
contact
Mullard Loctal 9-pi
Celestion Amphenol
national Octal, 1/- ea,
10/6 doz. Int. Octal Base,
9d. ea., 7/6 dos.

See previous issues for other useful items.

23,LISLE STREET %7y LONDON, W.C.2
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IMHOFS

ESTABLISHED 1

1f you are inclined to the view that your
instrumenta deserve a case that is
better bust and of more attractive and
functional demgn. or you build equip-
ment that needs precision sheet metal
work, you will be interested to have
this catalogue. A peany stamp and the
request on your busivess letterhead
will bring 1t yeu

-

ALFRED IMHOF LTD. 112-116 NEW OXFORD STREET, LONDON, W.C.1. MUSEUM 5944

—====="Yp g of the Services =

SIGNALLING
EQUIPMENT

LTD.

—

Manufacturers of

Small Transformers, Heavy Duty Resistances, Plugs
and Sockets, Fuse Holders, Electric Bells, Buzzers, and
Switches. Also Plastic Mouldings, Coil Windings,
Light Pressings, Turned Parts, and other components
and accessories for the Wireless and Electrical Trades

Merit House, Southgate Road, Potters Bar

Phone : Potters Bar 3133. Telegrams & Cables : Sel. Potters Bar

rley
TRANSFORMERS
and CHOKES

For RELIABILITY
SEND US YOUR ENQUIRIES

OLIVER PELL CONTROL "™

rAMBRIDGE ROW, BUPRAGE ROA ( f
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you-OVER/

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 intensive research
and experiment to keep pace with
service requirements, will be of the
greatest interest and bemefit to all, when
Osram Valves are once more freely
available. Then it will be, over to you
—over |

MADE IN ENGLAND s

Adot. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.s
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STABILITY MAINT/\INEI]

In Tropic heat or Arctic cold, U.I.C.
Silvered Mica Condensers can always be

depended upon to maintain the highest - .
hanical and electrical bility. :

Avaiable in al sundardized sies ang- | O1LVERED MICA |

ing i ity fi F to 10, F. i

ng o apuciy from g pF 0 058 CONDENSERS

UNITED INSULATOR CO. LTD., IMAS G
12-22 LAYSTALL STREET, LONDON, E.C.1.

Tel : TERminus 7383 (5 lines) Grams : Calanel, Smith, London.

THERS
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For a quarter of a century Wearite
Components have served faithfully the
needs of the Radio and Electrical Indus-
tries and have made many outstanding
contributions to the War effort.

In an industry that is ever changing the
Wearite policy of continuous research and
development has not only kept pace with
progress but has done much to further
technical advancement in the field of

VIBRATORS
TRANSFORMERS
" SWITCHES and COILS

WRIGHT ¢ WEAIRE, LIMITED

HIGH ROAD, TOTTENHAM, LONDON, N.I7 — Telephone: TOTtenham 3847-8-9
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MULLARD

[Woz(uce/
THE ALL-GLASS TECHNIQUE

A new method of construction
which overcomes many of the
problems of maintaining
efficient valve operation at high

radio frequencies

A DEVELOPMENT OF THE MULLARD LABORATORIES

THE MULLARD WIRELESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 (98)
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Monthly Commentary

On another page a reviewer says

Obligation some hard things about certain
recently published textbooks for
to Students students of radio engineering. It

is true that the demand for ele-
mentary books brought about by the war has pro-
duced a flood of sych literature, and many of the
works bear all the marks of having been dashed off
in a hurry. ‘‘Easy writing makes devilishly hard
reading,”’ and nowhere is unnecessarily hard read-
ing less forgivable than in books offered to those
in the throes of acquiring specialised knowledge.
All our sympathy goes out to the unfortunate
student, who must be bewildered and frustrated
by some of the misleading, badly arranged, and
often inaccurate books that are put before him.
It would be unreasonable to demand a high stan-
dard of literary elegance in technical books, but
clarity is essential. In many books the unfortu-
nate reader’s line of thought is constantly inter-
rupted by ambiguous phrases, or worse.
Technical training in general is closely linked
with this question of textbooks. We agree with
the opinion expressed in the Brit. I.R.E. Report
on education (summarised on another page) that
syllabuses and, indeed, methods of training in
general, are due for an overhaul. The Report
recommends the setting up of a Radio Education
Advisory Board. We sincerely hope that admir-
able suggestion may bear fruit, and that the Board,
when it comes into being, will set a shining example
to all other bodies of its kind. Good teaching will
make good technicians; this country has in the
past played a worthy part in wireless development,
and the future depends on the students of to-day.
+ 4+ 4+
It is good to read that, according
to a report published elsewhere in
ference Legis- this issue, members of the Radio
Section of the Institution of Elec-

Anti-Inter-

lation

trical Engineers have expressed.

virtually unanimous acceptance of the principle
that legislation is needed to control all radiation
likely to interfere with wireless reception. Even
better is the implication in the report that less
insistence is now being laid on the necessity for
precise specification of limits of interference that

should be allowed by law. That has always been
a stumbling block ; interference suppression has
fallen into the hands of the highbrows. Arguments
on the more complex technical details of the less
tangible aspects have tended to obscure the real
issue, which is: Should there be a legal obligation
to take all reasonable precautions to prevent or
minimise the radiation of interference?

The random and sometimes intangible nature of
interference makes it dangerous to aim at too-
rigid specification, and any law on such a basis
would probably prove a bad one; doubly bad,
indeed, because it could not be enforced. We can-
not make the possession of a defective electric light
switch a hanging matter! A law founded on the
broad principle that failure to take reasonable pre-
cautions to avoid causing interference is an offence
would probably prove more effective. It would
certainly stand some chance of getting on the
statute book before it is too late.

+ 4+ 4+
The self-governing Dominions

A Brand-new of the British Commonwealth
already have well - organised
broadcasting systems, but in most
of the Crown Colonies and Protec-
torates there are virtually no means of reaching the
indigenous population. To help the more back-
ward peoples of the Colonial Empire to attain a
higher standard of life, broadcasting is a virtual
necessity, and its extended use after the war seems
almost certain. Great quantities of equipment will
be needed ; indeed, a brand-new industry may be
opened up, and there is no reason why it should
not be a British industry. But the technical and
economic problems involved in distributing broad-
casting over vast tropical areas inhabited by
peoples of a low cultural level are considerable.

Elsewhere in this issue some of these problems
are discussed, and the tentative suggestion is made
that distribution should be by ‘‘long-short’’ wave
radio (in the 60-9o-120 metre tropical broadcast
bands) in conjunction with community receivers
developing into local wired relay systems. These
problems should be closely studied by the Colonial
Office and its advisers—-in collaboration, we hope,
with the British wireless industry.

Industry
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DIELECTRIC HEATING

Modern Theories and Their Application to Practical Problems

HE main business of the

radio engineer is to gener-

ate, control, transmit and
receive electromagnetic energy in
that portion of the spectrum
. ranging from wavelengths of a
few miles to a few millimetres, so
that it becomes available for any
desired purpose. To deal with
various problems encountered,
this energy is visualised in
various ways. In transmission
problems it is visualised as pro-
gressive electromagnetic waves,
but in circuits such as generators
and receivers, it is more con-
venient to consider simply two
forms: electrokinetic energy,
that is to say the energy of the
magnetic fields associated with
the currents in inductive coils,
and electropotential energy, or
the energy of the electrostatic
field associated with charges on
condensers. Thus inductive coils
are regarded as reservoirs of mag-
netic energy, and condensers as
reservoirs of electrostatic energy.

The problem of the radio
heating engineer is to transform
this electromagnetic energy into
heat in some given body. This
can be done in two ways. On the
one hand there is the induction
heating of metals, which is per-
formed by simply placing
metals in alternating magnetic
fields; as is  well known, the
metals absorb the energy of the
field in virtue of the eddy cur-
rents generated within them. In
an analogous way, dielectrics
absorb some of the energy of an
clectric field in which they are
placed, but the mechanism of
this dielectric heating is not so
obvious to those accustomed to
consider currents and voltages
only, as the eddy current mechan
ism of induction heating.

Some insight into the character
of this mechanism is necessary to
every radio engineer, since
although not everyone is con-
cerned with exaggerating the
process for the purpose of indus-
trial heating, all are concerned
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with that unavoidable heating
which occurs in all radio circuits,
and which is usually considered
under the heading of power loss.
In the present article it is pro-
posed to give a general working
idea of the mechanism of dielec-
tric heating so far as this can be
done without entering into
abstruse mathematical details.

Dielectrics and Electrostatic
Energy.—Consider a. piece of in-
sulating material placed between
two conductors. The combina-
tion of conductors and insulating
material can be regarded as a con-
denser, but this is not essential.
If a difference of potential is
applied between the two conduc-
tors the material becomes situated
in an electric field, the field
strength at any point being equal
to the voltage gradient at that
point. As is well known, any
electric charge at that point ex-
periences a force proportional to
the voltage gradient and to the
charge, and this force acts in the
direction of the field or in the
opposite direction according as
the charge is of the positive or
negative sign,

Now all matter consists of
positive and negative electrical
charges locked together in more
or less stable equilibrium by the
attractive forces between them.
Thus when the voltage is applied,
all the positive charges in the
material experience a force in the
direction of the field and all the
negative charges on the opposite
direction. = The applied field
therefore tends to separate the
positive and negative charges
which are displaced until the in
creased attractive forces called
into play prevent further motion.

This displacement of the
charges may be visualised in
various ways. We may, for

example, regard the atoms and
molecules as being distorted by

the field ; alternatively, it is pos-
sible that there are some more or
iess free ions in the structure, and
the displacement may be regarded
as the translatory motion of these
ions along some conducting path.
This translatory motion may set
up accumulations of charge, in
which case it will be the back
EMF due to such accumulations
or polarisations which will set a
limit to the displacement, and
cause it to collapse as soon as the
applied field is removed. What-
ever the nature of the process,
work must be done in creating
the displacement; that is to say,
energy is put into the material
just as it is put into a condenser
on charging; and on removing
the voltage this energy can be
recovered from the material just
as it can be recovered by dis-
charging the condenser.

If the applied field is alternat-
ing, then the displacement pro-
duced will also be alternating,
the charged particles in the struc-
ture of the material being set into
forced vibration. The energy re-
lations in this system are analo-
gous to those of a spring set into
forced vibration, or of a com:
pressible gas in a cylinder closed
by a piston in reciprocating
motion. It is well known that if
for this case we plot displacement
against force, we obtain an indi-
cator diagram. If this diagram
consists of a straight line ; that is
to say, if the displacement is
always in phase with the force,
the energy put into the system
on creating the displacement is
all returned to the source when
the displacement falls to zero,
and there is no net loss of energy
in the cycle. If, however, the
displacement lags behind the
force the indicator diagram be
comes a more or less open loop
(Fig. 1), and the area of the loop
is proportional to the net loss of
energy in a complete cycle of
operations. The ideal dielectri¢
gives u straight-line diagram, but
as is well known, all real dielec-
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trics show a finite loss of energy
in each cycle, and loops of the
kind shown in Fig. 1t have heen
obtained experimentally. Con-
sidering the problem from this
point of view, the permittivity of
a material is a property which is
proportional to the energy put
into the material when a given
field is applied. The power factor
of the material is the property
which is proportional to the frac-
tion of this energy absorbed by
the material when the applied
field is carried round a complete
cycle. The relation may Dbe

written Energy absorbed

Total input energy

tan & being the loss tangent of
the dielectric, which for most
materials is the same as the power
factor.

This absorption of energy from
an electric field by a dielectric is
an experimental fact, and the
basic fact of dielectric heating. 1t
means that the displacement pro-
duced in the dielectric by the ap-
plied field is not in phase with the
field, but lags by an angle §. The
current, which is the rate of
change of displacement, and is

Q
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that remanence in a magnetic
material has no counterpart in
ordinary dielectrics, that is to say
the electric polarisation always
falls to zero when the applied field
is removed, provided sufficient
time is allowed; for example, a
condenser always loses the whole
of its charge after it is short-cir-
cuited for a long time. It should
be remarked that this process of
dielectric hysteresis occurs at low
frequencies as well as at radio fre-
quencies, and indeed the power
factor of many materials is higher

at low frequencies than at radio’

=decrement== tan &

frequencies; nevertheless, the
heating effect is usually negligible
at low frequencies even when it is
very considerable at radio fre-
quencies. The reason for this be-
comes obvious in the light of the
previous discussion. If the fre-
quency is so cycles per second,
then the energy corresponding to
50 hysteresis loops is absorbed by
the material in each second; but
if the frequency is 1 megacycle
per second, then the material ab-
sorbs in each second energy cor-
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Fig. 1. Typical indicator diagrams for dielectrics.

(b) (c)

(a) Rerfect dielectric

(b) Empire cloth ; (c) Glass (Thornton).

therefore in quadrature with the
displacement, must differ in phase
from the field by an angle go® —8§.
On account of this angle of lag of
the displacement, the absorption
of energy has been ascribed to a
process of dielectric hysteresis, but
this name is merely another way
of describing the lag between dis-
placement and force; it suggests
an analogy with the process of
magnetisation which is not alto-
gether sound in spite of the re-
semblance of the indicator dia-
gram of a dielectric to the
hysteresis loop of a magnetic ma-
terial, the chief difference being

responding to one million hystere-
sis loops, and although the power
factor and size of the loop varies
with frequency as will be shown
later, they are usually of the same
order of magnitude at all frequen-
cies in the electrical range.

Electronic, Atomic, and Mole-
cular Mechanisms.—It has been
mentioned that several types of
electric displacement or polarisa-
tions are possible. There is first
the displacement of electrons with
respect to the positive nucleus in
each atom, and secondly the dis-
placement of the atoms in each
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molecule with respect to one
another, or the displacement of
atoms in a crystal lattice. These
two kinds of displacement occur
in every material; they can be
visualised as a distortion of the
atoms and molecules respectively,
so that atoms and molecules
which are ordinarily symmetrical
in structure are no longer so when
the field is applied. It is known,
however, that many molecules are
unsyfimetrical in their structure
even in the absence of any ap-
plied field, and this means that
there is on the whole a preponder-
ance of positive charges near one
end of the molecule, and of nega-
tive charges near the other. -Such
a molecule when placed in an
electric field will be exactly analo-
gous to a small magnet in a
magnetic field. In the absence of
any field, the molecular axes are
orientated at random and the re-
sultant polarisation is therefore
zero in every direction. When the
electric field is applied each mole-
cule experiences forces tending to
turn it into line with the field:
uniform orientation is, of course,
prevented by collisions with neigh-
bouring molecules, that is to say
by the forces of molecular agita-
tion, but the orientation will no
longer be random, and there is a
definite polarisation in the direc-
tion of the field. With fields of
ordinary magnitude the force
tending to orientate the molecule
is very small compared with the
force of molecular agitation and
the polarisation is therefore pro-
portional to the field strength and
quickly returns to zero when the
field is removed.

The above three kinds of elec-
tric displacement or polarisation
occur in pure homogeneous mate-
rials. There remains yet another
kind, which occurs in materials
that are not homogeneous, but
consist of two or more compo-
nents. Fig. 2 (a) represents a slab
of such a material, in which one
component (unshaded) has zero
conductivity, and the other
(shaded) possesses considerable
conductivity. This second com-
ponent may, for example, include
a number of free ions in its com-
position; frequently this second
component is water or a material
that is water absorbent. Any
small volume of homogeneous
material can be represented elec-
trically by a small capacitance in
parallel with a resistance propor-
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tional to its conductivity; thus a
composite material can be repre
sented by a network of capaci
tances and resistances as shown in
Fig. 2(b). Suppose now a vol
tage is suddenly applied to such

(2)

a material ; the whole system first
takes an instantaneous charge de-
pending only on the component
capacitances; each of the small
condensers shown becomes
charged, the distribution of charge
and potential throughout the sys-
tem depending only on the dielec-
tric constants of the components.
These instantaneous charges are
the resultant of the electronic and
atomic displacements so far con-
sidered. As a consequence of the
difference of potential thus estab-
lished currents begin to flow in the
resistances; that is to say ionic
conductions occur in the compo-
nents of high conductivity, and as
these currents reduce the poten-
tial difference which causes them,
they diminish more or less rapidly,
until finally the p.d. across the
resistance falls to zero, after which
no further current flows, so long
as the applied voltage, and there-
fore the potential-distribution re-
mains constant.

These currents flowing in the
resistors are frequently described
as absorption currents; they in-
crease the charge and the p.d. on
the condensers of zero conduct-
ance, so that the whole system
acquires a larger charge than the
instantaneous charge. This in-
crease of charge due to the trans-
port of ions in the conducting
component is evidently an electric
displacement of another kind.
When the voltage is removed this
displacement falls to zero, just as
do the previous kinds. For
example, if the whole condenser is
short-circuited, all the accumu-
lated charges are released and re-

Wireless World

combine in the short-circuiting
link, but only a part of them can
do so instantaneously. The ab
sorbed charge can only be released
at a rate determined by the in-
ternal resistances.

Summarising, we see that there

Fig. 2. Model of an
inhomogeneous di-
electric. In the case
shown there will
be considerable ab-
sorption of power
in alternating fields
although the DC in-
sulation resistance
is infinite. pg

(b)

are four possible kinds of electric
displacement or polarisation—
electronic, atomic, molecular
orientation (or dipole rotation),
and the drift of ions. It now re-
mains to consider how these
various types affect dielectric
heating.

Relaxation Time.—The part
played in dielectric heating by a
displacement of any one kind will
obviously depend on the nature
and magnitude of the forces re-
stricting this displacement. Heat
will be generated only when the
movement of the particles consti-
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tuting the displacement agitates
the whole structure ‘of the
material ; when, for example, the
motion is restricted by collision
with either atoms or molecules, or
in other words, when the displace-
ment is restricted by forces of the
kind which give rise to friction
and viscosity.

A quantity that can be regarded
as an index of the forces control-
ling a displacement of this kind,
i.e., one in which the motion is so
highly damped as to be aperiodic,
is the relaxation time, which can
be regarded as the time required
for a displacement of that particu-
lar kind to occur when any given
force is applied, or alternatively
the time required for that dis-
placement to disappear when this
force is removed. The following
considerations will show how the
relaxation time of any particular
displacement  determines  the
extent to which this displacement
gives rise to energy absorption
under the influence of the alter-
nating field.

Suppose in the first instance
that the frequency is very high,
the voltage will then only be
applied in any one direction for a
very short time, namely, half a
complete period or 1/2f. If this
time is very much shorter than the
time of relaxation of the displace-
ment, then the particles will
hardly have begun to move before
the force is reversed ; the displace-
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Fig. 3. Diagrammatic representation of absorption bands of four kinds
in the range of electrical and optical frequencies.
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ment will therefore Be negligibly
small and there will therefore be
no absorption of power.

If, on the other hand, the fre-
quency is very low, then the volt-
age will be applied in one direc-
tion for a time, which will be very
large compared with the relaxa-
tion time; the displacement will
therefore have no difficulty in
keeping pace with the applied
force and there will be no appre-
ciable time lag between displace-
ment and force. Thus the hyster-
esis loop will be a straight line and
the power factor will be zero, and
again there will be no energy loss,
although the displacement will be
much larger than in the previous
case ; that is to say, the permit-
tivity will be larger but there will
still be zero power loss.

Consider now an intermediate
frequency at which the half period
is of the same order as the relaxa-
tion time. The displacement now
will never have time to reach its
full value in any one direction
before the force is reversed; the
value will, however, be appre-
ciable, and it will increase as the
frequency falls. Also, it will not
be able to keep pace with the
applied force, but will lag by a
finite angle. The indicator dia-
gram will therefore be an open
loop and there will be appreciable
power loss.

We have shown that the power
factor must fall to zero at both
lower and higher frequencies, It
must therefore pass through a
maximum value in this region.
The conditions, therefore, for a
maximum power factor is that the
frequency shall be such that aalf
the periodic time of the applied
field is of the same order of mag-
nitude as the relaxation time of
the displacement. The power
factor curve will show a maximum
value in this region of the fre-
quency spectrum ; the permittivity
on the other hand, in this region,
will show a value intermediate be-
tween the high value character-
istic of low frequencies and the
low value characteristic of high
frequencies. Fig. 3 shows dia-
grammatically the form of the
power factor and permittivity
curves for a material that is char-
acterised by two relaxation times
in the electrical range of fre-
quencies, one in the power and
audio section, and one in the radio
section ; there is a power factor
maximum or an absorption band
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corresponding to each time of
relaxation, and the permittivity
curve shows a step down when
passing through each of these
bands in the direction of increas-
ing frequency.

It is not possible to calculate

5

when pure the materials are free
from water and ions; it follows
that only the electronic and
atomic polarisations are possible
and therefore the dielectric pro-
perties of these materials must be
characteristic of these two polar-
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Fig. 4. The permittivity and power factor of typical polar thermoplastics

in the electrical range of frequencies.

(1) Cellulose acetate plastic

(Hartshorn and Rushton) ; (2) Cellulose acetate plastic (C. F. Hill) ;

(3) Celluloid (C. F. Hill) ; (4) and (5) Vinyl ether plastics, (5) having a

higher concentration of polar groups than (4) (F. H. Miller) ; (6) Vul-

canised rubber, 12%, sulphur (Scott, McPherson and Curtis) ; (7) Methyl
methacrylate plastic.

the various times of relaxation
with accuracy, but some idea of
their magnitude can be obtained
from considerations of general
physical properties. It is found
that the interpretation of these
properties in terms of the four
polarisation mechanisms each
associated with a characteristic
time constant, throws considerable
light on the phenomena of dielec-
tric heating. A few examples will
make this point clear.

Hydrocarbon Plastics. — Cap-
sider first the electrical properties
of the pure hydrocarbons, includ-
ing such important commercial
materials as polystyrene, poly
thene, pure rubber, parafiin wax,
Vaseline, transformer oil, etc. The
molecules of all these materials
are symmetrical in structure, and

isations. These properties are
very well known. The materials
all have a permittivity of 2.2 to
2.6 at all frequencies in the elec-
trical range, and this value is
very nearly equal to the square of
the optical refractive index, which
may be regarded as the permit-
tivity at optical frequencies. The
power factors of all the materials

~are also vanishingly small, say

0.0002 at all frequencies in the
electrical range; in other words,
these materials show no absorp-
tion band at any electrical fre-
quency, and it follows that the
time constants of the electronic
and atomic polarisations must lie
wholly in the optical portion of
the spectrum. Moreover, these
materials are nearly all optically
transparent ; it follows that even
in the optical range of frequencies
energy absorption is small. The



6

Mechanism of Dieleotric Heating—
frictional forces opposing the dis-
placement must evidently be
small, and, indeed, there is good
reason to believe that the elec-
tronic and atomic displacements
are periodic, in contrast to the
other types of displacement which
are aperiodic. It follows that the
permittivity curve takes the form
of the familiar N curve character-
istic of resonance, when passing
through an absorption band aris-
ing from electronic and atomic
displacements, instead of the step
down already discussed as charac-
teristic of aperiodic displacements
(see Fig. 3).

Polar Thermoplastics. — Con-
sider next a few typical thermo-
plastics, the molecules of which
are known to be unsymmetrical
and therefore electrically polar.
A few typical curves for these
materials are shown in Fig. 4.
Notice that the permittivity of all
these materials is almost twice as
large as that of the hydrocarbon
plastics, which is evidence that
there is a considerable polarisa-
tion of some kind, other than the
electronic and atomic. The power
factor curves all show maximum
values which are very large com-
pared with the power factors of
the hydrocarbons. It is known
that these properties occur even
when the materials are pure and
homogeneous, so that there is no
likelihood of ionic displacement.
The polarisation is therefore to be
ascribed to molecular orientation

Wireless World

or dipole rotation. It has been
shown experimentally that the

maximum value of power factor

Fig. 6. Molectilar
models of phenolic
resins : (a) ther-
moplastic, (b)
heat-hardened.
Each spotted ball
represents an OH
group, which is
the part of the
molecule that is
electrically un-
symmetrical, and
therefore behaves
in an electric field
like a small mag-
net in a magnetic
field. Itis capable
of a limited rota-
tion about its point
of attachment and
this motion gives
rise to the absorp-
tion of power in
alternating elec-
tric fields, and
therefore to -di-
electric  heating.

increases with the number of
polar groups in the molecule of
these materials; for example, in
the rubber-sulphur compound
(vulcanised rubber) the power
factor increases with the sulphur
content, and experiments of this
kind provide strong evidence sup-
porting the view that the dielec-
tric properties of these pure
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Fig. 5. Power factors of various heat-hardened synthetic resins in the
electrical range of frequencies.
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resins are mainly determined by
dipole rotation. It is interesting
to note that Perspex, which has a

decidedly high value of power
factor at electrical frequencies, is
remarKably transparent to light
waves, and therefore must have
a very low power factor at optical
frequencies.

Thermosetting Plastics. — The
thermosetting plastics include
materials of the Bakelite type, im-
portant for compression moulding
and for the manufacture of lamin-
ated sheets and tubes, as well as
syntaetic resin glues important in
aircraft construction. Properties
of typical resins of this kind are
shown in Fig. 5. Here again we
have the high power factor charac-
teristic of polar materials, and
there can be little doubt that this
power factor arises from dipole
rotation as in the case of thermo-
plastics. The peaks in the power
factor curve are, however, very
much less marked. It appears
that these materials are probably
not characterised by a single time
constant, but by a band of time
constants, which might arise be-
cause polar groups in different
parts of the molecule are re-
stricted in their motions to dif-
ferent extents. The power factor
curve is therefore to be regarded
as formed by the superposition of
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a number of peaked curves, the
peaks being spread over a more or
less wide hand of frequencies.

Another point brought out by
Fig. 5 is that the power factor of
a pure resin is increased by the
addition of the small quantity of
water which it takes up from the
atmosphere.  There is also a very
much larger increase of power
Jactor it the resin contains an elec
trolyte. For example, the top-
most curve was obtained with a
resin prepared with NaOH as
catalyst, and the subsequent
washing was not quite comnplete,
so that traces of NaOH remained
in the resin.  This material shows
a very large rise of power factor
at low frequencies, and there can
be but little doubt that this arises
from ionic displacement made
possible by the presence of the
electrolytic ions. The time con-
stant of this ionic displacement
can be estimated in terms of the
equivalent resistances and capa-
cities shown in Fig. 1, and such
calculations confirm that the
times of relaxation of displace-
ments of this kind fall in the low-

- frequency region.

Conclusion.—It may be useful
to conclude with a few practical
considerations. It is obvious that
for effective dielectric heating at
frequencies low enough to be
generated economically, materials
of high power factor are wanted,
and it is therefore always advis-
able to use polar materials if pos-
sible. If these are not available
it will be necessary to work at the
highest possible frequency, but
with pure non-polar materials,
even the highest available elec-
trical frequency may fail to give
appreciable heating at the volt-
ages which are permissible ; obvi-
ously the voltage must not be in-
creased beyond the value at which
flash-over begins to occur.

1f selective heating is required
it is obviously desirable to use
one polar material in combina-
tion with a non-polar material ; a
good example of this is provided
by the fabrication of laminated
glass. Fig. 4 shows that the
power factor of the transparent
thermoplastic materials is very
high in a certain range of fre-
quencies. The power factor of
plate glass is low and almost in-
dependent of frequency in the
whole of the electrical range since
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it is not a polar material. It
follows that if we place a sand-
wich of alternate layers of plate
glass and a transparent thermo
plastic material in an electric
field of a frequency corresponding
to the maximum power factor of
the plastic, heat will be generated
in the plastic at a much greater
rate than in the glass, so that the
plastic can be brought to the
softening temperature without
any unnecessary heating of the
glass.

Dielectric heating in the lower
frequencies can obviously be in-
creased by an increase of ionic
displacement which can some-
times be brought about by adding
particles of an_appreciable con-
ductivity like ggraphite to the
body to be heated. Alternatively,
water or a small quantity, of some
electrolyte may be added ; a pro-
cedure which will be obviously
suitable for the synthetic resin
glues. The result will be a com-

INTERFERENCE

I.E.EE. Views on the

EGISLATIVE control of all
L radiation likely to interfere
with wireless reception of
any kind was generally accepted
as a post-war necessity at a recent
Discussion Meeting of the Radio
Section of the Institution of Elec-
trical Engineers. P. R. Coursey,
who opened the discussion, con-
sidered the main changes to be ex-
pected after the war will concern
the frequency range over which
interference suppression is likely
to be required; the types of
apparatus that are likely to be in
use as potential interference-
generators; and the wider use of
domestic electric equipment of
generally well-known types.

For interference - suppression
purposes the pre-war frequency
range extended up to 1,500 kc/s;
only the broadcast sound fre-
quency band was effectively
covered.

For post-war use it appears de-
sirable to modify and improve the
six British Standard Specifica-
tions already issued in order to
satisfy changed requirements.
First, it will be necessary to ex-
tend the frequency range upward,
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posite dielectric which may be ex-
pected to show a peak in its power
factor curve somewhere iu the
low-frequency range ; the value is
not likely to be calculable, but it
is obviously a fairly simple matter
to proceed by trial and error.

In conclusion, it is curious to
note that although the heating ot
non-metals at radio frequencies is
sometimes called  ‘‘ electronic
heating,”’ yet electronic displace-
ments play no part in the process.
Such heating might reasonably be
described as ‘‘molecular’’ or
*“ dipolar,”” but strictly speaking
it is only the heating of metals
that is electronic in character;
and since this applies to the heat-
ing of metals at all frequencies as
well as with direct current, it is
best to avoid the term ‘' electronic
heating,”” and to describe the pro-
cesses under discussion as the di-
c¢lectric heating of non-metals and
the eddy-current heating of
metals.

SUPPRESSION

Post-war Position

a maximum in the region of 600

“Mc/s being at present envisaged.
This increase in frequency range
is required not only to cover the
normal television transmissions
and short-wave radio reception,
but also to protect some of the
newer radio and radar applica-
tions likely to be used as aids to
navigation in civil aviation and
in ships.

Industrial Interference

There is likely to be a consider-
able extension in the use of high-
frequency equipment in many in-
dustrial electronic applications,
apart altogether from a much
wider use of electro-medical
equipment, much of which is a
source of interference. At present
such apparatus, which frequently
uses a high power and is trouble-
some in this respect, is prevented
from doing any serious harm
by purely wartime regulations
requiring its complete screening,

*but other alternatives must be ex-
plored for the future.

Radiation from superheterodyne
receivers can extend over a wide
area, and it will almost certainly
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be essential for set manufacturers
and designers to pay close atten-
tion to such a potential source of
trouble.

One aspect of interference sup-
pression, which affected radio
manufacturers only slightly in
pre-war days, may become very
important in the future, namely,
the measures taken in other
cOuntries to suppress interference.
It would seem that a high degree
of uniformity is very desirable,
not only to assist the manufac-
ture of apparatus for export, but
also protect the listener.

Need for Legislation

In the general discussion that
followed there was virtually un-
animous agreement on the neces-
sity for some kind of legal
machinery for curbing electrical
interference with.radio reception,
though there was some diversity
of view as to the rigidity of the
legal control that should be im-
posed. None of the speakers laid
any great emphasis on the desir-
ability of precise specification of
legally permissible limits of inter-
ference, but many stressed the
difficulty in the way of prepar-
ing such specifications. Sugges-
tions for appropriate legal
measures ranged from a plea for
‘“enabling "’  legislation = which
would permit a properly consti-
tuted authority’ to issue regula-+
tions, to a proposal that radio in-
terference should be treated as a
‘“nuisance”’ in common law. In
support of the latter contention,
it was pointed out that in legal
actions to abate nuisances from
acoustic noise there is no obliga-
tion to specify precisely the levels
of the noise.

Doubts were expressed as to the
extent to which a law on a rigid
quantitative basis could be en-
forced, and there was also the
problem of ensuring proper main-
tenance of interference-producing
devices. Much could be done by
education, both of those respons-
ible for interfering apparatus and
the users of radio receivers. Co-
operation between the various in-
terests concerned on both sides
was considered to be vitally im-_
portant.

The use of broadcast receiving
aerials of greater effectiveness
than those commonly installed
was urged, as was the use of
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screened down-leads. The direc-
tional properties of aerials might
be more generally employed in
improving signal/noise ratio in
UHF reception. -

Though it was generally be-
lieved that interference would in-
crease after the war unless effec-
tive steps were taken to check it,
the general opinion was that the
trouble was not likely ta be par-
ticularly serious at ultra-high fre-
quencies. The physical size of the
majority of interfering devices is
such that most of the radiation is
below 10 Mc/s. It was pointed
out, however, that the radiation
from ignition systems of motor
vehicles covered a very wide fre-
quency range. This was at pre-
sent the most serious form of in-
terference with UHF communica-
tion services, which often worked

.with low field strengths, and

would need protection for fre-
quencies at least up to 300 Mc/s.
It was stated that capacitors with
properties suitable for interfer-
ence suppression at frequencies
above 50 Mc/s would probably
soon become generally available ;
existing designs were inadequate
for this specialised purpose.

Radio Heating

Some speakers thought that
the newly developed technique of
radio-frequency heating for in-
dustrial purposes would prove a
serious source of interference; in
one case interference from an
eddy-current heater had been ex-
perienced at a distance of half-
mile from the source. Though it
was agreed that the problem of
suppressing radiation from equip-
ment that might ultimately
attain powers of the order of
1,000 kW and operate at frequen-
cies up to 200 Mc /s was a formid-
able one, the view was expressed
that a solution would be found by
adopting a combination of known
methods. These would include
screening, which was quite prac-
ticable for small- or medium-
powered equipment, and also a
limited allocation of exclusive
frequency bands. Pleas were
made for the exercise of reason-
ableness in approaching the
problem, and for taking local cir-
cumstances into account in esti-
mating permissible radiated field
strength. For example, there was
no point in restricting radiation
severely in circumstances where
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radiation at the particular fre-
quency concerned could do no
harm. Manufacturers of radio
heating equipment should formu-
late their own code. * A possible
development of the future was
for factories employing strongly
interfering apparatus of any type
to be built as screens,

In replying to the discussion,
the opener expressed surprise at
the unanimity of opinion in
favour of legislative control. He
agreed with the opinion that at
first it would probably be neces-
sary to accept a legally imposed
low level of suppression.

EDUCATION AND
TRAINING

THE second part of the Report
presented by the British Insti-
tution of Radio Engineers on Post-
war Development is devoted exclu-
sively to the subject of education
and training of wireless technicians
and craftsmen of all grades. It is
written from the premise that the
standard of living of the country as
a whole can only be raised by fitting
each man to perform the task for
which he has the most aptitude. A
strong plea is entered for extending
specialised educational facilities in
general, and in more than one place
doubts are expressed as to the
soundness of present syllabuses and
methods, which are thought to
reflect obsolete practice.

The opinion is also expressed that
the normal curriculum for training
electrical engineers, modified by the
introduction of a bias towards radio
at the third-year level, is not suit-
able for producing radio engineers;
a different approach is needed.

Demobilisation courses for engi-
neers and technicians now in the
armed Forces are advocated, not
only that those who have lost touch
with their peacetime work should
be enabled to fit themselves to re-
enter industry, but in order that
they should be brought up to a
standard in advance of that required
for immediate employment.

The difficulty of providing ade-
quate teaching staffs is discussed in
the British I.R.E, Report and the
desirability of industrial experience
for teachers is touched upon.
Finally, there is a recommendation
that a Radio- Education Advisory
Board be established to examine the
whole field impartially in the in-
terests of national progress. The
members of the board should include
representatives of education, in-
dustry, commerce, appropriate pro-
fessional associations and the
Services.
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COLONIAL BROADCASTING

“Long-short” Waves for Covering Tropical Areas?

THE British Colonial Empire

covers one quarter of the area
of the British Empire and con-
tains 14 per cent. of its popula-
tion. Its area is about 3} million
square miles and its population
nearly seventy millions. The
African colonies form the major
part of this Empire and Africans
and people of African origin the
bulk of the population.! In the
two regions, East and West
Africa, a population equal to that
of the British Isles is rapidly be-
coming civilised. In consequence
the cultural range of these peoples
is probably even greater than the
cultured range here at home. At
the present time, however, this
almost explosive growing-up is
taking place practically unaided
by broadcasting; yet broadcast-
ing is an ideal way of knitting a
community together. It is true
that there is the Empire service
of the B.B.C., but this caters
rather for the sophisticated; for
those who can own and operate
that fairly complicated instru-
ment, a short-wave receiver. In
the post-war years both our Im-
perial responsibility and industrial
self-interest demand that there
shall be an adequate system of
local broadcasting and a supply
of listening means for the  less
advanced peoples.

Some Comparisons

In the British Isles broadcast-
ing is organised on two main
assumptions: the population has
no ‘‘special classes’’ but is uni-
formly programme-worthy ; and it
is grouped in six main centres in
which the density exceeds 500
persons per square mile. The
average listener will spend some
£2-£3 a year on receiver replace-
ment and expects a field-strength
of 10 mV/metre in electrically
noisy towns, although in quiet
areas about 24 mV/m. is satis-
factory. Even so, with a total
radiated power of many hundreds
of kilowatts, in some areas there
is dissatisfaction. The great area
of East Africa is served by one

K These facts ar; derived from * Colonies,”” by
E. A. Walker (Cambridge University Press).

station, at Nairobi, of some 5 or
10 kW, In other regions—West
Africa, the West Indies, the Far
Eastern region round Singapore—
the situation is not markedly dif-
ferent. Nor is it merely that
transmitters and studios are
lacking; even if these existed there
are no receivers suitable for such
backward peoples. Not only must
‘“They’' do something, but the
radio industry must set to and
produce.

The scope of the problem is seen
more clearly if an artificial divi-
sion of the population into four
main classes is made. For the
purpose of this article we will call
them European town dweller,
European settler, African town
dweller, African villager. The
chief factors which influence this
division are contact with the idea
of money, and availability ot
power supplies. It is the last class
which presents most difficulty:
the African in the town earns a
money wage and there are power
supplies ; the European settler can
afford a small supply plant; the
African in a purely African vil-
lage is not in a ‘‘currency area,”’
nor can power be easily available.
Yet it is this African who most
needs broadcasting. It is this man
who needs advice on scientific
agriculture and stock-raising, if
his standard of living is to rise.
And, if he is to become a good
citizen of the modern world,
broadcasting must awaken in him
a sense of his dual loyalty to the
tribe and to the larger unit sym-
bolised by the Imperial Crown.

Community Receivers

The solution to the listening
problem must be one which pro-
vides for a logical growth struc-
ture. Initially each large village
should have a single receiver, in
the charge of an African who has
had some training in the Army.
These  receivers should be
mounted in strong sealed steel
boxes, with only an on-off and
channel-selecting switch and pos-
sibly a volume control. A robust
loudspeaker of the ‘‘loud-hailer "’
type and a petrol-electric gen-

erator complete the station. When
all the villages are equipped, ex
tension loudspeakers should be
added, so that there is the nucleus
of a local radio-relay scheme. A
combined servicing and petrol
supply organisation complete the
system. The reason for the relay
idea is important. Listening
groups should be small, to reduce
the effect of that Gresham's Law
in ideas which will retard the
education of the listener. For
small communities, battery sets of
the same robust mechanical de-
sign, with automatic time switch-
ing, can be maintained by the ser-
vicing organisation.

So much for the *‘ official ** re-
ceiver arrangements: the trans-
missions feeding them will auto-
matically set up a demand for
individual receivers by the Euro-
pean settlers and the more affluent
Africans. There will be a market
for robust, tropical receivers with
low current consumption. The
standard British home-market re-
ceiver will not be adequate, espe-
cially if the frequences to be sug-
gested later are used.

e

Tropical Atmospherics

The problems of transmission
are not the familiar ones encoun-
tered in the British Isles. The
Colonial Empire is a tropical
empire ; consequently the use of
the usual medium-wave band,
1,500 kc /s to 55 ke/s, is imprac-
ticable, as the noise level due to
atmospherics is very high. Three
bands, nominally 60 metres, go
metres and 120 metres® have been
allocated for broadcasting services
in tropical countries,

The range of ground-ray recep-
tion at these wavelengths will not
be great, and although it is pos-
sible to envisage a twin-frequency
system in which a station in the
higher-frequency channel provides
a sky-wave service beginning near
the inner edge of the lower-fre-
quency channel skip, the attenua-
tion of such a sky-wave would be

* The actual frequency bands allotted at the
Cairo Convention for broadcasting in tropical
areas are: 2.3-2.5 Mc/s; 3.3-3.5 Mc/s; 4.965-
5.5 Mc/s.



I0

Colonial Broadcasting—
high. It is, indeed, this high
attenuation of both ground and
sky-waves which restricts the
noise to the purely local sources.
Only a survey on the ground can
determine whether such a scheme
is practicable, or whether fre-
quency modulation must be used.
This short survey provides an
outline sketch of the problem: it
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- will be realised that there are two

bodies who can take action, the
Colonial Office and the radio in-
dustry. It is the duty of the
Colonial Office to expand broad-
casting facilities; it is the oppor-
tunity of the radio industsy to
exploit the receiver market and
thus force forward the transmitter
development. The time for plan-
ning is now.

Book Reviews

PITY THE POOR STUDENT!

Heavyside’s Operational Calculus
Made Easy. By T. H. Turney,
Ph.D. Pp. 96+ vi; Chapman and
Hall, 37/9, Essex Street, ILon-
don, W.C.2. Price 10s. 6d.

Radio Technique. By A. G. Mills,
Pp. 170+viii; Figs. 301; Chap-
man and Hall (as above). Price
12s. 6d.

HE writer of these reviews has
known three generations of
radio engineers. The Old Gang
started before and during the last
war, when techniques were primi-
tive by present standards. Often
they had little theoretical know-
ledge; they didn’t realise that they
were attempting the impossible, and
they succeeded. The next genera-
tion came from the universities:
they had physics or mathematics
degrees, or, rarely, engineering
degrees. Challenged by their elders,
they cleaned up the theory—but
with the expenditure of sweat and
tears. Now a third generation is
appearing, for whom things should
surely be made rather easier. This
generation is the product of specific
radio courses at the polytechnics,
and to cater for it a text-book
literature is appearing at an alarm-
ing rate.
Both the books named are in-

tended for the new type of student, -

and we should try to recapture an
undergraduate outlook on them.
This reviewer is left with a feeling
of alarm; this is poor stuff to give
the student. Basic books, rather
than elementary books are needed:
something on which the student
can build when he comes to
do his own original work. These
books are Dblind-alley books; they
have no past, no reference to any
other papers or books which will
amplify the detail. They have no
future; no clear line along which
the student can develop his know-
ledge. A text-book should be like
the bole of a tree, rooted firmly in
the ground, and leading upwards to
a fine tracery of boughs and twigs:
a bad text-book is like a derelict

telegraph pole, lifeless, rootless, and
leading nowhere.

A common feature of both books
is deplorable style. Dr. Turney
adopts a bedtime story manner
which makes this reviewer wince;
Mr. Mills has apparently no idea of
how to write clear, simple English
sentences. In both cases we see
contempt for the reader, one writer
talking down to him, the other too
slovenly to choose his phrases.

Dr. Turney’s book is an attempt
to present the methods of opera-
tional calculus to young electrical
engineers whose mathematical
equipment is not adequate to cope
with the more formal approach by
Carson or Bush. The book begins
with an introductory chapter which
is a mixture of elementary circuit
theory and simple calculus. The
second chapter deals with Heavi-
side’s operator p and introduces the
idea of expansion in series: the
method is applied to the usual
simple examples. Chapters IV and
V deal with the application of the
method to the cable problem. 1In
Chapter VI a discussion of Fourier’'s
Integral leads to a short section on
impulses. Chapter VII touches on
the Laplace Transform, Carson’s
and Fourier’s Integrals, and men-
tions contour integration.

The reviewer cannot agree with
Dr. Turney’s wholehearted follow-
ing of Heaviside. Surely all the
simple problems for which Heavi-
side’s method suffices are now
solved and in the books. The prob-
lems we now meet are those of com-
plex circuits, with curious wave
forms applied to them. One cannot
do better than quote from Carson
(Bell System Technical Journal,
October, 1925):

‘“The power series expansions
may be complicated, laborious to
derive, and of such form that they
cannot be recognised and summed
by inspection.’’

In fact, as Carson shows, Heavi-
side’s own approach involves, in the
problem of a cable fed through a
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condenser, the discarding of onc
series completely. Carson also gives
an example in which the leavi-
side approach breaks down. On
page 712 of his paper Carson gives
a brief critical estimation of the
scope and value of the power series
solution. He reaches the conclusion
that the use of definite integrals is
preferable,

Mr. Mills purports to deal with
The Structure of Matter, Magnet-
ism, Motors, Measuring Instru-
ments, Valves, Receivers, Trans-
mitters, Aerials, Direction Finding,

‘Sound Waves and Pulse Generators.

This is merely a selection from the
twenty-three  chapter headings.
There is little which is useful, much

which is confusing, and some infor- -

mation which is definitely wrong.
The circuit diagrams, for example,
rarely give values; one which does
(Fig. 73) describes what is implicitly
a filter with a cut-off frequency of
1 Mc/s: the values given corre-
spond to an 8o kc/s cut off, and
include a o.2H" inductance. That
such circuits are designed -is not
even hinted by the author. In an-
other place the expression for
radiation resistance is given as

3 * but it is not explained that
! is the effective length of the aerial
and equals 2lo/x, where I, is the
actual length. Throughout we find
filament batteries and grid bias
batteries; the kinkless tetrode is
not mentioned at all; neutralising,
however, is discussed, although RF
stage gains of two or three are
apparently enough for the author.
It is unnecessary to labour these
views: the reviewer has been
through these books twice and will
never open them again. He would
plead for a new outlook, and the
preparation and publication of
books over which the author has
sweated, and over which the student
must be prepared to sweat in his
turn: then we shall be beginning to
train engineers. T. R.

CATALOGUES RECEIVED

IST No. T 12 issued by Radio In-
strument Co., 294, Broadway,
Bexleyheath, Kent, contains technical
data on the iron-cored components
made by this firm, including the
OP 12 K multi-ratio output transformer.

A.A. Tools, 197a, Whiteacre Road,
Ashton-under-Lyne, have produced a
new illustrated list showing some of
the applications of their metal benders,
which include special models for the
radio trade.

General technical data relating #>
*“ Gecalloy ”’ RF dust cores is contain.d
in List 1944 which has been received
from Salford Electrical Instruments,
Ltd., Silk Street, Salford, 3.

{
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II

STANDARDISED COMPONENTS

2— Properties of Capacitors

AST month we discussed the
properties of resistors, as de-
fined by the specifications

recently published in the BS/RC
series. We shall now examine the
properties of capacitors, which
make up the second key compo-
nent group in all radio equip-
ment. ‘ Capacitor’’ is now the
official term for what the majority
of us still call condensers; the
writer must confess to a dislike
of this new-fangled word, which
no one but a specification writer
ever uses. Has anyone ever con-
fused a capacitor with a part of
a steam engine? Perhaps the
steam engine makers could adopt
the term ‘* precipitation inducer "
and leave the radio engineer his
condensers.

Before examining the specifica-
tions we must interpolate a word
of warning; the properties de-
fined in these specifications are
test limits for capacitors for use
by the Services; they are there-
fore the lowest-quality level per-
mitted for the bulk production of
good standard components. The
cheapest components will, no
doubt, be inferior to these; the
best will probably be far superior.
For example, mica is an imported
material, and is available in
many different grades from differ-
ent sources. It is clearly desir-
able that the standard mica capa-

or should not demand the use
of ‘“the best’’ mica: that would
lead to enormous wastage. The
specification therefore defines the
properties which the average user
requires, and thus permits the use
of lower grades of mica; even
these may have properties far
superior to those demanded by
the specification. We have taken
mica as an example, but the same
principle is true of ceramic and
paper dielectrics: they may be
much better than you expect.

In Fig. 1 is shown the classifi-
cation of capacitors in the specifi-
cations. It is not proposed to
discuss variable capacitors in this
article, because they are so com-
pletely different in all respects
from fixed capacitors, and we

By THOMAS RODDAM

have therefore omitted the sub-
division which would balance the
diagram. Examination of the
diagram shows that, as in nor-
mal practice, the first sub-division
of fixed capacitors is by dielectric
material. Fixed air dielectric
components are omitted, presum-
ably because they normally ap-
pear only in transmitters and in
small numbers, and they are com-
monly made to measure. Plastic
dielectric capacitors are men-
tioned once, but this is presum-
ably a precaution intended to in-
clude them if ever they become
available here, as they already
are in America. No ‘definition of

lytic capacitors and the larger
sizes of paper capacitor; in the
second we _shall consider the
smaller paper capacitors, mica
and ceramic capacitors. There is
no clear separating line, for the
gap is bridged in practice by the
paper capacitors. The first group
is the power pack group, the
second the circuit group.
Electrolytic capacitors are de
fined as members of one of two
types, high voltage and low volt-
age. The peak voltage rating
which separates these two types
is 