. AUC. 1946» |

s THE OQUTPUT STAGE: Effects of Mis-matching

Vol. LIl. No. 8 v .
\-.-
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Getting

Down

{o

QOF course you don’t have to take us too literally,
but we assure our innumerable friends that we are
pressing on with the production of all the well-known
“Avo” Testing Instruments with a view to speeding

up delivery dates as timc goes on.

Meanwhile we have not neglected to use thé advances
perfected during the war years, and the several new
Instruments scheduled for carly production will

The 50-range Model 7 Uni- measure up to the traditional “Avo” standards of
versal AvoMeter is the ealder
of the world-famed range of
* Avo '’ Electrical Measuring
Instruments which are appre-
ciated for their compact
portability,dependability, and /

accuracy and reliability.

a steadfast accuracy which / \
is often used as a standard

by which other instruments \ Q “\ .
are judged. Fully descriptive

pamphlet available on appli-
cation. { Regd. frade Mark)

ELECTRICAL TESTING INSTRUMENTS

Sole Proprietors & Moaufocturers

THE AUTOMATlC COIL WINEER & %

IRECTRICAL EQUIPMENT CO., LTD.

WINDER HOUSE AS STREET - L DON TELEPHONE, VICTORIA 3404/8
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- THE NEW
EDDYST

COMMUNICATIONS RECEIVER )
TYPE 504

The first post-war All British Communications Receiver is on the
way—an “‘Eddystone”—with refinements that long experience
in short-wave manufacture and close contact with war-time
research has produced.  The 504 is a 9-valve superheterodyne
receiver with two R.F. stages, F.C., two L.F. stages with
crystal filter, combined A.V.C. detector and first audio amplifier,
noise limiter, B.F.O. and output valve plus the usual rectifier.
All valves are international octal based. Continuous tuning from
30,000 Ke/s to 600 Kc/s in five overlapBing switched bands. Single
tuning control with vernier indicator. Tuning mechanism is beautifull; made, noiseless, free from backlash, with
gearing reduction of 14J: | and effective scale length of tuning dial of 36 inches per band. I.F.450 Kc/s B.F.O.
permeability tuned and capacity controlled. Sensitivity better than 2 microvolts. Selectivity 30 db. down at 5 K¢/s
off resonance. Very effective noise limiter, Output 3,000 milli-watts.  External speaker. Speaker and telephone
jack plugs. ‘‘S" meter, illuminated dial. Finished battleship grey with blue front panel and chromium fittings.
Size 16} ins. x 10} ins. x 9 ins. For 110 volts and 200'24) volts, 4)-60 cycles A.C. Consumption 65 watts.
PRICE: £48 10s. (Purchase Tax £10 8s. 7d.)

Supplies will be available in August through apppinted **Eddystone ™ Agents.

‘“ Puts Perfection into Performance”’
STRATTON & CO.,, LTD., EDDYSTONE WORKS, WEST HEATH, BIRMINGHAM
E ' ,
LONDON COUNTY COUNCIL=m——

NEW ROMAC RADID & ORAL
O o " | COMMUNICATION COMBINED

Knight’s Hill, West Norwood, S.E.27 25 Watt, Model 25/HILI.
it LD ; Incorporated Radio Tuning Unit,
Principal: L. N. COOMBS, B.Sc. g Provision fqr Moving Coil or
e Crystal Microphone and High
CITHTING [yt oy B3kl (D Impedance Gramophone Pick-up to
Day Students : MONDAY, gth September, 1946
lZvcnis;lg Students: MONDAY, z3rd September, 1946 meet the‘ demand of ‘the present
ENROLMENT day for High Grade Equipment.
Day Students: Now until 7th September, 1946 .
Daily, from 9.30 a.m.- 5.0 p.m. Dellvery Ex Stock
Evening Students: 16th to zoth September, 1946 .
Daily from 6.0- -8.30 p.m. Also our Model 25/HI Amplifier for
LA ThiE 3 IO (OOLE g ok l Microphone and Gramophone input
Matriculation and Preliminary Professional . . N
1st M.B., Intermediate Science, and Pharmacy | only, also with hlgh qualuty output
PART-TIME DAY COURSES 1 of 25 watts.
Special courses in Pure Science, Radio Lingineering and Radio .
Scp:vicing, for students who are released by their employers for Dellvery Ex Stock.
part-time day attendance . .
PART-TIME DAY CLASSES Gramophone Playing Desk Unit
Science, Languages, Literary, Music and Womnien's Subjects in attractive case Wi(h |Id available
EVENING CLASSES with either Amplifier.

Science {to B.Sc. General)
Matriculation and Preliminary Professiona

Radio and Television
Commercial
I.anguages, Literary and Music . .

Women's Subjects

PROSPECTUS ON APPLICATION TO PRINCIPAL THE HYDEe HENDON<LONDON, N.W.9

- ———
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THE STANDARD OF
TECHNICAL EXCELLENGE
QUALITY AND RELIABILITY

The Dubilier low inductance Tubular Paper
Capacitors, with extended foil elements, ,
cover the wide field of general commercial
requirements ; their construction providing
inexpensively the highest degree
of excellence.

The Metal-Cased Tubular Paper Capacitors,
specifically designed and developed for
stringent tropical conditions, satisfy the most
exacting requirements. Neoprene sealed
and impregnated for use at high opera-
tional temperatures they effectively meet
exceptional demands.

The Metallised Paper Capacitors are ex-
tremely compact and efficient, settinga new
standard in their own class.

Where miniature capacitors are necessary
and where minimum size and weight are
imperative together with electrical per-
formance and mechanical strength, the
“Minicaps'’ are the most satisfactory selec-
tion.

The Metal-Cased ‘Minicaps '’ are Neoprene
sealed and capable of withstanding the most
severe conditions of tropical temperatures
and humidity and fully justify inclusion in all
designs.

MAKERS OF THE
WORLD'S FINEST CAPACITORS

DUBILIER |

CONDENSER CO. (1925) LTD.

DUBILIER CONDENSER CO. (1925 LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3
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STATIC TWO-DIMENSIONAL
visual delineation of any recurrent
law. )

RELATIVE TIMING OF EVENTS
and other comparative measure-
ments with extreme accuracy.

]
PHOTOGRAPHIC RECORDING
of transient phenomena.

]
SIMULTANEOUS INDICATION
of two variables on a common
time axis.

INDUSTRIAL INDICATING and TESTING afford in-
creasing scope for the Cathode Ray Tube as the only
device with the above inherent features of which the
last is unique in the Cossor DOUBLE BEAM Tube.

The Model 339 Cossor Oscillograph thus equipped
is invaluable on all problems of research, production
or operational testing, when the effect examined is
applied as a voltage. When recurrent the traces are
studied visually and when transient are recorded
photographically, using Model 427 camera.

A. C. COSSOR L.

INSTRUMENT DEPT,

Cossor House, London, N.5

‘Phone : CANonbury 1234 (33 lines).
'Grams : Amplifiers Phone London.

i -
e
B S ERONG S

Wireless World

offer the following brand new and reliable Radio and Electrical Material. Prompt
despatch. All prices net.

ROTARY TRANSFORMERS, very remarkable offer of a limited number (ex-Govt.).
Input 12/20 v. D.C. Outputs: 300 v. 30 m.a. and 6,5 v, 3.2 amp. P.M, fleld—
can be run from any of the three coms. Suitable for charger from D.C. mains,
cine motor, eteo., only 21/- each (despatch 1/6).

ROTHERMEL PIEZO-CRYSTAL PICK-UPS, new low prices :—Senfor, in black
bakellte, 57/6. Also 8.8, with channel steel arm, 54/-. ROTHERMEL Sapphire
[ hone Needles, t, flne duction, 12/8. STROBOBCOPES (card-
board) showing 78, 79 and 80 r.p.m, on 50 c. viewing, 1/-.

METAL RECTIFIERS by 8TC (Belenium). Allforcharging up to 12 voltaat 1.5amp.,
12/6 ; 3 amp., 22/6 ; 6 amp., 39/6 ; 10 amp., 48/6, These are all full-wave,
bridge connected, Suitable TRANSFORMERS, all with tapped primary, 200/250 v.
Sec.:—7, 11 and 15 v. at 2 afmpe., 20/-, Bec.:—8 and 14 v. at 3 amps, 32/6.
8e0.:—05, 12 and 17 v, at 6 amps, 49/6 (desp. 2/-). Theso can be sold scparately.
POWER TRANSFORMERS :—With tapped primary, 200/250 v. Alllayer wound,
interleaved and constantly rated. Sec.:—850/0/350 v. 120 ma.,4v. 58,4 V. 28,
30/6 (desp. 1/6). Bec.:—450/0/450 v, 130 m.a., 6.3 v. 44,63 v. 22,5 v. 3a.,
49&6 (desp.2/-). Wedonotofferany **Cnt-rated *’ transformers,

SIGNAL GENERATORS. We confidently recommend the new BPL instrument
and have already supplied many of the large firms’ laboratories. Operation 200/250 v.
A0 F tes :—100/250, / , 650/1,600 Kc/s., 1.6/4.5, 4.5/12, 12/30 Mc/s,
Accursoy 1 per cent. 1 volt in 10 ochms, Ali ranges modulated to depth of 30 per
cent. by internal 400 c. oscillator (off switch provided). 6 in., jlluminated scale.
400 c. brought out separately. Double screening, £21 nett (desp. 2/6). Ex stock.
MEGGERS. The ” Wee-Megger "’ by Evershed again in stock. Pressure 500 volts.
Rapge 0/20 megohms and inf. Supplied with pocket and log books, £9 10s.

.AXIA EXTRACTOR FAKS. A few of the very efficlent " Silent 6 ** at the
pre-increase price. 220250 v. A.C. Fitted wesatherproof cowling. Easy to instal,
consumption only 2§-watt. £5 8s. 6d.

MILLIAMMETERS by Taylor. High-grade moving coil, 2}in. flush mtg. Deflection
0/500 milllamps (can be deshunted for lower reading), 28/6.

VARIABLE RESISTANCES. Cressall wire-wound p'meters (or rheoatats), 10 ohms,
1 amp., with knob, 5/6. SLIDING RESISTANCES, fully enclosed, 100 watt range :-—
4 ohms 5 amps, 10 ohms 3 amps, 50 ohms, 1.4 amp., 100 ohma } amp., 200 ohms
0.7 amp. or 400 ohms 0.5 amp., any one, 27/6. Also 6 ohms 10 amps (600 watts)
58/6 (desp. 8/-). ‘

INSTRUMENT KNOBS, 1in. with 2in, skirt, brass bushed with {in. bore, with 2 set
screws, 1/3 each, 11/8 dozen.

POINT ENOBS, brass-bushed, {in., 8d. each, 6/6 doz.

LOUDSPEAKERS. We only offer the superior types. Vitavox High-fidelity P.M.
meodels, with high-flux ticonal magnets, 12in. die-cast chasais, 15 ohms coils, the
K12/10 (10 watt), 87. K12/20 (20 watt), £11 (densp. either 5/=). The new Gramplan
7 watt, 9in. P.M, Speaker with either 2 or 15 ohms coll, 38/~ (desp. 1/6). The igdeal
unit for horn-loading. PROJECTOR SPEAK ERS, large range in stockforimmediate
delivery :—Vitavox 10 watt P.M. Unit (15 ohms) with 42in. all-metal round Horn,
£10 10s. (desp. 7/6). With 30in. all-metal square Horn, £8-17s. 8d. (desp. 5,-)
Units only :—Vitavox 10 watt, £8. G.E.C. 12 watt (with line transt.), £7 10s.
Reslo and Grampisn 10 watt, £7 Bs.

Please include snfficient for despatch where not stated.

M.R.SUPPLIES Ltd., 68, New Oxford Street, London, W.C.1

August, 1946
—M.R. SUPPLIES Ltd.

SR

Telephone : MUSeum 2958

/

ADASTRA
GALVANISED SECTIONAL STEEL
RADIO MASTS

Send for Cotalogue wa/330

TD TYBURNREZ ERDINGTON

PoLEs L™®

BIRMINGHAM 24
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Made in Three

Principal Materials
FREQUELEX

An insulating material of Low Dielectric °
Loss, for Coil Formers, Aerial Insulators, Y
Valve Holders, etc.

PERMALEX

[ ]
A High Permittivity Material. For the
construction of Condensers of the small- u e r
est possible dimensions.

TEMPLEX

A Condenser material of medium per-
mittivity. For the construction of
Condensers having a constant capacity
at all temperatures.

BULLERS LOW LOSS CERAMICS

BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, E.C.4

Telephone: Mansion House 9971 (3 lines) Telegrams; * Bullers, Cannon, London "'’ Manchester Office: 196, Deansgate, Manchester
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LOUDSPEAKER

__4_

The illustration shows
the comparative sizes of
a Goodmans |5 in. and
12 in. Loudspeaker. You

With an excellent re-

already know the per-
formance of the famous
12 in. Now consider the
technical data of the
new |5 in. model.

Overall Diam. 1§ in.—
Overall Depth 8 in.
Fundamental Reso-

nance—ss c.p.s.
Voice Coil Diam—2 in.
Voice Coil Imped.—4

ohms at 400 c.p.s.
Flux Density — 14,500

gauss.
Max. Power Capacity—

25 W. peak A.C.

Net Weight—261b. 8oz.

-
7/e GCGOODIMANS ronsoiss

sponse up to 6,000 c.p.s.,
and an unusually high
power handling capacity,
this instrument sets a new
standard in Loudspeakers
for the Dance Hall, Rink,
Cinema and Heavy Duty
I>.A. installations.

*
PRICE £18.10s. (subject)

oudspeaker

GOOOMANS INDUSTRIES LTO., LANCELOT RD., WEMBLEY, MIDDX.

Telephone : Wembley 400! (8 lines).

Wireless World

We are
STILL TRYING

August, 1946

to meet the great
demand for our
products and to
improve on the

delivery
period

Catalogue 6d.
DENCO (cLACTON) LTD.

OLD ROAD, CLACTON, ESSEX
Telephones : CLACTON 151 & 807

FOR THE
% RADIO SERVICEMAN
5%/ DEALER AND OWNER

The man who enrols for an I1.C.S.
RadioCourse learnsradiothoroughly,
completely, practically. When he
earns his Diploma, he will KNOW
radio. We are not content merely to
teach the principles of radio, we want
to show our students how to apply
that training in practical, every-day
radio service work. We train them
to be successful!

Write to the L.C.8. Advisory Dept. stating your
requirements. Our advice is free and places you

under no_obligation.
---------------- You may use this CoupoOn===essecssssan:

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

Please explain fully about your Instruction in the subject marked X
Complete Radio Engineering Radio Service Engineering
Elementary Radio

And the following Radio Examinations :—

British Institution of Radio Engineers.

P.M.G. Certificates for Wireless Operators.
City and Guilds Telecommunications.
Wireless Operator and Wireless Mechanic, R.A.F.

Name,,covevecineees P L LTI
Addresseessscsssscvesastncsanevasacauvuouvenssauncessansusvsesonanan
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EA=300 vl
BIAS RESISTANCE = 1000 A PER VAL\IEI

[2VALVES FUSH-PULL]

>

5

S

QuUTPLUT '

oo
-]
% NOILMOLSIO TVLOL

WATTS OUTPUT

o

IDGSTOR'NONI

4000 6000 8000 10,000
ANODE LOAD RESISTANCE (OHMS)

THE P X 4

~ A low impedance power triode, the OSRAM PX4 has
achieved an almost unique popularity as an output valve (usually
in push-pull pairs) for high quality Avdio Frequency amplifiers
at moderate power. Its outstanding features include :—

Large undistorted power output — ample for all domestic purposes
. — up to 13-5 watts per push-pull pair.

’Very low harmonic content —only 29, distortion in push-pull
at full output.

. Long life at a continuous anode dissipation up to 15 watts per valve.

A detailed technical data sheet is availzb’e on reauest.

Osram &6.C Osram

PHOTO CELLS CATHODE RAY TUBES VA LVES

Advt, of The General Electric Cn. Ltd., Magnet House, Kingsway, London, W.C.2,
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ULLIN

SERIES 35
ILLUMINATED DIAL
RECTANGULAR
INSTRUMENTS

HE Pullin illuminated dial fitment gives even
ilumination over the whole scale. Being external
it cannot cause heating of the movement. It is housed
in a metal box on the front cover and can be easily
inspected or replaced without the use of tools. The
box acts as a reflector and its design and position
enhances the appearance of the instrument. The lamp
s a 6 V. 3 watt tubular festoon type. The terminals are
at the back of the instrument case.
These instruments are available in a wide range of

moving coil types to meet every requirement. Full

details upon application.

S

MEASURING INSTRUMENTS
(PULLIN) LTD

Please address all correspondence to: Dept. J.,Phcenix Works
“reat West Road, Brentford, Middlesex. Ealing 0011

|
|

 WHARFEDALE WIRELESS WORKS

Wireless World August, 1946

® SMOOTH, RELIABLE & VERY POWERFUL
@ Epicyclic friction drive, ratio 6 : I
@ May be used to increase ratios on other drives or

attached direct to component spindle (1" shaft).
PRICE 3/3 RETAIL

JACKSON

BROS (LONDON) LIMITED

KINGSWAY *+ WADDON - SURREY

TELEPHONE : TELEGRAMS : WALFILCO,
CROYDON 2754-5 PHONE, LONDON

—~Wharfedale —
Public Address

LOUD
I|SPEAKER

W.12

Now fitted with
TICONAL MAGNET

13,000 LINES
FLUX DENSITY

Die Cast Non-resonant Chassis with

RICE

PRI accurate rear suspension. Impedence

13 5 /- 15 ohms. Diameter 12”. Weight,
114 Ibs. DPeak input, 15 watts.

NEW ADDRESS :
BRADFORD ROAD, IDLE, BRADFORD

Telephone : Idle 461, Grams : Wharfdel, Idle, Bradford.
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METALLISED CERAMICS

for
Hermetic Seals and Soldered Assemblies

FREQUENTITE BUSHES

Photographs (above) actual size.

* Drawings net to scale.

47mm |
™~ 3 |

15mm | END race

- END FACE
ME L%ED
[y Herauseo, %

Advertisements g

;
l ! i
' 95, | ] 16 7mem,
| | | ' I
!
. R. 50636. R. 50728. | -
( i Cotle No. GCTBAOI. [
R 50650 — Code nos. are thase used in 1.S.C. Tech.C. . 50704, ‘,‘-\
Specification Ne. R.C.L./330.11. | —
| Code No. fot s —f (
[zecTBDOY ‘
| PORCELAIN BUSHES
Y1 CODI ; 8 . ¥ L5 F G
Mmns, nuns., mims. nms. nms. mms. mms,
R. 50734 GCTBOO! 20.3 7.6 3.8 6.4 1.6 5.5 3.0
R. 50768 GCTBCO2 20.3 12.7 3.8 6.4 1.6 5.5 5.1
K. 50769 GCTBCO3 20.3 15.2 3.8 6.4 1.6 5.5 ' 6.4
- ) i _]- R. 50770 GCTBCo4 38.1 10.2 5.1 15.7 6.4 10.9 4.1
] [ ]
| .- - - - -
I “HR | 0 202 GerBeos | 559 | 127 | 64 | 254 | 89 | 152 | 5.1
r f ot | e O e -—-—c-.l f—
Q. 1982 GCTBCO6 78.7 15.2 6.1 38.1 8.9 25.3 5.1

END FACE METALLISED

For full information and prices please write to:

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT-ON-SEVERN, WORCS. T'phone: Stourport lll. T’grams: Steatain, Stourport.

S.P.40
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LINAGLOW LIMITED

R A.F. PORTABLE TRANSMITTERS'

—USED but COMPLETE—

» Pow_er Pack ’ o= " v
Complete Transmitter With Hand Generator giving 6 volts & 350 voles. Top Panel of Transmitter

Containing a wealth of valuable components, useful for (Approximate cost to Manufacture £39.)

the amateur or can easily be converted for use on PRICE
amateur bands, Circuit diagrams and Parts Lists :
supplied with each instrument. Each transmitter is 35,
complete with valves, crystal, Litz wound coils, morse =
key, variable condenser, relays, portable aerial, re-
\ sistors, chokes, condenser, etc. Carriage and packing 2/6 extra. Y

Please note NEW ADDRESS: Dept. M.0.68, 34, OSNABURGH ST, EUSTON RD., N.W1.  (“s&station™)  Euston baos (5 tinss.

|  LABGEAR
o] e ror MODERN strvice o

something
WHERE |
NOISE
1YPZ P.V.H. LEVEL

NOW AVAILABLE IS HIGH

The Grampian Type PVYH—a velocity loudspeaker—has
been in short supply and you haven’t been able to deal
w.th ** high noise level *" workshops. Now the supply
GRAMPIAN  situation has eased—type PVH is avail-
SPEAKER able for general installation. Go over
Projector Type .
PVH. 10 warts, Your P.A. systems and get rid of those
1S ohms. Imped- jrritati s bli bb i H
Iy PieE irritating ) blind s.pots. which exist
where noise level is high or awkward

£13.5 partitioning is interfering.

GRAMPIAN

TN|CR°:1H8NSE N NOW ANOTHER RADIO ENGINEER’S FRIEND
ype M.C.S.
e AN | LABGEAR VALVE VOLTMETER
cycles. Impedance B 3 Ranges. Input Capacity 5.4 uuf. (av.)
20 ohms. PRICE LOUDSPEAKERS ’ FOR USE ACROSS HIGH INPEDANCE CIRCUITS.
£7 5 BUILT TO LABORATORY STANDARDS. PRICED TO SUIT ALL,
ENQUIRIES TO : WILLOW PLACE,

All orders deall with Phone : GRAMPIAN REPRODUCERSLtd. | L

in atri . H Rd., H h, M b CAMBRIDGE.

in atriel rotation rn,wuu 2657. Hampton Rd., Hanworth, Middx. a g ea r I T
MANUFACTURERS OF FIRST CLASS TEST EQUIPMENT.

Scientifc Grad
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These three 6oo-feet fully
insulated steel radio towers,
built for the G.P.O., support a
complicated aerial system. The
erection of such towers and
masts demands a high degree of
specialized knowledge and a vast

fl
experience. B. I. Callender’s ’*1‘
have built some of the 1
tallest radio towers in (4

existence and are pre-
pared to undertake ‘
further work in any ; ‘
part of the world. : |
Further information is
available on request.

BRITISH INSULATED CALLENDER’S CABLES LIMITED
NORFOLK HOUSE, NORFOLK STREET, LONDON W.C2

Advertisements

-~

TI
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EQUIPPING A LABORATORY?

12 Advertisements August, 1946

Z%é’ 70fﬂﬂ

Time and time again experience has shown that a consider-
able saving of time and money could have been made if
Marconi Instruments had been called in at the very earliest
stages of equipping or re-equipping a scientific laboratory.
All too often it is found that vital instruments have to be
installed almost as an afterthought when it is too late to
site them in the most logical and convenient place. All too
often it is found after several measuring instruments have
been installed that a single piece of Marconi apparatus
could have done the work of them all.

Consult Marconi Instruments from the start—it costs
nothing and may save a great deal of time and money.

-
MARCONI INSTRUMENTS LTD.

ST. ALBANS, HERTS. Telephone: ST. ALBANS 4323/6. Norchern Office : 30, ALBION ST., HULL. Telephone : HULL 16144
Western Office : 10 PORTVIEW ROAD, AVONMOUTH, BRISTOL. Telephone : AVONMOUTH 438
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Now that Stentorian Exten-
sion Speakers are coming back
to the shops the pleasure of
listening again becomes com-
plete. Just plug in one of
these superb permanent mag-
net speakers to your set and
you can enjoy its clear, pure
tone anywhere in the house:

PRICES

THE WIDE RANCE OF
OKERIN DI-ELECTRICS

created in our own laboratories
fulfils almost every need of the Elec-
trical Industries. Grades have been
designed for the most severe and
varied conditions. Mostare resistant
to mould and fungus growth, whilst

sitting-room, kitchen, bed- Minor T
ype MX (for Low
room, wherever you happen Impedance Extension) 29/ 6

to be. Supplies are still short, Minor Type MC (wzlh 35/6
but a Stentorian is worth Universal Transformer) / |
looking for. Ask your local Baby Type BX (for Low ’ 43

dealer about them. Impedance Extension) /6 |

Baby Type BC (with Uni- aq /6

versal Transformer)

¥ Stentorian

THE PERFECT EXTRA SPEAKER FOR ANY SET

WHITELEY ELECTRICAL RADIO CO. LTD., MANSFIELD, NOTTS.

special types are evolved whenever
new applications arise.

We invite technical discussion on difficult
problems.

ASTOR BOISSELIER
& LAWRENCE L™

(Sales Dept.), Norfolk House, Norfolk Street, Strand, W.C.2
Telephone : Temple Bar 5927,
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5-WATT AMPLIFIERS. AO/DC operation, 8 stages,
high galn, 3 ohm output, £8 8s.

ALUMINIUM CHASSIS. Substantially made of bright
aluminium, with four sides, 10in.x 8in.x2}In., 7/=.;
12in.x 9in. x 2}tn., 7/9; 16in. x 8ln.x2§in., 8/6:
201n. x 8in. x 2}ing 10/6 ; 22in.x 10in. x 2{in., 13/6.
I.F. TRANSFORMERS. Iron core, litz wound, with or
without flylng lead, 460/465 kjc., 7/@ each. Miniature
type, lin. x lin. x 2in., 9/9.

PLUG-IN 8.W. COILS. Four and six pin types now
have Octal Spacing and will fit International Octal
Valve Holders. Four-pln type (two windings), six-pin
type (three windings)

4 PIN 6 PIN

Type Range Type Range

od 9-15m. 2/6 06 9-16 m. 2/6
P 04 12:26m. 2/ 06A 12-26m. 2/6

04B 2247 m. 2/8 08B 22-47 m. 2/6

040 4194 m. 2/6 060  41.94 m. 2/8

otg 173-:1”}8 m 23//8 06D 76-170m.  2/6

04 50350 m. -

. These Ranges are with

04F  255-850m. 3=

04G 490-1,000 m. 4/- .00016 Condensers.

04H  1,000-2,000 m. 4/-

MIDGET COILS. Unsereened Type, size 18in.x {in.,
designed for LP. of 465 K/jo. Avallable in the types
Osc. H.F. Tran. Aerial and In the following bands,
12-85, 16-47, 34-100, 94-261, 200-557, 250-730, 700-
2,000 metres. All types 3/- each. Trimmers and
Padders for all types, 8d. to 1/9. Also avatiable, B.F.O.
Colls, Aerial Fliter, H.F. Filter. Bame type and price
aa above.
YAXLEY TYPE SWITCHES. 2-pole 3-way, 2-bank,
5/6 ; 2-pole, 6-way, 2-bank, 5/6; 2-pole, 3-way, 8-
bank, 7/-; 2-pole 6-way, 3-bank, 7/-. Any of the
following types at 4/- each, 1-pole 8-way, 1l-pole 11
way, 2-pole 3-way, 2-pole 6-way, 2-pole 3-way.
8/W VARIABLE CONDENSERS. All Brass *“ Poly-
styrene Insulation,’”” extended epindle for ganglng.
Nofseless. 16 mmid., 6/@ ; 26 mmi{d., 7/- ; 40 mmf{d.,
7/6 ; 100 mmtd., 8/-; 160 mmtd., 8/6 ; 260 mmid., 9/~
FULL VISION 8/M DRIVES. Calibrated 16-47, 200-557
and 700-2,000 with station bpames; 8-1 Encntcheon.
size, 7§in.x4}in., 10/6. Junlor Model, Calibrated
200-557 and 700-2,000 and station names. Escutcheon
size, bln, x 4ip., 8-1, 10/6.
EPICYCLIC DRIVES. 8-1 reductlon, 2/9.

MICRODIAL., Communication Type. Blow

(MORRIS & CO. (RADIO) LTD.)

RADIOGRAM CABINETS

Dignified appearance and good workmanship.
34¢in. high, 19in. deep, 36in. wide.
Cabinet only ..... ... 826 0 0
With motor and plck-up 232 16 0
With auto changer ... £42 16 6
Packing and cnrringe 30s. extu

Hize:

matches any speaker 2.30 ohms. Push-pull Output
Complete with Electrical Motor and Pick-up. For
Gramophone Amplification only, £15.

.0005 CONDENSERS,—~Ceramic insulation. * Bar"
type. Single gang, §/-; twin gang, 8/@ ; three gang,
10/- ; four gang, 10/-.

KIT OF PARTS FOR H.T. ELIMINATOR AND TRICELE
CHARGER.—Output 150 v. 30 ma., 2 v. half amp.
Metal Rectification. Amazing value, at 30/-.
ENERGIBEDzl",OUDS EAKERS.—5in. 1,000 ohms, with

and Fast Motion Dual Knob and silver , din.
circular dial with bairline cursor 100-1 reduction. Fits
entlirely on front of pane!, 8/8.

MAING DROPPER RESISTANCES. Variable Type,

with ellding adjustment. 800 ohms, .3 amp. 5/@;
1,000 ohma, .2 amp., §/6.

PREMIER MAINS TRANSFORMERS
All primaries are tapped for 200-230-250 v. mains 40-100
cycles. All primariea are screened. All LTS are centre

tapped.
Ontput Price
175-0-1756 v. 50 m/a. 6.3 v. 2-3a. 5 v, 2 a. 25/-
175-0-178 v. 50 m/a. 4 v. 1 8. 4 v. 2-3A. .. 25/-
v.60 m/n.6.3v.2-38.5 V.28 25/-
250-0-250 v. 60 m/a. 4 v. 1-28. 4 v. 3-5 a. 25/-
300-0-800 v, 60 m/a.6.3v.2-3a.5v.2a. .. 25/=
300-0-300 v. 60 m/a. 4 v, 2- dv.35a. dv. 1.9 25/-
350-0-360 v. 100 m/a. 5 v.2-38.6.3v.2-38. ...... 29/-
350-0-350 v. 100 m/n. 4 v. 2-38,4v.2-3a. 4 v. 3-Ba. 20/
360-0-360 v. 150 m/n. 4v. 1-28. 4 v.2-3a.4v. 3-6a. 36/~

350-0-350 v. 1560 m/a. 4 v. 2-3 a. 4 v. 3-!
4v,1-2a,

425.0-425 v.200m/s. 4v,2-3 8. 4 V. 2-
428-0-425 v. 200 m/a. 6.3 v. 2-3 a.

a8 4v.8-6a.

238, Leiiieiiiieiins
600-0-6007.160m/l.".28 dv. -3-.47.23-.
4v.23a.,4v.85a. ...

500-0-600 v. lbOm/l.bv 3-8 6.3 v. 2:38.63v,

FB B iieieiniaiiiitiieiiieiaiiien
5000-6007.‘160m/&.67. -3..83v. 2-3a.
0000t a aba bt aet bbbt sebsenies as/-
PLA“NG DESKS. —Consl!t of an Electrical Gramo-
phone Motor with sutomatic stop, and speed regulator
& quality magnetic Plok-up mounted on s strong metal
{rame. Price complets, £6 17s. 6d. ; without Pick-up.

ﬁ'}dﬂ RADIO KIT8.—Complete with drilled chasals,
valves and loudspeaker, only cabinet required, medium
and long wave T.R.F, 8ize 10in, x 6in. x 6in.,
4 valves, lno. rect., tone control, AC/DC operation, 200/
250 v, Clrouit nnd constructional detalla supplied.
;g;x, lncludlng tax, £6 17s. 6d. Cabinet, if required,
SUPER QUALITY AQO/DC AMPLIFIERS.—10 watts
output, oontained in steel case. Output Transformer

/63 10in, 3,100 ohms, 5 ohm V.C. handles
6 watte, 50/-.

B.P.L. SIGNAL GENERATOR, 100 Kc¢/s to 30 me/s in
aix hands, 1 per cent. calibration, 1 volt into 10 ohme.
30 per cent. modulation by 400 cycle onc., maine driven,
B.P.L. UNIVERSAL TEST METERS.—Army type in
shockproof bakelite case, 10, 100, 500 volts, A.C. and
D.C., at 1,000 op. v. 10, 100, 500 ma. D.C. 6:10,000 ohms,
with self-contained battery, £8 15s. Current Trane-
former for same, .1, 1 and 10 a. A.C., 39/6.
SUPER-HET TUNING UNIT.—Covers 18-50, 200-557,
700-2,000 m. Contains Colls, Trimmers, Padders and
g‘sd'a:h. Completely wired and aligned, with circuit,
/6.
HIGH-GRADE DOUBLE HEADPHONES.—60 ohms
5/- pair. h former 1f required

2/8.
MOVING-IROX METERS.—D/o, any range between and
including 10 m/s and 10s, 10/6.
BATTERY CHARGER XIT8.—2-voit half amp., 15/
6 yolt 1 amp., 17/6. 12 volt 3 arup., with variablereslstance
and meter, 15s. ; 12 volt 6 amp., ditto, £5.
MAINS TRANSFORMERS.—AIl 230 v. primary, 320 v.,
20msa.,and 6v.,54.,12/6 ; 690 V. I0ma. and 4 v. 2 8.,
12/6 ; 2,700 v. 10 mas, 12/8. Two 6v. 4a windings, 20/-.
Two 4 v. 10 s. windings, 10/= ; 12 v. .5 a. and 60 v.
150 ms, 12/6.
DRIVER TRANSFORMERS.—B8uper Quality, 2-1,
secondary may be used split or C.T., if required. Handles
6 mils. primary current, 15/-.
SUPER QUALITY MORSE KEY8.—Ex-Government, §/-.
HAND MICROPHONES.—Ex-Government, contained In
;.(k;e"h case, with switch, 5/-. Matching Transformer,
/8.
WIRE-WOUND POTENTIOMETERS.—3 watt, 30, 100,
250, 500, 3,000, 5,000, 10,000, 25,000 or 50,000 ohms,
5/9; 2,600 ohms, 50 watt, 10/-. 25 ohms, 75 watt,
10/-. ; 7.5 ohms, 5 amps, 15/ ; 3,000 chms, 10 watt,

10/-.

POTENTIOMETERS,—Best makes, all values, without
switch, 3/9, with switch, 5/-.

‘i'i%%"s/ ECTIFIERS, —Government Surplus J25, §/-.
FIRST GRADE OIL FILLED PAPER CONDENSERS,

with miniature stand-off ineulators and fixing clips,
2 mtd. 1,000 v.w., 2/@ or £0/= per dozen; 2 mfd. 600

PREMIER RADIO COMPANY

ALL POST ORDERS to 167 LOWER CLAPTONRD., E.5. 'Phone: Amherst 4723
CALLERS to 169 FLEET STREET, E.C4.

ALL GOODS GUARANTEED. TERMS OF BUSINESS: CASH WITH ORDER, OR C.0.D. OVER £1
Send 23id. for copy of our latest list.

‘Phone: Central 2833

v.w., 1/3 each or 10/- per dozen; 1 mfd. 600 v.w.,
1/- each, 8/- per dozen. Super Quality Ofl Filled Tubu-
lars. Insulation as good as Mica. .1 mid. 500 v.w.,
.02 mtd. 750 v.w., .5 mid. 350 v.w. Either type, 9d.
each, or 7/@ per dozen.

SERVICEMAN’S KIT.—Consista of 50 resistances, 50
condensera. All useful values, 20/- only.

KIT OF PART8 FOR CRYSTAL SET, complete with
Headphones and Aerial Wire. A complete Listening
Poﬂ.l. Nothing else to bny. Amazing value at 15/-
the lot.

CERAMIC YALVE HOLDERS. 6-pin U.8. International

i)lcul. 4-pln. U.X. British 7-pin, 5-pin U.B. Price
- each.

PM, SPEAKEBB Sin. 21/8, 6iln. 22/8, 8in. 24 -,
9in. 6-watt 15 ohm, 38/- ; 12in. 15 ohms 15 watts, a

high fidelity job £8/1 I-.
OUTPUT TR RMERS. A super production. By
means of Inganlouu series-parallel arrangement, all
windings are used at all times. Match any tube, single

ot push-pull to any volce coil 2-30 ohms. 7 watts, 22/6 ;
15 watt, 30/- ; 30 watt, 49/6 ; 60 watt, 59/8.

ENAMELLED COPPER WIRE.

ROTARY TRANSFORMERS, input 12 v., output 180 v.
30 m*a. 4 v. 2-3 a, with 18 volts input, output §s 50 per
cent. higher. May be used on D.C. mains as L.T. Charger.
With small conversion could operate as D.C. Motor.
Original cost over £5. Employ powerful ring magnet.
Price 10/- each.

ROTARY TRANSFORMERS. Input 12 v., ontpat 200 v
60 m/a. 8 v. 2 a. with 19 v. Input, output is 50 per cent
higher. Price 15/~ each.

MOTOR GENERATORS., Compeltely screened with
lmoothlnz. Input 6 v. output 220 v. 60 m/a. Price
£3/10/-

MOTOR GENEBATORS.
100 m/a. 6 v. 10 a. £4, e

VIBRATOR POWER PACKS. Iboput 8 v. output 120 v,
15 m/a. Price 40/~ each.

CONSTANT VOLTAGE TRANSFORMERS. Input 190-
260 v., output 230 v. 150 watta, Price £6 each.
ROTARY TRANSFORMERS, input 6 v. 12 v. or 24 v.
output 250 v, 550 v. or 1,200 v. at 72 m/a. 40/-.
MOTOR GENERATORS SETS conslst of } h.p. Motor
Driving Generator on bedplate. Input 12 v. or 24 v.
D.C. output 850 v. or 1,700 v. 150 m/a. D.C. £86.
CO-AXIAL CABLE., BSuper quality, coneisting of a
stranded centre core, a low-loss ribbed polyvinil resin
type insulator, a flexible screen, a weatherproof P.V.C.
outer cover. Just the thing for Television Lead-in or
Buper Mike Cable, §d. per foot.

WESTON MICROAMETERS. $jln. diameter, 260-0-250
microamps. Price 35/- each.

TURNER 2 MILLIAMP METERS. 3jin. diameter.
Calibrated 300 and 600 v., complete with external wire-
wound shunt. Price 35/~ each.

FIRST GRADE MOVING COIL METERS.
Flush Mounﬁnl Bakelite Cases.

Input 12 v. ontput 240 v.

500 100
mlllln.mp. microam, microamp.
3iin. dia. £2/12/- £2/18'8 £3/8/3
4fin. £3/6/- £3/11/6 £4/11/-
Internal
tance 100 ohme. 600 ohme. 900 ohms.
WESTINGHOUSE METER RECTIFIERS.
Bridge Type.
100 microamp. .... 16/8 500 microamp .. 10/-
10 millamp ...... 10Q/= 1 miliamp ...... 10/«
5 milliamp ...... 10/= 15-100 milllamp.. 5/

ELECTROLYTIC CONDENSERS. 8 mf. 500 v.w. minia-
ture metal can 3/-, 24/- per dozen. 16 m{. ditto 4/- each,
32/- per dozen, 32 mf. 550 v.w. size 4la. x 2in, x 1iin,,
5/, 16 m{, 700 v.w. slze 5ln. x 4in. x 2in. /8.
PLATE TRANSFORMERS. 750-750 v. 150 m/a.
£2/10/-. 1,000-1,000 v. 260 m/a., £4.
MODULATION TRANSFORMERS. By means of an
ingenlous arrangement of series parallel primaries and
secondaries any desired matching may be achjeved.
50 watt R.F., 30/-., 150 watt R.F., 49,6.

AUTO TRANSFORMERS. 110 v. to 200/250 v.
up or down. 20 watt, 15/-. 60 watt, 21/-,
29/6. 250 watt, 37/6. 500 watt, 65/-. 2k
COMPLETE 1-VALVE LISTENING POST. Conslats of
1-Valve Receiver oompletely wired with colls covering
12-170 and 255-660 m. Valve, Headphones, Dry Batterlos
Aerial Wire. Nothing else to buy. £3/17/6.

Price

Btep
125 watt,
w 3
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PINCH EFFECT

and its relation to record wear

A maximum of ‘0004~ vertical movement is necessary to overcome the
‘“ pinch effect ** which has been carefully dealt with in the design of

The LEXINGTON

MOVING COIL PICK-UP

SCIENTIFICALLY ENGINEERED
This is made possible by our patented principles and the introduction
of precision watch making mechanics in its construction.

Price £5 plus 25/-P.T.

The new features are:

® Robust design.  Accidental ® Response curve flat from
dropping on record will not 30 ¢/s to 12 Ke/s.
damage Pick-up. o Automatic needle or sapphire
® Extremely low moment of changing opens new fidelity
inertia (80 milligrams total field to the amateur.
weight of movement). ® Can be used with normal
@ Pure sine wave with n® har- record changer without fear
monic distortion. of damage.

PRE-AMPLIFIERS are also available, Compact design for screwing in
cabinet, With or without bass recording characteristic correction.
Suitable for use with standard amplifiers.
POWER AMPLIFIERS, 8, I5, and 30 watts undistorted output.
Obtainable from your Local Dealer.
Send stomp for illustrated brachure giving full technical details and prices,
DEMONSTRATIONS DAILY, MONDAY TO FRIDAY, 10-5 p.m.
Trode enquiries invited.

COOPER MANUFACTURING CO.

134, Wardour Street, London, W.I. GERard 7950

BarcainS

METAL RECTIFIERS most famous make. Deliver 250 volts,
120 m/A. 2 will give 500 v 120 m/A,
v e 1000V 120 m/A. |
and never need replacement This will solve your H.T. problems,
Brand new, tropical finish, Our price 2/11d. each. l

MOUNTED 1000 Kc CRYSTALS in holders, with stainless
steel ground electrodes by Britain's finest maker. Make up a
frequency meter to comply with G.P.O. requirements, or allow
you to recalibrate a receiver with highest accuracy. Also cheap
enough to regrind to 1.7 or 3.5 Mc. Complete with holder, {
brand new, worth £4 each. Our price T/éd.

CANADIAN NO. 65 TRANSMITTER-RECEIVERS. 8
valve superhet and transmitter complete with power supply, 3
aerials, 2 pairs headphones, 2 crystal differential microphones,
and all instructions. Brand new in"maker’s cases. Cost £100,
Our price 13 Gns. |

R.A.F. 1154 TRANSMITTERS. Complete with valves but
require a power pack, covers the Ham bands. Secondhand but
good condition, Price 6 Gns,

Write for characteristlcs

BASICALLY BETTER
AIR-SPAC‘ED ‘

48 HOLLOWAY HEAD, BIRMINGHAM @@"MIOW/U,IICAIE.Is
RN I T RANSRADIO LT D. 16 THE HIGHWAY- BEACONSFIELD-4-8UCKS

Coming Shortly — o super dipole aerial with polythene {
concentric feeder. National type diols os fitted. H.R.O, receiver,

Get our full Bargain List by [ 2AD
sending stamped addressed MART

envelope to :—

!

S

%&.




Angust, 1946 Wireless World Advertisements 15

o

s AR :' S
Now available as low as
5microamps full scale

'Send enquiries to your usual factor or direct to

Electrical Instruments Ltd.

I a lor 419.414 MONTROSE AVENUE, SLOUGH, BUCKINGHAMSHIRE
Tel: Stough 21281 (4Vines) Grams: “Taylins” Slough

moving cosl
- strument

VI UTT ¢ ORE:

Multicore Solder contains 3 cores of extra active non-corro - |

- e
| Purest tin and lead are

sive Ersin Flux. No extra flux is required and joints can be .
used in Multicore Solder.

readily made on oxidised surfaces. The three cores of Ersin

Multicore ensure rapid melting and flux continuity, thus

speeding up soldering operations and elinunating waste

NOMINAL 1-lb. REELS HIGH TIN CONTENT PRE.WAR QUALITY.
A o Pri i
qSaangue | oy [y |Appror Lengin Prios por nomina
s 1.lb. reel. (subject).
e £ ) b 5
16014 | 6040 14 64 feet [ d o
16018 60 40 18 | 118 feet 69 High Precision standard of

soldered joints obtained.

=t o

Multicore being made in gauges
between 10 & 22 S.W.G.

MULTICORE SOLDERS LTD., MELLIER HOUSE, ALBEMARLE STREET, LONDON, W.1
Tel. REGent 1411 (P.B.X. 4 lines)
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ROTHERMEL

HIGH FIDELITY PIEZO - ELECTRIC PRODUCTS
available from stock.
@ PICKUPS
@ MICROPHONES
@ HEADPHONES
@ THE HUSHATONE
@ DEAF AID MICROPHONES
@ CONTACT MICROPHONES
@ A.C. AMPLIFIERS
Also the new ROTHERMEL GENUINE SAPPHIRE High-Fidelity
ramophone Needle—over 2,000 playings.
Send for Informative Literature on ali ROTHERMEL Products.

* TWO NEW AMPLIFIERS

For many years R. A. ROTHERMEL has made intensive
research in Amplifier design and we present with confi-
dence two new A.C. Amplifiers, the YR/2 4}-watt and the
HG/308 B-watt, which have been specially designed for
use in connection with all types of Crystal Microphones
and Crystal Pickups. They are compact, robust, and
represent the ultimate in design, workmanship, material,
and quality of reproduction.

Write for Bulletin.

R. A. ROTHERMEL LTD.,

ROTHERMEL HOUSE, CANTERBURY ROAD, KILBURN, N.W.6.
Telephone : MAIDA VALE 6066 (6 lines).

Other British N.F.S. Preducts Include : PAPER
CAPACITORS, SILVERED MICA
CAPACITORS, WIRE WOUND
RESISTORS AND VOLUME
CONTROLS—Wrise for full detalls.

Manufactured by

BRITISH N.S.F. CO. LTD.

KEIGHLEY, YORKS.

London Offices : 25, Manchester Square, W.I. Tele. : Welbeck 7941 /6
Sole Licensees: OAK MANUFACTURING CO., Chicago.

Wireless World August, 1946

MODEL 44
Frecision
ma//j—/ta/nye
/Zeada/u/'ﬂ”g |
‘ Instrument ‘

Some noteworthy features :

@ A six inch mirror scale with knife edge
pointer.

@ A patented moving coil cutout operating
on forward, reverse or gradual overloads.

@ Immediate delivery.

ELECTRONIC INSTRUMENTS LTD.

17, PARADISE ROAD, RICHMOND, SURREY
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THE‘U.I .C.Fixed Ceramic
Pot Capacitor — KO 2944
—illustrated above, has been
primarily developed for use
in transmitter circuits. Made
only from the highest grade

Specially
suitable for
PULSE WORKING

Capacitance Range
3 pF-50 pF
Working Yoltage
2kV R.MS.
RF. Load
Up to 10 pF 2kVA
with 2 amps.

Up to 50 pF 0.8 kVA
with 1.5 amps.

raw materials and subjected
to the most rigorous tests,
its rating for its size is un-
surpassed.,

Capacitance Range: 120—
250 pF. RF Load : 26 kVA
with 14 amps. Working
Voltage : 5 kV R.M.S

Further details on application.

UNITED INSULATOR CO. LTD
Oakcroft Rd., Tolworth, Surbiton, Surrey

Telephone : Elmbridge 524!

Telegrams : Calanel, Surbiton

Unsurpassed In Ceramics

| E WEBB'S RADIO
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COMPONENTS FOR
HIGH FIDELITY REPRODUCTION

OUTPUT TRANSFORMERS for use
with push-pull PX4's, 6V6’s, 6L6’s, etc. Available
in four different primary impedances, all have tapped
secondaries, 24, 74 and 5 ohms.

Type PPHF4 (4,000 P to P) ; PPHF8 (8,000 P to P)
.. PPHFé6 (6,000 P to P) ; PPHFIO0 (10,000 P to P)
each £1:7:6

LOUDSPEAKERS. Goodmans Permanent
Magnet 12in. type. Can be recommended for
use with ** Quality ° amplifiers and our PPHF
OULPULLransfOrmMers ... coeeeieieecincianniennrecnannenensse £6:15:0

MOVING COIL PICK-UP. The Wilkins

& Wright type ** N ** moving-coil pick-up marks a
tremendous step forward in gramophone reproduc-"

tion. Confidently recommended by Webb's for those

wanting genuine high fidelity. Uses normal easily

inter-ch bi dles, and supplied with equaliz-

ing input transformer. Price (including £1:5:7 Tax) £7:0:7

MICROPHONES. Meico moving - coil

chrome-plated stand mounting. A first-class micro-

phone, impedance 25 ohms ....cccceeeiierieieniiinnnes £5:5:
Matching transformer ...... £1:1

Rothermel Crystal D104, world renowned as th

best general-purpose crystal microphone
Handle type

ALL COMPONENTS CARRY
WEBB'S UNCONDITIONAL
GUARANTEE OF SATISFACTION

TUNING COILS AND PACKS

Y U.C.L.** Kit for the construction of a modern
3.waveband superhet, comprising the essential
components :—

(1) 3-waveband coil pack, assembled with coils,
switch, padders and trimmers mounted on
sub-chassis, wired and tested for assembly
into the receiver chassis. Wave-range 16,8
to 51, 200 to 550 and 800 to 2,000 metres.

(2) A pair of 465 Kc/s |.F. transformers.

(3) Two-gang tuning cond b

(4) A glass tuning scale with correct calibrations
for three bands.

Boxed complete with circuit diagram of complete

receiver. Price (including tax) ..ccccciiveniieiiinnniiaee £4:17: 6

(RHTAInTA

AERIAL RELAYS. Stocks now available
of new double-pole Aerial change-over relay.
Approximate size, 3in. x 2§in. x I§in. high, low-
loss construction. Contacts take 4 amps. R.F.
Coil operation 4t0 6 volts A.C...ccceeiiiiiieenniiinniens £2:17: 6

HIGH VOLTAGE
CONDENSERS. Unrepeatable at price,

U.S.A. ** Aerovox ' metal can type with mounting
clips.
P 8 m.f.d. 600 v. size, 31in, x 1}in, x 3in, high 5:0
4 m.f.d. 1,000 v. size, 2¢in. x 1}in. x 44in. high 7:6

Write, 'phone or call—

14, Soho Street, Oxford Street,
London, W.I
Telephone - - - GERrard 2089

Please note our SHOP HOURS —9 am. to 5 p.m.
(Saturdays 9 a.m. to | p.m.)

00O R
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MACEIINES

A typical selection of
coils wound on the
Neville's Pretoria Coil
Winding Machine.

|4

THE NEVILLE'S PRETORIA MODEL

or winding solenoid, transformer, choke and stator coils.
A bench-mounting universal automatic coil winder embodying many refinements
hitherto only obtainable on expensive machines. A special foot-operated clutch
gives smooth control of the winding spindle and it is possible to wind up to
four coils simultaneously.

CAPACITY : Coils from 3/16” to 6” in length.  Gauges of wire 22—48 S.W.G.
DIMENSIONS : The machine is 23}” long, 10” wide and 127 high.
DRIVE : i/4 H.P., 1425 R.P.M. Electric Motor.
SPINDLE SPEEDS : 400, 530, 800, 1250, 3000, R.P.M.
Write to department WD for full particulars. An experienced staff are available to
give individual attention to any coil winding problems. Your enquiries are invited.

NEVILLE’S wvizroon LTD

THE SIMMONDS TOWER  -GREAT WEST ROAD - LONDON
A COMPANY OF THE SIMMONDS GROUP
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Sealed VIBRATORS

OPERATE EFFICIENTLY UNDER ALL CLIMATIC CONDITIONS

Come rain, come shine, or any other climatic condition,
Wearite *Stratosil Sealed ® Vibrators will continue to
operate without trouble.

Why? Oh! We designed and

built them with just that end in view, and after

§
\\ tests, specified the following as essentials . . .

G and

TENHAM LONDON

—
o
—

o All steel construction —even the rivets — uniform ex-
pansion under temperature extremes ensured. @ Vibrator
acoustically and electrically shielded by Metal Can, sponge
rubber lined. @ Precious metal driving contacts — non-
tarnishable — ensure starting under the lightest pressures
and voltages. ® Contacts ground almost to optical limits.
e Stack assembly — mica and steel only used. ® Base sealed
by the WEARITE Stratosil process. ®Always keep going...

STRATOSIL Sealed VIBRATORS

SEND TODAY FOR FURTHER DETAILS, AND REMEMBER, WE ALSO MAKE
SOME OF THE BEST TRANSFORMERS, COILS AND SWITCHES.

WEAIRE

N.17

LIMITED

TELEPHONE: TOTTENHAM 3847-9
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At Mullard, manufacturing
methods and processes keep pace with develop-
ment. Designers who choose Mullard Master
Valves know they are as reliable in service as they
are advanced in technique.

This X-ray anhd photograph of the Mullard
QVO4-7 illustrate its mechanical strength and
precision. As far as performance is concerned,
examine the abridged data on the right. A valve
destined to be popular with communications
engineers for R.F. Amplifiers and Frequency
Multipliers.

For further developments watch

00

Technical data and advice, on the applications of the QVO04-7 and other transmitting and industrial valves, can be obtained from
THE MULLARD WIRELESS SERVICE CO. LTD.,,
(TECHNICAL SERVICE DEPT. ), CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2.
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QvOo4 -7
AMPLIFIER TETRODE

R.F.

As Class C ) Vi 63 V.
Amplifier. I 06 A.

Y. o 35021X Max. overall
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Wour 6.0 W. length 78 mm.

Max. diameter

Frequency
38 mm.

150 mc/s.
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Monthly Commentary

Broadcasting Policy

often played on the theme that the real

weakness of the B.B.C. is timidity ; that it
must always play for safety; that the fear of
giving offence -over-rides the desire to please.
Criticism in similar terms might now be directed
against the recently issued White Paper* which
sets forth the Government’s attitude towards
broadcasting in general and towards the renewal
of the B.B.C. Charter in particular. It is a dis-
appointing document, written with disarming
naiveté, which contains nothing to arouse wrath
and little to merit praise; certainly there is
nothing in it that promises alleviation of the
admitted weaknesses of British broadcasting. As
shown in our summary, published elsewhere in
this issue, the new Charter will maintain the status
quo for five years, with trivial and in some cases
obviously necessary changes in matters of detail.

RESPONSIBLE critics of broadcasting have

Why No Enquiry?

We have seldom read less convincing arguments
than those put forward in an attempt to explain
why a public enquiry has not been held before
renewal of the Charter. Wireless World does not
press for any fundamental change in the basic
constitution of British broadcasting, but we have
long contended that the possibility of bringing
about changes that are certainly not trivial should
be fully examined. None of the Government
statements explains why we must now wait for five
years before anything can be done.

Perhaps the most disappointing section of the
White Paper is that dealing with Regional
‘““devolution.””  Here it would seem that the
Government has swallowed hook, line and sinker
the propaganda assiduously circulated by B.B.C.
spokesmen for several years: that a measure of
regional autonomy inside the Corporation will ipso
facto infuse into broadcasting that highly desirable
spirit of competition that is now lacking. We
have already expressed the view—and no one has

* “Broadcasting Policy,” Cmd. 6852, HM.S.0., 6d.

contradicted us—that it will do nothing of the
kind. Indeed, thc average listener will not know
that competition exists; for technical reasons
alone, he is unlikely to hear anything but the
National and his own Regional programmes. He
will never exert pressure to have his local pro-
gramme brought up to the level of those in some
other region that are more to his taste. Means of
infusing real competitiveness into our system of
broadcasting have been put forward in this journal
and elsewhere; they should have been publicly
discussed before perpetuating the hoary fallacy
that regional autonomy will be effective.

The Wrong Medium

On the whole Regional question, and quite apart
from the question of competition, the Government
seems to have been sadly misled. Regional broad-
casting is not, and never has been, a highly
significant part of our system of distribution.
But the B.B.C. likes it, because it provides means
for appeasing those noisy minorities and ‘‘ pressure
groups’’ whose activities are always so em-
barrassing to the Corporation. The words
““regional’” and ‘‘broadcasting’’ are in them-
selves almost contradictions in terms; radio broad-
casting (except on V.H.F.) is essentially a matter
to be considered on the widest national—if not
international—lines. It is not a medium for distri-
buting trivialities to a local audience.

On the question of Government control, the
White Paper is more reassuring. It reaffirms the
view that the B.B.C. ““should not be subject to
continuous Ministerial guidance,”” and expresses
the belief that the policy endorsed by successive
former Governments is ‘‘ best calculated to ensure
freedom of expression.”” But we think that more
positive measures should be taken to disassociate
the B.B.C. from direct Government control. As
things are, the foreigner will still firmly believe
that every B.B.C. statement isinspired or at least ap-
proved by the British Government. That has long
been one of the reasons for excessive cautiousness.

c
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Wartime Advances : Contour Charts of the lonosphere

HEN war broke out in 1939

knowledge of the iono-

sphere had advanced a
very long way from the point
where it stood at the end of 1925,
the year during which the princi-
pal layers were first located and
their characteristics measured.
Regular records of all the princi-
pal ionospheric values, showing

By T. W. BENNINGTON

(Engineering Division, 8,8.C.)

the curving layers of ionised gas
upon a passing radio wave were
already well understood. The
causes and nature of the distur-
bances to which the ionosphere
had been found to be susceptible
had also, to some extent, been ex-

LOCAL TIME
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But when it came to applying
the ionospheric data to practical
short-wave transmission there re-
mained many things which were
inexplicable. Often the scientific
information did not fit in with
observed  short-wave results;
worse still from the practical point
of view, a wrong result was often
produced when the information
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Fig. 1. Contour chart showing predicted critical frequencies. This chart and that of Fig. 2 relate to the

“17" zone (see text) and to the month of May, 1946.

how they varied with time of day,
season of the year and epoch of
the sunspot cycle, had in fact
been obtained over many years;
and the details of the effects of

plained, and thus the failures of
short-wave cominunication—par-
tial or complete—which from time
to time occurred, could be
accounted for.

was used in the process of fore-
casting short-wave conditions for
some time ahead.

There was nothing, as a matter
of fact, at all wrong with the iono-
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sphere data in itself. It was sim-
ply deficient in two important
respects; i.e., it was only applica-
ble to a very few discrete geo-
graphical points, and for these
particular points it was not suffi-
ciently detailed. The principal
point of deficiency, however, was
the first. Knowledge of the struc-
ture of the ionosphere on a world-
wide basis was very imperfect for
the simple reason that so few
observing stations then existed at
which measurements were regu-
larly made. Measurements made
at one or two points on the earth’s

Wireless World

latitude and longitude could be
made from them, there was no
guarantee that these assumptions,
however logical they seemed to
be, were in any way correct.
Pre-war Position. — In 1939
there were, in fact, only four iono-
sphere observing stations from
which measurements were regu-
larly available on a 24-hour-a-day
basis, though others existed which
published results of measurements
made at infrequent intervals, and
yet others which, because of the
nature of the times, regarded the
information as secret material and

LOCAL TIME
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Standards at Washington, and
those of the Carnegie Institution
at Huancayo, Peru and at
Watheroo, Western Australia.

So far as the B.B.C. was con-
cerned, the utmost use was made
of this meagre information, and it
did, at least, prove helpful, par-
ticularly in the planning of ser-
vices to parts of the world to
which short-wave coverage had
not previously been given.

After 1939, however, the in-
formation soon proved inadequate
for the prosecution, from the
radio point of view,ofa ‘‘ global "’
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Fig. 2. Specimen contour chart of maximum usable frequencies.

surface did not give much in-
formation as to the state of the
ionosphere at other points, and
although assumptions as to the
distribution of ionisation with

so did not publish it at all. The
four stations upon which one had
to rely were that of the National
Physical Laboratory at Slough,
that of the National Bureau of

war, and steps were taken to
remedy the deficiency by the
establishment in various parts of
the world of more ionosphere
observatories. During the course
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of the war, and especially after
the entry of the U.S.A. into it,
the number of such observatories
was continuously increased, and
at the present time there are some
52 of them operating in British,
Dominion and foreign countries
throughout the world. Whilst
the war lasted the data they sup-
plied, as well as the techniques
which had been developed for
applying the data to practical
short-wave problems had, of
course, to be kept secret, but
now some idea of these techniques,
and of the progress made in them
during the war, may at last be
given. That will be the purpose
of the remainder of this article.

Ionosphere Contour Charts.—
Let us first of all be clear in our
minds why it is so desirable in
short-wave communication to
have a knowledge of ionosphere
conditions at many different geo-
graphical points.  In long-dis-
tance transmission the wave
travels upwards obliquely and so
will first enter the ionosphere at
a‘point up to about 1,250 miles
distant from the transmitter. No
matter in what direction we are
transmitting, therefore, we are
from the very beginning interested
not so much in ionosphere condi-
tions above this country, but in
those prevailing elsewhere. As
the wave proceeds on its journey
it will travel back and forth be-
tween earth and ionosphere and
this may take it as far as, or even
farther than, the Antipodes,
where opposite seasons and times
of day prevail. We must not
imagine the wave to consist of
just a “‘ray’’ of radio energy im-
pinging on the ionosphere at
certain  separate  geographical
points, but as a large number of
rays travelling side by side and
so traversing a large number of
different paths. We are, gener-
ally speaking, concerned with
conditions over the whole region
of the ionosphere on the Great
Circle path—and perhaps to each
side of it—between the points
where the main body of radiated
energy first strikes the ionosphere
and leaves it for the last time be-
fore coming down to the receiving
point.

Origin of Ionospheric Charts.—

The most convenient way in
which the conditions obtaining

Wireless World

over a large area of the ionosphere
may be depicted is by means of
ionospheric contour charts, con-
structed so as to present the con-
ditions in terms convenient to the
short-wave technician on geo-
graphical charts. Itis believed that
such charts were first produced by
IX. W. Tremellen of Marconi’s
Wireless Telegraph Company.
They were, in fact, a logical de-
velopment of the old Eckersley-
Tremellen shadow charts, evolved
many years before the war, which
aimed at indicating short-wave
conditions on a world-wide basis
by reference to the distribution of
daylight and darkness over the
world’s surface. These were later
changed so as to present short-
wave reception data in terms of
wavelength contours instead of in
different grades of daylight or
darkness. About 1942 ionosphere
data coming in from various sta-
tions was embodied in the charts
being prepared by Mr. Tremellen,
and later the preparation of
charts more or less entirely on the
basis of ionosphere data was un-
dertaken by him and by various
other organizations in this coun-
try and abroad.

So far as the B.B.C. is con-
cerned the ionosphere data was,
from the time it first began to be
regularly obtained, made use of in
a somewhat different way to that
about to be described. But when
sufficient data became available
it was decided that Mr. Tremel-
len’s method supplied the most
easily workable solution to the
problem, and ionospheric charts
have, for several years, been
regularly  constructed. Very
briefly the principles of their con-
struction and methods of use are
as follows:

Preparation of Contour Charts.
—The most important quantities
measured by ionosphere observing
stations are the critical frequen-
cies and virtual heights of the
various layers for a wave sent ver-
tically upwards; in their most
useful form the observations
appear as a monthly summary of
the results obtained for each hour
of day. The ‘‘ critical ”’ frequency
of a layer, it will be remembered,
is the highest frequency returned
by the layer when the wave is
sent vertically upwards, whilst
the virtual height is the height
above ground from which the
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wave is returned. Measurements
are on the assumption that the
wave travels up and down with
the velocity of light. These
measurements are transmitted to
the national research bodies of the
countries concerned, who distri-
bute them to the various ‘‘ users”’
within their countries, among
whom the B.3.C. is one. A steady
strcam of this material is thus
coming in, to be used when ap-
propriate in the construction of
the charts.

L.et it be assumed for the mo-
ment that the same values of
critical frequency and virtual
height as are obtained at any one
observing station would be ob-
tained at all other points on the
earth’s surface lying in the same
latitude at the same instant of
local time. This seems a quite
logical assumption at first sight;
namely, that in any one latitude
the diurnal variation in the values
measured is exactly the same as
the world rotates upon its geo-
graphical axis, If, therefore, we
take a Mercator projection (with-
out the usual geographical features
of the world upon it), and along
the parallel of latitude appropriate
to each observing station enter in
the monthly mean of the critical
frequencies obtained at that sta-
tion, equally spacing the 24 hourly
ineasurements so as to cover the
entire width of the projection,
then we may assume that we have
recorded conditions for that lati-
tude for the 24 hours. We may
enter the hours of local time along
the top of the projection (as in
Fig. 1), and when we have entered
the measurements of every one of
the observing stations in its appro-
priate latitude, we may assume
that we have recorded the
monthly average critical fre-
quency on a  world-wide basis.
Now 1if we join up all points of
equal critical frequency we pro-
duce a critical frequency contour
chart (similar to Fig. 1), which
depicts the world-wide variation
in critical frequency. If we draw
the chart upon transparent cloth
we can, by laying it over a Mer-
cator map of the world and by
sliding it along to represent the
diurnal rotation of the earth, see
the monthly mean critical fre-
quency at any place at any value
of local time.

Forecasts.—If, instead of the
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values obtained for any month,
we wish to see the critical fre-
quency conditions for a month not
vet reached, we can, from an ex-
amination of the sunspot cycle
trend, calculate what change in
critical frequency should occur at
every time of day and at every
station from the values, for ex-
ample, for a similar month for
which we have the measured data.
By applying a correction to the
measured values for the month
which we decide to use, therefore,
we may plot on the chart the pre-
dicted values for the month ahead
for which we intend to draw the
chart. The chart is then a world

180° 150° 12d 90°
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cal frequency. It will be remem-
bered that, as the obliquity of the
wave path increases, i.e., as the
distance increases, so does the
Maximum Usable Frequency con-
tinually increase above the criti-
cal frequency. Thus, when the
critical frequency is, for example,
6Mc/s, the M.U.F. for 1,000
miles might well be 14 Mc/s, for
1,500 miles 18 Mc /s and for 2,500
miles 21 Mc/s. There is thus a
different M.U.F. for every dis-
tance outward from the trans-
mitter, which continues to in-
crease up to the maximum dis-
tance which can be covered in one
hop, i.e., some 2,500 miles.
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lines through the points of equal
value we produce a contour chart
of predicted M.U.F. for 2,500
miles transmission, such a chart
being shown in Fig. 2.

Longitude Effect. — Now we
must refer to a complication
which the measurement of criti-
cal frequency at an increasing
number of geographical points
soon brought to light. It was
found that the assumption that
the critical frequency would be
the same at all geographical points
of the same latitude at the same
instant of local time was an in-
correct one, for stations lying in
almost the same latitude but in
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contour of predicted critical fre-
quency. (See Fig 1.)

Now, although a contour chart
of critical frequency is extremely
useful, it really shows the condi-
tions for a wave sent vertically
upwards, and in practice we shall
be sending our waves obliquely
upwards. In these circumstances,
we shall need to use frequencies
considerably higher than the criti-

It is most convenient in prac-
tice to draw the contour charts
in terms of the M.U.F. for 2,500
miles (the maximum distance for
one hop), so instead of entering
the predicted critical frequencies
upon the chart we multiply them
by the appropriate M.U.F. fac-
tors for various times of day and
latitudes and enter the results
upon the chart. Then by drawing

X
150° 180”

Zones covered by a series of three contour charts.

different longitudes obtained di-
urnal characteristics of critical
frequency differing quite consider-
ably in value. It was found, in
fact, that the ionisation of the
layers depended not only upon
the geographic, but upon the
geomagnetic, latitude and longi-
tude of the observing station. In
order to overcome this difficulty
it was found necessary to divide
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the world into three ‘‘ zones,’’ the
boundaries of which were deter-
mined by certain geomagnetic
meridians, and to plot separate
M.U.F. contour charts for each
zone. These zones are the ' East”’
zone centred on geographic longi-
tude 110° E., the ‘“ West’ zone
centred on longitude 70 W., and
the ‘“ Intermediate’’ zones cover-

Wireless World

ing the areas lying between the
East and West zones. These
zones are shown in the map of
Iiig. 3, and the proper contour
chart to use for any particular
transmission path is determined
by its location with respect to
these zones. Fig. 2, for example,
is applicable only to the I (inter-
mediate) zone.
(To be concluded)

NEW MOVING-COIL PICK -UP

Constructional Details of
the “ Lexington”

O ensure faithful translation
of the lateral deviations of
a record groove into rotary
motion in a moving-coil pick-up
it is essential amongst other things
that the movement should have
only one principal degree of {ree-
dom. This is achieved in the
‘“Lexington "’ pick-up by mount-
ing the moving coil between end
bearings with *‘watchmaking”’
clearances. Damping is applied
by a rubber pad at the needle
holder, which plays no part in the
suspension of the coil.
The moving coil is housed in a

by ““ pinch effect.”  Deflection of
thie centre of the coil in this man
ner is limited by a ring of in
creased  dia-
meter formed
round the
centre of the
tube; this
acts asa stop
if the pick-

Mechanism for the
insertion and re-
moval of the tapered
needles is incor-
porated in the tone-

light plastic tube which has just arm rest of the
enough resilience to allow the *Lexington’’ pick-
small vertical movement required up.
AT 5 EFTED
2 ; y
/// | 2 ‘cacE > 1 & ndlitun

RUBBER
DAMPING

PIVOT

TAPERED NEEDLE HOLDER

Sectional diagram of the ‘ Lexington'’ moving-coil pick-up head.
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up is accidentally dropped on the
record.

Special sapphire needles are
used with this pick-up.  They
have morse-tapered shanks fitting
a tapered hole in a metal insert
in the moving-coil unit; no set
screw is required. A shoulder is
provided on the needle and a
special mechanism is incorporated
in the tone-arm rest for removing
and inserting needles ; both opera-
tions are easy, as separate locators
are provided.

The tone arm itself is light but
rigid and is of pressed and welded
aluminium construction. The
pivot bearings are well made and
consist of single ball joints which
give full freedom without any

trace of slack
ness. Needle
pressure is con-
trolled by a long leaf spring
inside the arm, and a light
coil spring 1s arranged to give
the tone arm a lateral bias towards
the centre of the record. This is
stated to result in a reduction of
surface noise. The weight at
the needle point is of the order
of }oz.

The average output is about
1mV and the frequency response
is stated to be flat from 30c¢/s to
12kc/s. A coupling transformer
giving an output of 50mV is avail-
able and also a heavy gauge
Mumetal screening box. Exter-
nal bass compensation is necessary
and a twin triode pre-amplifier in-
corporating the necessary tone
correction circuits is obtainable
from the makers, the Cooper
Manufacturing Co., 134, Wardour
Street, London, W.1. The price
of the ‘‘ Lexington '’ pick-up is
45 plus {1 5s purchase tax. The
output transformer costs 16s and
the Mumetal screening box 14s 2d.
Sapphire needles with o.0015-inch
tip radius are available at 155 3d
each.
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MORE ABOUT AERIALS

Polarization : Gain :

EFORE going on, I should
like to thank a reader for
objecting, quite rightly, to

my statement last month ‘‘The
direction of the electric field is
parallel to 8/.”” Radiation fields
may be queer things, but they
cannot be at right angles to the
direction of motion and parallel
to 3/ except where the direction of
motion is at right angles to 8/. At
P in Fig. 2 it is not, so the quoted
sentence is misleading. The elec-
tric field at P is, of course, parallel
to the bit of wire marked ‘8! sin
6’ in Fig. 2.

This is a good point at which
to deal with polarization. It is
quite easy. It is the direction of
the field. But which field? Around
a vertical aerial (in directions at
right angles to it!) the electric
lines of force are vertical too, and
the magnetic lines are horizontal,
in the form of expanding rings.
When electromagnetic waves are
said to be vertically polarized,
what is meant is that the electric
field is vertical. It is a good thing
it was agreed to name the polar-
ization after the electric field
rather than the magnetic, because
it helps the memory—'’ vertical
polarization, vertical aerial.”” If

If radiation is confined
into a cone instead of spreading
out along every radius of a

Fig. s.

whole sphere, the ‘ gain’’ is
proportional to the reduction in
spread.

the receiving acrial is horizontal
it will receive nothing from a ver-
tically polarized wave. This may

By “ CATHODE RAY"

seem contrary to experience; if
so, it is because (a) practical
aerials are hardly ever perfectly
and entirely horizontal (or any
other particular direction), and
(b) polarization is apt to get
twisted about a bit on the way
from sender to receiver. Most
aerials except dipoles are partly
vertical and partly horizontal, and
if the radiations from these are
in phase, the resultant will be in-
clined at some angle. If not in
phase, the direction of field will
turn around like a corkscrew, and
a receiving aerial at any angle will
receive some of it.

If you take a dipole with well-
screened connections and receiver,
and listen on it to the television
signal, you will find you get no-
thing when the dipole is pointing
directly towards the transmitter;
that is because of the receiving
polar diagram, see Fig. 3 (last
month). You will also get little
or nothing when the dipole is
broadside to the transmitter, if it
is horizontal, even though that is
a maximum of the polar diagram ;
that is because the B.B.C. tele-
vision is vertically polarized. It
is important not to mix up these
two reasons for lack of reception.

Another fundamental idea is
gain.  Unlike an amplifier, an
aerial cannot multiply the signal
power supplied to it, any more
than a megaphone can increase
vocal power. But both can
multiply the power delivered to
particular receivers, by concen-
trating on them instead of spread-
ing it out all around.

For a given total power
radiated, the least concentrated
distribution is, of course, perfectly
uniform in all directions; so thats
the 3-dimensional polar dia-
gram is a sphere with the aerial
as centre. If the aerial being con-
sidered were to concentrate the
whole of its radiation into one-
tenth of the surrounding space, so
that its polar diagram was a cone
(Fig. 5), receivers in the direction
of the cone would receive as much

Reflectors

as from a uniform aerial giving
ten times as much total radiation.
The directional aerial would be
said to have a gain of 10.- As no
simple practical aerial does have

SIDE
LOBES
<< MAIN LOBE
AERIAL
Fig. 6. Typical polar diagram

of a directional aerial.

a spherical polar diagram, gain is
generally reckoned with reference
to a simple component aerial such
as a dipole (which by itself has a
small gain with reference to the
theoretical spherical aerial).

Any aerial has just the same
gain for receiving as for transmit-
ting. It is a particularly useful
sort of gain, because it not only
increases signal strength but at
the same time it reduces noise
coming from other directions. In
fact, it makes reliable long-dis-
tance communication possible.

Practical aerials don’t give a
sharply defined polar diagram as

in Fig. 5, with uniform radiation
in the cone and nothing at all any-
where else. A typical polar dia-
gram for a highly directional
aerial is more like Fig. 6. The
radiation falls of gradually around
the best di-

rection, giv-

ing a diagram

| | shape called

| the main
lobe; and

(a) {(b) therear.e
smaller maxi-

Fig. 7. (a) Col- ma known as
linear and (b) side lobes in
collateral ar- various other
rangements  of direct-
dipoles. tons. The
gain is

reckoned as the number of times
the power input would have to be
multiplied to produce the same
field strength as in the main lobe
maximum direction, if the direc-
tional aerial were replaced by a
simple dipole or other comparison
type.
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Anything that makes an aerial
more directional increases its gain.
How, then, is it made more direc-

tional? The principal technique
/s SING
DIPOLES | - ) } MAIN

§5—

(b)

MAIN LOBES

Fig. 8. Illustrating the prin-
ciple of directional aerials. At
the particular angle ¢ shown in
(a), the radiations from two
dipoles spaced by the distance
s arrive completely out of phase.
Comparing phases at all angles,
the polar diagram can be traced
out. The one shown at (b) is
obtained when s—=2 wavelengths.

is to arrange the 8ls—the tiny bits
of aerial—so that their radiations
are all in phase in the desired
direction and as much out of
phase as possible in all others. So
many &l/s are needed to make an
aerial that the problem can only
be tackled this way by the calcu-
lus; but one can dodge this and
yet get nearly the right answer
for dipole arrays by working in
units of one dipole, which, al-
though so much larger than &,
has a similar polar diagram. The
assumption is that a real dipole
with R.F. current I at the centre
(tapering off towards the ends) can
for purposes of calculation be re-
placed by an imaginary dipole
with I at full strength through-
out, compensated by making it 36
per cent shorter.

A very simple aerial array con-
sists of two dipoles, with the total
available power divided equally
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between them, They can be
arranged as in Fig. 7(a) (col-
linearly) or Fig. 7(b) (collaterally).
In either case, you, looking at
them equidistantly and broadside
on, are receiving the maximum
from both ; so if there is any gain,
you ought to be getting it. But,
you say, each is fed with only half
the power, so how can there be
any gain? 2x3=1, surely?

This equation, though undoubt-
edly true, misses the point. If the
power is divided equally, the cur-
rentin each is 70.7 percent (1/ v 2)
of what it would be if all put into
one dipole (power is proportional
to current squared!), so the gain
is2x1/v2,0r vz, or 1.414. The
gain of » dipoles, all in phase and
all with the same polarization and
all equidistant from the receiver,
is vn.

The clue to what happens in
other directions is given in Fig.
8(a). Waves start off in phase
from the dipoles, but in directions
in which they have unequal jour-
neys, such as that shown, at an
angle ¢ to the main lobe, they
arrive out of phase. If s sin ¢
happens to be half a wavelength,
as shown, the result in that direc-

FRONT

BACK [o]

REFLECTOR DIRECTOR
(90° LEAD) (90°LAG)

Fig. 9.
radiation. (a)

tion is nil, because the two dipoles
cancel one another out. Obviously,
if the dipoles are placed far apart,
the angle ¢ at which the radiation
is reduced to
zero is (for a
given wave-

‘length) small,
and the main
lobe is corre-
Fig. 10. Showing REFLECT
why the spacing
of a perfect sheet
reflector should be

Method of finding out how to reflect

represents the original

coming from the aerial, and (b) those necessary to
combine with them to produce the desired result.
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narrow.  Unfortun-
ately, at some greater angle
there will be a difference in
journey of a whole wavelength,
making the separate radiations
come into step again and giving a
side lobe as intense as the main
one. The greater s is, the nar-
rower and more numerous are the
lobes (Fig. 8(b)). The details of
these lobes are calculated quite
simply by trigonometry, or more
laboriously by going through the
above phase comparison for every
few degrees. Obviously the whole
polar diagram alters if the wave-
length is changed. Fig. 8(a)
shows collateral dipoles. If they
are made collinear, the side lobes
are progressively reduced by the
factor sin 6 as in Fig. 2, which
helps a bit. But the most effec-
tive way of concentrating radia-
tion into one main lobe is to fill in
the distance s with more dipoles,
until there is only one direction—
at right angles to s—in which the
radiation from all the dipoles is in

spondingly

phase. Or, to be more correct,
two directions — forwards and
backwards.

As it is highly unlikely that
both of these directions will be
wanted at the
same time, one of
them is just a
waste of energy.
The cure is a re-
flector to turn it
back and make
(b) it reinforce the
desired lobe, Fig.
9(a) represents
the instantaneous
ampliture of
waves radiating
both ways from a
dipole o, caught

waves

at the moment
when the field at the aerial
itself is zero and just start-
ing on a negative half-cycle. Be-

low, at (b) is drawn the wave that

quarter of awave-
length.

REFLECTED WAVE
180° QUT OF PHASE
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would have to be superimposed
on (a) to cancel out backward

radiation and _double forward
radiation. There are only a few
possible points for originating

such a wave. The position of the
dipole o, or any other zero point,
is no good, because dipoles can’t
be made to send a negative half-
cycle one way at the same time
as they are sending a positive half
in the opposite direction. Either
position » or d, a quarter wave-
length from o, will do, however,
provided that » radiates quarter of

REFLECTED
WAVES

Parabolic mirror for
pencil-beaming centimetre waves.

Fig. 11.

a cycle (9o°) ahead of o, or d go°
behind. )
The easier one to manage is 7,

because it radiates in approxi-

mately the right phase by induced
current from o, if it is tuned to
it, and need not be fed from any
outside source.

Now there are simple explana-
tions of how this happens, but
I’'m not going to repeat them, be-
cause the situation is really quite
complicated, and it is misleading
to pretend otherwise. For one
thing, » and d (called parasitic
aerials) are subject to both radia-
tion and induction fields, which
are not in phase with one another;
for another thing, » and d react on
0. But it is fairly obvious, and
quite true, to say that the phase
of the parasitic radiation depends
on the spacing, and can also be
adjusted by off-tuning the para-
sitic aerial, making it longer or
shorter than o. In general, » (the
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reflector) should be longer than
0, and d (called a director) should
be shorter; and the best spacing
for most purposes is rather less
than quarter of a wavelength.

In an array of dipoles, a reflect-
ing dipole can be placed behind
each ; but if there are very many
this may be rather tedious, and
it is easier (especially with very
short waves) to put up a con-
tinuous sheet of metal or some
close-mesh wire netting. In
cither case the action is the same :
the reflector has currents induced
in it that cause radiation, which
combines with the original radia-
tion. Taking the ideal case of a
perfectly conducting sheet, if
Nature is to avoid the anomaly of
a p.d. between two points that are
perfectly short-circuited, she must
arrange matters so that the prim-
ary field is cancelled out at the
conducting surface by the second-
ary field, which must therefore be
180 deg. out of phase with the
primary. To bring both these
fields into phase in the radiating
direction, the surface should be
quarter of a wavelength behind
the aerial (Fig. 10). As no sur-
face is a perfect conductor, the
best practical spacing may be
slightly closer. And it is not diffi-
cult to see that the phase relation-
ships are unchanged if one or more
extra half-wavelengths are slipped
in.

An example of a nearly perfect
reflector is the sea, and a rather
less perfect one is the land.
These are not, of course, generally
utilized to reflect a beam vertic-
ally upwards, as might be sug-
gested from the foregoing argu-
ment. Sea and land do at least
help in preventing waste of radia-
tion downwards, and as they are
there anyway whether we like it or
not, it is generally arranged that
the aerial sticks up out of them,
or is placed at such a height above
them that their reflections tilt up
at the desired angle. The be-
haviour is calculated in the same
general way as for spaced aerials,
by combining the two radiations
(direct and reflected in this case)
with regard to relative phase.

You will have gathered that if
a narrow pencil-shaped beam is
wanted, without side lobes to
speak of, it is necessary to use a
very elaborate array of dipeles ip
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two dimensions, as well as a re-
flector behind. An alternative is
to use quite a simple aerial, per-
haps only a single dipole, and de-
velop the reflector so that it not

]
WAVEGUIDE
ORIFICE A
ANGLE
/

Fig. 12.

Cheese aerial for fan-
shaped beam.

only deals with the radiation
directly behind but also with that
going in nearly all directions. To
do this the reflecting surface must
extend around the source to catch
as much of it as possible, which
means that it must be much
bigger than the source and there-
fore at least several wavelengths
in diameter. So it wouldn’t be
wise to attempt it on wavelengths
of many metres. In fact, this
technique is confined mainly to
centimetre waves. The surface
must also be everywhere at the
correct angle to form the beam,
and to make the radiation in the
beam everywhere in phase. The
answer is the well-known para-
bolic mirror, as shown in Fig. 11
(which gives a clue to the geo-
metrical construction). Nearly
all the direct radiation from the
aerial on the side away from the
mirror is not in the beam and
would spoil the plan if it were not
prevented by a reflector dipole or
other means of making all the
aerial output go into the mirror.

For many radar purposes a fan
is more useful than a pencil. Fig.
11 is all right as the narrow cross-
section of a fan, but in the plane
at right angles to this the radia-
tion is required to spread out
more. So instead of extending
the reflector into a bowl, it is
more or less just a bent strip. To
give some degree of beaming, the
top and bottom of this parabolic
strip are closed in by flat plates,
giving the ‘‘cheese’’ aerial (Fig.
12). A typical cheese gives a
beam width of nearly 40 deg in
the vertical plane and only 2 deg
in the horizontal. It is usually
fed from a waveguide; but the
working of the cheese is, I fear,
another story.
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MARINE LOUDSPEAKING GEAR

Some Details of the Ardente “Lloud Hailer"
By P. HICKSON (Ardente Acoustic Laboratories)

URING the latter part of
1938 and the beginning of
1939 the Admiralty were
considering the use of loudspeaking
equipment for inter-ship com-
munication, and a considerable
amount of development and
experimental work was under-
taken, culminating in the produc-
tion of a robust, long-range
‘compact loudspeaking set for
marine use, which underwent
Admiralty trials towards the end
of 1939.

It was necessary for the
amplifier to be independent of
ship’s mains, so that voice com-
mands could still be given when
the ship’s power supply had
failed due to enemy action or
other causes. The amplifier
was, therefore, designed to operate
entirely from a 12-V accumulator,
which could be kept charged
from the ship’s A.C. or D.C.
mains, by means of a simple
charging unit.

Owing to the high electro-
acoustic efficiency of the loud-
speaker system used, the audio

Ardente
“Loud Hail-

er'’ Type431

with associa-

ted equip-
meant.

output of the amplifier required
did not exceed 15 watts, and it
was therefore possible to keep the
physical dimensions of the ampli-
fier—an important consideration
in small vessels—down to the
minimum, the size of the amplifier
being 13}in X 6in x 8%in, while
the weight is 23 1b.

A circuit diagram of the ampli-
fier is shown in Fig. 1. The
frequency response is flat within

3} db from 300 to 10,000 cycles.
In the lower end of the response
attenuation was purposely intro-
duced so as to match the require-
ments of the loudspeaker unit
and horn characteristics, to "pro-
vide maximum in-
telligibility at speech
frequencies over long
distances. The attenua-
tionin the bass is minus
3 db at 100 cyles, and

minus 8 db at 350
cycles. Only two types
of wvalves are used,

known by their naval
numbers of NR73 and
NR77, which are very
similar to the standard U.S. types
6N7G and 61.6G. The high-tension
supply is provided by a small motor
generator giving an output of
320 V.

It will be seen from the circuit
diagram that part of the high
voltage supply is filtered through
a resistance and condenser circuit
to the primary of the microphone
transformer. This provides the
energising current for the trans
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Fig. 1. Circuit diagram of Type &f 200 8uf
615 amplifier used with the 2V -/ REERY — —4-
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verse current carbon microphone,
A microphone of this type was
chosen in preference to a ribbon,
moving coil or crystal type, on
account of its robustness, absence
of magnetic parts that might be
liable to affect the ship’s compasses
and by virtue of its design,
waterproof even to the extent
of contimrous immersion. This
type of microphone also enabled
the physical dimensions of the
outer case to be made so that the
microphone could be comfort-
ably held in a gloved hand. A
thumb-operated remote control
switch on the microphone case
controls the relay on the amplifier,
which starts up
the high voltage

generator,  This
means that the
Ccurrent drawn from the accumu-
lator is only that required by the
heaters of the tubes, except while
actually speaking.

The loudspeaker, being the
item of the equipment having the
largest physical dimensions and
the one most likely to be exposed
to the weather for prolonged
periods, received the most import-

ant design considerations, A re-
entrant folded horn was con-
sidered essential for the loud-

speaker, because the windage on
an ordinary trumpet-type pro-
jector would have been excessive,
and the space taken up by a long
horn could not be afforded. In
order to concentrate as much of
* the available power output as
possible into a narrow beam, so
as to get the maximum range, a
horn development of abnor al
cheracteristics was required, the
actual development of the horn
being shown in Fig. 2. This
shape, together with the loud-
speaker unit fitted, provides an
intense speech beam, approxi-
mately 100 yards wide at § mile
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distance, with the
response peaking
at 3,000 cycles. A
further small peak
occurs at 300
cycles.

The electro -
acoustic efficiency
is approximately
40 per cent., so
that a good
proportion of the
amplifier power of
15 watts is con-
verted into
acoustic  power.
The speech beam
is such that a
sighting device
was necessary, in
order to ensure
reliable reception
by the ship being
spoken to, and

!

Fig. 2. An unusual type of horn

development was adopted in order

to obtain concentration of sound
in a beam.

a simple form of fore and rear
sight is fitted to the top of the

loudspeaker horn, the rear sight |

folding out of the way when not
required. On a more recent form

the

R.N. Commandos

Ardente equipment. The ordinary

megaphone is, of course, used
for short-range work.

using

*

Naval Beach Party operating the ‘‘Loud Hailer *’
for the direction of beach traffic during the North

African campaign.

of loudspeaker a tube sight is
fitted instead. The loudspeaker
horn is mounted on a bracket and
mounting sleeve, which enables
the speaker to be mounted on the
fitting normally provided for a
searchlight projector on the bridge.
Hand wheels allow for directional
and elevational adjustment. The
equipment is completed with the
necessary accumulator, box of
spare parts and instruction book-
let. .

The loudspeaker unit is of thé

permanent magnet type, wusing
““Alnico” or “ Ticonal ™ high
flux-density magnets. The orig-

inal type of diaphragm was of
pulp-acetate construction with an
aluminium speech coil, but the
mortality rate of this was rather
high in view of the hygroscopic
qualities of the diaphragm and the
behaviour of the aluminium speech
coil under extremes of tempera-
ture. A later type of diaphragm
of “ Dural ”’ construction, with a
copper speech coil, reduced the
frequency of diaphragm replace-
ments.

Much of the work on the de-
velopment of the loudspeaker
horn was done by Wm. H. Bebby
and the design of the loudspeaker
unit was undertaken by I.. W.
Murkham, of Reslo.

During the war years, from
1939 to 1945, over twenty thou-
sand Ardente ‘“Loud Hailers ”
have seen service in all theatres
of war, and in practically every
imaginable application.
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THE OUTPUT STAGE

Effect of Matching on Frequency Response

By A. W.STANLEY

HIS article has been written
in an attempt to clarify the
mechanism of operation of

moving-coil loudspeakers and the
effects of mismatching on fre-
quency response. The audible
difference in quality of reproduc-
tion of a loudspeaker when driven
by correctly-matched triode and
pentode valves is well known and
is quantitatively investigated. It
is also well known that the
acoustic power given by a loud-
speaker is dependent on the turns
ratio of the matching transformer.
It will be shown here that the
frequency response, too, depends
to an extent on the impedance of
the driving source—and con-
sequently on the turns ratio of
the output transformer. Experi-
mental confirmation of this point
is provided by a set of loudspeaker
response curves, taken for different
values of generator impedance,

SPEECH COIL IMPEDANY (0HMS)

| 7 T< - .;'ll
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L

FREQUENCY IN CYCLES PER SECOND

PHASE ANGLE (DEGREES)

5,000
10,000

Fig. 1. Variation with frequency
of moving-coil impedance (a) and
phase angle (b).

kindly supplied by Messrs. Good-
mans Industries, Ltd.

A moving-coil loudspeaker is
not a purely resistive device at
all frequencies although it is a
better approximation to that ideal

than other types: the exact
nature of the impedance of a
typical moving-coil loudspeaker of
2 ohms nominal impedance is
illustrated in the curves of
Fig. 1 (a) and 1(b), reproduced
from a previous article.* These
curves show the variation with
frequency of the impedance, Z,
and the phase angle, 8, between
applied voltage and current. It
will be more convenient in this

oI T A

{ | |
IOI* e -t «{
| + (3)
HitT——

RESISTANCE R (=2 05 8) IN onms

REACTANCE X (=2 SIK 8) IN onms
o
o

Variation of resistance
(a) and reactance (b) of a moving-

Fig. 2.
coil loudspeaker of 2 ohms
nominal impedance.

article to know how the reactance,
X, and the resistance, IR, of this
particular loudspeaker vary with
frequency. It is a simple matter
to calculate these from the
formulae X =Z sin 8 and R
= Z cos 0 and the results are given
in Figs. 2 (a) and 2 (b). These
curves are interesting: notice
the considerable increase in resist-
ance at the bass resonant fre-
quency (70 c/s for this speaker)
and also the fact that the imped-
ance is capacitive between 7o c/s
and 400 c/s.

Let us now consider the equiva-
lent circuit of the output stage
of an A.F. amplifier given in

* ‘“Negative Feedback and the Loud-
speaker ™ : Wireless World, Dec., 1944.

Fig. 3. Here the output trans-
former has been omitted (this is
equivalent to assuming that it is
perfect) and the anode A.C.
resistance and equivalent gene-
rator voltage of the output vafe

Fig. 3.

loudspeaker and output stage.

The output transformer has been
omitted.

Equivalent circuit of

have been given the values they
have effectively at the secondary
of the output transformer. First
we shall assume that the trans-
ferred A.C. resistance r, (ic.,
R, divided by the square of the
turns ratio of the output trans-
former) is 1 ohm, half the imped-
ance of the loudspeaker at 400 c/s,
this being the usual triode match-
ing condition. TFor convenience
of calculation let the gencrator
have a voltage of 1 volt. Then
at any frequency the current in
the circuit is given by :—
I
(ra + R) +5X
I

(rg + Z cos 8) + jZ sin @
As shown in Figs. 2 (a) and 2 (b)
both X and R equal 3 ohms at
2,000 ¢/s, so that the current in
the circuit of TFig. 3, at this
frequency, is given by :(—

I= I, =£=o.2amp.

4+7J3 5
The total power dissipated in the
loudspeaker at this frequency is
then

12R = 0.2 X 3 = 0.12 watt.

The power delivered to the loud-
speaker by the output valve can
similarly be calculated at other
frequencies and the results of so
doing are given in curve (a) in
I'ig. 4. The power varies con-
siderably with frequency, the
greatest change being from o.245
watt at 150 c/s to 0.04 watt at
10,000 C/s.
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POWER IN WATTS

T

FREQUENCY IN CYCLES PER SECONO

Fig. 4. Curve (a) shows the varia-

tion of power with frequency where

Z,0o = 2v,. The heat loss is shown

at (b), and (c) gives difference be-
tween (a) and (b).

It is instructive to calculate
how much of this power is lost
in the form of heat in the speech
coil. In order to calculate this
we need to know the D.C. resist-
ance of the speech coil. We shall
not be far wrong if we assume this
to be 1.5 ohms in the case of the
loudspeaker, the characteristics
of which were given in Fig. 1.
We know that the current in the
circuit of Fig. 3 is 0.2 amp at
2,000 c/s so that the power wasted
in the speech coil at this frequency
in the form of heat is given by :—

12Rpg=0.2% X 1.5=0.06 watt.
Curve (b) in Fig. 4 shows how
this power varies over the audio-
frequency range. By subtracting
the ordinates of curve (b) from
those of curve (a) we obtain the
curve (c) which represents the
power which is converted by the.
loudspeaker into useful sound
output, together with that which
is used up in overcoming the
various frictional resistances which
are called into play the moment
the diaphragm moves. This curve
is remarkably level. Unfortun-
ately we cannot deduce from this
that the radiated sound power of
this loudspeaker is therefore
approximately constant and in-
dependent of frequency, since we
do not know what fraction of this
power disappears in overcoming
friction. In some poor loud-
speakers most of the power sup-
plied by the output valve dis-
appears in this way at the very
high audio-frequencies, with the
result that such loudspeakers are
very deficient in “ top.” Indeed,
if we did know exactly what
fraction of the power supplied was
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useful, it would be a simple
matter to deduce the response
curve of the loudspeaker from
curve (c)*. Curves (a), (b) and
(c) were calculated on the assump-
tion that the output transformer
is perfect. A poor component will
give a loss in ““ top "’ due to the
presence of leakage inductance
and also a loss in bass response
if the primary inductance is
inadequate.

One of the fortunate features
n the operation of loudspeakers
driven from low-impedance
sources, apart from the better
damping they provide compared
with high impedance sources, is
that at the bass resonant frequency
and at high audio frequencies
where the increasing impedance
of the loudspeaker tends to cause
a fall in current and hence in the
power supplied to the loudspeaker,
the loss in the form of heat also

2 ONMS
AT 400 c/s

POWER IN WATTS

FREQUENCY IN CYCLES PER SECONO

Fig. 5. Repeat of Fig. 4 using the
pentode matching condition, i.e.,
Zygo =2

400 =g+

decreases and so tends to keep the
sound output of the loudspeaker
approximately constant.

A repeat of the above calcula-
tions for a pentode output valve,
without negative feedback, gives
the curves of F¥ig. 5, which
correspond with those of Fig. 4.
The circuit used in the calculations
is also given in Fig. 5. The
effective internal resistance of the
valve was assumed to Dbe five
times the impedance of the loud-
speaker at 4oocfs, a typical
output pentode matching con-
dition. Although we have specified
that Yig. 4 applies to the triode
case and Fig. 5 to the pentode
case, it should be realised that it

* The directivity of the loudspeaker, i.e., th
fact that it focuses high notes into an axia

beam, would introduce complications into the
calculation, of course.
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is only the ratio of valve internal
resistance to speaker impedance
which is different. Fig. 4 will
also apply to a pentode if Z.,
= 2r, and Fig. 5 to a triode if

Zoo 7159. Although we shall

refer, in the subsequent text, to
triode and pentode matching con-
ditions we mean by these phrases
the conditions where Zgo = 27,

and Zgg = :'—“ respectively. Com-

parison of Figs. 4 and 5 shows
very convincingly the pronounced
increase in output power at the
bass resonant frequency and at
high audio-frequencies given by a
pentode valve in comparison with
a triode. With a high effective
driving source impedance the
current in the circuit does not fall
to anything like the same cxtent
at the bass resonant frequency and
at the high audio frequencies
as for low-impedance sources.
Hence the increased power at these
frequencies.

Examination of I'igs. 4 and 5
will show that in cach case the
ordinates of curve (c) are the same
fraction of the corresponding
ordinates of curve (a). At 7oc/s,
for example, this fraction is
approximately 0.9. The value of
this fraction is clearly some in-
dication of the efficiency of the

loudspeaker. It is, in fact, equal
to power used in overcoming
frictional resistance to motion

plus power radiated as sound
divided by total power supplied
to loudspeaker. That is total
power supplied minus power dis-
sipated as heat in speech coil

LT lji,‘, T TITm
2 soHffH— HHH !
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FREQUENCY (B CYCLES PER SECOND

e

Fig. 6. Curve showing depend-
ence of R_TRDO (representing

maximum possible efficiency) on
frequency for the loudspeaker of
Fig. 1.

divided by total power supplied
12R — 12Rpg
' 2R
where I is the R.M.S. value of
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alternating current in the circuit
of Fig. 3.
R — Rpe
R
The value of this expression for the
particular loudspeaker we have
been considering throughout has
been plotted as a percentage
against frequency in I'ig. 6. In
this Rpo was assumed to be
1.5 0hms. The values of the
ordinates in Fig. 6 may be regarded
as indications of the maximum
possible efficiency (i.e., the maxi-
mum value of
100 X acoustic output
Electrical input
for the loudspeaker in question).
It is interesting to note that at the
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The same result is obtained if one
considers the curves labelled (c)
instead of those labelled (a) at
these same two frequencies. The
bass emphasis given by the
pentode at the bass resonant
frequency can also be estimated in
this way. Considering the power
at 70 ¢/s and 400 ¢/s from curve (c)
in Figs. 4 and 5, we can see that
the pentode gives

0.022  0.042

10 log,, = 8 db.

0.002  0.062
more output than the triode at
70 c/s than at 400 c/s. Hence
the ratio of the response at
10,000 ¢/s and 7oc¢/s to that at
400 ¢/s depends on the value of the
impedance of the driving source,
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of internal impedance equal to
the impedance of the loudspeaker
at goo tfs, The ** top lift *’ given
by the constant-current generator
compared with the constant-
voltage generator is scen to be
about 14 db at 10,000 ¢/s and the
bass lift is about 20 db at go ¢/s.
These results, as one would expect,
are somewhat greater than those
deduced earlier for the triode and
pentode cases.

From what has been said it is
clear that the response curve of
a loudspeaker has no very great
meaning unless the effective value
of the impedance of the driving
source is stated. If a manu-
facturer takes the response curves

—)Sl

e e e T e T ] =

= S Qo 2 0 oy l I[I EREN i s i1 e e

€ w0 — I e o4 N5 ARkt I : S i
S = ./ A i =4 I ! [ un ala dug i
2 O HHEH e { BEA T Ew

- == e ' T~ il fr £ B0 I

% e -45 85 [ ‘l B, 1,< | | | 111 “. | i h ] | 3 s } | '

[ I “+1 t 1 1 $ 1 1

5 Hg AL H DL Aeirl 1 LA vy -

52 i HI® SSImES HH | ;l&'\' “-L‘T‘H’"J ! "j,;*f;?‘:j"‘ﬂ‘.\& };";, i
i = s ] _,.,5{' ‘: TR %ﬂ- FEaR e Ratns E 3t "%B‘; 7

° I D = ' I (9.1 : 11 1 88 0 ) 19 \bA .
N EE s B LR YT TR LT G A Y =
W — 0T e = : 54 o z . 7 t VR VL =]
= A K{c e == 1 TR 2y mmEa T RE L = S h sl AVE S T
= _ B = HhEuih e e rlimae e ama LAY 1("‘ & P
g U H -t Ft ”4': i':; D ESEEEES IS SRR kI BRI EE

_, EE S| B HH H: St M HE
R g g 8 g
= o

FREQUENCY IN CYCLES PER SECOND

Fig. 7. Response curves for the same loudspeaker ; {a) under constant-current conditions, (b) when Z,o, = r, and (c)

for constant-voltage output.

bass resonant frequency
cfficiency can be as much as
9o per cent whereas at 400 c/s it
cannot exceed 20 per cent. At
100 c/s it cannot exceed about
6 per cent.

From the curves of Fig. 4 we
can see that the total power
delivered to the loudspeaker in
the triode case is 0.208 watt at
400 c/s falling to o.034 watt at
10,000 ¢/s. In the pentode case,
however (see Fig. 5) the total
power is 0.013 watt at 400 ¢/s and
0.017 watt at 10,000 c¢/s. This
gives the acoustic superiority of
the pentode as regards “ top ”
compared with a triode as being

.01 .208
Iologm00 7 220° 8.3 db.
0.013 = 0.04
(i.e. the power at 10,000 c/s

compared with that at 4oo ¢/s).

the

being greater for high impedance
sources than for low ones. The
greatest difference possible, there-
fore, is between the response given
by a source of zero impedance,
ie., a constant-\'oltagc generator
and one of infinite impedance,
i.e., a constant-current generator.

To illustrate this the curves of
I'ig. 7 'have been prepared by
Messrs,  Goodmans  Industries,
Litd., by whose permission they
are reproduced here. The author
would like to express his thanks
to this firm for their help in this
matter. They show three response
curves of the same loudspeaker,
all made level at 4o00c¢/s, one
taken  under constant-current
conditions, a second for constant-
voltage output and the third with
the loudspeaker fed from a source

(By courtesy of Messrs. Goodmans Industries, Ltd.)

of a certain loudspeaker under
constant-current  eonditions, a
purchaser driving the loudspeaker
from a low-impedance output
triode or from a pentode with
considerable negative voltage-feed-
back will probably lose at least
10 db, and probably more, of the
extreme ** top " indicated by the
curve,

The same remark applies to the
sound output at the bass resonant
frequency. 1t may, of course, be
argued that the acoustics of the
room in which the loudspeaker is
placed may make a bigger aural
efiect than this, but it is as well
to know precisely what the loud
speaker is doing. In order to
realize in practice the exact
response curve published by the
manufacturers, one must use the
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same driving source impedance as
they did in taking the curve—or
alternatively one could use a
different output impedance and
some sort of tone control systent.
To show the effect of output
mpedance on the response of a
loudspeaker, Iig. 8 has

Wireless World

former used is perfect, and there-
forc has no leakage inductance.
In practice the existence of leakage
inductance may modify the shape
of some of the curves which have
been deduced. Normally leakage
inductance causes a loss of high

bzen prepared. It shows
the “lift”’ at 10,000 ¢/s and
70 ¢/s (compared with the
output at 400 c/s) relative

Fig. 8. Curves showing the
output at 70 ¢/s and 10,000 ¢/s
in terms of that at 400 ¢/s of
the loudspeaker of Fig. 1 over
that given by a constant-

voltage generator, as a func- °Lr—

tion of the ratio of 7, to Z 4.

to the response given byaconstant-
voltage generator for the loud-
speaker of I'ig. 1 as a function of
Ya
Zyoo
matching conditions are indicated
here and it is seen that the
difference between them is 8 db,
as deduced ecarlier. The greatest
deviation is 15db which agrees
well with Tig. 7 even though the
two figures apply to different
loudspeakers. Most of the curves
in this article may be applied to
any conventional moving - coil
londspeaker with little error, for
their impedance—frequency curves,
from which this work was deduced,
are of much the same shape. It
should not be forgotten, however,
that we have assumed throughout
this article that the output trans-

The pentode and triode

RELATIVE RESPONSE (db)

i _l_llo..__s.lul L4 I

TURNS RATIO OF OUTPUT TRANSFORMER

Fig. 9. Curve showing output at
70 ¢/s and 10,000 c/s in terms of
that at 400 c/s of the loudspeaker
of Fig. 1 as a function of the out-
put transformer ratio. Unity
turns ratio corresponds to the
triode matching condition, in
which Z,y9 = 27,.

RELATIVE RESPONSE (db)
o =
T
| |

T LT T LHE

AR |
b 10

VAL OF -
0

notes but if a capacitance is
connected across the primary
winding of the transformer it may
resonate with this and give “ top
lift.” In Fig. 9, Fig. 8 has been
modified to illustrate the effect of
altering the turns ratio of an
output transformer on the fre-
quency response of a loudspeaker.
The curve illustrates the deviation
from the response given by the
triode matching condition. By
doubling the turns ratio we lose
2 db (practically undetectable by
ear) at 70 ¢/s and 10,000 ¢/s. By
halving the turns ratio, equivalent
to quadrupling the impedance of
the driving source, we gain 5db
at 70 ¢/s and 10,000 c/s.

TRANSMITTER RELAYS

HE judicious use of relays can

make a profound difference in
the ease of operating an amateur
transmitting station. ~With the in-
troduction by Londex of an aerial
change-over relay, designed especi-
ally for V.H.F. work, one of the
most difficult functions can now be
attempted without fear of loss in
efficiency.

The model most suitable for ama-
teur use is the AECOy4, which will
handle up to 4 amps of R.F., and
has its contacts mounted on poly-
styrenc insulation.

No measurable loss in output
could be determined when one of
these relays was fitted to a five-
metre transmitter, which hitherto
fed ipto a separate aerial. By the
inclusion of the relay one aerial can
be made to serve for both transmis-
sion and reception; moreover,
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switching can be effected at any con-
venient distance from the operating
position.

The ALECO4 relay has heavy con-
tacts of pure silver, those for the
transmitter switching being larger
than for the receiver, which is as it
should be. It operates with 3 watts,
nominal, input and can be obtained
for either A.C. or D.C. supplies at
any voltage. The model tested was
wound for 12 volts D.C. and con-
sumed just over 120 mA. The con-
tact carrier arm is so mounted that
perfectly even pressure is applied to
both pairs of contacts.

Mounted on a bakelite baseplate,
the AECO4 relay measures 3in X
3in X 1gin overall and costs
£2 178 6d.

A small keying relay, the Type
ML, tested on the same transmitter,
gave an equally satisfactory per-
formance, making clearcut morse
characters without the slightest
signs of chatter. In unmounted

Londex type AECO4 aerial change-
over relay.

form it measures 2in X 13in X 13in,
and with one pair of contacts costs
18s.

The makers are Londex, Ltd..
207, Anerley Road, London, S.E.2o0.

MANUFACTURERS’ LITERATURE

HANDBOOK of photo-electric cells
and multipliers, with technical in-
tormation on their wse. Cinema Tele-
vision, Ltd., Worsley Bridge Road,
Lower Sydenham, London, S.E.26.

Pamphlets giving technical details of
the electronic voltmeter, cathode-ray
oscillograph and quartz frequency sub-
standard made by Radio-Aid, Ltd., 29,
Market Street, Watford, Herts.

List of television aerial downleads
from Aerialite, Ltd., Castle Works,
Stalybridge, Cheshire.

O’ Neil-Trwin  Mfg. Co., Minneapolis
15, Minnesota, U.S.A.—Booklet describ-
ing a system of die-less duplicating of
mechanical parts by means of “ Di-
acro”’ benders, shears, etc.
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DECCA NAVIGATOR STATIONS

Wireless World

Details of the Transmitter Chain

By M. G. SCROGGIE, B.sc., AMIEE.

HE operation of Decca Navi-
gators at sea and in the air,
described in the March,

1946, issue, depends upon a con-
stant service from a ‘“chain’’ of
fixed transmitters. Their duty
is to maintain, over the whole
surrounding service area, a phase
pattern that is stationary and
permanent. Failure in either of
these respects might have serious
results for any craft relying on the
Navigator for guidance. After
examining the details of the
system, however, only an extreme
sceptic could find any ground for
misgivings. .

First as regards fixity of the
phase pattern. Two trains of
continuous waves cannot, of
course, maintain a fixed phase
relationship with one another
unless they are of exactly the
same frequency. And if they

hase  comparison
P

tracting the
monics.

are of the same frequency
they cannot be separately
received by radio for purposes
of phase comparison. This
A(MaSTER) Sicnay \t/
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dilemima, it may be remembered,
is overcome by transmitting on
two exact submultiples, say one-
third and one-quarter of the

phase corrector of any responsi-
bility for keeping the trans-
mitter frequency in step, thus
cnabling it to concentrate on

frequency,
which is reconstituted from them
in the Navigator receivers by ex-
appropriate har-
If the phase difference
between them is constant and cor-
rect at any one geographical posi-
tion it must (apart from irregu-
larities in wave propagation) be
constant and correct everywhere
else. Al that is needed, then, is
to install a Decca Navigator re-
ceiver or its equivalent at some
fixed point and arrange that its
phase discriminator output vol-
tage controls the phase of one of
the two transmissions, pulling it
back if it tends to stray, in essen-
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Fig. 2. Aerial, consisting of
self-supporting:325-ft tower
insulated from the ground.
The efficiency of the tower
as a radiator is improved by
aerial wires strung from the
horizontal booms, The hut
at the foot of the tower
contains the coupling trans-
former.

(Left) Fig. 3. Two of the
three transmitters at the Decca
Slave Station near Lewes.

holding the phase within the ex-
tremely narrow limit of 1/200th
part of a cycle (only 0.015 usec n,
the drive for one transmitter in
each pair (the Slave) is obtained
from the other (the Master) by
frequency  multiplication and
division. The Master, station
A, is crystal controlled, and
in the British chain radiates
at 85 kc/s. Its signal is picked
up at the Slave station on

s £
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a small vertical aerial and fed,
via a filter to reject the relatively
very strong Slave signal, into an
amplifier (sce Fig. 1), the fre-
quency of whose output is
divided by three and then
doubled twice to give a 113.3-kc/s
drive for the Slave transmitter.

Although the correct frequency
ratio is thereby automatically en-
sured, the phase relationship of
the Slave’s third harmonic to the
Master’s fourth harmonic (both
340 kc/s) would be quite random
and liable to fluctuate unless it
‘were controlled. The dotted line
in Fig. 1 encloses the phase lock
unit, the left-hand portion of
which is similar to a two-channel
section of a Navigator receiver.
To onc amplifier is fed the 8s-
kc/s Master signal, and to the
other the 113.3-kc/s Slave signal
picked up by a small loop close
to the transmitting aerial lead.
The 340-kc/s harmonics are ex-
tracted from both and passed into
the phase discriminator, the
D.C. output from which actuates
not only the usual ‘‘ Decometer’’
indicator, but also an electronic
phase control in the drive fre-
quency multiplier chain,

The phase of the A amplifier
output is adjusted so that when
the space phase pattern is correct
and in agreement with the Decca
charts the discriminator output is
zero. The amplifiers themselves
are periodically checked for rela-
tive phase shift by means of a
reference oscillator having har-
monics on both A and B frequen-
cies, in the same way as in the
Navigator receivers. A manual
transmitter phase control is pro-

Fig. 5. ¢ Decometer’’
indicators of Decca
Navigator ~ for use
with 4-station chain.
On the right is an
exploded view of the
Decometer.
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vided for initially setting the
automatic phase control at the
centre of its working range, where
the phase error is nil and the
locking most effective. It is re-
adjusted if ever there is any long-
term phase drift in either direc-
tion, indicated by a reading on
the discriminator output volt-
meter. The phase-lock unit, in-
stalled in duplicate in a screened
cabin, is in Fig. 4.

As a further check on the cor-
rectness of the phase pattern, a

remote monitor
receiver is sited
roughly mid-
way  between
the two sta-
tions. An error
in the indica-
tor reading
shown there is
notified to the
Slave  station.

oLEEDS

@MAKCHESTER

HORWItHg YARMOUTH
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SN oventay Q/' B j At present it is
DXQPUQ:"BRID(.(:/Q&’ .\»’ done verbally,
p LE*eA oy but the inten-
(% (resrisle tion is to make
. S W%lsm o ‘-%;,y’q‘ this remote con-
o - GREEN  ooverg)! tl’O]‘ fully auto-

| sy matic.

The other
essential of the
service is con-

Fig. 6. Situations
of the four
stations forming
l the Decca South
England chain.

Fig. 4. Phase-lock units in duplicate.

tinuity. Fortunately literal con-
tinuity is not needed, as the
characteristics of the Naviga-
tor are such that breaks of the
order of one second can be toler-
ated. It is this feature that
renders the system so remarkably
immune from relatively strong
‘““noise’”” and other impulsive
types of interference. At ecach
station there are three complete
transmiters (Fig. 3). O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>