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4é-range M;::l‘eAI 7
Universal AvoMeter

The Model 7 TUniversal Avolleter
(illustrated) is a compact combination
electrical measuring instrument of
B.S. 1st Grade accuracy. Its 46 ranges
cover A.C. and D.C. amperes and
volts, resistance, capacity, audio-
frequency power output and decibels.
No external shunts or series resistances.
Protected by automatic cut-out against
damage through overload.

Some delay in delivery of Trade Orders is
inevitable, but we shall continue to do our
best to fulfil your requirments as promptly
as possible.

Sole Proprietors and Manu acturers :
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Regd. Trade Mark
MEANS. ACCURAC

he world-wide use of “AVO” Instruments is

slﬁking testimony to their outslahding versalility,k

-precision and reliability. In every sphere of

electrical test work—Ilaboratory, shop or out on
a job—they are appfeciated for their dependahle
accuracy, which is often used as a standard by
which other instruments are judged. There is an
“AVO?” Instrument for every essential electrical

test.

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD., Winder House, Douglas Street, London, S.W.1

A

Telephone : VICtoria 3404/7
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Wsetul Christmas Gift Suggestions

ELECTRIC IRONS, BEST QUALITY,
HEAVILY PLATED, WITH LEAD AND
CONNECTOR, 200/250 volts A.C./D.C.,
32/6, including tax.

ELECTRIC KETTLES, IMMERSION HEATER
TYPE, WITH LEAD AND CONNECTOR
(VITREOUS ENAMEL FINISH), 230/250 volts
A.C./D.C., 39/6, including tax.

ELECTRIC TOASTERS, NICKEL-PLATED,
WITH LEAD AND ADAPTOR, 30/9, in-
cluding tax. R

SMALL ELECTRIC BREAKFAST COOKER
WITH DUAL BOILER, SWITCH, IMITATION
VITREQUS ENAMEL FiNISH, SUPPLIED
WITH LEAD, 200/250 voits A.C./D.C,,
£2/2/-, including tax.

« UTILITY ” ELECTRIC FIRE (750-watt
low consumption), SUPPLIED IN ATTRAC-
TIVE CRACKLE FINISH WITH LEAD,
200/250 volts, £1/2/6, inciuding tax.

DE LUXE | kW. ELECTRIC FIRE, VERY
ATTRACTIVE DESIGN, ENAMEL FINISH IN
PASTEL SHADES, SUPPLIED WITH LEAD,
27/6, including tax.

ELECTRIC SOLDERING IRONS, 60-
WATT, WITH FLEX, 200/250 »olts A.C./D.C,,
CHROME-PLATED, BEST QUALITY, 12/,
tax free.

LOUDSPEAKER TRANSFORMERS
Limited Quantity Available.

HEAVY. DUTY PENTODE, 7/« each,
MIDGET PENTODE, 5/- each.

Please Note.—All orders C.0.D. or Cash
with order, carriage paid. We cannot hold
ourselves responsible for goods damaged or
fost in transit.

SPECIAL OFFER!
MODEL AEROPLANE KITS

Flying Models
AUTHENTIC AIRCRAFT

3 SIZES, LATEST TYPE
BOMBERS, FIGHTERS, Etc.

16” WING SPAN .. 1/9

24, » .. BI6

300, o .. 12/6
TAX FREE

Supplied complete with diagram, glue, dope,

wood frame, etc, etc. All you need is a razor
blade, pair of scissors and nimble fingers.

A FASCINATING AND
INSTRUCTIVE HOBBY.

AN IDEAL XMAS GIFT

State Model required. This, however, cannot be
guaranteed.

ROLA P.M. LOUDSPEAKERS :

With Without °
Transformer Transformer
6lin. ... 19/6 14/9
8in. ... ... 24)9 18/9
ONLY A FEW LEFT
SPECIAL LINE
PRE-WAR STOCK OF HAND -MADE

WROUGHT IRON ELECTRIC FIRES (Callers
Only). |

CHROME-PLATED ELECTRIC BELLS,
WITH TRANSFORMER, A.C. 200/250 Volts,
SUPPLIED WITH -INSTRUCTIONS FOR
FITTING, 15/6, tax free.

YWORTH DQUBLE
(Do away with that old *‘ Le ’clanche ”’ cell
or dry battery and fit a reliable door bell.)

REPLACEMENTS. —~IMMERSION
HEATER ELEMENTS FOR ELECTRIC
'KETTLES, FIT MOST MAKES. (State voltage.)
22/6 each,

FIRE BARS WITH ELEMENT, FLAT TYPE,
200/250 volt: 750 W., 3/9 each; 1 kW.
49 each.

ROUND TYPE BAR WITH SPIRAL, 200/250
volt : 750 W., 3/9 each.

THERMOSTATICALLY CONTROLLED
ELECTRIC. GEYSERS, I} Gallon, WITH
ALL FTTINGS, 200/250 volt A.C. AS NEW,
FROM STOCK OF A FAMOUS MANU-
FACTURER, - £6/19/~ each,

If you need hot water in a hurry an electric
geyser is indisPensable. It is very economical,
too.

»

H. H. LINTON & CO. LTD. 2, Highgate High Street, N.6. Mountview 943
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PRECISION RADIO PRODUCTS

| T is in the interests of the cause for which the

Allies are fighting that we cannot continue to
supply you with Mallory precision ‘radio pro-
ducts unless you' possess the necessary Import
Licences and Priorities. Mallory activities extend
far beyond the manufacture of radio parts and our
plant is busily engaged on work of National
importance. .Much of your service equipment is
Mallory equipped and when conditions permit you
can rest assured that we shall once again be ready
to supply you with — C

MALLORY VIBRATORS AND VIBRAPACKS,

MALLORY SEALED STRATOSPHERE

VIBRATORS.
MALLORY WAVE CHANGE AND CIRCUIT

SWITCHES.
MALLORY F.P. ELECTROLYTIC
CONDENSERS.

. MALLORY TUBULAR AND PAPER
CONDENSERS. '

MALLORY GRID BIAS CELLS, PLUGS,
JACKS AND OTHER PRECISION RADIO
PARTS.

* Register your name with our Representative now. He will
forward you information on our products as soon as they
become available.

P. R. MALLORY & CO. INC.
INDIANAPOLIS, INDIANA, U.S.A.
Represented exclusively in Gt, Britain by
FRANK HEAVER LTD., Kingsley ‘Rd., Bideford, N. Devon, Eng.
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- Mazla Octals SP41, 12/10 ; VP41, 12/10 ; HL41, 9/3 ; HL4IDD, 11/7 ;

VALVES

AMERICAN AND INTERNATIONAL OCTALS.
per last month’s advert.

B.V.A. YALVES. Mullard numbers generally quoted, but we may send
B.V.A. equivalents;, Prices quoted.are ‘current B.V.A., plus purchase tax.
BATTERY TYPES. VP2, 11/-; SP2, 11/-; DPMI2M, 11/~ ; FC24, 12/10;
TDD24, 9/2 ; PM22A, 11/- ; PM22D, 11/~ ; QP22B, 15/3 ; PM24, T/4 3
PM202, 12/4 ; PM2, 7T/& ; PM2DX, 5/6 ; PM2BA, 12/10 ; PM2ZHL, 5/6 ;
Mazda Specials HL23, 5/6 ; Pen 25, 11/~

A.C. MAINS TYPES. TH4A, 14/- ; FC4, 14/- ; ACTP, 14/- ; TDD4, 9/2 ;
VP4B, 12/T0; VP4, 12/10; 354V, 9/2 ; PM24A, 18/3 ; FW4500, 18/3 ;

Most types available as

TH41, 14/- ; Pen 45, 12/10 ; UUS6, 11/~ ; Mullard E Types, ECH3, 14/- ;
EK2, 14/- ; EFS, 12/10; EF9, 12/10; EBC3, 11/7; EL2, 14/-; EL32,
14/« ; AZ1, 11/~ 3 EL3, 12/10 ; EBLI, 15/3; )
UNIVERSAL AC/DC TYPES. FC13, 14/-; SP13, 12/10; HL13, 11/7;
VP13C, 12/10 5 SP13C, 12/10 ; TDDI13C, 11/7 ; Pen 36C, 12/10 ; 13VPA,
12/10 ; 13SPA, 12/10 ; 2D134, 9/2 ; 2D13C, 9/2 ; Mazda Octals, TH233,
14/~ ; VP133, 12/10 ; HL133DD, 9/7 3
AMERIGAN TYPES. 6A7, 14/-; 6A8, 14/-; 6K8, 14/-; 6K7, 12/10;
6U7, 12/10 ; 6F5, 9/2 5 607, 11/7 ; 6F6, 12/10 ; 25A6, 12/10; 80, 14/6 5
5Y3, 14/6 5 6V6, 12/10 ; 2526, 11/-,
RECTIFIERS. Non-B.V.A. Replacement Types, all at 14/6 cach. Replace-
ments for American 80, 5Y3, 5Z24. Marconi Osram U50, U10, U12, MU12;
Mullard IW2, TW3, IW4, DW2, DW3; Cossor 422BU, 506BU ; 'Brimar
R1, R2, R3; Phillips 1821, etc.
SPECIAL NOTE.—The valves listed above represent only a small proportion
of our stocks. Please mention any other types you are requiring and we will
send them if in stock.

To save time, order valves C.0.D,

SPARES

See last month’s advert. The following are also available :

MIKE CABLES. Twin conductors, fully screened and tough rubber-covered
overall, 3/~ per yard. . .

SERVISOL Switch Cleaner, at 5/« per }-pint tin.

CELLULOSE CEMENT for valve bases, speaker cones, ctc., at 5/= per }-pint
tin.

P.M. SPEAKERS. Rola dustproof type, 4in, with transformer, at £1/1/6 ;
without transformer, at 17/6 ; Sin. with transformer, at £1/3/6'; 10in.
with transformer, at £1/17/6.

TERMS : Cash with order or C.O.D. We prefer C.0.D. orders, but such
orders cannot be sent to H.M. Barracks.

J. BULL & SONS, Radio House, Melthorne-Drive, Ruislip, Middx.
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CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDD
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SPECIALITY :—

MORSE EQUIPMENT

for and

individual

Class-room

practice :=

Schools Type Oscillator (A.C. '
Mains) operates Loud Speaker or up
to 50 pairs phones. = Adjustable Note £7 10 ¢

Junior Oscillator (A.C. Mains) for
three pairs phones ................ £2 5 0

Battery-operated Audio Oscillator, Type Bi, works on

2 volts only e .. 27/6
Streamline Metal Key, U.S A. pattern ... .. b6/6
G,P.O. Bar Type Practice Key ... .. B/
G,P.O. Bar Type Keys, first grade ﬁn(sh (Z com‘.acts) 17/6
G.P.O, Bar Type Keys, first grade finish (3 contacts) . 22/6

G.P.O, Bar Type Heavy Ducy Operatmg Key (3 con-
tacts) . 28/&

COMPONENTS
from stock:—

Push Back Insulated Flex (single) doz. yds.
Screened Braided Wire (finest quality) .. per yd.
Resistance Cord for A.C./D.C. Recelvers (I00 ohms
per ft.) . per ft.
Potentiometers and volume controls—-—all u..ual values,
from stock at ... . .
Midget type Centralab at.. ..
Collapsible Microphone Stands
4%in. Permanent Magnet ** Rola ™’ Loud Speakers
Goodman 8in. Permanent Magnet
Output Transformers for above, tapned tnode und
pentode ...
A.C. Battery Chargers outputZ 6and 12 volts i amp

CERAMIC TUNING CONDENSERS
00006 .. e e 46
0002 . . e B
8000 . L. 4

ALL

Components available,

but service requisitions must take
priority.

Additiona! charge of 1/- for postage and
packing on orders below: [0/~

WEBB’S RADIO

14 Soho Street, Oxford Street, London, W.}
Telephone ;~Gerrard 2089
Open 7 aum. to 4 p.m. = Sats., 9 a.m. to |2 noon

WIRELESS WORLD

KEYSTONE

OF POWER

_DECEMBER, 1042

Wherever Portable Power
—sturdy, reliable, efficient—is
required for Transmitters, Receiv-

ers,

Un

Ampilifiers, etc,, this Supply
it is the most obvious choice.

N
LTD "GRAMS: MASTIOLA
* PHONE: WATFORD 9885/3830

VIBRANT WORKS. WATFORD.HERTS.

We are pioneers in the manufac-
ture of extruded plastics and our
specialised knowledge is entirely at
yourservice. lfyou believe extruded
plastics will improve your products
we shall be pleased to advise you.

TENAPLAS LTD,,
Head Office : 7 PARK LANE, LONDON, W .|
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a ship ploughs its way to port. Often contact with the world seems all
but lost through fog or gale. But thanks to radio, contact is never lost.
Fach ship, great or small, can receive whatever warnings, whatever orders, whatever-
news or encouragement its guardians afloat and ashore may send forth,
Dubilier are proud to know that they are helping this great work, helping in the
. equipment which is bringing the ships home. :

R&%whﬁmﬁaw....

DUBILIER

L.,
C.R.C. I60
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Wy Herdyone

The time will come when Goodmans’ Loud-
‘speakers will bring you news of a ‘brave
new world’ in which we can accept your .
orders again and devote our energies and the
accumulated experience of war years to giving
you apparatus that will open up new horizons

in the search for perfect sound reproduction.

GOODMANS

INDUSTRIES LIMITED

f.ancelot Road, Wembley, Middx.

Transformers to

p/ZAL

specification

WHARFEDALE
GOLDEN CHASSIS

As supplied to the |

Speech Coil 2-3 ohms:
Flux Density 10,000 lines,
7-8 watts o 10” Chassis

Although we are making
more than ever of this
excellent Loud Speaker
the output is absorbed by
the B.B.C. and other
Priority users.

PRICE TO/=

(Less Transformer)

from
10 VA-10 kVA

T A=A e Al e X Everylprecau;ion, including vacuum impregnation,
db .17 TN~ WA S ™ ™A special materials and exceptional care in manufac-
ﬁ’ﬁ‘ " ture, is taken to ensure that Woden Transformers
e made to tropical specification will give reliable
R | . service under the most arduous conditions.
2 g 3 F
'mwuuov i

WHARFEDALE WIRELESS WORKS
SOLE PROPRIETOR ; D. E. BRIGGS ,
! ; ' 'HORNLEY STREET+ WOLVERHAMPTON

HUTCHINSON LANE, BRIGHOUSE, YORKS. h .

‘PHONE : BRIGHOUSE 50. 'GRAMS : **WHARFDEL."" ' TELL WOLVERHAMPTON 22829

MKERS OF TRANSFORMERY, POWER PLOK3, & SPECIAL RECEIVING & TRANSMITYING ArraRarUs
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MINISTRY o0 suPPLY

ON-FERROUS IVIETAI.S
RE URGENTLY NEEDED

i

Upon them largely depend the accuracy, deadliness and efficiency of Britain’s
instruments of war. Practically all of them have to be imported across thou-
sands of miles of dangerous seas, making heavy demands on shipping space.

Mak‘e a clean sweep of your unwanted
COPPER, ZINC, LEAD, PEWTER, WHITE METAL
BRASS AND BRONZE, ALUMINIUM SGRAP i

The need for vast and increasing quantities of these metals must be met by a national
search for everything made from them which is broken or serving no useful purpose.

WHAT TO SEARCH FOR

Here is a list of some of the important non-ferrous metal articles,
parts and equipment likely to be found on your premises. Use
it as a guide to your search for everything you can spare.

HOW TO DISPOSE OF IT

Sell your non-ferrous scrap to a Merchant.

-

Or hand it in to a Local Authority Depot.

COPPER — cable, electrical parts and fittings, sheathing, tube,
turnings, wire.

‘ZINC — sheet, cuttings. R : .

LEAD — covered cable, pipe, sheet, solder.

WHITE METAL — anti-friction metal, plumbers jointings,
solder waste.

BRASS — pipe, sheet, tube, turnings.

BRONZE — bearings, bushes, cocks, couplings, crown wheels,

L )

SPECIAL COLLECTIONS of amounts over ONE TON
may be obtained by getting in touch with the nearest Demolition
and Recovery Officer. If you don’t know his name, write to
The Ministry of Works & Plannmg, Lambeth Bridge House,
London, S.E.1.

NOTE : Under the provisions of the Scrap Metal (No. 2) Order,

junction boxes, unions, valves.

ALUMINIUM SCRAP (and its alloys)— pipe, shest, castings,
tube, turnings.

1942, if you are in possession of more than 3 tons of Scrap Metal,
it is now an offence not to disclose the fact to The Ministry of Works
& Planning, Lambeth Bridge House, London, *S.E.x.

WANTED!

INDUSTRIAL SALVAGE STEWARDS

Salvage is of such great and increasing importance that it 'should be made the personal responsibility

of one particular individual in the various departments of every organisation.

Industriai Salvage Stewards.

Appoint your own

Put them in sole charge of an intensive drive for

STILL MORE PAPER, RUBBER, RAGS, BONES, KITCHEN WASTE-—AND METAL
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We have secured the entire stocks
of a famous manufacturer and offer
these at from 33-459, below normal
prices. .

TUBULAR PAPER CONDENSERS, 500V,,
D.C. WORKING. .5 mfd., 1§- doz.; .
mid., 8/ doz.; .01, .02, .03, .001, .002, .003,
.005 mfd., 6/- doz, ; .0001, .0002, .0003, .0005
mfd., 4/- doz., etc., etc., or Parcel of 50 for
£1/7/6.  Equal Assortment. Minimum orders,
| doz., any type.

FIXED CARBON RESISTORS. ,Wire Ends
—Assorted and Useful Values. }-watt,
24/-; i-watt, 30/-; l-watt, 3§/~ ; 2-watt, 55/~ ;
3-watt, 84/« per 100. Minimum orders 50
assorted. Assorted Parcel for £3. Contains
25 I-watt, 50 I-watt, 50 I-watt, 25 2-watt,
10 3-watt,

FIXED WIRE WOUND RESISTORS. Wire
Ends.—Assorted and Useful Values. 4-watt,
110/ ; 6-watt, 118/~ ; -8-watt, 135/= ; [0-watt
(800 ohm only), 150/= per 100. Minimum
orders 50 Assorted.

HEAVY DUTY WIRE WOUND RE-
SISTORS. Copper Ends. 8-watt, 100/25,000
ohm, 2/6 each; |2-watt, 900/40,000 ohm,
3/- each ; I5-watt, 200/175,000 ohm, 3/6 each ;
20-watt, 6,000, 7,000 zndi 8,000 only, 4/- each ;
25-watt, 250/75,000 ohm, 5/6 each ; 50-watt,
435/100,000 ohm, 7:- each.

. TAPPED WIRE WOUND RESISTANCES.
Special Offer. 25-watt, 375 ohm, tapped 125
and 250, /6 each ; 50-watt, 840 ohm, tapped
600, 680 and 760, 8/- each.

ALUMINIUM CAN
.0l 500 v. D.C. 18/~ doz.

CONDENSERS.

WIRELESS WORLD

¢ LINAGLOW LIMITED o

WATCH OUR ADVERTISEMENTS EVERY MONTH—IT WILL PAY YOU

—Special Offer!
5-v. ALL-WAVE DE LUXE
SUPERHET

GHASSIS. Complete
with VALVES and
M.C. SPEAKER.

LATEST MODEL.

Brief
Specification:
Wave Band Coverage
I8 m. to 2,000 metres, 5 watts output. Large 6”
Glass Dial.  Separate tone and volume controls.
Extremely good selectivity and sensitivity, Really
“Hot” on Short Waves, Heavy gauge steel Chassis,

£14.15.0

(Including Purchase Tax.)

3, HAMPSTEAD LANE, LONDON, N.8. 'phone: Mountview 9432.

DECEMBER, 1942

Don’t miss this opportunity. These
prices cannot be repeated. All
goods are brand new. Guaranteed
best quality. Close Tolerance.

VOLUME AND TONE CONTROLS, with
and without switch-—suitable for all well-known
makes of radio. 6 Assorted and useful Values
for £1/7/6.

ELECTROLYTIC CONDENSERS. Tubular
Paper. 25x 12, 2/- each; 25x25, 2/6 each.
Limited Quantity only.

SILVER MICA CONDENSERS.
End—Assorted and Useful Values.
per [00 (not more than 5 alike).

LF. AND AERIAL TRIMMERS.
and Useful Values for 2/6.

SUNDRIES

ELECTRIC APPLIANCE LEADS, 6ft. Long.
With Connector cne end for kettle, iron, radio,
toaster, etc., Light adaptor or 2-pin plug
other end, 5/9 each ; lron Connectors, 1/6 each ;
2-Pin 5 amp. plugs, 12/~ doz. ; Insulating Tape
(best qual. American), 3/ per lb.; MILLERS
FALLS Radio Mechanic’s Screw-drivers, 2/I1
each.

CLEAR BULBS. 2.5, 15/9 per 100; 3.5, 20/
per 100. Inc, Tax. Limited quantities only.

Flat Wire
17/6

12 Assorted

We cannot hold ourselves responsible
damaged or lost in transit.

NOTE.—AIll Orders C.O.D. or Cash
with Order, carriage paid.

for goods

propositions.

NOBODY
 WANTSTO
HANDLE IT!

It's one of those jobs bristling with difficulties, a job that it
needs considerable courage to tackle at all.
drawing has come back so often that it's wearing thin, let us see it
—and if it can be stamped or pressed, we’ll find &'way of doing it.
We make all sorts of small stampings and pressings to customer’s
specifications—and we specialise in the overcoming of tough

I"flowl er sdons

R

Never mind if the

ASTON BIRMINGHAM

'KINGSTON

CELESTION- AMPHENOL

valveholders are preferred by
radio engineers because of
their
Uniform Contact and excep-

Strength, Efficiency, -

tional Insulation.

AUl standard British and American types

are available.

Eagmeer’s:}‘ TS vy
PON-THAMES, SURREY.
INgston 565678,

Telephone:
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Clear as a : | {
e %RE 15
THE REASON..

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

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

Made in Three Principal Materials.

FREQUELEX—An Insulating material of Low
Dielectric Loss. For Coil Formers, Aerial Insulators,
Valve Holders, etc. : :

/

PERMALEX—A High Permittivity Material. For the con~
struction of Condensers of the smallest possible dimensions.

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

- Bullers

LOW LOSS CERAMICS

BULLERS, LTD., THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY
Telephone : Walten-on-Thames 245 Manchester Office : 195 Deansgate, Manchester

\I/

"o Fx, e-
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[LITY

&
FIXED CERAMIC
CONDENSERS

N

l :
l““mmumu“‘“‘uxuuuul““

1 & 2 Pearl Type Highest Mechanical
and  ELlectrical Sta- =
& 4 Hat Type bility whatever the =
& 6 Disc Type climatic conditions.
Type approved. ==

12-20 LAYSTALL

 Phone: TERminus 7383

UNITED INSULATOR C? L™

STR 7. LONDON, E.C.1

Grams: Calanel, Phone, london

EE

OQur range of Ceramic goods and Insulators is most extensive,
The selection available is not just confined to the 21 different
tines illustrated above.

The latest addition to our range is the Raymart High Frequency
Coil Former, This has a multitude of uses, in particular wex
would mention the making up of Aerial Coupling Units or

Tapped Tank Coils. .

Enquiries which are not from Government Departments and
Traders should be accompanied by a stamped addressed reply
eavelope.

£

48, HOLLOWAY HEAD, BIRMINGHAM, |

Cables : Raymart, Birmingham. Telephone : Midland 3254,

NITE

D

ERTRIX

DAGE

— the dependczb]e

BATTERIES
e FOR

RADIO, CARS
MOTOR CYCLES
COMMERGIAL
VEHICLES

ETC.

Sales Concessionaires's

HOLSUN BATTERIES LIMITED

137 Victoria Street, London, SW.1

09cea
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7 2020 '@51'4/ o PUSH-BUTTON CONDENSERS

- Hand-7able ‘

MICROPHONE

for
General Instrument Corpn., U.S.A. A real bar- 10/6

Crystal-clear broadcasts |=» . , Price
LOUDSPEAKERS N

In factories, canteens, at public meetings, dances, etc., | RoLA PERMANENT MAGNET
this Piezo-Crystal Microphone is unsurpassed for quality of New, 10in. M.C. with transformer for-
speech and music. Fitted with the well-known Rothermel [ power, super power and pen- 39 /6
Dro4 microphone insert, the frequency response is tode output ...

remarkably uniform throughout the musical scale and the | Rof PM- Sin. without tr/a“former 25-
characteristic is practically level from 25 to 10,000 c.p.s. CELESTION

No energising current or transformer is required, there- § gin. P.M. moving coi, oo ntode

fore installation and operation are exceptionally easy. | output. New ... . 25/6

N

A chance for Experi-
menters!  0.0005 mfd.
2-gang, 6 push-button
Superhet Condensers.
Mechanical cam lever
type (not trimmer type),
easily adjustable, to re-
ceive any six stations
desired. Excellent work-

LEqually convenient for hand or table use. TELEPHONE H AND-PIECEA
All metal lacquer and .chromium finish £4 2 6 :
with adjustable mouthplece Price Combined Transmitter and

Receiver, as illustrated.

All in good working &
order. g Price 7/ 6

GOOd Qual lty Com ponents by CELESTION AMPHENOVVE HOLERS

l The best quality obtainable
, 8-pin International Octal

PHILIPS HIGH QUALITY PHILIPS TRlMMER comnnnsnxs Price 1/3 each,
SUPER SENSITIVE dideatre, 8 OAK SWITCHES
PERMANENT mmfds,, suitable 24in. spindle, Complete with
MAGNET for S.VV. work. Y knob : £
SPEAKERS Price 1/3 y/ ® 4W€ly, l%lénlnk with con- e
necting Cik .o

These, brand new PHILIPS DOUBLE WET ’ {-way, 2-bank ... AN 3{/9 b
speakers are fitted with . )
concentrically monnted e Ra?":f"c aﬁ;’“;gﬂggng G.P.0. MORSE KEY AND BUZZER UNIT
.Hi-note Diffusérs. 8% 320v. . ... each 12/6 E We Jiave only a small
::i'th COI’)‘;tOdf‘”;:z: PHILIPS WIRE WOUND number of these instru-
former POT'METERS ments .left. Made for

T price 32/6 450 ohms and 10,000 ohms ... each 0/6 professional wse. Al

parts of heavy solid
brass mounted on
mahogany base,  The
Key is fitted with

ML R ANSFORMERS PHILIPS CARBON POT'METERS

PHILIPS vorraGE 700,000 oh: ith 2-pole M and B Switch  4/6
ohms, with 2-pole M an. witc]
‘They are robust in construction ; weight approx. 100,000 ohms less switch . 38

13 b, Dimensions : 5§ x )ixﬁ-m Specifica-

tion: 350-0-350 v., 70 ma. Four mpp‘“’: PHILIPS SMOOTHING CHOKES‘ platinum contacts.  An e xcellent opportunity for those
giving 4 V- 9 Brand * new, well-built requiring a robust unit which. will give years of
amps.,, 6.3 v. 4 chokes, 60 ohms D.C. I v price 40/~

amps., 4 v. 0.65 resistance 400/120  m.a.
amp. and 4,000 Core size: 2in.x 1F
v. at 8 m.a in.xlin. .. eachcs/ﬁ
1 1950. Also 400 ohms D.C. re-
/ anf ut 10(‘)12 ring SiStance 60 m.a.  Core
74 S VM size: 13in.xlin. X 3/6
72 # diagram. fin. ... ... each

BAIRD T26 TELEVISION RECEIVERS

Brand new. See November issue for full detaﬂ>
Price - £35.10.0

MULLARD EA50 DIODES

‘Cv::'iiage o BHTLIPS CONCENTRIC SPIRAL 60mm. x 12mm. overall.  6.3v. heater at 15 amp. 4 0/6
1Y price 32/6  VANE VARIABLE CONDENSERS .
PHILIPS WET ELECTTROLYTm g e s For details of other numerous offers,
R e ™ VP oty o Fe Bt see our Economy Column on page
Sm v s 98 eeeves, g 15, November issue.

NO

We are sorry, but
we cannot accept

C.0.D. ORDERS

YES

When sending your
orders you must

ADD POSTAGE

g

23, LISLE ST. GERrard 2969 LONDON, W.C.2
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RADIO MASTS
POLES L'2 BirMiNGHAM 24

" Enquiries should be accompanied by Government Priority Reference

ELECTRIC SOLDERING
| IRONS

150 Watt
List price £1. 12, 6.

75 Watt
. List price £1. 1. 0.
. (Trade only supplied)
Stanelco Electric Soldering Irons have been designed for
industrial purposes. Heating elements and copper bits can
easily be fitted when replacements are necessary. The
150 watt type is fitted with a general purpose bit and the
75 watt type isavailable with either long, short, or hammer bit.
Each lron, fitted with 5} feet of 3-core flexible cable, is
available for 100/110, 200/220, 230/250 voltages. )

When ordering, the voltage and type of bit required should
be specified. ’

RESIN GORED SOLDER, SOLDER WIRE, Etc.

Stunetio Covdiets

PROPRIETORS : STANDARD TELEPHONES AND CABLES LIMITED

FERNDOWN, NORTHWOOD HILLS, NORTHWOOD, MIDDLESEX
. Telephone : PINNER 4885

WIRELlESS WORLL

v
DECEMBER, 1042

éz_e ctronce zngéne e'eing. é-e&:vl.ceé. ogtdi

24 STANLEY ROAD
STOECEKPORT
TELEPHONE HEATONMOOR 3107

HEATON MOOR

SOLE DISTRIBUTORS OF
AMERICAN EQUIPMENT

MADE BY ;
RADIO ENGINEERING LABORATORIES
S.W. TRANSMITTERS, AM. & EM. : ~
LORAIN COUNTY RADIO CORPORATION
AUTOMATIC TRANSMITTER-RECEIVERS
BRUSH DEVELOPMENT COMPANY
PIEZO-ELECTRIC DEVICES
MICROTUBE - LABORATORIES
MIDGET TUBES

ACME ELECTRIC & MANUFACTURING CO.
SPECIFICATION TRANSFORMERS

THROUGH OUR AMERICAN ORGANISATION, WE ARE
OFTEN ABLE TO LOCATE SOURCES OF SUPPLY FOR SPECIAL
COMPONENTS UNOBTAINABLE IN THIS COUNTRY.

SEND US YOUR ENQUIRIES.

LOUD

SPEAKERS

THE WORLD'S FINEST REPRODUCERS
TRANSFORMER

LAMINATIONS

: » & s Y
Core Widths %" to 1," (E’s and |’s.)
EIGHT STOCK SIZES
A Comprehensive Bulletin together with details of Associated Covers
and Clamps with design data will be seat to.manufacturers on request.

- BRITISH RoLA LIMITED .
MINERVA ROAD « PARK ROYAL - N.W.10 - WILlesden $322
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‘ “Ma;da’Radio Valves are manufactured in Gf. Brifain for the Brifish Thomson-Houston Co. Ltd., London & Rugby, and distributed by

&)

THE ‘EDISON SWAN ELECTRIC (0. LTD (ZFl 155 CHARING CROSS RD., LONDON, W.C.2

For full particulars write to Technical Service Department
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TUNGSRAM
'VALVES

Our production of Radio Valves is

both large and continuous. So; too,

is the demand for them for urgent

purposes. Some are avaﬂahle for

i
W ‘,WEG’QCYCLL— .
domestie use, but the range is

nnectors

¢ capacity.

necessarily limited. You may be

alve Go

nd constan

CO-AXV

Very low 2

assured of our willing help when-

ever possible.

TELEQUIPMENT CO.

16; THE HIGHWAY, BEACONSFIELD, BUCKS.

Announcement  of
BRITISH TUNGSRAM RADIO WORKS ILTD., WEST ROAD, TOTTENHAM, N.17

JAYLOR

MUTUAL CONDUCTANCE

VALVE
TESTER

MODEL 45

A robust, compact and
accurate test instrument
essential to all radio manu-
facturers, servicemen and
dealers,

Operates on A.C, 200/250
volts, 40/100 cycles.

PRICE

£15.15.0

Portable Model 45P, with
compartment for tools, £17/6/6.

—THREE USEFUL BOOKSE7

RADIO DESIGNER’S HANDBOOK |
Edited by Langford Smith.. Fully illustrated
with diagrams.

Useful to all Radio Engineers, experi-
menters and service mechanics.
Price 10/6. Post free 11/1

RADIO LABOCRATORY HANDBOOK
by M. G. Scroggie. Fully illustrated.
Useful to all radio electricians.

Price 12/6. Post free 12/10

SPECIFICATION ~

Mutual Conductance. Accurate and quick
measurements are available for practicaily all
British, American and Continental valves,
from 0.25 to 24 mA/Y,

Valveholders. |7 holders cover all modern
types and include Loktal, Octal, Mazda Octal
and side contact types.

Tests. Additional tests are available for
Filament. Continuity, Electrode Shorts,
Cathode Leakage and Rectifier and Diode
Emission. .

E N

WIRELESS SERVIGING MANUAL
by W. T. Cocking (of the Wireless World).

Taylor Valve Testers are sup-
plied with a book of instruc-

Fully illustrated with diagrams.
' Price 7/6. Post free 7/10

% ®

* 3%

Order and send remittance to :

SHERRATT & HUGH{ES,

Booksellers

34, CROSS STREET, MANCHESTER i

Each section of full wave Rectifiers,* Double
Diodas, Frequency Changers, etc., are tested
independently. Anode and Screen Volts are
adjustable to suit the valve under test, and a
choice of 17 Filament Volts are available.

Meter,

Mutual Conductance, Cathode Leakage, and

also 2 coloured scale for Replace, 2, Good.
L

The meter has separate scales for

tions, including wiring diagram,
a valve chart covering over
1,000 types of valves, and a grid
connecting lead.

"Further details on request.

BRITISH MADE AND
GUARANTEED 6 MONTHS

ELECGTRICAL INSTRUMENTS LTD.
AY lo 419-422, Montrose Avenue, Slough, Bucks.
Telephone : SLOUGH 21381 :




WIRELESS WORLD

coIL- WINDING MACHINES

TAPING MACHINES
WIRE COVERING MACHINES

":"'ARMATURE AND STATOR

 COIL WINDERS

— NEVI LLE ’S (‘LIVERPOOL) L] MITED |
SIMMONDS TOWER - GREAT WEST ROAD - LONDON ||

Please address all enquiries to Western Office:
City House, St. Stephen Street, Bristol, 1.

| » PivisiOoN oF THE siMMONDs GROUP ||
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M.R. SUPPLIES

invite your urgent attention to the following offers in first-class RADIO and ELECTRICAL
MATERIAL. Immediate delivery from present stock. Al prices strictly nett cash.
MEASURING INSTRUMENTS. Remarkable opportunity for high-grade Milliammeters
and Ammeters by Weston, Ferranti, Elliott, efc. (We cannot undertake to select par-
ticular maker.) “Housing 2}in. square black bakelite, dial 1fin. diameter, flish panel
requiring 2in. mounting hole, back terminals. MOVING COIL MILLIAMMETERS,
deflection 0/50 m.a., 38/6, Deflection 0/150 m.a., 82/6. THERMO-COUPLE AM-
METERS, for any frequency and D.C., 0;2.5 amp., 0/3.5 amp. (two models), either 38/6.
These meters are secondhand ex Go\t in new condition and all laboratory tested, and
guaranteed accurate.
SLIDING RHEOSTATS, by prominent London makers. Fitted overhead spiral drive
with knob control, 6 ohms 6 amps., 42/-. Also same type, 0.4 ochm 25 amps., same price.
Various other ratings on view. Also ‘our own well-known model without spiral drive,
all 100-watt capac)iy, in following range : 10 ohms 3 amps., 50 ohms 1.5 amp., 100 ohms
mp., 200 ohms 0.7 amp. and 400 ohms 0.5 amp., fully eucloced any one 21/-
HEADPHONES, by Ericsson, coinplete with headgear, 2,000 ohms. Brand new maker-
boxed, 25/~ pair. Also a few secondhand, perfect, 12/6 pair.
SM.ALL EARED MOTORS, constant epeed induction, for recording instruments, process
. timing, ete., 200/250v. A.C., final speed variable from 1 to 6 r.p.m., low torque only.
In metal hous].ng 4tin. dia., with flex and plug, 82/6 cach, last few.
INDUSTRIAL LOUDSPEAKERS by G.E.C. Opportumty- eéx stock. Junior model
only now available. Housed in 9in. grey enamelled metal drum with front and rear
grille and mounting bracket, fitted transformer for multl-matchmg Handling up to
5 vmtts and suitable also for extension spc.;ker for any receiver, 45/« (1/6 packing and

ROTHERMEL-BRUSH PIEZO-CRYSTAY. MICROPHONES, well-housed with knuckle-
joint for angle adjustment. Response level to §,000 ¢fs. Outpuh level—60 db. Fitted
61t. screened lead, 72/6. FLOOR STANDS to smt collapsible type, folding to 2ft. and
extending to 5&b. 6in., 37/6.

STEP-DOWN TRANSFORMERS for chargers, models, 1v. lxghtmg, etc., primary 200/
950v. (tapped) and sec. tapped 7, 11, and 15v. at 1.5 amp., 14/

Ig}IEB(!l)'R‘1 9WIT0HES, S.P.C.0., tube Zin. long, with bead msu.lated leads, capacity

amps., 4
RELAYS, new compact model with powerful electro-magnetic action, operating from 4
tu 1‘)v D.C. and breaking 6 amps., 8:6. Also Londex, operating from 12v. D.C. or 50v.
, 10 amp, break, 2-pole suver ‘Contact switch, in steel housing, 85/-.

ELEGTRIC SOLDERING IRONS (S.T.C.). We only offer the best industrial types. All
voltages in stock, 100/110, 200/220 and 220/250v., 75 watt with 4in. pointed bit, 21/-.
Algo same make with massive flat bit, 150 watts, 230/250v.,

RESIN-CORED SOLDER, highest tin content. 40 per cent. tm, on 1 1b. reels, 4/6 per reel,
SHADOW TUNING INDICATORS (Phileo). Suitable for any set or for adapting to many
other uses, meter, relay, polarity indicator, etc., resistance of wire-wound coil, 1,000 chmus,
complete with clip for buib, 1/9.

- G.P.0. MICROPHONES, mounted, with diaphragm, 2/11. CYLDON .0005 variable
gON%I;lNSERS, 3/3. G.E.C. INTERVALVE TRANSFORMERS, Hiftux model, ratio
{1, Bf=.

Night clubs then and night shifts
now have one thing in common—
their trust in Trix Sound Equip-
ment. From the Trix range there
is equipment to serve widely di-
vergent needs with equaf reliability

Amplifier (illustrated), Model T

Undistoried output 30 watls. Suitoble
Jor audicnces of up to several thousand E -
people.

TRIX ELECTRICAL CO, LTD. %2/7772 6%5

65, Bolsover St., London, W.I.
Phon. : EUS 5471/2. Grams : Trizadio, Wesdo, London. AVAILABLE FOR PRIORITY WORK

The ing items are offered to CALLERS ONLY,

G.E.C. PROJECTOR P.A. SPEAKERS, with 8-watt P.M. Projector Unit and 42in. Metal
Horn, complete, £0. Opportunity from stock.

ALL-STEEL TOOL or AMPLIFIER RACKS. Height 30in. with three strong trays, each
16 by 15in., sprayed black, R7/6.

D.C. CHARGING PANELS, with resistances, high-grade meters, etc., in fine new condition,
best makes, various prices—please inspect.

Please include sufficient for packing and postage—any excess will be refunded.

M. R. SUPPLIES, 68, New Oxford St., London, W.C.1
("Phone : MUSeum 2958)

RADIO MATERIALS

We have had a long experience in the
manufacture of all kinds of Cables and
Wires,» Static Condensers, Insulators
and lron Work, Telephone Cords and

Copper Earthing Rods, for Radio use.

U.K. Regd. Trade Mark,

BRITISH INSULATED CABLES wio: (1 | IR RN T\V/-NJ R V1o

Head Office: : ) 5 ‘: : Greenhill Ct’escenh .
PREscuTv LANCS. Tel.No.PRESCOT6571 . Telephone: Harrow 0895. Harrow on the Hl” Middx.
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CRYSTAL PICK-UP SERIES Il
It is regretted that production s
severely curtailed and only very limited
'supplies are available through existing

channels.

h Sole Selling Agents :

SALE, TILNEY & Co. L1D.

3, LLOYD’S A\IENUE, LONDORN, E‘C;3
"Phone : ROYal 4811

SERVICE ow

COSMOCORD CRYSTAL PICK-UPS

IS MAINTAINED AS HITHERTO

Owing to lack of replacement parts and
shortage of labour it is regretted that
service on all other products and

apparatus must be discontinued.

HIGH FIDELITY REPRODUCTION

Are you interested ? If so, will you kindly

forward your name and address to

COSMOCORD LTD.

700, GREAT CAMBRIDGE ROAD,
ENFIELD, MIDDLESEX

WIRELESS WORLD

THINGS TO COME—

Things (o come

= /N 1939 we were able to
claim to be the largest
U.K. suppliers of fixed

condenser replacements,

‘with unequalled range and varicty

of products.

In nineteen . . . . when radio and
other electrical services return to
their right use for the benefit of
mankind and when the pace of
technical improvement will be
greatly accelerated, we %hall be
immediately ready to resume our
cordial co-operation with the dis-
tributing trade in meeting the

great public demand.

Home of Condensers

Established 1901

Advt. of A. H. HUNT, Ltd., London, S.W.I8
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Battle of Wits

T takes experience.and a good head to tide the production
I pfoblems of today. By good fortune the emergency is bringing
) into the saddle brains and ability equal to the task.
Certainly the Simmonds Organization—youthful, un-
" _conventional, dynamic—irresistibly attracts brilliant men and
women, but the proof of the pudding lies in the many parts played
by the products of the Simmonds Organization in widely diverse
fields of essential production. Therc each day they are successfully
introducing new methods to quicken the national pace.

SIMMONDS

THE SIMMONDS %33 NUT SPIR TR NUTS
SIMMONDS-CORSEY CONTROLS FRAM OIL £ ENGINE CLEANER

SIMMONDS CONTENTS GAUGES SIMMONDS INDUSTRIAL AND
FOR AIRCRAFT. MARINE CONTENTS GAUGES

SIMMONDS PQSITION INDICATORS SIMMONDS JOINTING COMPOUND
SIMMONDS ELECTRIC TEMPERATURE SIMMONDS CRYSTAL UNITS
AND PRESSURE GAUGES . SIMMONDS—-GOUDIME
SIMMONDS AIRCRAFT FLOORING NAVIGATIONAL INSTRUMENTS

SIMMONDS AFROCESSORIES LTD

A COMPANY. OF THE SIMMONDS GROUP
-7 LONDON MELBOURNE - PARIS = NEW YORK .

.

ALL ENQUIRIES TO GREAY WEST ROAD, LONDOMN.
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*‘STRATOSIL>  meemvimen

series of

SEALED .
VIBRATORS

for use at all altitudes

1 All steel construction—even to

the rivets — ensuring uniform
expansion under extremes eof
temperature.

Reed drlvmg cml—-wound on a
bakelite moulded bobbin to meet
all climatic conditions.

N

3 Metal can, sponge rubber lined—
Acoustically and  electrically
shielding the Vibrator

Driving contact of non-tarnishable
precious metal—ensuring starting
under the lightest of pressures
and voltages.

Contacts ground almost to optical
limits.

Stack assembly. Mica and steel
only are used,

| International Octal base sealed
by the WEARITE STRATOSIL
process.

Embodying * Oak Manufacturing Co.’s”

paten's 460470, cfe,

Telephones: TOTtenham 3847-8-9

S IAI 781014 1114154T0s " =
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- Valves and Cigarettes

In the processing of tobacco before it -is
made into cigarettes, it was found necessary to main-
tain a close control of the room temperature.

An essential requirement of the controlling
equipment was that it snhould be entirely automatic
in action. Continuity in the process was also of vital
importance, and provision had therefore to be made
to guard against a temporary break-down in the
power supply.

Mullard Valves made it poss1b1e to design an

electrical controlling device which maintained - the
temperature within the necessary close limits, despite
large fluctuations in the supply voltage and a change-
over from the A.C. supply ‘mains to an aux111ary
source of D.C. supply.

This is typ1ca1 of the spec1a11sed problems o
control which arise in almost every industry; and the
fact that the thermionic valve so often provides the
solution is because Mullard have the right valve for
the purpose.

MULLARD

THE MASTER VALVE

A Valve for Every Purpose

DOMESTIC - COMMERCIAL -

INDUSTRIAL "SCIAENTIFIAC.’ MEDICAL - EXPERIMENTAL

THE MULLARD WIRELESS SERVICE COMPANY LIMITED, CENTURY HOUSE, SHAFIESBURY AVENUE, LONDON, W.C.2. (45)
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‘Classification of Frequencies
Need for a Universal System

RESENT-DAY trends towards the wuse of
higher and higher frequencies accentuate
the need for some system of classification that

is explicit and précise and at the same time suffi--

ciently simple and easily memorised to be used by
all wireless technicians in their daily work. Such
. expressions as ‘‘ very high frequencies ¥ and “ ultra-
high frequencies ” are at best ambiguous and
clumsy, and have almost lost what little meaning
they ever had. No useful purpose is served by
what a correspondent recently described asa hectic
search for more “ hypers ”” and ““ supers.’

So far as the nomenclature of wavebands is con-
cerned, it seems hard to improve on the system
agreed upon in 1937 by the International Radio
Communications Conference (C.C.I.LR.). It was
advocated by Dr. Smith-Rose, Chairman of the
LE.E. Wireless Section, writing in Wireless Engineer,
and is given below.

Although some of the metric units employed are
not in common use, particularly in this country,
the C.C.I.R. system does in most cases divide up
the wavebands at those natural boundaries where
changes in methods of propagation or transmission
and reception technique are known to occur. The
table has the additional advantage that it may be
extended downwards to embrace the infra-red
and visual parts of the spectrum. But most
technicians now think, talk and write in terms of
frequency, and so any wavelength classification,

Designation of Designation

waves in terms Wavelength of waves in | Frequency in kilo-

of wavelengths in metres frequencies cycles per sec.
Myriametre .... Above 10,000} Very low Below 30
Kilometre ...... 10,000-1,000 | Low 30~300
Hectometre ..... | - 1,000-100 Intermediate 300~3,000
Dekametre ... 100—10 High 3,000-30,000
Metre .......: 10-I Very high 30,000-300,000
Decimetre I-0.1 -| Ultra-high 300,000-

" ° 3,000,000

S hi 3,000,000—
Centimetre .... 0.1~0.01 Super hxgh{ i 30,000,060

‘May, 1942.

however good in itself, fails to satisfy their needs
completely. The _ frequency equivalents of the
C.C.LR. wavebands are not particularly- difficult
to memorise, though they cannot fairly be described
as mnemonic. v

For working in terms of frequency, a wuseful :
system of nomenclature is that first suggested by
B. C. Fleming-Willlams in Wireless Engineer for
The system, which embraces both
audio and radio frequencies, is quite simple. Each
band is given a number ; that number may be found
by expressing a frequency (in cycles per second)
as a number between 1 and 10 multiplied by a power
of ten. The band number is given by that power
of ten. For example, medium frequencies between
10% ¢/s and 10® ¢/s are in Band 5. The complete
table of “ power of ten”’ band numbers follows :—

Band Approx. equivalents in

No. Frequency band present system
o 1-10 Cfs. b
b I10-100 C/fs. Bass register Audio.
2 100-1,000 C/fS. Middle register } ire-
3 1,000-10,000 C/S. Top or treble register) quencies
4 10-100 kefs Long-wave band.
5 100—-1,000 kc/s. Medium-wave band.
6 1-10 Mc/s. Short-wave band
7 10-100 Mc/s. VHF
8 100—1,000 Mc/s. UHF
9 1,000-10,000 Mc/s. Micro-wave or cm.-wave band.

10 10,000-100,000 Mc/s. Millimetre-wave band. -

It will be seen that the “ power of ten ” system,
like that devised by the C.C.I.R., gives no con-.
venient and easily memorised correspondence be-
tween frequency bands and wavebands.. That is
perhaps no great objection if one ordinarily thinks
in terms of frequency. But in dealing with such
things as aerials and wave-guides it is often necessary
to work in wavelengths.

At first sight it seems almost impossible to devise
a universally acceptable classification applying
both to frequencies and wavelengths, but it would be
well worth while devoting some thought to the task.
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Designing

RESISTANCE CAPACITY
OSCILLATOR

. Covering Frequencies from 40 to 13,000 ¢/s in Four Ranges

HEN an oscillator is required to
have a frequency range which
will cover the whole of the

audio-frequency spectrum, the beat-
frequency . principle is usually em-
ployed. Simple types of BF oscilla-

- tor are, however, liable to suffer from
a number of troubles,
prompted the writer to design a
resistance-capacity oscillator.

_ The RC oscillator operates on the
following principle. If a suitable chain
comprising maintaining amplifier and

1

T,
1

and these

Iy
| 0§l

- ____é

MAINTAINING AMPLIFIER
180° PHASE SHIFT

By

R. C. WHITEHEAD

two effects cancgelling out at the operat-
ing frequency only. Some suitable
basic circuits are shown in Figs. 1, 2
and 3. For various reasons the 180-
degree phase shifter was chosen as
being the most suitable in the present
instance.

To, determineg how the frequency

C or R change is 10 to 1, the variation
of frequency will be 1 to 10, and not
I to v10 as occurs when C or L is
varied in an LC oscillator. This fre-
quency variation characteristic neces-
sitates the use of componeuts having
very stable circuit values in order to
maintain good frequency stability.
The AF spectrum canr-t be covered
efficiently on one frequency range. It
must be decided whether to vary the
resistance in steps and the capacity

/E'

continuously, or vice versa.” High
A AAAAA ‘; : :
l 1 VYVVY ,'_.E
| l %
ll‘ ]| o]

MAINTAINING AMPLIFIER
180° PHASE SHIFT

60’

=] N\

11

'bUTPUT AMPLIFIER

S,

OUTPUT

phase shifter be connected with the
output fed back to the input, then if
the gain of the amplifier exceeds the
loss of the phase shifter oscillation will
occur at a frequency which produces
zero phase shift for the complete
chain.

An RC-coupled amplifier with an
odd number of stages produces a phase
shift of 180 degrees, so to make it into
an oscillator combinations of resist-
ances and reactances (normally con-
densers) capable of producing a phase
shift of 180 degrees are required. An
RC-coupled amplifier with- an even
number of stages produces zero phase
shift, so to make this oscillate, com-
binations are required which will pro-
duce a phase shift of zero or 360
degrees.

One cannot quite produce a phase‘

shift of go degrees with a single RC
combination, so that to produce 180
degrees phase shift, at least three such
combinations are required. To pro-
duce a phase shift of zero or 360
degrees one may use either a minimum
of five such combinations (or sections
as it is convenient to call them from

now on), or a phase-retarding section -

and a phase-advancing section, the

" Fig. 1.
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Phase ad-
vancing oscillator
with three-section

“-
OUTPUT AMPLIFIER

OUTPUT

———

Fig. 2, Phase re-
tarding- oscillator
with three-section

phase shifter.

varies with change in capacity or
resistance, let us note that the total of
phase shifts in any RC oscillator -is
fixed at zero for all frequencies of
operation. Since in any section of the
phase shifter, the phase angle ¢
between the input voltage and the
current = arc tan (X/R) = arc tan
(x/2xfCR) this value must also be
fixed. Therefore, if either C or R is
varied, f the oscillation frequency will
vary in inverse proportion. Then if
R is fixed and C varied the reactance
of C will always be the same at the
frequency of oscillation. If the total

,——-—-»—'ww-—_lll
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Fig. 3. Phase ‘“advance-retard **

oscillator.

phase shifter.

quality multiple gang variable resist-
ances are not easily obtainable. Rub-
bing contact variable resistances are
not as reliable as variable condensers.
These reasons favour the selection of
the first alternative, so a ganged var-
iable condenser is employed, and fixed
resistances are selected by means of a
Yaxley type switch.

It is generally known that all oscil-
lators produce harmonics, and in an
LC oscillator the tuned circuit is made
as efficient as possible in order to
attenuate them. In the RC oscillator
there is no tuned circuit, but the phase
shifter can be arranged to produce a
similar effect.

Fig. 4 shows the wvariation of
attenuation with frequency for single
phase-advancing sections = (a), and
phase-retarding sections (b). The
curves show that the former circuit will
attenuate the harmonics less than the
fundamental, whilst the latter circuit
will attenuate the harmonics more than
the fundamental. This led. to the
adoption of the phase-retarding cir-
cuit.

This circuit has been called a phase-
retarding circuit because the output
voltage from any phase shifting section



in Fig. 2 or Fig. 4(b) lags behind its
input voltage. However, in a circuit
containing only resistance and capa-
city, the current must lead the input
voltage, but because the voltage across
a condenser lags behind the current by
9o degrees, the output voltage in a
phase-retarding section lags behind the
input voltage. This is made clear by
the vector in Fig. 2.

It will-be seen that the current lead
on the input voltage must be the com-
plement of the required voltage lag in
the phase-shifter section. Table 1
gives a comparison between three-,
four- and five-section 180-degree
retarding shifters as regards attenua-
tion, etc. The greater the number of
sections used to produce a given phase

shift the lower will be the attenuation

and the required value of CR.

The CR values should be kept as
low as possible, because when gener-
ating the lower audio frequencies, if
one uses a variable condenser having
a maximum capacity of the order of
0.0005 mfd., the value of R will run
into several megohms. There is a
danger that R may havea value com-
parable with unavoidable leakage
resistances. Also the final section of
the phase shifter must be shunted by
the input impedance of the maintain-
ing amplifier, which must not be
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TABLE I
180-DEGREE PHASE-RETARDING SHIFTER
No. of Sections in Phase Shitter 3 s | 5
Required voltage lag per section (degrees) .. | - 6o 45 36
Required current lead per section (degress) 30 45 54
Attenuation E/V per section .2 1.4 1.25
Total phase shifter attenuation . 8 4 3.1
Required CR product 0.28/f 0.16/f o.12/f
. Required phase shifter resmtance in megohms
when C=o0.00055 puF. .. . . 513/f 295/f 218/f

Some of the complications of the phase shifter are beyond the scope of this article. To
illustrate basic principles, only basic equations are used. For this reason and for
reasons stated in the text, these figures should be taken as general indications only.
This applies especially to the figures for attenuation.

The first is that the final section is
shunted by the input impedance of
the maintaining amplifier, and the
lower the frequency range the more
troublesome this shunting effect be-
comes.’ -

The second reason is that there
exists across the resistance elements
some stray capacity, and when this
capacity is an appreciable fraction of
the capacity of the condenser (i.e.,
when the condenser is-near its mini-
mum capacity setting) the attenuation
increases. This complication consti-
tutes a major controlling factor in the
design. To reduce this effect fixed

<+ » . .condensers are.con-

10,
|

g nected across the

- variable condéfisers <=
to raise the ‘mini-

mum capacities.

These have the
effect of lowering the

frequency coverages

on all ranges.
The third reason
is that there exists

Y

. across the con-
. densers - some un-
avoidable  leakage

conductance, and

Fig. 4. Variation of

4 attenuation E/v with
- frequency for single

45 degree phase ad-
vancing section (a),
and retarding section
(b). The vectors apply
to the fundamental
frequency only —in

100 200 300 400

allowed seriously to atfect the phase-
shifter characteristics.

A four-section phase shifter is used
because this provides a fair compro-
mise between cfficiency and complica-
tion. It is desirable that the phase
shifter should introduce the same
attenuation at all frequencies. Unfor-
tunately a simple circuit does not do

" -so for three reasons.

500 €00 800 1,000
FREQUENCY IN CYCLES PER SECOND :

this case 100 ¢/s. CR
: =0.0016.

when this becomes comparable with the '

conductance of the resistance elements
of the phase shifter (i.e., when operat-

ing on the lowest frequency range) the

attenuation again increases. These
conditions limit the frequency cover-
age ratio on the lower frequency
ranges to a low value.. To  avoid
switching complications, the fixed
capacity shunt condensers are left in

- ad “eent range.

circuit on all ranges. It is therefore
necessary to employ three or four
ranges to cover the AF spectrum.

A three-range phase shifter will con-
veniently cover 40 to 10,000 ¢/s, and a
four-range phase-shifter 40 to 13,000
c/s. Suitable component values are
given in Table 2. Not only does the
four-range phase-shifter cover a wider
frequency band, but it improves they
waveform and frequency stability and
the voltage output varies less with fre-
quency.

To reduce the attenuation at the
ninimum capacity settings of the con-
denser when operating on the lowest

" frequency range, a fifth section is
-added~to the phase shifter on this

“fatige. Its capacity and resistance
values are fixed anc.are represented by
Cg and R17. The résistance should be
adjusted to give a constant voltage
output over the lowest frequency
range. The addition of this section -
reduces the maximum frequency on
this range, without affecting mate-
rially the minimum frequency. Addi-
tional circuits of this type ca

can be omitted if desjfed when using
the four-range model.

The very high resistances and react-
ances used in the phase shifter necessi-
tate the use of special precautions in
construction.  All condensers must -
have very high insulation dielectrics
and must be protected against dust,
etc. The trimmers fitted to the ganged
condenser must be removed, becaifse
their capacity values are not suffi-
ciently stable. No paste or liquid flux
should be used when soldering up the
range switch. It is desirable to have a
blank position on the switch between
the_lowest frequency range and the
The metal framework
01 .¢ switch must be earthed. The

‘ group board’’ method of construc-
tion qmo\uld not. be used in the phase

<hifter 17écause of stray leakages and -
‘capacities. The resistances should be
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wired up with stout wire directly to
the switch tags, and stand-off porce-
lain insulators used where necessary.
The switching can be arranged so that
the phase shifter has a switch section
either at the input end or at the out-
put end. If the arrangement shown
be used, then leakages in the first
switch section are unimportant.
this arrangement R1 changes the effec-
tive value of Rz, so that the final fre-
quency calibration should noét be
undertaken until all the resistances
have been selected to give the correct"
frequencies on all ranges.

When adjusting the resistances in
the phase shifter to secure the re-
quired frequencies it is not necessary
to make all of the resistances abso-
lutely identical on one range. This
would necessitate the use of several
standard values to make up one non-
standard value. Fine adjustments of
frequency can be made by adjusting
one resistance only.

*

Maintaining Amplifier

The following is a brief specification
of the maintaining amplifier : —

(a) Its input resistance including
the first grid leak must be high come
pared with 11 megohms. (The highest
resistance used in the phase shifter.)

(b) Itsinput capacity mustbe either
very small or it must be very constant
under all conditions.

(c) It must introduce a phase shift
of 180 degrees approximately. Whilst
it is permissible for the phase shift to
deviate slightly from 180 degrees with
frequency, it must remain constant
with age, warming up, etc.

(d) It must be designed for an input
signal of approximately 3.5 volts
RMS and must introduce negligible
harmonic distortion up to the point
where connection is taken off to the
output amplifier. Distortion intro-
duced after this point is not so
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) TABLE II
) /THREE-RANGE PHASE SHIFTER
- Section

Range : ];lg"- Max,

1st 2nd 3rd 4th o Freq.

R1,2&3 R5,6 &7 R9, 10 & 11 R13,14 & 15 . '
I II Iz i - 11 40 200
2 2 2 2.5 2.5 180 | 1,500
3 0.2 0.2 0.2 0.2 1,400 | 10,000

Ri7 = 0.4 and Cg = o.002uF. Fixed bapacity shunt condensers €5, C6, C7 and
C8 = sopuF. ‘ ) !
FOUR-RANGE PHASE SHIFTER K
Section
Range Min. Max.
1st 2nd 3rd 4th Freq. Freq.
R1, 2, 3‘& 4 R5,8,7&8 | R9,10,11&12 [R13,14,15& 16

1. 10 1o 10 10 40 150
2. 2 3 3 3 140 600
3. 0.2 0.5 1.0 1.0 600 3,000
4. Nil 0.1 0.2 o025 3,000 13,000

Ri7 = 0.5 and Cg = o.0or pF. Fixed capacity shunt condensers Cs, €6, C7 and

C8 = 100upF.-
All resistance values are in megohms.

important but should be kept low.
These points will now be dealt with
in order:—
. (a) The grid leak of a small valve
should not normally exceed 2
megohms, except when automatic bias*”
is used, when it may be somewhat
higher ‘than this. To raise the total
effective input resistance, a resistance
R1g is connected in the cathode circuit
of V1. This causes considerable nega-

All resistances may be of }-watt rating.

" tive feedback, with the result that the

voltage across the grid-leak and grid-
cathode space is much smaler than
that between grid and earth.  This
raises the effective input resistance at
the cost of a reduction in stage gain.
V1 should have a top-cap grid connec-
tion. A push-pull connection to the
output amplifier may be taken from
the cathode and a tapping on the
anode load of V1.
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(b) The input capacity is reduced
by the action taken to raise the input
resistance. The input capacity may
be kept to a minimum by making VI
either a cathode follower or a screened
pentode. (See ‘' The Cathode Fol-
lower,”” Wireless World, July, 1941.)

(c) The CR combinations in the

_maintaining amplifier should be such
as to cduse negligible phase shift.

LIST OF COMPONENTS "

Resistances
R. No. Ohms Watts
18 10% r:
19 4,000 P
20 250 Py
21 1,000 P 3
22 © 20,000 2
23 - 2,000 }
24 2,000,000 1
25 ’ 10% 3
26 250 1
27 1,000 1
28 20,000 2
29 5,000 I
30 . 2,000,000 . 1
31 : 10% Py
32 5,000 I
33 200 P
34 ’ 1,000 e
35 25,000 2
36-4-res.
of meter 40*
37 "100,000% S 2
38 10,000 2
39 500 3
40 i 1,000,000 1
41 100,000% 2
42 +250,000 1
43 4.44% -
44 1,000 1
45 320 B
- 46 1,000 i
47 5,000 3
48 . 490% i
49 50,000 P
50 5,000,000 1
* Indicates plas-or minus 1 per cent.
Condensers
) Volts .
-C. No. | Capacity | (Work- Type . -
(nF) | ing)
1,2, 3 0.0005 .
and 4 max. | + — | Varidble air
10 .. 32 350 Electrolytic
T .. 0.02 350 Mica
1z .. 16 350 Electrolytic
I3 .. 0.01 350 Mica
14 .. 8 350 Paper
15 .. 0.01 350 Mica
16 24 400 Electrolytic
17 .. | . 005 |. 350 Paper
8 .. 32 350 Flectrolytic
¥Q .. 16 350 Paper
20 .. 0.02 350 Mica

For RI to R17 and C5 to Cg see Table 2.
Valves.—V1, V2 and V3, Type TSP4;
V4, Type 41 MP.

in this stage.

Wireless \Vor}«ﬁ

Then, it their values change slightly,
the effect on the frequency stability
will be very slight. For operation at
a minimum frequency of f c/s no
effective CR product should be below
1/f. To introduce a phase shift of
180 deg~ an odd number of phase-
reversing stages is necessary. A
single phase-reversing stage, .either
with or without a cathode follower,
could not -be used—except at high
audio frequencies—because of insuffi-
cient gain. It became necessary to
use three valves. In an earlier model
a cathode follower, an ‘‘in-phase am-
plifier 7 (see Wireless World, Teb-
ruary, I942), and an ordinary stage
were used.  Finally, a straightforward
three-pentode circuit was decided
upon. ) :

In cases where there is no phase-

shift measuring equipment available,-

the following test will provide a
relative indication of phase shift.
Disconnect Cg temporarily. Measure
the maximum and minimum {re-
quencies produced on all ranges.

Then, if the phase shift in the main- .
taining amplifier is 180 deg. at all

frequencies, the frequency coverage
ratios will be approximately equal.
If phase advancing occurs at the
lower frequency end of a range (due
to a low CR product in a coupling
circuit), it reduces the frequency
coverage ratio. If phase retarding

occurs at the lower frequency end of-

a range (due to a low €CR product in
a decoupling circuit), the ratio is in-
creased. If phase retarding occurs at
the high frequency end of a range
(due to a high product of load resist-
ance and stray capacity), the ratio is
reduced. Do not forget to recon-
nect Co. . .

(d) The negative feedback provided
in the first stage is also useful in
keeping distortion in V1 at a low level.
The resistances R26 and R39 in the
cathode circuit of V2 reduce distortion
Although some dis-
tortion is permissible here, grid cur-
rent in V2 should be avoided, hecause
it will produce distortion at the anode
of Vi1, the point at which connection

" is made to the output amplifier. ‘For

this reason Vz should be given a
higher bias than Vi. The value of
R39 should be determined by experi-
ment. If “the amplified ‘‘motor-
boats,”” then the gain is too low and

R39 should be reduced. However, it-

should be adjusted to the highest
value that will produce reliable
oscillation at all frequencies- When
making this adjustment, the variable
condenser should be set to minimum
capacity and the oscillator tested on
the two lowest frequency ranges.
Oscillation should ¢ommence readily
when the controls are set to the posi-
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tions mentioned and tke oscillator is
switched on from cold. These set-
_tings are the least favourable for
oscillation. If for test purposes a
variable resistance is used for R3o, it
should- be noted that the instrument
is more willing to continue an oscil-

lation than to initiate one, The
resistances R32z and R33 reduce
Jdistortion in the third stage. The

sum of R32 and R33 should not be
so high as to produce excessive
heater-cathode potential. . The V3
bias resistance R33 has very litlle
effect upon the normal operation of
the oscillator, because this stage is
biased mainly by grid current passing
through the grid-leak R30. However,

'

+350V

CUTPUT
JACK

p

=

Fig. 6. Output cathode follower stage
—with component values listed, the
output impedance is 600 ohms.

" should oscillation fail, then the anode
current of V3 would rise to a high
value in the absence cf the mifimum
bias provided by R33.

The output waveform is such that
when it is inspected on a small
cathode-ray tube it appears as a sine
wave at all frequencies. In order to
reduce the heater-cathode potentials
the heater winding of the transformer
is connected via a simple CR filter to
the cathode of V3. : o

‘A metering circuit is incorporated
by meaps of which the cathode cur-
rents and HT and screen voltages.
may - be determined. The switch
should not be left in the position for
measuring screen voltage, because
this has an effect upon the trequency
generated.  Alternatively, a press

! button may be connected ‘in’ series
with this lead to the switch.

This should be designed to suit
individual requirements. The maxi-
mum input available is approximately
18 volts RMS. The impedaace input
should be high and constant., This
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rules out the use of an ordinary triode
voltage amplifier. There must be no
transformer or gain control between
the maintaining amplifier and the
separator. The output amplifier may
be connected either to the anode or
the cathode of V1, for either a high or
a low voltage output.

The first valve consists of a
separator, and must be located on the
same chassis as the maintaining am-
plifier and preferably close to Vi.
The separator should consist of either
a screened pentode, preferably of the
smdll transmitter type, or a cathode
follower. = In the former case a
parallel-fed transformer may be used
if a low output impedance is required.

Variation of output level by
variable cathode negative feedback in
the separator stage is inadmissible
because of the changé in input im-
pedance. A ‘‘volume range compres-
.sor’’ is preferable.

For the majority of purposes a
"separator stage will provide sufficient
output without further amplification.

In case a design for an output
cathode follower is required, Fig. 6
shows the type used by the writer.

APPENDIX
Attenuation E(V per section of the
phase shifter, for a phase retarding circuit

R 47X
. . 2——-;(—'1— = 1 _f_jcot qs .
where ¢ = current lead. .

Gain of pentode stage with anode load

R; and cathode load R, = < Ry = Ry/R,

2 E + Rc
approximately when 1/G is small com-
pared with R,.

(G is the mutual conductance in
amperes per volt, eg. G = o.005 for a
TSP4 valve having a mutunal conductance
of 5 mA/volt.) R

Multiplying the effective input re-
sistance of the maintaining amplifier
M—1

G

M:R19G+ IorR“=
where M = multiplying factot.

Effect of fixed parallel condenser on the
frequency coverage ratio N on any range
where a fixed phase shifter is not used.

Cvpae — CUpin -
—m—l\?t—'l_ﬂl - (Cvmin + CS)
Cvmuz + CP + Cs
orN = ————

CUpin + Cp + Cs
where Cp = capacity of shunt condenser,

. Cs = stray capacity
and Cr,,, and Cuv,,, = capacities. of
variable condenser at maximum and
minimum capacity settings respectively.
If frequency coverage ratio on-each range
=N, total frequency coverage ratio = \*
and number of ran&,es =R

~ Np=NB N = NTR and R = NTﬁ
This takes no account of the reduced

-frequency coverage on any range where a
fixed phase shifting section is used.

Cp =
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War Office

Communications

Keeping in Touch

HE War Office Signals Office,
which is situated deep under-
ground, not far from Whitehall, may
fairly be described as the nerve centre
of all the British Armies.
pass all telegraphic communications
between the War . Office and the
various military units at home or
abroad. It is the responsibility of the
Royal Corps of Signals to maintain
this vital service and to ensure speedy
communication with any part of the
world where British troops are to be

Through it

Wireless Room of the Office, in which
the receivers are installed.

For overseas communication there
is a 73-kW short-wave wireless- tele-
graph station, the transmitting and
receiving units of which are situated
in the country. The transmitter is
keyed by high-speed Wheatstone gear
in the War Office Signals Office, where
the recording and printing apparatus,
actuated by signals from the remote
receiving station, is also installed. By
means of this station, communication

DEEP UNDERGROUND, not far from Whitehall, is the War Office Signals Office,
through which communication is maintained with British troops in all parts of

the world.

It is operated by the Royal Corps of Signals.

This Wireless World

photograph shows a corner of the Home Wireless Room.

found. Many of the messages handed
in for despatch are passed on over wire
or wireless circuits actually operated
by R. Signals, while others are routed
by the Office through civil cable or
wireless links,

- Inland Communications

Naturally, most of the messages to '

the various Home Commands are nor-
mally passed by landline, and in the
Office is a large battery of teleprinters,
which, incidentally, are mainly oper-
ated by A.T.S. girls, who wear the
R. Signals badge. For use in emer-
gencies, or in the event of line break-

~down, there is a network of hand-

keyed wireless transmitting stations

‘which are dispersed at a distance and

remotely controlled from the Home

is maintained with our Forces in the
Middle East through a corresponding
station in Egypt.

Mention of an underground Signals
Office may conjure up a picture of ex-
temporised equipment operated under
dismal and comfortless conditions.
Actually nothing could be farther from
the truth. Except for the khaki uni-
forms, one might imagine oneself in
a very busy and smoothly running
civilian telegraph station with the
most modern equipment. Thanks toair
conditioning and fluorescent lighting,
the Chief Signalmaster and his staft
carry out their vital task of handling
some 30,000 messages a week in sur-
roundings that many engaged in com-
munications” above ground might
envy. :
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SIGNAL INSTRUCTORS

Interesting Facts About the School of Signals

HE ever-increasing use of wire-

less in the Army creates a

growing demand for signal in-
structors. This demand is being met
- by men who have passed through the
School of Signals established in the
North of England. The School is
not concerned with the initial train-
ing of signals personnel,. which is
undertaken by ‘the various Signal
Training Centres, but with the train-
ing of officers and N.C.O.’s of all arms
of the Service who will return to their
units as instructors.

The school is <divided into two
wings, one for Royal Signals and the
other for Regimental Signals, for which
widely different technical standards
are required.

‘Nine different training courses are
conducted in the Royal Signals Wing,
for each of which theré is a different
entrance examination. Only two of
these courses are for officers; one
being the Advanced Wireless Course
and the other the Advanced Lines
Course.

Some of the officers entered for the
Advanced Wireless Course are selagted
from Officer - Cadet Training Uaits,

.whilst others are released from their.

respective units of R. Signals. Before
being accepted for the course they
must have a sound knowledge of plane
trigonometry ; a basic knowledge of
two-dimensional vectors ;
ary knowledge of statics and dynamics
(such as is required for the School
~ Certificate) and be able to employ the
calculus to differentiate any simple
expression including products and
quotients. Here is a sample question
from a recent qualilying examination
paper :—* Draw a vector diagram to

\

an element- .

illustrate the current-voltage relation-

ships in this circuit.”

[

Fig. 1. Prospective officer students

of the School of Signals have to draw

a vector diagram to illustrate the

current-voltage relationships in this
circuit.

(See: Fig. 1.)

Another question in a recent quali-
fying examination relates to a circuit
diagram containing ‘< three gross

To give a true picture of the
organisation of the Royal Corps
of Signals and the chain of
communications it maintains
throughout the widely dispersed
war zones would be impossible
in a single article. But, as a
result of a recent visit by a
member of the ‘¢ Wireless World”’
staff to the Schoo! of Signals we
are ablie to give some interesting
facts about one important,
although little known, sidé of
R. Signals organisation.

errors’”’ which had to -be indicated
by the officer students.-

The course, which occupies 11 weeks,
deals at considerable length with
general circuit theory. During the 96
hours spent on this subject the stud-
ents deal with AF and RF amplifiers,
modulation and demodulation, AF,
RF and UHF oscillators, filters (in-
cluding T, Pi and M derived sections),
FM, UHF technique, electron optics,
television, diversity -reception and
DF. The students are given every
opportunity of putting into practice
the theoretical
and for this purpose there is an experi-
mental laboratory.

A great deal of time is spent on test
equipment, such as signal generators
(including TM types), ocsilloscopes
and AF generators. As would be
expected, the circuit details of Army

transmitters and receivers are studied .

intensively. A typical, though obso-
lescent, set still employed in consider-
able quantities in the Army is the
No. 11, which is a transmitter-re-
ceiver, mainly used in trucks, which
derives its power “from a 12-volt
accumulator which heats the filaments
and supplies HT through a rotary
converter, A novel feature of the
design is that it incorporates a valve
test socket on the panel to facilitate
maintenance.

The fundamentals of high-speed
telegraphic equipment such as is
used in fixed point-to-point stations
is also covered by the syllabus for

_ in the course.

instruction received -

" electricity, 51 hours;

the officers” Advanced Wireless Course-
The instructional centre is equipped
with a complete transmitter and re-
ceiver so that the students go through
the complete operation from the per-
forator to the automatic printer,
Although not in regular use an un-
dulator is maintained as a reserve or
monitor.

It is noteworthy that a visit to a
B.B.C. transmitting station is included.
The reason for this is
that R. Signals personnel may be
called upon to take over and if possible
restore to working order a broad-
casting station in occupied territory.
‘This actually happened in Abyssinia.

For R. Signals personnel to. enter
for any one of the seven N.C.O
courses they have to pass a qualifying
examination which varies according
to the grade or category in which they
aspire to act as instructors. One of a
set of ten questions for the qualifyng
examination for the seven-week
N.C.Q.’s Wireless and Line Course is

x‘f—y ‘ .’ Another
i #+y*) (x—y)
question in the paper relates to a net-
work of five resistances (see Fig. 2)
and asks, ‘“ What is the resistance
of- the network shown between A
and B ?” These questions will suffice
to give some idea of the standard
required to enter the school for this
course. An approximate allotment
of the 245 hours available for the course
is: elementary mathematics - and
wireléss theory,

“ simplify

77 hours; wireless gChemes, (the
modern term for exercises in the field)
32 hours; line ingtruments, mis

cellaneous subjects and examinations,
55 hours ; fault-ﬁnd?ng, 18 hours and

Fig. 2. The resistance between A and

B has to be calculated by N.C.O.

students during the qualifying ex-

amination for the Wireless and Line
Course.

12 hours of students’ lectures. This
latter allotment is very important,
for it must be remembered that these

"N.C.0.’s hope to pass out as instructors.
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Training Signal Instructors—

For the Advanced Wireless Course
for Operators the entrance examination
is more exacting, and the course, which
covers 6 weeks, is correspondingly
more advanced. There is also an
Advanced Wireless Course for Work-
shop Trades, i.e., instrument mechanics
and electricians, which occupies teq
weeks: and deals mainly with the

maintenance of apparatus, and a seven-
week course for Foremen Mechanics.
It is not possible to deal adequately
with each of the N.C.O. courses in a
short article, and we will, therefore,
confine ourselves to what are perhaps
the most interesting, and certainly
the most exacting—those for Foremen
of Signals. There are two—the Basic,
which runs for 18 weeks, and the Con-
tinuation, which occupies 13 weeks.
The qualifying examination for entry
to the Basic Course is in two parts
mathematics and electricity. It will
be seen from the following sample
questions that a fairly high standard

. /4
isrequired : “Evaluate / sec2f.d8”’;

. v 37/
‘“ Explain the principles 4used in the
superheterodyne wireless receiver.
What is second channel interference
and why does it occur ? ;- Explain
the terms ‘ carrier wave,” ‘ modulated
wave ' and ‘side-bands’ applied to
R/T, taking as an example an R/T
transmitter tuned to 3,000 kc/s and
emitting a tuning note of 1,000 cycles
per second. Assuming the frequency
- band for speech to be 300 to 2,000 c/s,
what is the smallest frequency separa-
_tion that can be allowed between two
R/T stations so that they may work
without mutual interference ?

The syllabus for the Basic Course

of ovér 700 hours allows nearly 250
hours for wireless theory and practice,
-~ 87 for mathenratics, 70 for workshop
practice and the remaining time for
electricity, magnetism and line com-
munication.

Wireless World

Tt must be remembered that a Fore-
man of Signals hag to be a really com-

petent fault finder in the field, where.

he works with a minimum of test gear,
and he must be able to effect and super-
vise repairs. It is essential, therefore,
that he should have a very thorough
groinding in general circuit theory
and be conversant with the apparatus
met with in the field, in order that he
can malke the best
use of the testing
and repair facili-
ties at his
disposal. As in
all other courses,
the student is
taught how to
impart to oghers
the knowledge he
gains, and for this

Students in  the
Laboratory. Each
bench position has
a set of test ap-
paratus as shown,
together with two
multi-range meters.

purpose the students deliver lectures
which are criticised by their fellow
students. . .

A few of the students who pass
through the Foremen of Signals Basic
Course are selected for the 13 week
Qontinuation Course, the title of which
is self explanatory., So far as wireless

is concerned this course covers trans-

mitting apparatus of relatively high
power, aerials, the propagation of
electro-magnetic waves, CR equipment,
Service sets and high-speed morse
equipment.

One of the later and more interesting
transmitters on which Foremen of
Signals receive instructions during the
Continuation Course is the No. 33,

N

which, operated from AC mains or
from its own petrol-driven alternator,
has an output of 6o watts on 'phone
and 250 watts on CW. It has an in-
put of 12 kVA and is used mainly in
three-ton lorries. . '

To give Foremen of Signals an
opportunity of handling high-powered
transmitting apparatus such as might
be met with at a captured telegraph
or broadcasting station, an obsolete
5-kW transmitter is used for training
purposes. A visit to a B.B.C,
station is also. included. This is,
incidentally, the only course for
N.C.O.’s which includes "instruction
in the principles of FM.

A considerable part of the students’
time is spent in the experimental
laboratories, where they have to under-
take a number of experiments with
standard test apparatus, such as would -
be found in rear areas. Experiment-
ing during spare time is encouraged.

It must be remembered that the job
of a Foreman of Signals who has under-
gone the Continuation Course will be -
to instruct men normally working in
rear areas where the more complicated
transmitting, receiving, and test equip-
ment is to be found. He will, of course,
also be largely responsible for the main-
tenance of this and all other signalling
equipment in his unit. )
“. It may be of interest to note that in
the Signals Wing there are to be seen
men from the equivalent branches of the
armies of our allies, including American,
Belgian, Polish, and Czechoslovakian.

It should be added, that in addition
to those already mentioned there
are short courses for senior officers
(lieut. colonels and majors) and com-
pany commandeérs in the Signals Wing ;
these compris¢ a general brush-up
in technical and tactical subjects,

Although the\ Regimental Wing of
the school also comes under the com-
mand of the Comynandant it is very

-~ A semi -mobile fnedium-power transmitter (No. 33), for telegraphy or telephony,
which operates from 230 volts AC. The receiver (R107), ts on the left, and the
power unit on the right,



much a separate entity from the
Signals Wing and is staffed by officers

and N.C.O.s of various regiments.

The three distinct sections to the
Wing are concerned, respectively, with
the training of signals instructors for
the Infantry, Royal Artillery and
Reconnaissance regiments. s
In the Regimental Wing the courses,
which occupy eight weeks; differ from
those in the Signals Wing in that they
include very little theory, the main
reason being that the students will not
be called upon to give theoretical
instruction when they return to their
Corps or Division. The qualifying
examinations for admission to the
~ courses for officersand N.C.O.’s are very
much simpler than those for entry to
‘the Signals Wing. To qualify,an N.C.O.
- must have an aptitude for imparting
knowledge to others, be conversant
with.the apparatus used in the section
of the Army to which he isattached
and be a qualified signaller. It should,
perhaps, be pointed out that, whereas
in R. Signals the term “ signalman ”’
is used, in all other arms of the
Service ‘‘ signaller ”’ is employed.

In the Infantry section the course
is roughly divided into two four-
week periods. The first is confined to
instruction and the second to working
on schemes as a platoon in which the
officers and men combine.

Considerable stress is laid on the

use of wireless, for although these
students have to be conversant with
line work there is seldom opportunity
for the use of line communication in
the field. Communication procedure,
which, incidentally, has recently under-
gone radical changes, is, of course, an
important part of their - training.
Essential fault finding and m-ainten-
ance is undertaken in the field by
regimental signals personnel but the
training is not highly technical as no
major fault is rectified in the field.
In all the courses in the Regimental
Wing theoretical instruction is con-
fined to block schematics.

Different types of transmitters,” re-
ceivers and transceivers (the official
term for apparatus in which some of
the components are common to both
transmitter and receiver) are used by
the three sections. The Infantry (in
cluding rifle battalions, airborne troops
and machine gunners) mainly use pack
transceivers. Of the three or four
types in production the most common
is the No. 18 which was described in
our September issue. A lighter and
more compact set—the No. 28—has

been produced.. This is of the ‘Call-.

dry 7 type and is carried in a canvas
case little larger than a haversack.
Like its predecessor it has a tubular
sectional aerial, the socket for which
- rotates through 9o deg. to allow the

Wireless World

aerial to be vertical when the infantry-

man is lying down.

A later type of pack set is the No. 38
which is intended for the use of officers
and is for ’phone only. It is quite

This small infantry pack set (No. 38)
enmploys a throat microphone and is
so arranged that it does not interfere
with the wearer’s fighting efficiency.

small being capable of being worn on
the chest next to the respirator. The
batteries are carried in a separate
case. This 'set has a three-section
8ft. aerial which, when not in use, is®
carried in a canvas sling. An interest-
ing feature of this set, the range of
which is, for reasons of secrecy, very
limited, is the use of laryngaphones so
that there is no obstruction to the use
of the voice for normal purposes and
to leave the hands free.

Students in the section which trains
anti-tank and anti-aircraft personnel
are trained to the ‘‘ driver operator ”’
standard in morse, which is twelve
words a minute, as they will have to
instruct both signallers (1o w.p.m.)
and driver operators.” Throughout
their training in receiving morse they
are continually reminded of the pre-
valence of interference in W/T. For
many of their receiving periods they’
are given an R4 signal with R3 inter-
ference superposed. It should he
pointed out that the signal strength
scale, which used to be graded Ri1-Rg-
is now R1-Rs5.

7
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It may be of interest to give a few
brief details of some of the sets more
widely used by the mep in this section.
The No. 19 transmitter-receiver,
which derives its power from an aceu-
mulator through a rotary convertor,
has some interesting refinements to
simplify operation. One of these is
push-button tuning to facilitate the
process of ‘‘ netting "—which is the
‘ term used for grouping stations into
a network. Another refinement makes
it possible ‘accurately to tune  the
transmitter without radiating.
Remote control is provided on the
No. 21 _transmitter-receiver, which is
of the transportable type, so that the
set can be erected in an advantageous
position for radiation whilst the
operator is under cover as much as
120 yards away. Working on 'phone,
CW and MCW in the 19-31 and
42—7-5 Mc/s bands, the No. 21 is
largely used by field artillery:. This
set, which derives its HT from an
accumulator through a vibrator, suc-
ceeds the No. 11, mentioned earlier.
Like the infantry and airborne
troops, the reconnaissance and motor
battalions, or mobile infantry, depend
mainly on wireless for communication
and their course of instruction there-
fore stresses this side of the students’
training. Tactical training is, of
course, of vital importance to recon-
naissante troops, and for this reason
a large part of the time is devoted to-
schemes under service conditions.
Because of their reliance on their own
resources these men are, of course,
trained in practical fault-finding.
Most of the maintenance of the
training equipment at the school is
undertaken on the spot. This is no
mean task, for there are some 400 or
500 sets in constant use, and some-
thing like a thousand batteries are
handled in th arging. room.
Although~"not concerned directly
with the” training of personnel a
branch of the School which is of con-
siderable importance is the Publica-
tions Section. All manuals and in-
struction booklets relating to signals
apparatus and procedure are prepared
“ by, or pass through the hands of, the
staff. The close co-operation between
our own Forces and those of our
American Allies has called for a re-
vision of the rules of procedure, and
incidentally of the phonetic alphabet.
It is interesting to note that the
instructors for both wings of the
school are drawn from officers who
have passed through the courses.
When other Signal Schools, such as
those-in the Middle East and India,
are established the signal instructors
are picked from officers who have
attended the school, the activities of
which have been described.
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LAMINATION

DESIGN

Inﬂuence of Shape on the Cost and Weight of T'ransformers

AMINATIONS manufactured for

use in the construction of mains” -
smoothing

transformers  and
chokés have a very definite and
specific  function to ‘perform. One
might reasonably expect, therefore, to

find a wide range of sizes all having

the same general proportiond. But
nothing of this sort occurs in real life.
Largé windows, little windows, tall
lesn patterns and stocky varieties are
{or were) obtainable for the asking.
Two questions at once present them-
selves. Does the shape matter very

much and, if so, why produce anything .

but the best shape? The former
question is capable of logical treat-
ment and will be dealt with in some
-detail. The latter touches upon the
perversity of human nature and is
probably unanswerable. '

The merit of a lamination can be
assessed in a number of ways depending

upon the particular purpose for which’

it is required. In the case of com-
pounents for radio equipment cost and
weight are the principal criteria. The
present investigation will therefore
be twofold. TFirst, we will discover
how the shape of the lamination
influences the cost of the materials
necessary to produce a compodnent
of given performance, and secondly,
we will see how the weight of the com-
ponent is affected thereby. ‘

Mains Transformers

Fig. 1 shows a lamination of typical
proportions together with a sectional
plan and a side elevation of the com-
plete transformer. As a tentative
approach to our problem, consider a
square core section (y = 1) and ex-
amine the effect of varying the height
(#). By assigning various vallies to x

it will be possible to calculate the ~

relative costs and weights per watt
output for each of the resulting
transformers. . )

The upper portions of Tables 1
and 2 show how this may be done.
Column 1 of Table 1 gives the values
assigned to x. The second column
shows the volume of the space occu-
pied by the winding. This is the area
of the window multiplied by the
length of the mean turn (see Fig.
1 (b)). Ber equal performances, the
temperature rise must be the same for
each transformer, and to take account
of this the effective cooling surface-of

- plying

and Chokes

By

"+ N.-PARTRIDGE,
B Ph.D., B.Sc. (Eng.), M.LE.E.

The fixing of the proportlons
of a lamination is in reality
the first step in transformer
design. The author shows
the important influence it
has upon the economy of the

resultant component. /

¥

T

the bobbin must be known. The
cheeks of the bobbin dissipate a
negligible proportion of the heat and
therefore the effective cooling surface
of the winding is obtained by multi-
the helght of the bobbin
(* — 1) by the length of that portion
of the periphery of the winding which
is exposed to the air (see Fig. 1 (b}
and (c)).* The results are set down
~in column 3.

At constant current density, ‘the
temperature rise depends wuporn~the
available area of cooling surface per
unit of volume. This is discovered
by dividing the surface by the volume,
the result of which is shown in column

*This treatment is not exact but can be awepted‘
as a first approximation, -

4 NE%LOILollNaée instance column 5
R I ) sunncs\*b‘ is constant
iy i . throughout and
i | ~ can be ignored..

| e | > : | Column 10 is
! U] X coppen lLim therefore derived
‘,I—; H 1-1 cooLING Il | | | ™ |li§ by multiplying (»
: ! \ ! I — 1) by the figures
M ¥ ) 1RO l if in column 9.
————— - - COOLING ¥ Now pass
. 'SURFAC
o \ RN : Table 2. The re-
; (c) lative weights of
AREA OF winoow = [x(x =) the windings,
1 complete with
- LENGTH OF MEAN TURN Foz scl;_;m: golaj bobbin insula-
+ = )
------ tion, etc., are-
; ~obtained by
¥ multiplying  the
Y =] FOR SQUARE CORE volume of the
. winding space
A S TOTAL PERIPHERY = 4 + 27T Fig. 1 Rele‘.rant di-

PORTION EXPOSED TO AR = (4 + 277)~ 2’

.

‘4. The ratio of surface to volume is
seen to be independent of x, since both
the volume and the surface of the
bobbin are directly proportional to its
height, and therefore constant current
density will result in equal tempera-
ture rises throughout.

Columns 6, 7 and 8 are 51m11ar to
columns 2, 3 and 4 but relate to the
iron core. The effective cooling sur-
face of the iron is that part formed
by the edges of the laminations. The.

. conduction of heat across the stack

from one lamination to another is
relatively small. This time the ratio
of surface to volume (column 8)
varies with x. It follows that at con-
stant flux density the temperature
rise will also vary with ». But the
generation of heat within the iron
varies approximately as the square
of the flux density. Hence to ensure
a constant temperature. rise through-
out, the flux densities must be ad-
justed in proportion to the square
roots of the figures in column 8. These
square root values are given in column

9.

The relative dutputs for the series
of transformers can now be deduced.
If both current and flux densities were
constant, the output would be pro-
portional to the length of the bobbin
(# — 1). But to allow for the adjust-
ments to the current andjor flux
densities, (¥ — 1) must be multiplied"
by the figures in columns 5 and 9.
: In this particular

to |

mensions of a typical
mains transformer



- (column 2, Table 1) by the weight per
‘cu. in. of an average winding. The total
~ weight of a complete winding will, of

Wireless World

and thereafter rises slightliz.
practical purposes the minimum values
can be regarded as having been

course, depend upon the size of the attained when the height of the
transformer to which it belongs. But lamination is comparable with its
‘ TABLE [
Copper - Iron
. — | — | Relative
Heightx| yolume| Surtace| _Sc / So | Volume| Surface| _S¢ S, | Output
Vo | S | Vo |[\Ve ; : V. V.
2 7.1 8.3 1.16 1.08 6 D1z 2.0 I.41 I.41
3 14.3 16.6 1.16 1.08 8" 14 1.75 1.32 2.62
1 21.4 f 248 | 1.16 | 1.08 10 16 | 1.6 1.26 3.80
5. .1 286 33.1 1.16 1.08 12 18 1.5 1.22 4.9
-6 35.7 41.3 1.18 1.08 14 20 | T1.43 1.19 | "5.97
Stack y| ~
0.75 19.9 24.8 1.25 .12 7.5 12 1.6 1.26 0.84
1.0 21.4 248 1.16 1.08 10 16 1.6 1.26 1.08
1.25 22.9 | 24.8 1.08 1.04 12.5 .20 1.6 1.26 I.30
1.5 24.4 24.8 1.02 1.0I I5 -\ 24 .| 1.6 1.26 I.52
1.75 25.9 24.8 0.96 0.98 17.5 28 1.6 1.26 1.70
0 @ @ @ ® © @ ® ® vy
the weight per cu. in. is appreciably width. There seems little point in

constant over a wide range of sizes
for a given type of construction. The
figure used for the present purpose

is 0.083 lbs. per cu. in. and was
obtained from manufacturing ex-
perience.  Similarly, the relativé

weights of the cores are discovered by
multiplying the core volumes by the
weight per cu. in. of core, which is
0.26 1bs. The relative total weights
are obviously the sums of columns 2
and 3, and the relative weights per
watt output are calculated by dividing
column 4 of Table 2 by column 10 of
Table 1.

The relative costs per watt output
are worked out in columns 6, 7, 8 and
9. There is .one important point to
note. The cost of laminations depends
upon the gross area and is not altered
by the sizes of the window holes. This
"s because the same amounts of material
.nd labour are expended in their pro-
duction whatever the size of the
window. Hence the price per cu. in.
of actual iron will be high when the
window is large and low when the
window is small. But the price per
cu. in. of gross volume i.e., including
window space, will be constant. The
cost per cu. in. of winding has been
taken as 3.o02d.,
of gross stack as 3.32d.* As with the
weights per cu. in,, these costs per
cu. in. remain apprecxably constant
over a wide range of sizes.

Table 2 shows that the weight per
watt output continues to improve

as # increases, while the cost per watt -

reaches a minimum value when » = 4

*These manufacturing costs are fictitious. The
final results depend only upon the ratio of the winding
and core costs. This ratio is correct and therefore
the deductions remain valid,

and that per cu. in. ’

making x slightly shorter than the
width, or, for that matter, slightly
taller. But several advantages accrue
from making the lamination precisely
square. In particular, the same end
plates, the same chassis space and the
same fixing holes, will serve for
- mounting the bobbin either vertically
or horizontally. Hence we deduce
that transformer laminations for
general use might, with a substantial
measure of reason, be made square
in shape.

Having fixed the value of » at 4
(= width) we can proceed to study
the effect of varying the stack (y).

The calculations are exactly as before’

and are set out in the lower portions
of Tables 1 and 2. At constant
current and flux densities the output
would be directly proportional to y.
The Trelative outputs for constant
temperature rise are therefore derived

For .
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by multiplying y by the figures in
columns 5 and g. (Table 1). But
column 9 is constant throughout and
can therefore be ignored.

Again it will be seen that both the
cost and the weight per watt output
are reduced by increasing y. However, .
the stack thickness employed in
practice is determined very largely
by manufacturing expediency. A
square section bobbin is the easiest
to wind and is therefore frequently
used. Next to this, stacks up.to 1}
times the width of the centre limb are
satisfactory from the winding point
of view, but greater stacks become very
difficult to handle. Table 2 indicates
that for a given lamination a 1} stack
produces approximately 40 per cent.
more total output than a square
section. Also the former achieves a
small but useful advantage in both

,the cost and weight per watt output.

Lastly, the width of the centre limb
of the lamination has to be determined.
(In view of the high flux densities
normally employed in transformers,
it can be accepted without discussion

" that the outer limbs shall be precisely

one-half the width of the centre limb.)
The task is complicated by the fact
that the stack cannot be definitely
fixed on account of the practical con-
siderations mentioned above. But
it is evident from Table 2z that, for a
general -purpose lamination to be used
in anything from a 1 to a 1} stack, the -
limb width should be designed for
optimum results in the former case.
When the stack is increased the cost
and weight per watt automatically
improve. :

Proceeding on this basis, the height
of the lamination has beenfixed as
being equal to its width, and the stack
as being equal to the width of the
centre imb. To show that there was
no undisclosed subtlety in the selection
of 4 as the main dimension in Fig. 1
and to increase the reader’s familiarity
with the geometry of iron-cored com-

TABLLE II
Relative Weights Relative Costs
Height x . :
Copper | Iron Total | Per watt| Copper | Iron Total | Per watt.
2 ' 0.59 1.56 2.15 1.52 21.5 26.6 48.1 34.0-
3 1.19 2.08 3.27 1.25 43.2 40.0 83.2 31.8
4 1.78 2.60 4.38 1.I5 64.6 53.2 117.8 31.0
5 2.37 3.12° 5.49 1.12 86.4 66.4 152.8 31.2
6 2.96 |° 3.64 -6.60 1.10 107.6 79.8 187.4 31.3
Stack y )
0.75 1.65 1.95 3.60 |° 4.29 61.0 39.8 100.8 | 120
1.0 1.78 2.60 4.38 4.07 64.8 53.2 118.0 109.4
1.25 1.90 3.25 5.15 3.96, 69.2 66.4 135.6 104.2
1.5 2.03 3.90 5.93 |. 3.91 73.8 79.8 153.6 101.4
1.75 - 2.15 L 4.55 6.70 ' 3.95 78.2 93.0 I71.2 10L.0
U} @ 9 O] ® @ ® )

3)
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Lamiination Design—

ponents, let us now consider a lamina-
tion 5 X 5. This is -illustrated in
Fig. 2 where the width of the centre
limb has been called z.

Construct two tables similar to
Tables 1 and 2 but having z, instead
of x or y, in the first column. Assign
values to zsuch as 0.25, 0.5, 0.75. . 2.25.

Wireless World

books dealing with the design of AC .

‘equipment.

The optimum proportions for general
purpose transformer laminations as
deduced above are shown in Iig. 8.
These proportions hold good for the
range of outputs from say 30 to 600
watts. .

To satisfy the curiosity of those
who want to know the optimum limb’

3 width for a 1} stack, the necessary

T data is shown in the upper part of

. Fig. 3. It will be observed that the
(25-2)—_| optimum lamination for a square core
' - \ results in low cost but rather high
Lo weight when used in a 1} stack. :

5 And now a few words of warning

e - addressed to those idealists

N [~ 1(5-2) to whom reference to cost

might seem irrelevant. The

reference to low cost as

. employed in the foregoing

- discussion has no con-

FOR SQUARE STACK i—=

, VOLUME OF WINDING = (25 - 2 )(5~ Z)[4Z +7 (25~ Z)]
., COOLING SURFACE OF WINDING = (5~2z )[2 2+2m(25~ Z)]

NET VOLUME OF IRON'= 2 (|5-27) -
GROSS YOLUME OF STACK = 25 7
COOLING SURFACE OF mori =202
OUTRUT AT CONSTANT DENSITY OC 22 (5 =2 )(2'5~2)

Fig. 2.

" The figures to be entered in the various
¢olumns can now be calculated. To
avoid misunderstanding, the required
formulae are noted in Fig. 2. It will
be found that both the current and
the flux densities have to be adjusted
for constant temperature rise. )

If the costs and weights per watt
output obtained as described above be
plotted against z, a definite minimum
point will be found in each case. By
giving this point the arbitrary value
100, the other points can be expressed
as percentages of the minimum. This
has been done in the lower part of
Fig. 3 which at once reveals the infor-
mation we want. When z is 1.2 the
transformer has the lowest weight per
watt output but the cost is about
15 per cent. higher than it néed be.
For minimum cost, z should be 1.6 at
which point the weight becomes 15
per cent. up. The most significant
spot of all occurs at the intersection
of the two curves when z = 1.4. This
marks the most satisfactory com-
promise between cost and weight, each
being between 3 and 4 per cent. above
the lowest possible value.

As a matter of interest it may be
noted that the minimum cost per watt
output does #nof occur when the cost

- of the winding is equal to the cost of

“the core. This fact is contrary to the
teaching of several standard text-

Formule for surfaces and volumes in
relation to the core width for a 5 X 5 lamination.

RELATIVE WEIGHT PER WATT OUTPUT

nection with things “cheap
and nasty.”
transformer, be it designed
for minimum cost or
minimum weight, will em-
ploy the same quality
materials and will enjoy the
same quality workmanship.
It will, in fact, have the
same performance and re-
liability.  But the low
weight transformer will be
very wasteful of materials
and labour. Fig. 3 shows that a
low weight calls for a relatively
thin limb and therefore a large
window. Thus we start off by creating
a large piece of scrap metal —
wasted labour and wasted material.
Next we have to buy additional wire
to fill the larger window and to spend
extra time winding it on to the bobbin
more wasted labour and wasted
material. Asa matter of fact, the large
bobbin with its greater number. of
turns -per volt, will tend towards
poorer regulation. Hence there is an
excellent case for taking cost fully into
account unless weight is an overriding
consideration. Furthermore, cost
takes on a new significance as an

%[ T2 _recTancuiar _core y 1 % 5
120 } } / t 120 E
WEICHT—» \ / /,,cosr °
1

1o l 1 < " I o
] H
100 ——io0
s &
%, [ SQUARE coRE / / % &
} <]
120 l \ 120 ©
WEIGHT\o‘\ COST H
1o } +—io %
| AN
100 - 100 &

o o ) 5 20 25

WIDTH OF CENTRE LIMB RELATIVE TO SX 5 taMINATION

Fig. 3. The width of the limbs hasa critical
effect upon the weight and the cost of a
transformer of given performance.

The finished -

RECATIVE PERFORMANCE

index of labour and materials instead
of being merely money paid out. . )

Smoothing Chokes

Three major parameters are needed
for the electrical specification of a
smoothing choke :(— the inductance -
(L), the DC resistance (R), and the -
DC to be carried by the winding.

It is clearly advantageous to have
a high value of L together with a low
value of R. Thus the ratio L/R should ¢
be a maximum. Fortunately, the
conditions making for this desirable

- state of affairs are the same for a non-

gapped choke carrying AC alone as
for a choke carrying DC and having
the optimum air gap in the magnetic
circuit. Hence the consideration of
DC can be omitted from the present
discussion.

Let N be the number of turns on
the bobbin, Ar and Ac the cross-
sectional area of.the iron and the area
of the window respectively, Iy and /¢
the lengths of the mean flux path and
the mean turn. Then, working in
terms of the initial permeability :—

]V ZAF - 4 C .
L d —_
oC I a.m Rooc Ac
’Therefore~E o Arfe =C. Arfc
R lFlC - IFZC

where C is the appropriate constant.

%
100 T SN
COST~ -

so $// %\

. / —wEIGHT

80 7 ]

700 o . 2 3 4 5
HEIGHT “X " WATH REFERENCE TO. Fig. !

Fig. 4. In the case of a smoothing

choke an optimum value exists for the
height of the lamination.

Increase the size of this imaginary
choke so that all lengths become &
times longer without upsetting the~
gemoetrical proportions. The mnev.
volume, weight and cost will each
increase directly as £3. The new value
of L/R is:—

L’ R2Ap . R?A¢ ApAc
R’ "Rl . Rl " gl

Tt follows that in a series of chokes of
different sizes but having the same
geometrical proportions, L/R varies
directly as A% which is itself directly

B2

proportional to 34/(Volume)?
34/(Weight)? and 34/(Cost)?. This

theorem is going to be very useful a
little later.

‘Now consider a choke of typical
proportions. Fig. 1 will serve for this
purpose from which it can be seen that :
L ArAc (1 X y)[1 X ¥ —1)]

R [3+2(x—%)](2+2y+1r())
.. . 1




If the stack be fixed, i.e. 3 made.

constant, the effect upon L/R of
varying the height (¥) can readily be

u %
‘5’ 100—
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Fig. 5. A choke also has an optimum
stack. Practical difficulties prevent it
being employed in practice.

deduced. Simplifying the above ex-
pression and deleting unnecessary
constants we find —

L x—1

R ¥ + 1

R
- Assign specific values to x and
calculate the resultant values of L/R,
the weight and the cost.* Our intro-
ductory theorem showed that a series
of chokes each having the best value
of ¥ would produce values of L/R
in proportion to 34/(Weight)? andjor
34/(Cost)2. Hence to compare our
calculated values for L/R with those
given by chokes of optimum design
we need only to divide by 24/ (Weight)?
for an _an equal weight comparison or by
3\/ (Cost) for an equal cost compari~

The result of doing this is shown in
Flg 4. A critical ratio exists between
the width and the height of the
lamination for optimum performance.
In the particular instance where the
former is 4, as in Fig. 1, the latter
should be 2.8.
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Fig. 6. These curves enable the best
widths for the limbs to be determfned
in the case of a smoothing choke.

In expression (1) above, fix the
height (¥) at 2.8 and consider the
effect of varying the stack (y). It is
thus found that :—

L .y .

._.x.___—..
. R 2574w

>

Assign specific values to y and -

divide the resultant values of L/R

*On account of the better space factor given by
chokes and of the smaller average wire gauge, the
average bobbin weight per cu. in. is increased to
0.114 1b. and the cost to 3.8d.

Wireless World

by the. corresponding
4/3(Weight)? and 34/(Cost)2
results are shown in Fig. 5. Again a
critical value exists. But for the
reasons already discussed only stacks
between 1 and 14 times the width of
the centre limb need be regarded as
practical. “The latter will clearly
possess advantages over the former.

To determine the optimum width
of the centre limb, fix the height at
2.8, the stack at 1, and call the width
of the centre limb z. Assuming the
outer limbs to be one-half the width
of -the centre limb, it can readily be
deduced from Fig. 1 that :—

L 222 — 2)(2.8 — 2)

R 7 (9.6 — 2)(0.86 z + 6.28)
Ve=1(2 —2z)(2.8 — 2){0.862z + 6.28)
(net) Vg == 4 2% + 2(2.8 — 2)z*

Assign specific values to z and pro-
ceed exactly as before. The resultant
curves are shown in the lower part of
Fig. 6 from which the optimum width
for the centre limb is seen to be 1.12.

values of

w 5,

g IO‘E)
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‘é‘ RELATIVE WIDTH OF CENTRE LIMB
Fig. 7. Showing the effect of varying
the centre limb while keeping the

‘outer limbs at a constant width of o.5.

The above formulae can readily be
modified to suit a 13 stack. _Repeating
the process on th1s basis gives the
curves in the upper part of Fig. 6.
It will be noted that the stack makes
very much less difference to the
optimum limb width than in the case
of mains transformers (see Fig. 3).

Lastly, we have to refute the current

superstition that an advantage is
gained by making the centre limb less
than twice the width of the outer
limbs. The argument seems to be as
follows : For a given stack of lamina-
tions the average value of Ag will be
little altered by reducing the centre
limb. But more turns can he added as
a result, and L varies as N2 in addition
to which these turns, being on the
inside, will add little to R. This argu-
ment may be plausible but it ignores
the most cogent factors. Taking all
relevant facts into account the truth
is as shown in Fig. 7. If one must
meddle with the width of the centre
limb it should be made wider and »o¢
narrower | For many "reasons it is
altogether undesirable to depart from
a 2 to 1 ratio for the widths of the
centre and outer limbs.

Unfortunately, we started to design
the present. choke lamination by
assuming ‘‘ typical proportions” for
the very first calculation. The result

These -
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must therefore be regarded as a first
approximation and the whole process
repeated substituting this approx-
imation in place of the original guess.
The only effect of the repetition is to
increase the optimum height to 3
1nstead of 2.8 relative to a width of 4.
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Fig. 8. Showing the optimum pro-

portions deduced in the article. The
relative widths of the limbs are the
same for both transformers and
chokes. But a choke requires to be
shorter than a transformer.

The final result is shown in Fig. 8.
It is perhaps surprising to see how
closely the choke and transformer
designs agree in spite of the totally
different method of attack. It would
appear that a compromise could be
reached such that one stamping would
serve both purposes without appre-
ciable: loss of efficiency in either
application.

The foregoing ~applies spec1ﬁcally
to mains transformers and smoothing
chokes employing silicon steel. Audio-
frequency transformers and com-
ponends using nickel iron have to be
tackled on a different basis, there being
nothing to suggest that the optimum
proportions will approach those de-
+duced above.

“Unique in Technical Literature”

URING his inaugural address as
Chairman of the Wireless Section of

the T.E.E., Dr. R.—L.. Smith-Rose
referred to ** the comprehens\me\senes of
abstracts and references p lished

monthly in Wireless Engineer.”’
that these abstracts, which have
prepared by the Radio Research Board
for the past fourteen years, ‘‘ are unique

. in wireless technical literature and are

greatly appreciated by radio engineers
and research workers in all parts of the
world.”’ )
This section of our sister journal
occupies 27 pages in the November issue,
which also includes original articles on
reducing the band-width in frequency-
modulated receivers, harmonic. distortion
" in audio-frequency transformers, and the
‘“ tracking ’’ of tuning circuits. Wireless
Engineer is published on the first of the
month and 1is obtainable to order
through newagents, or direct from our
Publishers at Dorset Housé, Stamford
Street, London, S.E.1, at 2s. 8d. (includ-
ing postage).
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Letters te the Editor

Reproduced Music: Transmitter Volume Compression

Player-Piano v. Gramophone
ATHODE RAY " is quite correct
in saying (in your November
issue) that the sound of a note on a

piano is exactly the same whether it

is played by the finger of an expert
pianist or by an inanimate object
dropped from a suitable height. What
he has forgotten, however, is that

piano music consists of a sequence of

chords or groups of notes, whose in-
dividual intensities may differ widely.
It is these contrasts which give ‘‘ ex-
pression”’ to music played by a good
pianist, and make it sound better than
the same music played at the same
speed by a bad pianist.

The player-piano is quite incapable
of reproducing these differences in in-
tensity of notes sounding together,
and so it destroys the most important
part of the music.

The gramophone, on the other hand,
although it fails at the extreme fre-
quencies, and has considerable back-
ground noise, and may completely up-
set the transient at the beginning of
each note, reproduces practically all
the ‘“ expression’’ put into the music
by the performer.

Considering the two as musical in-
struments, therefore, the gramophone
wins, in that it sounds like a rather
unusual piano played well, while the
player-piano sounds like a good piano
““played "’ extremely badly.

Cambridge. R. W. HAIGH.

I WAS surprised and distressed to

find anyone of such wide culture as

‘“Cathode “Ray '’ reviving, on p. 27I
of your November issue, an appalling
statement which I always hoped had
been secretly- buried in an unhonoured
grave: that - ‘' pianist’s touch” is
bunk. At its first appearance (under
the auspices, not of Sir James Jeans,
but of an American worker), it was, if
I remember rightly, definitely proved ;
and I recollect rejecting it on the spot
- as one of those occasional scientific
‘“facts”” which, spurned instinctively
" by the wise in spite of “‘ proof,”” are
recognised a little later as fiction aris-
ing from incomplete knowledge. Such,
for instance, was the rigorous mathe-
matical proof, which some of your
readers may remember, that wireless
communication between Europe and
America was fundamentally. impos-
gible. . I feel convinced that when
more is known about ‘““touch’ on a
piano it will be found to 1n\rolve‘some
factor, or factors, which wetre un-
known (or unreraembered) at the time

of that proof ; just as the unknown (or
unremembered) ionsphere justified
Marconi’s instinctive and wise rejec-
tion of the transatlantic fallacy.

As a matter of fact, I see that thei

invaluable ‘‘ Abstracts and - Refer-
ences’’ in your sister journal Wive-
less Engineer, while quoting Weyl’s
paper in Abstract 1856 of 1936,
already seem to question its finality
by remarking, .*“ but compare Ferrari,
Abstract 1061 of 1936, where I find
that apparently opposing results were
obtained in Italy. But, in any case,
the essential wrongness of the state-
ment is unwittingly brought out by
‘“ Cathode Ray '’
indicate that a player-piano can give

‘results - indistinguishable from those

given by a first-rate pianist. Now,
it is a fact that an expert player-

- pianist can get much more out of his

machine than an inexpert, by various
little tricks of technique; but, even
so, it is only to himself as he sits play-
ing, that, for some subjective reason,
the result sounds equal to a Cyril
Smith performance—to a passive lis-
tener the difference is only too pain-
fully plain. Hence thé well-known
fact that no one wants to listen to a
player-piano and everyone wants to
play it. D’ORSAY BELL.
Chesham Bois. '

Post-war Broadcasting

SHOULD like to put forward a plea
for controlled volume compression
in post-war broadcasting. The chief

rarguments in favour of it are:—. -
1. The range of intensities met with

in most musical broadcasts is too wide
for the average living room.

2. Most receivers nowadays have
diode detectors ; it is well known that
when the modulation depth expressed
as a fraction exceeds the ratio of AC
load to DC load harmonic distortion
is produced ; this sets an upper limit
to the depth of modulation for high
fidelity.

3. The present system of control by
the engineer monitoring the broadcast
is unsatisfactory due to its necessarily
inexact nature.

With regard to the first argument
there are certain exceptions, notably-
in the case of high-fidelity reproduc-.

tion, where extraneous noise is neg-
ligible and high sound levels can be
tolerated. This could adequately be
met by controlled volume expansion at

the receiver.

The second consideration is -of im-
portance to those interested in high

when he uses it to -

fidelity. Owing to the exigencies of
wartime service, the maximum depth

- of modulation employed by the B.B.C.

~ the

B

future of broadcasting.

has been considerably increased, and
inevitable result has been
deterioration in quality ; this -has been
particularly noticeable in some recent
broadcasts of cathedral services, where
the normal absence of overtones in the
voices renders harmonic distortion
more than usually promment and
unpleasant.

The third point hardly requires
elaboration ; it stands to reason, for

“instance, that the present system of

monitoring cannot deal satisfactorily
with transients ; an excellent example
of its inadequacy was provided in the
recording of the Coronation Service
(direct from B.B.C. by transmission
line) of the anthem ‘‘Zadok, the
Priest”” ; the first climax, at the entry
of the full chorus, was obliterated by
the control engineer’s excess of zeal.
This plea is also to be addressed to
gramophone record manufacturers,
though, perhaps, for somewhat

‘different reasons.

Some time ago I had the opportunity

-of hearing a large number of records

on an electric gramophone which had
a total harmonic distortion of less than
1 per cent. at 1,000 c/s, as measured
on a Marconi-Ekco Distortion Factor
Meter, and a correspondingly good fre-
quency response; this enabled con-
siderably more discrimination than
usual to be applied, and the correlation

between high qualits w level of
recording was _astonishingly Samplete.
Rugby. A. H. KING.

YOUR leadmg article in the October

issue raises, in good time, the
One would
hesitate on many grounds to welcoms
the competition due to pure commer-
cialism, but there are many who
would welcome more competition in
ideas than seems obtainable by the
present system. One suggestion I
should like to put forward( for con-
sideration is that a certain proportion.
of broadcast time should be sold t>'
advertisers for the benefit of the hos-
pitals. The public at large would be
making a contribution, through
licences, whilst the profits of the ad-
vertisers would come from their sales
to a wide public. :

If this idea stimulates thought and
discussion in relation to the problems
of providing a better broadcasting
system, some good will come of it.

‘““HOPEFUL.”
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PHYSICAL FOUNDATIONS

OF RADIO

IV —Composite “Cathodes, Photosensitive Smfaces Cold Emission

N the last article we emphasised
the controlling influence of

the work-function over the-

emission of electrons from a hot
cathode, the expression e—~#4T in the
Richardson equation indicating that
for a bright filament at 2,000 degrees
a reduction of ¢ from the 4% electron-
volts of pure tungsten to 2 would in-
ctease emission about a million-fold:
Pure metals refractory enough to
stand up to heating all possess work-
functions in the neighbourhood of
4, 5, or 6 volts, so that not much is to
be hoped for in simple materials.
Instead, the dull-emitters required to
supply copious anode currents for a
low consumption of heating power in
small radio valves are often chemical
compounds painted or otherwise coated

onto a base metal filament or onto’

the outside of a tiny cylinder which
surrounds the actual heating element.
Whether thus directly or indirectly
heated, the emitting surface is at =a
much lower stage of incandescence than
when the electrons were from the
“ conduction levels ” of the tungsten.

The use of these cooler emitters
raises three questions of interest.

First, what chemical elements and

compounds have work-functions mark-
ing them out as suitable emitters.
Secondly, why is the reduction of
work-function more effective for a
very thin coating than if the new
material were to replace completely
the old refractory material. For
instance an alkali film upon nickel or
tungsten may be a better emitter than
the bulk alkali alone, and not merely
better than the nickel or tungsten.
Thirdly, there is the practical question
of how the coating is to be made and
stabilised for long life of a valve.

Alkalis and the ‘“ Adsorbed Grid.””—
On correlating thermionic and chemi-

*cal properties, it will be found that the .

alkali metals (sodium, potassium,
caesium, etc.) and the alkaline earths
(strontium, barium, etc.) have lower
work-functions than other elements.
The cause involves their crystal struc-
ture and atomic size as well as their
ease.of ionisation or loss.of an electron
from the individual atomic structure.
The crude idea of manufacturing

cathodes out of any of these clements

is not helpful; among other reasons
some have extremcly low melting

By

MARTIN JOHNSON, D:Sc.
temperature. Their better wuse as
coating a more refractory base such
as tungsten depends upon the pheno-
mena of ““ adsorption,” i.e. the adher-
ence of a foreign layer to an under-

lying surface, the layer clinging with

a strength greatly in excess of its

attachment to its own kind. For
example, an alkali might melt at a
low temperature, its atoms easily
separating from their own ‘kind,

whereas far more drastic heat treat-
ment might be needed to evaporate
it from some other metal on which it
‘was ““ adsorbed.” The prefix “* ad- "
in contrast to absorbed denotes ihat
the attraction is that ot a single layer
of atoms to a surface, rather than the
swallowing up of even a small bulk
of the one material in the other.
Imagine the clectrical effects of such
a thin adsorbed layer’ of ‘amulkali
such as caesium upon tungsten. The
layer is electropositive to the under-
lying material, having an atomic field
which facilitates migration of electrons."
The layer must not necessarily be
regarded as having lost electrons,
though in some cases where an alkali
vapour is squirted at a hot metal- it
does rebound in the ionised state as
positively charged remnants of atoms
whose electrons have been captured
by the target metal. But the nature
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Fig. 1. Potential (a) at “clean ' and (b)

at “ coated ”’ cathodes,

diagrams to represent how conditions
vary from the interior of a cathode to
the interelectrode space and then to
the anode, and the effects of the
“ adsorbed positive layer as grid”
may be shown similarly. (Fig. 1.
Thin Potential Barriers.—When dis-
cussing in an earlier article the escape
of electrons from one equipotential
to another inside the metal, we made
use of the behaviour associated with
their “ wave-like ” properties. A
completely * particle-like "’ electron
would not find the barrier of (b) in
Fig, 1 any less of an obstruction than
the barrier of {a) to passage from left
to right, it the initial height of the
step were the same: in each case it
would have to acquire kinetic energy
equal to the step in order to escape.
But the * wave’ character of the
electron confers a finite probability

.of a non-zero wave amplitude on the

far side of the barrier ; this amplitude
falls xapidly as the thickness of the
barrier increases, and only remains
ot importance for two or three hundred
millionths of a centimetre. The
sudden change over the thickness ot
an adsorbed layer iprovides one or
more very thin walls in any complex
potential barrier and the penetration
of these plays 4 large part in emission

“from coated surfaces.

The “ effective ” work function is
one way of representing the increased
facility of electron escape, though it
must be remembered that the emission

A
1
+
i
|
1

ADSORBED
ELECTROPOSITIVE LAYER

DISTANCE

(b)

The variation of

potential will actually be more complex, but has been simplified here to bring out the
maitn feature of difference.

of the field set up by the layer is much
as if we could imagine the grid of a
valve to be positively charged and
moved up to within a ten millionth
of a centimetre of the cathode.

We have already utilised potential _

constant “ A"’ in Richardson’s equa-
tion may also be modified. Observed
values of ¢, compared with 4.54 volts
for tungsten and s5.03 for nickel, may
be inserted in the equation we used
and the increased emission in thou-
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sand- or million-fold computed. TFor
barium we have 2.11 volts, cacsium
1.81, while for tungsten covered with
caesium 1.36 and covered with barium
as low as 1.2. Variations depend on
whether the layer involves only ad-
sorbed metal or has oxygen in the
“ sandwich.”  The  latter makes a
more complex potential diagram of
peaks and valleys, and apart from its
electrochemical effects serves to bind
the coating against evaporation by
introducing a new chemical term into
the forces of adsorption.

These composite cathodes could not
stand the high temperatures of the
bright cmitter; but they have no
need to. There is both numerator
and denominator on the exponential
term of our Richardson equation, and
if a tungsten emitter yiclds 8 milliamps
anode current for a watt heating at
2,600 degrees, the same with a thorium
layer on it may yield 40 at only 1,800
degrees and with barium coating 100
at 1,100 degrees.

‘¢ Aectivating >’ a Composite Cathdde.

Wi reiess Worid

mstead of outside. offers more chance-

of repairing loss of cmission without
remaking the valve : thoriated
cathodes are worth study as example
of this other mode of forming the
surface. [Larly in the development

" of the tungsten lamp industry, it was

—These surface lavers which are so -

essential for full emission may arrive
by external deposition or by diffusion
from an impurity dissolved in the
cathode itsclf. As example of the less
refractory and more highly emitting
but less easily replenishable - layers,
a mixture of barium and strontium
carbonates is sprayed or painted on to
a cathode; the whole is heat-trecated
until the carbonates break up into

PHOTO - EMISSION

-
VIOLET

WAVELENGTH OF ILLUMINATION

Fig. 2. Selective response of alkali
photo-cell. The curve is usually un-
symmetrical, and its peak may be
in the green, red, or infra-red, accotrd--
ing to how the adsorbed surface layers
have been treated. .

oxides and give off gas, then at
another carefully. calculated tempera-
ture the oxygen atoms arrange them-
selves into their sandwich with the
two or more metals. It is clear that
the subtle cookery will be ruined by
any subsequent trace of vapour, and
such valves - need - rigorous * de-

gassing "’ before sealing, if their life

is not to be extremely short.
To obtain one’s layer from inside

‘

found that at incandescence the fila-
ment tended to recrystallise into long
hair-like crystals, which on AC would
“,rattle ” and lead to rapid “ burn-
out.”” To prevent this, about 1 per
cent. of thorium oxide was added in
manufacture. The work-function of

thorium itself is about 3.4 compared -

with tungsten 4.5, but tungsten coated
with thorium shows 2.4, offering enor-
mous increase of emission. To form or
activate the thoriated tungsten simply
mecans therefore to spread some of the
dissolved impurity over the surface
in the correct chemical state. ** Flash-
ing 7 the wire at a preliminary tem-
perature of 2,800 degrees reduces some
of the thorium oxide to metallic
thorium, and is followed by a longer
“activation ” at a rather lower tem-
peraturc which allows a trace to
diffuse up to the surface but not to
evaporate therefrom. A trace of
dissolved carbon assists the reduction
of the oxide, and there are other
little-understood tricks based upon the
physicist’s experience that ““ to fetch
out an impurity, send another one
in "’ is sometimes good advice.

Photo-Cathodes.—Hitherto we have
only considered thermionics, or the
emission of a metal’s electrons from
a pure or a coated surface by heating.
But television and other specialised
developmerits of eléctronics also re-
quire the emission from cathodes
which are not heated but are exposed
to light or other radiation to which
they are sensitive. If we recall that
energy had to be supplied to the “ gas
of free electrons ”” within a metal in
order to evaporate some portion of
it into a vacuous space for collection
on an anode, it is reasonable to look
for other modes of supplying that
energy than mere heating of the
interior of the whole metal.

A beam of ““ light,” visible or ultra-.

violet ‘or infra-red, carries electro-
magnetic energy justias a beam of the
much longer wavelengths gencrated
by a valve oscillator and its resonating
circuit. The vibration of the electric
vector in the radiation communicates

energy to the electrons in the metal’

surface which is absorbing it, and: if
the frequency is suitable some elec-
trons will escape under this stimulus.

In such a science of ‘ photoelec-
tricity,” barriers and work functions
are discussed in the same way as in
‘“ thermionics,” but there is no counter-
part of the Richardson equation as
the cmission is not temperature-

. lower

The “

controlled. In fact any variation of
photo-cmission with heating is apt
to mean merely that a composite
surface is getting altered in structure,
and most laws of phOtOGlE‘CtI‘lCltyv
assume the cathode rcmains cold.
The encrgy with which the electron
emerges is also quite difierent from that
of thermions, and depends upon the
frequency of the light cmployed. The
practical uses of photoelectric emission
mostly depend on the property that
the anode current or number of
electrons emitted is conveniently pro-
portional to the light intensity. Alkali
adsorbed layers, however, are as
important in pRotoelectricity as in
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Fig. 3. Ideahsed shape of possible

potential barrier at caesium-silver-
oxide photo- ca.thode

thermionics, and quite low melting
materials can be used as the cathode
is not heated. The commoner pure
metals are not sensitive to light of
frequency - than ultra-violet, .
but potassium and the other alkalis
do respond to visible lighf. They also
show selectivity, and yield a larger
emission over a preferential range of -
wavelength (Fig. 2) even while the
intensity of light remains constant.

It is probable that this selectivity,
would not occur with a perfectly pure
surface : even when this is prepared
by driving atomised metal electro-
lytically through the sealed walls of
the photo-cell it is almost impossible
to avoid traces of foreign vapour if
only from the glass, and the “ alkali ”’
is usually a ‘ sandwich.” ' The form
of the response curve (Fig. 2) depends
on the exact ingredients and seems to
smooth out disconcertingly if extreme
purity is for once achieved. A
favourite sandwich is a layer of
caesium only one atom thick separated
frcm a base of silver by an electro-
negative layer of oxide or hydride.
activation
flashing a gas discharge in the cell.

The exact form of the most profitable
potential barrier has been disputed ;
it probably includes a valley between
two summits somewhat as we have
expressed in Fig. 3. Fowler, who has
done much to make these processes
intelligible, suggested that -the selec-
tivity depends on the * valley”
allowing formation of stationary elec-
tron waves analogous to the stationary
electromagnetic waves in a UHF

”’ sometimes involves



resonator. It is a’ possible way of
accounting for the characteristic pro-
perty of these alkali sandwiches of

showing selective response to illumina-

tion of a particular frequency. By
ingenious treating of these layers,
chemically or thermally or by ionic
bombardment, in a gas discharge, the
peak of the curve of Fig. 2 can be
raised or lowered and also shifted
sideways until the sensitivity is in the
visible or wultra-violet or infra-red
region, and the Tresulting ‘ photo-
cell ” adapted to television, industrial
control devices, gadgets such as
burglar alarms, or cinematography.

‘“ Field > Emission.—We have con-
sidered emission stimulated by heating
a cathode or by illuminating it, but
these are not the only ways in which
the metal’s electrons can be extracted
for use in a valve. If a very high
anode potential is applied extremely
close to the metal surface, the *“ clean ”’
barrier previously discussed can be
reduced to atomic thinness; the
sloping line already illustrated in a
previous account of the ordinary
potential graph becomes so steep that
the top of the barrier is a razor-edge.
(Fig. 4.) Hence, as in the thinning
by - adsorbed layers, a finite leak
through becomes possible. In this

case, however, the emission depends.
on field and not on temperature.

These ‘‘ field ”” currents from a cold
cathode become important at 107
volts per cm. but grids for many
kilovolts at interelectrode distances
of a small fraction of a millimetre are
obviously not easy to design. We

o ]
x
-
4 Fig. 4. Effect of
° extremely high .
w field. Compare
z Fig. 1.
b3
4
z

' DISTANCE,

mention only the X-ray tubes de-
signed” by the Philips workers in
Holland and the Westinghouse workers
in U.S.A. to itilise this phenomena.
In one of these, a discharging condenser
controlled momentary fields of enor-
mous strength, and the ““ cold ” emis-
sion reached 2,000 amps. at 100,000
volts for 10-¢ second. Obviously,
space charge difficulties cenfine such
currents to brief transients, but they
were valuable for instantaneous X-ray
photography.

Secondary
to field emission and photo-emission,
electrons can be ejected from a cold
cathode by bombarding it with another
‘beam of electrons from outside. It 1s
a matter of exchange of momentum

_trode ”’

Emission.—In addition’

Wireless World

between impinging electrons and the

first few atomic layers near the
target’s surface. Reaction with the
target atoms causes some of their
associated electrons which are in a
semi-free state to acquire sufficient
backward momentum for ejection
right out of the surface. Under
favourable conditions each impinging
r “ primary ”’ electron ejects several
such “ secondaries.” This is used in
certain ‘‘ electron multipliers ”’ which
amplify without a thermionic current
at all, a photoelectric stream ejecting
multiple secondaries at each of several
successive anodes. Secondaries also
play a large part, of course, in the
dynatron characteristic of an oscillat-
ing triode. But in many valve appli-
cations secondary emission is a nuis-
ance, and the early history of the
pentode shows the designer’s ingenuity
in circumventing its effects.

Thin Film Field Emission.—We
mention finally a curious group of
effects which may in the future, we
think, play a large' part in valve
practice.  Strictly it comes .under
“cold” and “ field” emission, but
it is also in a sense a ‘‘ secondary
emission, and so combines our two last
cases. Itoccurs with the thin and stable
oxide film which covers aluminium
and some other metals.
barded with a primary beam of elec-
trons or with the positive ions from a
trace of gas, there is emitted from the
aluminium an enormous rush of elec-
trons. The ratio of secondary to
primary may reach thousands, so it
is clearly not the usual “ secondary ”
exchange of momentum, and suggests
a high local field. The best known
experiments are. those of Malter,
whose name is often given to this kind
of emission. The enormous local field
is probably derived from adjacent
layers of opposite charge in the oxide :
the “ anode volts ”” are on an “ elec-
which is simply the neigh-
bouring atom grossly distorted.
Maintenance of the field is probably
by adsorption of positive ions from gas
traces or by the residual charge left
when the first secondaries depart.
The emission is therefore subject to
uncontrollable time lags, and will need
closer study before it can be reliably
utilised. That is no excuse for despis-
ing it as a mere laboratory freak to
amuse the physicist : thirty years ago,
O. W. Richardson with no interest
whatever in communication engi-
neering, made possible all modern
radio by his purely scientific curiosity
about why electrons should ever escape
from metals. It is such disciplined
curiosity which provides the founda-
tion on which the technician is later
to build.

When bom- |
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VARIABLE CONDENSERS
—DRIVES —
AUTOMATIC TUNERS

E are designing and building even

better equipment with our enlarged
and extended facilities and these improve-
ments will be available for your use when
the present struggle is over.

For the time being domestic receiver design
and production has ceased but your radio
receiver manufacturers will be ready to
equip their sets with General Instrument
variab'e condensers, automatic tuners and
other G,l, devices as soon as conditions
permit.

Always remember General lnstruments

VARIABLE CONDENSERS—DRIVES
~—AUTOMATIC TUNERS

Register your name with our Representative
now. He wil! forward you information on our
products as soon as they become available.

THE GENERAL INSTRUMENT

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

Exclusively Represented by

Frank Heaver Ltd. {5,785 % foud
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GOME LOVELY
FLOWERS

‘e that from the

~at hour will

emerge a brighter aa, -» the

d brawn of modern indusu ot
be utilised ir furthering peacetime products anu
pursuits. hile serving the Government
to-day we are broadenins both creative and
manufacturing possibilities for a happier world
to-morrow. Astatic engineers are available to
work in co-operation with electronic engineers
in the development of new wartime equipment,
especially as it may have to do with pickup and
transmission of sound. Astatic crystal micro-
phones, pickups, cr rtrldges and recording

. devices will be available again for your use when
those brighter days are here.

Register your name with our Representative for
your future benefit.

THE ASTATIC CORPORATION
YOUNGSTOWN. OHIO, U.S.A,
TORONTO, CANADA, !

Exclusively Represented by

Frank Heaver Ltd. 528 1Y, Rozd
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Measuring Gear and Its Uses

HE multivibrator is a device

I that generates alternating po-
tentials of non-sine-wave form.

The value of such a wave-form lies in
the fact that it can be analysed into a
large number of harmonics of the
fundamental frequency, and these
harmonics can be.selected by tuned
circuits. Thus, the multivibrator may
be regarded as a kind of generator at the
output of which there are simultane-
ously present many frequencies, each
an exact multiple of the fundamental.
Yor example, if the fundamental is
100 kc/s, or 0.1 Mc/s, there may be
available for use at the output as
many as 500 frequencies, starting with
0.1 Mc/s and going up, at intervals of
0.1 Mc/s—i.e.,, 0.2, 0'3, 0'4, 0-5 Mc/s,
etc.—to as high ds 50 Mc/s. Whether

they become usable at these high fre- .

quencies depends on the design and
power of the multivibrator.” At the
other pnd of the frequency gamnt, it

© to .. vange a mult.vibrator
areult to Oscﬂld\.e at a frequency as
low as 1-cfs.

Further, it is possnble to lock the
fundamental frequency of a multi-
vibrator readily to that of some high-
precision generator, so that the multi-
vibrator fundamental and all the har-
monics each have precision of fre-
quency of as high an order as that of
the primary controlling frequency.
One obvious use of such a controlled

multivibrator lies in the quick and -

ae¢&itate calibration of receivérs, especi-
ally when many of them are being so
dealt with. The multivibrator is set
going at, say, 100 kc/s, or o-1 Mc/s,
and its output fed to the input ter-
‘minal of the receiver under test. Then
by tuning the receiver over the range
required to be calibrated—say 6 to
8 Mc/s—signals will be found at every
0.1 Mc/s interval, and these poiits
will give a fairly accurate calibration
“scale. When once set up, the multi-
vibrator does not have to be touched
st retuned.; all the required fre-
quencies for calibration present are
_simyitamneously in its output, and each
has’the same accuracy as that of the
primary controlling or triggering fre-
quency.

The multivibrator is a compara-
tively simple davice to constructand
may be either battery or mains driven.

By W. H. CAZALY

VIII. —Multwlbmtors

It consists essentially of two resistance-
capacitance coupled amplifiers arranged
in a mutual feed-back circuit as shown
to the right of the dotted line in
Fig. 1, which is a practical circuit as
it stands, Such an arrangement—
quite apart from the crystal oscillator
on the left of the dotted line, which is
the accessory triggering source—will
oscillate on its own in the manner
peculiar to this type of circuit; it is,
in fact, a form of “‘ relaxation ’’ oscil-
lator.

Frequency Control

The action of the multivibrator has
been the subject of close study, and’
the sequence of events over a complete
cycle of oscillation was described, with
the aid of oscillograms in an article
by Dr. Edward Hughes in the last

issue. In view of this recant expesition--

we will not devote sp:we here to the
basic principles of operation, but pass
on to the modifications of the multi-
vibrator necessary for test purposes.

Left entirely to itself, the multi-
vibrator circuit does not perform its
reversals at a very constant frequency,
since at the moments of equilibrium,
any random voltage, however tiny,

wave-forms shown in Fig. 2 will indi-
cate the outlines of the effect of apply-
ing a controlling voltage to a grid.
An uncontrolled wave-form is shown
in Fig. 2 (b).. On this line, at point A,
the potential of the grid is not very
far from the ‘“zero” or change-over
value—i.e., the wvalue of negative
potential at which anode current just
begins to flow. It can be easily jolted,
as it were, towards the zero line by an
injected voltage in the right phase,
which is at point A in Fig. 2 (a). If
it is large encugh, this controlling
voltage can cause the change-over to
take place a little earlier than it would
do naturally if solely dependent on the
circuit constants of the multivibrator
alcne. )
Once the change-over is started, the
grid and anode potentials very soon
move well away from the zero line and
so can remain unaffected by the com-
paratively *small controlling voltages.
This brings out the interesting and
valuable fact that a natural multi-
vibrator frequency can be controlled
by a voltage of sine-wave form at a

-much higher frequency—in practice,

as much as ten times the frequency.
The net effect as shown on an oscillo-
scope is a wavy line of the shape shown
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Fig. 1.

“The multivibrator circuit is shown to the right of the dotted line after Cs.

The values of Cr1, Cz, R3and R4 depend on the frequency reqmred and are calculated
from formulz given in the text.

/
can set off the change-over of condi-
tions a little before or after it would
occur naturally. This leads on to the
use of a controlling or triggering volt-
age that may be injected from an
external generator of high precision
as regards frequency. A glance at the

" mental.

in Fig. 2 (d). This wave-form is obvi--
ously composed of a very large number
of harmonics as well as the funda-
Whether these harmonic
voltages are of sufficient amplitude
to be usable depends partly on the
power in AC form developed by the



multivibrator, partly on the order of
harmonic, and partly on the overall
range of frequencies included by the
iundamental and its harmonics.

In a usual type of battery-driven
" vibrator used for RF work at what
_are conventionally taken to be the
““short waves,” up to the r1ooth
harmonic of a 200 kc/s fundamental

(2)

Wireless World

of whistles that have been counted.’

For example, let it be supposed that a
receiver covers 18 whistles in moving
from some one multivibrator harmonic
to exactly double the frequency at
which the receiver was first tuned.
Then-it will end up on the 2 x 18th or
36th harmonic. With this as a refer-
ence point, other harmonics can be

1,000 kcfs APPLIED CONTROLLING FREQUENCY

178 kcls

(©) A B
CONTROLLED

200 kcis
(RATIO 1:5)

(d)

UNCONTROLLED

Fig. 2. Diagram showing the action of a triggering sine-wave pofentxal in controlling

the frequency of a multivibrator.

(a) is'the controllmg sine-wave voltage.
the uncontrolled multivibrator grid potential.
trolled~—without the sine-wave fluctuations superimposed.

(b) is
(c) is the grid potential when con- .
{d) is the resultant that

would appear on the screen of a cathode-ray oscilloscope.

is normally found of practical utility.
Beyond that, not only are the har-
monics weak, but they are so closely
adjacent that it is difficult to dis-
tinguish between them.

In this connection, it will be useful
to note how the particular harmonic
in use can be ascertained when work-
ing amongst the high ranges, If it is
desired, for example, to ascertain
whether one is working on, say, the
34th or the 35th harmonic, the pro-
cedure is to tune a CW receiver ex-
actly to any harmonic of that order
(using, for instance, the zero-beat-
method), and then change the receiver
tuning to exactly double the frequency.
If this cannot be done with the receiver
scale alone, a simple temporary oscil-
lator can be set up to beat with the
multivibrator harmonic and the 2nd
harmonic of the oscillator used to
indicate twice the frequency, While
tuning the receiver through to this
2nd oscillator harmonic, the whistle
obtained as the wmultivibrator har-
monics are passed are counted. Then,
when the receiver tuning is halted dead °
on the oscillator 2nd harmonic (which
gives the last whistle) it will then be
tuned to the multivibrator harmonic
given by 2 X N, where N is the number

R;, and R,, m Fig.

distinguished by counting whistles
up and down the tuning range.
Further, if the fundamental is known,
the precise frequency involved at any
harmonic can be calculated. Thus, if
the multivibrator fundamental is zoo0
ke/s, the 36th harmonic would occur
at a frequency of 200X 36 kcfs, or
7-2 Mc/s.

It will have been noticed in Fig. 2
that it is necessary, if locking is to
take place, for a not excessive differ-
ence in phase between the controlling
and the multivibrator frequencies to
be present. When widely asynchron-
ous either locking does not take place,
or it may do so at some undesired
ratio between the controlling and
natural frequencies. Hence, it is
necessary that the multivibrator
should be designed so that its natural
uncontrolled frequency is approxi-
mately some desired ratio in respect
to the controlling frequency chosen.

Frequency Calculations

The natural frequency of a multi-
vibrator is determined mainly by the
time-constants of the coupling con-
densers and grid resistances—C,;, C,,
1—and when
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WORLD’ S LARGEST
EXGLUSIVE TUBE
MANUFACTURER

EW Electronic developments have created
new valve designs. We at Raytheon are
indeed fortunate to be placed in the ad-

vantageous position of engineering these new in-
tricate designs. Our research engineers have de-
veloped special valves to meet the newest of to-
day's electronic developments. We are meeting
the demand for valves used in special applica-
tions . .. Raytheon has always been proud of the
ability of its engineers to meetany emergency de-
mand for unorthodox valve designs. To-day our
pride has been more than justified by the
electronic problems they have solved and the
quality of the product they are fabricating.
When the present conflict is over RAYTHEON
engineers will be in possession of priceless
electronic experience to build advanced valve
designs for better transmission and reception.

Register your name with our Representative now
for your future benefit.

~ RAYTHEON
PRODUCTION CORPORATION
NEWTON, MASS., US.A

* * *
Exclusively Represented by —

Kingsley Road,
Frank Heaver Ltd Bideford, N. Devon.
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CROWE'

[RADIO COMPONENTS]

ESCUTCHEONS
TUNING CONTROLS
DIALS—REMOTE CONTROLS
POINTERS, ETC

FOR BOTH HOME AND
COMMUNICATION EQUIPMENT

fowe orgunisation, now a part of the
Arsenal of Democracy, will have available
enlarged facilities after the war.

The Crowe plant will again be devoted to the
supply of smartly designed and executed dials,
dial scales, escutcheons, pointers and the like
for radio receiver manufacturers all over the
World.

Crowe alsg manulactures precision tuning
devices for Communication Receivers.

Register your ndme now with our British
Repre~entatwe for details as soon ac avail-
able of Crowe Products.

CROWE NAME PLATE &
MANUFACTURING CO.

3701 RAVENSWOOD AVENUE
CHICAGO, ILL., US.A.

~==Exclusively Represented in Great Britain by—|
d

Frank Heaver Ltd. §ingsley Road

Bideford, N. Devon

k‘«AAAAAAAAAAAAAAAAAAAAAAAAAAAA‘“AAAAA‘

Y VVVVVVVVVV VPV VYV VYV N



296 ' o

Instruments—
some particular multlvxbrator funda-
mental is desired, it can be derived

_approximately from the formula
‘ f=—r

(RyCy) +(RsCy)

- where R, and R, are in megohms
C,and 02 are in microfarads, and fis in
cycles per sec.
time constants are to be equal (so that
(R;C,)=(R,C,) the wvalues
capacitances and resistances can be
found as a first rough design approxl-
mation from

1
R= f o and C= IR

These are only approximations to
give an idea of the order of resistance
© or capacitance required, and in making
up a multivibrator, it is usual to make
the grid resistances variable, the two
being ganged on the one controlling
shaft. They can then be adjusted in
use until locking takes place.
. The upper limit of oscillation fre-
quency is set by the amplification
obtainable with resistance-capacitance
coupling and ‘hence is not very
high—only of the order of 200 kc/s or
so. If the high-order harmonics are
to be preserved at reasonable strength,
the whole circuit must be designed as
for RF amplification with low losses.

The multivibrator can also be used
'for the production of audio frequencies
and may be triggered by some stable
and accurate AF generator such as a
magnetostriction bar or electrically
driven tuning fork; the main diffi-
culties then arise in designing sharply
tuned AF filters for the selection of the
desired harmonics in the output, which
is not so easy at AF asitisat RF. It
is usual to employ tuned bridges for
the purpose, or else to start with a
comparatively high controlling AF

(2)

|

Fig. 3.

)

Diagram showing the effects
of differing time-constants on the grid
potential wave-form.

{say 10 kc/s) and use a series of vibra-

tors to obtain lower frequencies in

multiples of ten. : Usually the time
constants are made equal in the two
amplifiers. If they are unequal, the
effect is to make a difference between
the duration of the positive and nega-
tive part-cycles of grid or anode poten-

' tial, as shown in Fig. 3.

If it is assumed that the .

of * the-

Wireless World

In the upper
wave-form (a), the negative part-cycle
is of shorter duration than the positive.
This indicates that the time constant
of the condenser and resistance con-
nected to the grid at which the poten-
tial is being observed is larger than
that of the other. If the potential:
were observed at the other grid, it
would be found to have the shape
shown in the lower wave-form (b).

CONTROL
VOLTAGE
SOURCE

L
T
!

(a) .

IRATIOS CONDUCIVE

Jetrcurt]  contraL appLiep  [RATTOS CORBUCHY
(a) |A,B,C or D onwy ODD OR EVEN
A& B siMuLTANEOUSLY
(a) OR EVEN
C & D simuLTaneEOUSLY
A B v “pusH-puLl” .
(b) OR oop

C e D iN“pusH-pPULL”

The ratios of the controlling to the
natural frequency at which locking
tends to take place are determined by
factors that are not so much abstruse as
rather laborious to study. They will
become clearer if several extended
representations are made, to show the
phase relationships between the nat-
ural and controlling frequencies at
grids and anodes. In the first: place,
the ratios obtainable can only be
integers, or complete numbers. In
the second place, this fact limits the
range of frequencies at which a multi-

vibrator can be set up for locking with .

a given controlling frequency. For
example, if the controlling frequency
is 1,000 kc/s (a crystal oscillator,
for instance), possible ratios are only
5, 8 and 10. At a lower ratio than 5
the multivibrator frequency would be-
too high to be easily set up; at the
higher ratios, only 5, 8, and 10 are
exactly divisible into 1,000. Hence,:
in such a multivibrator, locking could
take place only when the fundamental

was 200, 1235, and 100 kefs.  Which of
these possible ratios was selected would
depend partly on the relative magni-
tudes of the controlling and natural
potentials, and partly on where the
controlling voltage was injected—
whether at grid or. anode, s1ng1y or
at both.

The effect of increasing the con-
trolling voltage is to make the multi-
vibrator jump from one locking fre-

CONTROL
VOLTAGE
SOURCE

(b)

Fig. 4. Table showing the ratios
between the controlling and multi-
vibrator fundamental frequencies to be
expected with a few common circuit
arrangements.

quency to the next lower, with increas-
ing uncertainty and instability as the
divergence between the natural and
the controlling frequencies increases.
The effect of the point of application
of the controlling frequency is perhaps
set out in, the simplest practical form
of a table\referrmg to Fig. 4, so that
whether the output of the controlling
generatorﬂi} applied to one grid or one __
anode, or to two grids or two anodes

depends on whether odd or even ratios
are desiréd.
The multivibrator lends 1tse1f to an

The subjects already dealt with in
this series of articles on instruments
are:

l. Standard Signal Generators and -
Test Oscillators (March, 1942).

ll. Output Meters and Attenuators
(April, 1942).

lll. Valve Voltmeters (June, 1942).

IV. Testersand Bridges for Inductance
and Capacitance (July, 1942).

V. Beat Frequency Oscillators
(August, 1942).

Vi. Electrolytic Condensers: Induc-
tance and Capacitance at Radio
Frequencies (October, 1942).

Vil. Vaive Testers (November, 1942).




increasing number of practical uses.
1t has been mentioned earlier as a
source of precision signals in a labora-
tory or workshop for calibration or
frequency determination purposes. It
is also employed in various types of
electronic switching circuit. One of
its_most interesting uses lies in very
high accuracy primary or sub-standard
wave- or frequency-meters in which
the general arrangement is to control
a series of multivibrators by a single
extremely high-precision crystal oscil-
lator. The generating of frequencies
starts with this temperature-controlled
crystal, which is placed in an oven
regulated- by a gas-discharge valve
circuit and a bridge that is unbalanced
by changes of temperature. The output
of this crystal oscillator is fed, through
buffer amplifiers, partly to an output
terminal and partly to a multivibrator
working at a fundamental 1/10th of
the crystal frequency (which is usually
1 Mc/s). The output of this multi-
vibrator is fed partly to an output
terminal and partly to another multi-
vibrator which is working at a funda-
mental of 1/roth that of the first
vibrator. This goes on, in a chain of
multivibrators, until one at a frequency
of 100 ¢/s ends the gamut of frequen-
cies covered. The output of the 1,000
c/s stage is amplified sufficiently to
work an electric clock, the time shown
by which to a small fraction of a second
may be checked by star transit obser-
vations with astronomical instruments
or against time signals from some
standard transmission. With . such
costly and elaborate apparatus, an
accuracy better than one part in many
millions is obtainable with a constancy
extending over many months. In fact,
frequency can be known to a much
higher accuracy than either the velo-
_city of transmission or wavelength.
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The Wireless Industry

IMMONDS AEROCESSORIES, LTD.,

have been granted the registered

trade mark of ‘‘Simmonds’’ for their
self-locking nuts.

The latest illustrated list of service
issued by Norman Rose
(Electrical), Ltd., 8o, St. Mary’s Road,
London, W.5, includes many additions
such as line cord replacement resistances,
HF chokes and spindle extension coup-
lings for volume controls. Copies are
free to dealers on application.

We hawe received a copy of ‘‘In-
creased War Production,’”’ a comprehen-
sive catalogue of the meters, tools, etc.,
made by Runbaken Electrical Products,

- 71-73, Oxford Road, Manchester, 1.

Through an error in repeating old
copy, the advertisement of Vortexion,
Ltd., in our November issue gave details
of an earlier 50-watt ampliher chassis.
This has been superseded by an im-
proved version -priced at £i8 ros. plus
25 per cent. war increase, as agnounced
in the October issue.

“Instruments,” Part VI.—A

Correction
THE section dealmg with the principle
of the ““Q’ meter and starting on
line 28 of the first column of page 236
should read:

‘“Let the applied voltage be V,, and
the voltage across the coil L. be V,.
When measured by the valve voltmeter,
V, will be found much greater than V,—
in fact, it will be Qx V,.

V,=IR
and V2=ImL Where 1 is
through: the tuned circuit.

the currenf

A IoL ol
'V, IR R =Q
‘“Tf now . . ete.”

Two other points, the balancing resist-
ance mentioned in column 3, page 232,
is, of course, R, or R, and not R,; and
in the circuit of Fig. 5 the live lead of
the valve woltmeter should be joined to
the junction of R and the circuit LC.

\y.
N
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“Try to get China,”’ said 00,

“let’s see what this old set will do.”
But sad to relate
The strain was too great

“For it blew up! -Oh, what a to-do.

See that FLUXITE is always by you—
in the house—garage—workshop—
wherever speedy soldering is needed.
Used for 30 years in Government
works and by leading engineers and
manufacturers. Of Ironmongers—in

tins, 8d., 1/4 and 2/8.

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

Write for Book on the art of
“soft” soldering and for Leaflet
on CASE-HARDENING STEEL and
TEMPERING TOOLS with FLUXITE.
Price 1d. each.

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

FLUXITE—but IMPORTANT

THE FLUXITE GUN

puts Fluxite where you want it by asim~
ple bressure. Price1/6, or filled 2/6,

VeASAMSAMAMMARARAMMRmAREE

FLUXITE LTD.
(Dept. W.W.,),
BERMONDSEY -
S’l‘REET S.E.a.

ALL MECHANICS W/ZZL HAVE

FLUXITE

IT SIMPLIFIES ALL SOLDERING
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LIGHT INTENSIFIER

THE picture to be intensified is first
focused upon a  photo-electric
_cathode C, and the resulting stream of
electrons is then projected on to a
secondary-emission target T at the oppo-
site end of the tube. From here an aug-
mented stream, comprising both primary
and secondary electrons is reflected back
on to a fluorescent viewing screen S.

The magnetic field from an external .

coil W guides the stream in a path which
is substantially parallel with the axis of

ajoluj

Light intensification by secondary emission.

the tube at both ends, until the stream
passes between two plates P, P,, which
are biased, as shown at B, so as to
deflect the stream’along the dotted-line
path. The deviation from the straight-
line path is, of course, reversed by the
electrostatic field as the electrons take
the return journey towards the viewing
screen S. The target carries a fixed
biasing potential which is positive with
respect to C but negative with respect
toS. - - )

Marconi’s Wireless Telegraph Co.,
Ltd. (Assignees of A: Rose). Convention
date (U.S.A.) August 31st, 1939. No.
543710.

P S
4 gE L
- -F
EROM {F
STAGE A

» output voltage having an

RECENT
INVENTIONS

A Selection
of the More Interesting
Radio Developments

ray-type. As shown in the figure the
primary winding P of the IF output
transformer is connected
to the anode, and the
secondary winding to the
control grid of a valve V.

The primary produces an

amplitude which is deter-
mined by the difference
between the signal or

- coated

FLUORESCENT SCREENS

CATHODE-RAY tube is fitted with

a number of “spare’’ fluorescent
screens so that when one burns out or
deteriorates, it is replaced by another,
thus prolonging the life of the tube. As
shown, a pack of thin metal sheets S,
with fluorescent material, is
strung through a pair of lower supporting
wires W inside the tube, and is pressed
forward by a spring against an upper

Replaceable -
screens for
CR

tubes.

carrier-frequency and the
frequency to which the IF
transformer is tuned; this is applied
through a filter circuit F to one of the
grids of a duplex amplifier DA.

The secondary produces a rectified
voltage which is fed through resistances

R, Rr to the other grid of the duplex

amplifier DA; this voltage will be of a
substantially constant value if the AVC
control is flat. By suitably adjusting the
resistances,"the output from the duplex
amplifier can be balanced at the carrier
frequency, so as to give a corresponding
indication at the visual tuning indicator
tupe IT. The AC component of the AVC
voltage is fed to the AF amplifier through
a tapping from the resistance R2 and a
condenser C. :

A similar circuit arrangement can also
be used to detect frequency modulated
signals, or to liscriminate selectively be-

n
|1

-

FREQUENCY-RESPONSIVE CIRCUITS
’I‘HE phase-relation between the pri-

mary and secondary voltages of a .

coupling transformer is used to operate
a visual tuning indicator of the cathode

Detector for frequency and a.mpfitude modulation.

tween two amplitude-modulated signals.

Marconi’s  Wireless Telegiaph Co.,
Ltd. Assignees of W. R. Koch Con-
vention date (U.S.A.) November 30th,
1939. No. 545577.

-

. St
three-armed support M. The top of each
sheet is recessed, the recesses being alter-
nately staggered, so that when the arma-
ture M is swung from one side to the
other by a pair of external magnets P
the old screen is pushed forward into the
-discarded position St and a fresh one is
presented for use.

J. L. Baird. Application date, 7th

-September, 1940. No. 544,413.

vAUTOMATIC CALENDAR FOR SHORT-

WAVE RECEPTION

AN adjustable chart for indicating the
most favourable conditions for
short-wave reception at any given time
consists of three circular dises arranged
so that they can be relatively rotated
about a common centre. One disc is
marked with the hours of the day, and
also with the names of the principal
short-wave transmitters spaced accord-
ing to their geographical longitude. A
second disc is marked with a scale of
wavelengths. The third disc is formed
with cut-out slots shaped in accordance
with the seasonal variations of the iono-
sphere throughout the year.

The discs are set by hand to a given
time in order to show which stations can
est be heard; or conversely they can be
skt to show ‘the best time to hear a
selected station. The calibrations are
vahd for a five-year cycle, corresponding
to periods, of maximum and minimum
‘“sunspot '’ activity.

. A. M. McKie. Application date

April 22nd,« 1941. No. 544533.

.The British abstracts published here

are prepared with the permission

of the Controller of H.M. Stationery

Office, from specifications obtainable

at the Patent Office, 25, Southampton

Buildings, Lendon, W.C.2, pricefsl/-
each.
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Ducks and D-Xers

’I‘HESE notes are being written in

Scotland. One thing about life in
the Army is that, though you may
have long periods in which you may
stay put in one place or another, you
do, as time marches on, eventually see
a good deal of this country of ours.
Ever since I arrived at my present
northerly station, she rain has pelted
down in torrents. That, I fear, ap-
pears to be normal for the locality. It
is reputed that the village wiseacres
say that when you can see the sur-
rounding hills you know it is going to
rain, and that when you can’t see
" them you know it is raining! It seems
to me to be an ideal place for ducks
and medium-wave wireless D-Xers.
The heavy, wet spil must make for
earth connections of surprising excel-
lence, and the long hours of darkness
in autumn and winter should ensure
some fine opportunities for long-dis-
tance work on the medium waves,

.- .- -

Better Batterles

A DAY or two ago my electric torch

glowed only a dimmish red when
I switched on, and I realised that it
was high time to see about a new bat-
tery for it. How long had the old one
been in use? I couldn’t think for the
moment, and then it occurred to me
that I'd bought it in Somerset last
December. Eleven months’ use is
pretty good. The cells are of the large
type (21in. x 1}in.), but a dozen years
or so ago even big cells would have run
lown in eleven months if they’d stood
_ on the shelf and had no use at all. The
advances made in this country in the
design and manufacture of dry cells
have been striking, as those wireless
folk who use battery sets should ap-
preciate. Not so long ago a standard-
capacity HTB of 100 volts usually cost
a good guinea, and soon threw up the
sponge if its load was more than 5 or
6 milliamps. Its shelf life, too, wasn’t
as a rule much over 3-4 months.
‘Now, even in wartime, batteries cost
far less. They stand up to bigger
Joads, and they can remain on the
shelf for long periods without serious
deterioration. A good step forward.

But, With a Big B

But may I give one warning about
dry batteries of both the flashlamp
and HT kinds? You may find some
of indifferent make which have either

been too long in the shop that offers
them or were not too good to begin
with. Only the day before this was
written, I went forth to get the 3-volt
refill battery that my torch needed.
Seeing some of the right type in a shop
window, I went-in and asked for one.
The man behind the counter handed
it over, but, before calling it a deal,
I asked to see what the voltmeter had
to say about it. The voltmeter could

‘'say nothing better than about 2.3,

volts; and so, although I was assured
fervently that this was ‘‘ normal for
wartime batteries,”” I prefer to try
my luck elsewhere. A low reading
like this from a presumably unused
battery is a sure indication that it
won’t give much service. A few doors
away I found one that read a bit over
the 3 volts (as it should), thus giving
concrete proof of the inaccuracy of
shopkeeper No. 1’s statement. The
moral is that you should always see
the battery’s voltage read before part-
ing with your money. Not that a full
voltage reading under practically no

" load is any real indication that a bat-

tery is in good condition. It isn’t;
but a low-voltage reading from a new
battery shows definitely that there is
something very much amiss with it.

One Man’s Meat

Some years ago I made a set for
high-quality reproduction of Regional
and National programmes from the
local station, some fifteen miles away
as the wireless wave waggles. It was
rather an elaborate affair, containing
eight or ten valves, and one of its
features was that it had separate AF
and output circunits yoked to separate
loudspeakers, for the low and the
high audio frequencies, Each of the
two AF circuits had its own volume
control. I got the idea from a big
Artherican set, and it worked very well
indeed. You didn’t get more bass by
cutting the ‘““top’’; you turned up
the VC responsible for the lower
audio frequencies. The other VC
made speech and music more or less
brilliant at will.
controls together you could produce
what appealed to your ear as the
ideal balance. Each VC was given a
graduated dial, and I asked every
musical friend who came to visit me
to adjust the pair until he considered
reproduction to be as nearly perfect
as possible. 1 kept a record of the
dial readings, and it is interesting to

By working the two -
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VORTEXION

50 WATT \
AMPLIFIER CHASSIS

The new Vortexion 50 watt
amplifier is the result of over
seven years’ development with

- valves of the 6L6 type. Every
part of the circuit has been care-
fully developed, with the result
that" 50 watts is obtained after
the output transformer at ap-
proximately 49, total distortion.
Some idea of the efficiency of the
output valves can be obtained
from the fact that they draw only
60 ma. per pair no load, and 160
ma. full load anode current.
Separate rectifiers are employed
for anode and screen and a
Woestinghouse for bias.

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

A tone control is fitted, and the large
eight-section output transformer is zvaiiable
in three types : 2-8-15-30 ohms ; 4-15-30-60
ohms or 15-60-125-250 ohms.  These output
lines can be matched using all sections of
windings and will deliver the full response to

the loud speakers with extremely low overall
harmonic distortion.

PRICE (with 807 etc. type valves) £18.10.0
Plus 25%, War Increase
MANY HUNDREDS ALREADY IN USE
Supplied only against Government Contracts

VORTEXION LTD.

257, The Brogdway, Wimbledon, S.W.19
Phone : LiBerty 2814
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Random Radiations—

note that no two people agreed exactly
in their settings. From this
deduces that it would be impossible
to make a high-fidelity receiver -that
would satisfy the requirements of
every musical ear: some kind of tone.
control, which is, I suppose, really a
distortion-producing device, must be
provided in order that each listtner
or group of listeners may be able to
arrive at the most pleasing balance of
upper and lower audio frequencies.
It’s a queer business altogether, this
matter of the individual human ear.

one

Wireless World

Preventing Breakdowns

PPARATUS of all kinds in the

Services must, of course, always
be kept right up to the knocker, so
that the possibility of a breakdown
is brought to the irreducible minimum.
There is a complete system of ex-
amination and tests of every acces-
sible part, and this thorough vetting
is done at definite intervals of time.
I wonder whether, when peace re-
turns, wireless fans who have had a

" training in almost any branch of the
Services won’t work out something on

the same lines for their own broad-
cast, short-wave or communication
receivers. It would save a vast deal
of trouble-hunting if we took methodi-
cal steps to prevent breakdowns by
drawing up tables of tests to be made,
say, once a week. It would help,
too, if we kept records of the service
life, current readings and so on of all
the valves in our sets, taking the
latter, perhaps, once a week. Thus
any valve that was on the down-
grade would plainly be shown up, and
we wouldn’t have far to look when it
finally threw up the sponge.

Wireless World Bralns Trust

G.P.O. Control

Question No. 6. — In this
country the control of .all wireless
matters is vested in the Post Office.
Would it not be better for this func-
tion to be in the hands of an indepen-
dent body, like the Federal Communi-
ctations Commission in U.S.A.?

RONALD W. HAMILTON.

P. P. ECKERSLEY, M.L.E.E., for-
merly Chief Engineer of the B.B.C.,
replies :— )

HE distinction between the Post

Office in this country and the
Federal Communications Commission
in America is; so far as I know, that
the Post Office is executive while the
Federal Communications Commission
is advisory.  Both bodies have, of
course, the responsibility of taking a
detached view of radio problems and
giving advice or taking actions which
are in the public interest.

There are two ways of examining
the relative merits of different public
bodies ; one by looking into their con-
stitutions, the other by examining the
results of their activities.
the constitution of a body is not so
rigid as to comipel the people who run
it to act in the way intended by, that
constitution. .

The constitution of the Post Office
would allow it to take a detached view
of its problems if it were not for the
fact that its policy is-to make no mis-
takes and lots of money. Some people
say that the Post Office should be con-
stituted as a ‘‘ business concern.”” The
chief faults it commits, however, are
brought about by its sound business
outlook.

I am at the dlsadvanfage of not
knowing the exact legal constitution
of the Federal Communications Com-
mission. I know enough of it to say that
it is constituted to advise legislators
as*to what actions should or should
not be taken concerning public com-
munications, and that it exists to take

Frequently -

the detached point of view, regarding
the public interest as paramount. I
have heard interested American busi-
ness men become almost lyrical in
their condemnation of its activities.
Thus, clearly, it has not taken the
point of view of the big vested in-
terests. Fairly detached critics, how-
ever, have said that while the commis-
sion is conscientious, it is timid, and
while wholly trustworthy, it can be
trusted to be botls mexpert and con-
servative.

It is fairly clear t,mt the modern..

world demands public control of public
services, such as communication, but
that the difficulty, because of the
legacy of the past, is to constitute such
bodies so that they can, in fact, be
independent of any interest save that
which they serve, and can yet be ex-
pert and enthusiastic. The difficulty
with the Post Office is that it is
‘answerable in too large a measure to
Parliament on questions of financial
profit, and that Parliament acts like
a majority shareholder with no know-
ledge- of the business. The conditions
of service are not such as to attract
people who think that informed enthu-
siasm deserves bigger rewards than are
paid to civil servants, All honour,
then, to those brilliant people in the
Post Office who accept the conditions ;
there could be more of such people if
the pay’ were more attractive.

One might summarise the answer to
the question by saying that it is not
only the form of organisation of pub-
lic bodies which is important; it is
more important to know how public
bodies interpret or are allowed to in-_
terpret their duties.. One might get”
an ideal organisation and staff it with
numskulls, or a bad constitution
served by a brilliant personnel. It i
doubtful which would be ww
again, one must look deeper-i the
political structure of the country which
asks the public bodies to serve them.

- Is S-W Radlatlon Harmful ?

Are the bodies asked to serve the pub
lic, or only a section of the public?

Thus the question is obliquely’
answered, in the best Brains Trust
manner, by saying that there seems
no good reason for substituting the
Post Office by something more Ameri-
can, but that there might be some
advantage in freeing the Post Office
from a profit-making control and yet
‘making its conditions of service more
attractive. -

[Other subsidiary issues arise. Should
the. P.M.G. be ultimately responsible
(in normal times) for the B.B.C.’s
artistic and cultural activities? = Is it
right that the G.P.O. should control
those with whom it might be more or
less in commercial competition?
Question No. 6 is still open for dis-
cussion.—ED.] .

Question No. 7.—It has been
observed that the incidence of head-
aches and-tiredness among the tech-
nical staff at-a certain high-power
short-wave station is much above
normal.

Is there any foundation for the beliea.
that this is due to the high field-
strength in the proximity of the trans-
mitter? And have any other physio-
logical éffects due to high-intensity
RF radiations been observed?

G. W. SMILES.

This question has been passed to
Dr. P. P. DALTON, M.R.C.S.,

L.R.C.P., who, in addition to emg
qualified to answer it from the medi-
cal point of vtew, has also studied
radio technique in its applications to
;medicine, and is a Fellow of the
Brit. I.R.E. Dr. Dalton writes ;—

IT has long been known to medical
experts in high-frequency therapy
that many susceptible individuals
suffer unduly from electro-magnetic
-radiation. Given a certain minimal
exciting power these effects appear to
be related more to the frequency than



to the power of the transmitter. Ex-
posure to wavelengths of less than
about 15 metres produces undesirable
effects.

Schliephake, «of Jena, states that in
working a 4o0-watt transmitter at a
wavelength of 3 m. marked sensations
occurred at once, whilst with a 1,500-
watt transmitter working close at
hand on a 15 m. wavelength no trouble
occurred until some hours had passed.

The most marked symptoms noted
have been undue fatigue and head-

. aches, irritability and depression ex-

. tending outside the working day,
insomnia and nightmare, lack of confi-
dence in fellow workers, and a ‘‘ draw-
ing’’ sensation in the forehead and
scalp. It would appear desirable that
such ultra-high-frequency .= transmit-
ters should be screened with an
earthed cage of metal. The expense
might soon be covered by the increase
n the quality of the work done by
-the station staff.

Medical research, which has led to
the development of the modern short-
wave radiotherapy, was first initiated
when it was noted that workers in the
neighbourhood of HF transmitters,
who had in the past suffered from
neuritic pains such as sciatica, felt a
recurrence of these pains wlien ex-
posed to the HF field.

~ TThESe faets are all, of course, con-
firmatory of the existence of a specific
effect of short-waves—which is
strenuously . denied by most medical
research workers in this country but
accepted by those on the Continent
and in America. Such specific effects
were demonstrated by the writer on
frog nerve-muscle preparations - in
papers read at the first International
Congress of Short Waves in Physics,
. Biology and Medicine held in Vienna
in 1937 and are used in medicine by
treatment with low-intensity short-
‘ave apparatus.
. Other physiological effects which are
“known to occur through the use of
short waves of high or low intensities
_ are markedly a sedative effect on the
nerve endings, leading to relief of pain,
great increase in the circulation
of the blood caused partly by
heat and partly by a dilatation of
the capillaries, selective killing of bac-
teria by means of exposure to varying
wavelengths, increase in the rate of
bloodclotting, local increases in the
number of white blood cells and
various changes in the blood chemis-
try. There are definite effects on the
vegetative nervous system and the in-

ternally secreting glands of the body.-

The writer has observed, but not yet
published, remarkable improvement in
diabetes following extremely low-
intensity irradiation of the pituitary
region.

. Wireless World
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COMMUNICATIONS DEPEND...
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BULGIN
FOR
LAMPHOLDERS

The largest and most extensive
range in the World. All kinds of
lamp-caps are accommodated, in-
¢luding M.E.S. and E.S., to B.5.5.98,
and M.B.C. (the new miniature
bayonet cap, single-contact). in the
large range there is a full choice
of fixing-brackets, -strips, and -clips
both ‘live’ and ‘ dead.” The screw
types dre made in rolled, drawn-
and -embossed, spring-grip, etc..
A lampholder for every use.

PARTS....

N countless instances quite in-
tricate pieces of apparatus are
wholly dependent on the proved
reputation and . reliability of their
component parts. '

All products from the House of Bulgin
are pre-eminent for superior design
and workmanship and every article

bearing our Trade Mark has to pass

exacting and exhaustive tests during
the course of its production.

We ask the kind indulgence of the
Trade on delivery until peaceful
conditions return.

“The Choice of Critics”

REGISTERED

e TRADE ¢« MARK

A. F. BULGIN & CO, LTD., BY-PASS RD., BARKING, ESSEX.
TEL. : RIPPLEWAY 3474 (4 lines).
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U.S. INTERNATIONAL STATIONS

FOR some months the policy of
operating United States inter-
national short-wave stations in war-
time has been under considération. It
was at first proposed that the Govern-
ment should take over the operation
of the existing stations but this plan
has given place to one of Government
‘ partnership’ with existing operat-
ing companies: o

The proposed scheme provides for
the erection of twenty-two new short-
wave stations, the power of which will
vary from 50 to 100 kW. It is also
proposed that the frequencies required
for the new statiopssshould be taken
from those allocated to other than
international broadcasting services.

The Government, through the Board
of War Communications, will pay for.

the erection and operation of the new
stations which will be licensed to exist-
TO deal with the many

ing or new operators. It is proposed
to offer the transmitters for sale after

- .the war to the companies - operating

- them. Programmes of all short-wave
transmitters will continié to be con-
trolled by private operators but with
the Government holding a ‘‘ watching
brief.”’

Commenting on the plan, our
American contemporary Broadcasting
writes: ‘‘It seems a pity that so
simple a plan should have taken so
long to evolve. It will probably take
at least six months to get the pro-
jected 22 new short-wave transmitters
on the air. Meanwhile, the Axis
powers, with their own and their seized-
stations, numbe'ring at least 100, are
scattering their propaganda far and
wide to the corners of the earth.”’

RAF. WIRELESS
MAINTENANCE

O facilitate the maintenance of the -

wireless equipment of bomber air-
craft at the numerous airfields, mobile
wireless testing vans are now being
.used by R.A.F. Bomber Command.
In addition.to being used for general
maintenance of W/T and R/T air-
borne equipment, they are also em-

ployed for frequency checkmg of'

aircraft apparatus.

The van illustrated is- equlpped
with an aircraft-type W/T and R/T
transmitting and receiving set +to
‘permit of two-way working with air-
- craft on the ground. A petrol engine
 generator is. included in the equip-

Mobile . wireless
maintenance van
used by R.AF.
Bomber Com-
mand. The
spaces on the
right are for
housing test gear
and spares.

ment so that
accumulator
charging and ser-
vicing can be
undertaken when
other facilities
are “not avail-
able. ‘To enable )
the wireless mechanic to zgach . in-
accessible parts of an aircraft, a cat-
walk is provided on the roof of the
wvehicle.

EMPIRE COMMUNICATIONS
‘Empire
communication problems. arising

out of the war a Commonwealth Tele-
~ graph Conference is shortly to be held

in Australia. Government representa-
tives from Canada, New Zealand, the
Union of South Africa, India, Southern

Rhodesia, Australia and the  United -

Kingdom will be taking part. The
United Kingdom representative will
be Sir Campbell Stuart, chairman of
the Imperial Communications Ad-
visory Committee in London, who

will also be chairman of the con- .

ference. He has left for Canberra
accompanied by Colonel Zambra, who
is secretary to the Imperial Communi-
cat1ons Advisory Committee.

* It is understood that, as the con-
ference is being called for Governthent
representation only, ‘Cable and Wire-
less has not been invited to take a
seat at the conference table.

It is also learned on enquiry that
the General Post Office will not be
represented.

AMERICAN  VALVES
AT the time of writing the promised
release of the American Lease-
Lend valves for replacements in
““silent’’ sets announced last month
has not materialised.
It is understood that some difficulty
is being experienced in formulating a
scheme of distribution to ensure that

the valves supplied are for replace- .

ments in domestic receivers at present
out of commission.

- low level.

WEATHER AND U-S-W

SOME interesting facts regarding the

influence of weather on the propa-
gation of ultra-short waves emerge
from a study of the records’ of-signal
strength variations in the Post Qffice
radio telephone link ‘between Guern-
sey-and England from 1937 to 1939.

The path between stations: was
about 85 miles in length over sea, .
which 36 miles was outside the optical
range; the wavelengths employed
were 5 and 8 metres. Continuous
records taken by the Post Office were
analysed by Dr. R. L. Smith Rose and
Miss A. C. Strickland, M.Sc., to show
correlation- between signal strength
and atmospheric conditions. The
results are given in a paper recently
read before the ILE.E.

It is clearly established:that weather
has an influence on the variations
signal intensity. During periods -
high barometric pressure, often accom-
panied by temperature inversions,
signal strength was at a maximum,
but there was much fading of the slow
type. Low-pressure conditions with
very little temperature inversion gave
the steadiest signals though of rather
Snowy and foggy weather
also gave a steady signal even when
the atmospheric pressure was high.

The authors conclude: ‘It seems
clear that the main agencies causing
variations in signal intensities on these
wavelengths are the variations in re-
fractive index of the #ir in the lower
atmosphere, due notably to changes
in moisture conterit, and in addition
the presi absence of temperature
inversion layers from which the waves
can be reflected at heights of from a
few hundred toa few thousand feet ”




'NON-FERROUS METAL APPEAL

“and shipbuilding yards.

OPPER, lead, zinc and tin, which

and South America and Australia, are
urgently needed in our war factories
. They are
wanted for numerous vitally important
uses in their pure form and because

.they provide in alloyed form brass,
“bronze and anti-friction bearing metal.

“To speed up the supply of non-
ferrous inetals and to save as much
shipping space as possible, the Direc-

- torate of Salvage and Recovery of the

Ministry of Supply, has issued an
urgent appeal to the wireless industry

+~for all unwanted copper, zinc, lead,

pewter, white metal, brass, bronze and
aluminiam.

It is everybody s responsibility to
see that these vital metals are rescued
from the scrap heap and sent to the
local salvage authority.

. EMPIRE NEWS
LTHOUGH short waves are neces-

sarlly the medium for the trans--

missions in the B.B.C. Empire Ser-

.vice, the audience is by no means
- restricted to listeners with short-wave-
-sets. All over the Empire, as well as

in the United States, transmissions of
Empire News and other programmes
from London are received and are re-

Pbroadcast byilocal stations on medium |

waves, or, as is the case in a number

are imported from Africa, North

. instance, the B.B.C. programmes are

~over 84 per cent.

Wireless World

OUR NEXT ISSUE

To conserve paper, and,we hope,
to enable more would -be readers
to obtain copies of Wireless
World, we are temporarily
adopting a new format, with a
slightly reduced page area. The
January issue will be on sale on
¢ December 28th. Succeeding
issues will appear on the 25th
of the month preceding the
nominal month of publication.
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of West Indian and African colonies,
by rediffusion systems. In Nigeria, for

rediffused for .over 14 hours a day,
while in the Gold Coast and Sierra

" Leone transmissions from London are

rediffused for 6 hours daily. The re-
diffusion system in Malta relays Lon-"
don almost continually throughout
the day.

In all, the B.B.C. Empire Service is
rebroadcast for over 39 per cent. of its
transmission time. The figure rises to
if the rediffusion
systems are included. The transmis-
sion most rebroadcast, of course, “is
the news.

The latest schedule of :the tlmes
(BST) of the transmissions of news in
English in the Empire and European
Services, and the wave bands in which

~ new Indian

they are radiated, is miven below.
0200” 49, 31 1600 31, 25,19, 16
0345 49 1700 31, 25, 19, 16
0530 49, 41 1900 25, 19

0715 41,-81 2045 31, 25, 19

0900 41, 31, 25 92245 49, 41, 31*, 25*
1000 49, 41, 31, 25 2345 49, 81 -
1200 25, 19 N

* Sundays excepted.

The morse transmissions of news in
English, French and German on 261
metres and in the 49-metre band con-
tinue to be radiated at 0230, 0300 and
0330 (BST) respectively. For ease of
reception each word of the transmis-
sion is repeated.

IN BRIEF

New “Forces” Transmission
. A NEW transmission ‘‘ For the Forces’’
was introduced by the B.B.C. on Novem-
ber 1st. It is designed for the men in
the Middle East and West Africa. The
transmissions beamed to the Middle East
are radiated in the 19-metre band from
15.45 to 17.45 and in the 31-metre band -
from 17.15 to 21.00. The West African
transmission is radiated in the 25-metre
band from 20.00 to 21.00 and in the

. 31-metre band {from 21.00 to 22.45.

‘Indian Standard Time
Tue introduction in September of ‘the
Standard Time, which
advanced clocks one hour, has changed
the timing of most of the English news
bulletins broadcast from Delhi. These
changes are included in the schedule
given below. It is interesting to note that
no charge has been made in the timing

NEWS IN ENGLISH FROM ABROAD

; . REGULAR SHORT-WAVE TRANSMISSIONS

Country : Statien Mc/s | Metres Daily Bulleting (BST) Country : Station Mc/s | Metres Daily Bulletins (BST)
America Spain |
WNBI (Bound Brook) | 17.780 | 16.87 | 2.01, 2.451, 4.081, 6.0. EAQ (Aranjuezy .. | 9.860 | 30.43] 6.15,
WRCA (Bound Brook) 9.670 | 31.02 { 7.0 a.m., 9.45 a.m. Sweden : ]
WRCA.. .. 15.150 | 19.80 | 2.01, 2.45%, 4.08%, 6.0. SBU (Motala) . 9.535 | 31.46 | 10.20.
WGEO (Schenectady). 0.530 | 31.48 | 9.45a.m,, 9.01, 10.558. SBT .. . .. 1151501 19.80 7 4.0.
WGEA (Schenectady). | 15.330 | 19.57 | 2.0, 3.0, 7.45§f, 11.0. Turkey
WBOS (Hull) .. .. 11.870 | 25.27 | 12.45 a.m.1, 12.0 mdt. TAP (Ankara) . 9.465 1 31.70 | 7.15.
WBOS . . 15.210 | 19.72 2 0t, 2.45%, 4.0§%, 6.0. U.s.S
WCAB (Phxlade]phuj. { 6.060 | 49.50 | 6.0 a.m. Moscow . . 5.890 | 50.93 { 11.0.
WCBX (Wayne) 15.270 { 19.65 | 11.30 a.m., 3.30, 7.30%, 9.30. 6.970 | 43.04 | 11.45,
WCRC (Wayne) 11.860 | 25.30 | 11.30 u.ni., 3.30, 7.30%, 9.30. | 7.300 | 41.10 | 8.0, 9.0, 16,0, 11.0,
WCW (New York) 15.870 | 18.90 | 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 7.360 | 40.76 | 11.0.
9.0, 10,0, - 7.560 | 39.68 | 11.0.
WRUL (Bosbon) 11.790 | 25.45 ; 9.30%. 9.390 { 31.95 | 4.0.
WRUL i 15.350 { 19.54 | 9.30%. 11.830 | 25.36 | 4.0, 6.0.
WLWO (Cmclnnatl) . 6.080 | 49.3¢ | 6.0 a.m,, 7.0 a.m. 15.110 | 19.85 | 2.15 a.m., 12.40, 11.45,
WLWO . 11.710 | 25.62 | 7.0, 8.0, 9.0, 10.0. 15.180 | 19.76 | 12.40, 11.45.
WLWO 15.250 | 19.67 | 3.0, 4.0, 5.0, 15.230 | 19.70 | 2.15 a.m., 11.45.
15.270 | 19.65 | 12.40.
Australia 15.750 | 19.05 | 1.0 a.m., 2.0 a.m., 11.45.
VI.Q6 (Sy dney) 9.580 | 31.32 | 7.0 a.m. Kuibyshey. .. . 8.050 | 37.27 | 8.30.
VLQ5 (S dney) . 9.680 | 80.99 | 8.0 a.m. ' 13.010 | 23.06 | 6.0 a.m., 2.0, 2,45,
. VLG3 (Melbourne) ~. 11.710 | 25,62 | 8.0 a.m. 1 A 14.410 | 20.82 | 2.0, 2.45.
China . | Vatican City
XGOY (Chungking) .. 11.900 | 25.21 | 2.0, 4.0, 5.15, 9.30. 1 HVI .. 5.970 | 50.25 | 7.15.
French Equatorial Africa :
E FZI (Brazzaville) .. ] 11.976 | 25.06 | 8.45.
. India . MEDIUM-WAVE TRANSMISSIONS
VUD4 (Delhi) . .9.590 | 31.28 | 8.0 a.m., 1.0, 3.50.
vUD3 .. .. .. | 11.830 | 25.36 | 3.50. freland .. . . ke/s | Metres!
vuDs3 .. 15.290 { 19.62 | 8.0 a.m., 1.0 Radio Eireann . 565 531 | 1.40%, 6.45, 10.0.

Iy should be noted that the times are BST—one hour ahead of GMT—and are p.m. usiless otherwise stated. The times of the trapsmission of mows
in English in the B.B.C. Short-wave Service are given at the top of this page. )

* Saturdays only.

§ Saturdays excepted. 1 Sundays only.

1 Sundays excepted.
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of the programmes for India’s many
rural listeners, ‘‘ whose work and habits
are ruled more by the movements of the
sun than by the hands of the clock.”

New Indian Station

" IWHEN in 1937 the Government of
India, at the request of the Government
of the North-Western Frontier Province,
took over the 0.25-kW broadcasting
station erected by Marconi’s at Peshawar
five years earlier, there were but a few
villages  equipped  with communal
receivers. - The situation has changed
sufficiently to warrant the erecticn of a
new 10-kW transmitter, which is now
working on a wavelengh of 476.9 metres.
The station has a 3s50ft. mast radlator
“aerial.

Dr. Leonard Klatzow

WE record with regret the death at
the early age of thirty-five of Dr.
Leonard Klatzow, who since 1934 had
been engaged on research work at
Electric and Musical Industries. A
native of South Africa, he came to this
country as a Rhodes Scholar in 1930
and obtained his Ph.D. degree three
years later. His work on the Emitron
television camera from the photo-electric
angle was largely responsible for the suc-
cess of the transmissions from the London
television station. A colleague wrote in
Nature: ‘'His work, largely unpub-
lished, did not receive the wide recogni-
tion it deserved, but there is no doubt
that a career of mrreasmg dxstmctxon
was opening before hxm

Wireless World

GOODS FOR EXPORT

¥ [l
] ]
) 1
) H
i The fact that goods made of |
) raw materials in short supply !
)} owing to war conditions are |
} advertised in this journal |
1 should not be taken as. an E
i indication that they are !
) necessarily available for export !
) . . t

United States High-power Trausmitter

It is learned from Washington that
the United States Government has pur-
chased a new 500-kW short-wave broad-
casting transmitter.

Schoo! Broadcasting

A ToTAL of 10,429 schools in England
and Wales have registered as listening
schools with the Central Council for
School Broadcasting.  This is the
highest number recorded at the begin-
ning of a school year, being 469 more
than the number registered at the be-
ginning of the previous year, which was
itself over 2,400 higher than the figure
for any other year.

“Spoils of War”
. MenTION is made in the official story
of the conquest of Italian East. Africa-
that signal material captured at Addis:
Ababa was valued at £250,000. This
figure, of course, does not include the
wireless station, which had been very
little damaged and was rapidly repaired
by Royal Signals personnel and put to
use for pmpaganda purgoses.

ILEE. Meetings
A piscussiox onn ‘‘The Electronic
Control of Industrial and Power Plants’’
will be opened by S. G. King at the in-
formal meeting of the Institution of

Electrical Engineers arranged ' for
Monday, November 23rd, at 5.30. Dr.
G. E. Donovan, M.Sc.,. B.Ch., M.B,,

will deliver a paper on ‘‘ The Electrical
Amplifying Stethoscope and Phono-
Electro Cardioscope,”” and give a demon-
stration of the apparatus at the Wireless
Section meeting on Wednesday, Decem-
ber 2nd, at 5.30.

Scottish Radio Club
A crLuB conducted on parallel lines to
the Radio Industries Club in London has
now been formed in Glasgow. The
membership of the new Radio Industries
Club of Scotland is drawn from all fields
of wireless activity, and is already near-
ing the hundred mark. A. S. Black,.
Scottish manager of the G.E.C., is chair-
man; James Robertson, who p]aved a
promment part in forming the club, is .
vice-chairman; while the secretary is.
Elliot Maciutosh, Principal of the Wire-
less College. His address is 3, Park
Gardens, Clifton Street, Glasgow.

The Ever-growing Need

ProTECTION against the dangers: of
electrical short-circuit is one of the
advantages claimed for the new petrol-
containers' made ‘of specially treated -
cardboard. This new application of
paper stresses the ever-growiry need of
economy in its use_and of qanlvagm;z
_every scrap .of waste paper.

NZ) -+~
ad

KURZ - KASCH
RADIO KNOBS—DIALS
INSTRUMENT  KNOBS

Modern plastics are materially helping
to bring the war to a successful con-
clusion, and Kurz-Kasch with its exten-
sive plant and equipment is assisting in
that direction.

Apart from those good-looking and
well -designed knobs which form
equipment of test instruments and
receivers, we are moulding other very
important items for the combined
Services.

Kurz-Kasch inc. look forward to serving
you again as soon as circumstances
permit.

Register your name with our Representative now.
He will forward you information ‘on our product.
as soon as they become available.

KURZ-KASCH INC.

Moulders of Plastics,

DAYTON, OHIO, U.S.A.
* * *
Exclusively Represented by

Kingsley Road,
Frank Heaver Ltd. 5,227 N Devon,
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VODE COURSES

For Beginners
and Operators

The Candler System
of Code training is
just what one needsfor
entering or advancing
in Army, Navy, Air
Force, Amateur Radio
work, or the Commer-
cial side of telegraphy.

JUNIOR AND ADVANCED COURSES
on Cash or Monthly Payment terms,

There’s no royal road to learning—but there IS a
quick, sure way to genuine CODE skill. Thousand:
of Candler Trained Operators have proved the
value of this truly remarkable system of Morse
Code instruction.

Sec., Radio Society of Great

J. Clarricoats,
“*1 regard the Candler System as being

Britain—says :
the most important system of its kind and already large
numbers of Members of the Radio Society of Great Britain
have intimated to me that they are studying the course of !
instruction.with a view to preparing themselves for service
in one branch or another of H.M. Force:.""

In the * BOOK OF FACTS,” which will be sent FREE or
request, you will see that full information s given
concerning the subjects covered by Morse Code Courses
for beginners and also for operators.

COUPON"""""="=======4

I Please send me a free Copy of Candler ** Book of Facts B
1 NAME

‘vvvvvvvvvvv vew vvvvvvvvvvvvvvvvvvvvv L A A 4

b ADDRESS
Post Coupon in 1d. unsealed envelope to London Manager :
CANDLER SYSTEM CO. (Room SSW), 121,
Kingsway, London, W.C.2 ]
Candler System Co., Denver, Colorado. U.S.A. 1249 [}
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L.F. TRANSFORMERS
of all types.

AERIAL & OSCILLATOR COILS

TRIMMER & PADDER
CONDENSERS

“SILVERGAP ** CONDENSERS
COIL FORMS, etec.

Our factory has been expanded considerably,
our knowledge is increasing daily and our added
experience and facilities will be available for
you as soon as conditions permit.

We are making many intricate parts for the
U.S. Army, Navy Air and Signal Corps, and we
are happy to assist in the great effort to bring
this struggle to a successful conclusion,

Sickles LF. transformers, coils, trimmers and
other radio parts wili be ready for you again
in due coyrse.

Register your name with our Representative now.
He will forward you information on our products
as soon a: they.become available, .

THE F. W. SICKLES CO.
CHICOPEE,
MASS., U.S.A.

Exclusively Represented by =

Frank Heaver Ltd. §;nes'*) Roas
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CLASSIFIED ADVERTISEMENTS, The charge is 6/-
for each paragraph of 2 lines or less, and_3/- for every
additional line or part thereof, average 7 words to a
line. Each paragraph is charged separately.

ADVERTISEMENTS for the JANUARY issue are ac-
cepted up to First Post on Thursday, December 10th, at

London, S.E.l, or one day earlier at provincial Offices.

the Head Offices of Dorset House, Stamford Street,-

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

ADVERTISERS may have letters, other than circulars,
addressed to numbers at this office. The words Box
000, cjo ‘““ WIRELESS WORLD * must be paid for
andla further /- added for registration and forwarding
replies.

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

Ode

Pstiidge

~=No. 21
MOSQUITOES

Still waters breed a biting pest

Which carries out its job with zest,

It nips us on our tend’rest parts

And getsright home with poisonous darts.

It dodges here and dodges there,

It seems to have a natural flair

For landing where we want it not,
Right on our most exposéd spot.

And now this painful little blighter
Gives its name to bomber-fighter,

A craft more deadly than its sire, -

Its poison being bombs and fire.

When “‘ skeetoes ' give their little jab
The antidote’s a blue-bag dab,

But when our version scores a goal

It leaves a *“ helluva ”’ great big hole.
No use the Jerries spreading nets

To catch our latest agile pets,
However small the mesh he knits
We'll blow the whole kaboosh to bits.

N1k

Makérs of Transformers and Chokes
King’s Bldgs., Dean Stanley Street,
LONDON, SW.I. ’Phone : VICtoria 5035

u~‘k

_ARMSTRONG
SERVICE

We can stiil undertake the repair and

overhaul of practically all Armstrong

Chassis including very old models.
L 4 [ ] L] L ]

We still have a limited number of new
and unused eomponent parts, as below :—

New Moving Coil Speakers, available at the old price.
Sin, Model, 2,500 ohms Field, fitted with Pentode transformer.
Price 21/-. Post 1/~ )
Genuine Low Loss 3-gang ,0005 Tuning Condensers with Ceramic
insulation, as fitted to our AW125 chassis, and can be used {or
any purpose where a highfquality condenser is required. Price
12/6. Or with dual ratio slow-motion drive, 17/6.
Aluminium Screens, 6}in,x 6}in, with 8/16 right-angle edge.
Suitable for constructing screening boxes, ete. Price §/- per
half-dozen.
SPECIAL OFFER ! Amplifier Chassis in heavy gauge stecl,
cadmium plated, 173x10x 3in, drilled 13v,, transformer,
choke and recessed at one cnd for speaker. Also suitable for
experimental “ hook-ups.” Price 5/6. Postage 1/-. Reduced
prices for one dozen or over,
Wavechange Switches operated by Press Button
Lajest Typeuf robust et Sgitgble for switching aerial
and oscillator circuits on 4-waveband receivers. Equaily
suitable for many other purposes. Supplied complete with
%knobs and bronze escutcheon. Price 8/86.

*

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

/6.

e
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Advertisers and buyers are reminded that
under Defence Regulations 1939, Statutory
Rules and Orders 1940, Number 1689, o per-
mit (T 99 G) must be obtained befors sale
or purchase of certain electrical and wireless
apparatus, particularly such walves and ap-

paratus as are. epplicable to wireless trans-
MissLON,

G s P T T LR L LI LS

NEW REGEIVERS AND AMPLIFIERS
1 5-\VATT Class A Amplifier, finest components,
complete with new valves and speaker, suitable
for canteen or dance band; £15/10.—Box 2776, ¢/0
Wireless W orld. {1375
DANCE and Stage Amplilying Rquipment, com-
7 plete transportable units, Universal, 18 watt,
twin faders, M/C microphone, ifolding telescopic
pedestal stand, pair auditorium speakers, all cables;
36gns.—Broadcast and Acoustic Equipment Co,, Lid..
Broadcast House, Tombland, Norwich. {1382

£19/10 Qvlymvelve «Wircless World ™

Quality amplifier chassis, with tone
control stage, 8 watts push-pull Triode output; price
includes all valves and 12in. speaker with triple
cones; as above, but 8 valves 15-watt tetrode output,
with negative feed back, £22; Ilimited number.—
Bakers Selhurst Radio, 75, Sussex Rd., South Croy-
don. {1388
RECEIVERS & AMPLIFIERS—SECONDHAND, ETC,
ELECTION of Multi-valve Instruments.—~Broadcast
and Acoustic Equipment Co., Ltd., Tombland,
Norwich.
ATIONAL NC 101X, energised ' speaker,
transtormer, spare valves; £35.—Box 2771, ¢/o
Wireless World. [1344
ROPHY 6 Communication Receiver, as new; £13.
—Write Sedgwick, Army Dental Centre, 8,
Queen’s Rd., Paignton. 1361
« IRELESS World 4 Band Super Six ’ and heavy
Magnavox 10in. speaker; £16.—Sutton, 2,
School Rd., Knowle, Bristol, 4, f13
WO “W.W.” Amplifiers, PP, T. and B. tone con-
trol, 6 and 12w., as new; Gi2 P.M.; M.C. mic.,
record player; offers invited.—BM/DCA, W.C.1. [1380
.W.2R.F. Receiver, with P.P. Quality amplifier
(10 valves), Piezo pick-up, gramo. motor and
turntable; £25.—Box 2778, ¢/o Wireless World. {1391
WZ.W. Pretuned Quality Receiver, 4-6 watt push
pull amplifier chassis; Duode 33" speaker,
100y condition; £32.—57, Wold Walk, Billesley, Bir-
mingham, 14, {1336
ADIOGRAM, W.W.Q. amplifier, local station pre-
tuned set, B/I'H. speaker, Shure Piezo pick-up,
new and perfect; £35.—Deadman, 6, Abingdon Rd.,
Kensington, London, W. [1374
5-VALVE Commuanication Receiver, kit short wave
components, 8-valve receiver, mostly National,
Hammarlund parts, signal generator, guantity valves

and oddments; stamp please.—~Box 2772, c/o The
tuning indicator, 20 watts amplifier, Garsard
changer, as mew, all in speakerless cabinet; what
Miniott, Thirsk. - [1378
Wanted /
AUTO Gram R.G.D. or Similar.—F. 8., 8, Mountview
(1335
or write 2, Cliff Rd. Gardens, Leeds, 6.
ANTED, high-class communication receiver, pre-
or AC-DC ‘gram. motor. -Flat 1, 38, Sussex Sq.,
Brighton, 7. : [1385
A
E Offer Cash for Good Modern Communication
and All-wave Receivers.—A.C.8. Radio, 44, V
quired, must be in good condition.—~Box No. 367,
Gordon House, Farringdon 8t., E.C.4 [1328
sers.—11la, Tretawn Gardems, London, N.W.7. Mill
Hill 4400. [1342
«medman,” Corner Cottage Offichurch, Leamington
one : Leamington 39. [136
10 STORES Will Pay
Dynamos, Converters, Test Equipment, Blectric Gramo-
phone Motors, and all Radio and Electrical Acces

’Phone : NORth 3213

Wireless World., 1353
TUTO-RADIOGRAM,; 10 valves, M. & L., A.V.C
offers, complete or separate? ‘What have you to
exchange? s.a.e.—Steanson, “South View,” CQCarlton
Court, N.8.
COMMUNICATION Receiver Wanted.— Phone 55011
[1359
iera,bl{) new.—D. King, Stalbam_¥Hall, Norfolk,
8. DX Plus or Similar Feeder Unit, also AC
RGE Autochange Radiogram, American pref., or
R.G.D., H.M.V.—27, Worcester St., Wolverhampton.
Wid-
more Rd., Bromley. [1293
COMMUNICATION Receiver, A.C. 220 volts, re-
ANTED, H.R.O. receiver (any condition), also
National H.R.O. dial, with or without conden:
“ ADIOGRAM,” all electric A.C., with ' Wireless
Worid ” High Fidelity push, pull output.—
Spa. 'Phon ]
LONDON CENTRAL RAD S i
good prices for Receivers, Radiograms, Amplifiers,
ories.—London Central Radio Stores, 23, Lisle St.,
iondou, W.C.2. Gerrard 2969. [e836

0 0
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g f‘ OR THE
RADIO SERVICE MAN,
DEALER AND OWNER

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

INTERNATIONAL GORJRESPONDENCE 'SCHOOLS

Dept. 38, internaiional Buildings,
Ki ngsway, London, w.Cc.2
Please explain fully about your Instruction in

the subject marked X.
Complete Radio Engineering
Radio Service Engineers
Elementary Radio Television
And the following Radio examinations :
British Institution of Radio Engineers
P.M.G. Certificate for Wireless Operators
Provisional Certificate in Radio Telephony and
Telegraphy for Aircrait
_ City and Guilds Telecommunications
Wireless Operator and Wireless Mechanic, R.A.F.

Name.iorurreriniorsineerraninmens
Address

»

AgBueres

STUART

Nos. 10 & 11 Centrifugal

PUMPS

As supplied to Government Depts. and County Councils.

Complete w th

Foot-valve, Strainer

and Hose Union,

Suitable Rubbe!

Hose available from
stock.

No. 10.

100 gals. per hour.” Carr. 2/-extra £5 2 6
No. 11. 280 gals, per hour. Carr, 2/- extra £6 6 0
Suitable for Machine Tool Cooling and all
pumping purposes, for hot or cold water.
Pleasc wngudre regarding delivry of 3
No. 12." 560 gals, per hour. Carr, 3/-extra £7 12 0

Please s.nd 23d. stamp for sp.cification.

The STUART AUTOMATIC FLOAT SWITCH

is the best method of controlling water- Posi Paid
level. Price complete with all fittings ... £2 6

LONDON RADIO SUPPLY CO.

Est. 1925
Ardingly Road, Balcombe, Sussex.
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Many excellent Bargains by

ELECTRADIX

ANDCOMBS. Govi, All-Metal Field Handcombs,
Micro-telephones or Transceivers for portable
or fixed telephones, These are the famous No. 16
Handcomb, used in so many field sets. Sturdily built
with mike finger switch. Brand new with 4-way cord,
15/~ Limited number available.. Similar hand-
combs, less centre switech and no cord, 7/6. 4-way
cords, /6. A Home Guard can make a complete
pocket telephone with these, » mike transformer and
buzzer with a torch battery.
SIGNAL EQUIIMENT. Morse Tapper Signal Keys,
for A.T.C. Type Bl, 5/-. Type M, 6/6. Type P.I".,
v9, 6. ’lvpe 1.V, 12/6. British made American tvpe'
“speed " kcv, 8;’6 Buzzers. Cambridge-Townsend
midget high-note Buzzer is smallest mad: and used by Govemment
for wavemeters, 10/-. P.actic: Buzzcrs, bakelite, &/-. Bra«,s-cased
panel Buzzer, 4/6. Heavy- type, bakelite-cased, 5/6. D.3 Buzzers,
mniti-windings, but no contacts, 5/6. Magneto Bells in walnut case,
15/-. Ficld "Phones and Cable. y
PHONE SOUND AMPLIFIERS and horn for
loud use with buzzers, 7/6.
ICROPHONES.  Metal-clad mikes, can be
used as they are, orv in case, 5/-. G.P.O.
Mike Buttons, specially selected (as illus,) 2/6.
RAD!’OVISOR SELENIUM PHOTO CELLS, 20/-.

RADIO SUNDRIES.

Crystal Detectors, catwhisker type, 2/6.
Ferikon, '2/-.  Carborundum, 7/6. Spare erystals, 1/~ tin.
Transformers, 230/3-5-8 volts, /6. Valveholders, 4-pin, 9d. Plug
and Socket, 2-pin, 1/6. Loud Speaker Units, balanced armature
type, 8/6, Dials, Telson Telornor, 7/6. Slow motion dials, 4/6.
Fuses, 60 m/a., 44, Fuse holders, 8d. Panels. Thisk Aluminium,
18n. x 6in., 3/6 Bakelite, 73in. x 63in., 2/6.
PLUGS AND SOCKETS. Radio twin Belling type midget socket
and plug, 9(1. pair.  Sockets mounted, 4/6 doz. pairs. ; 5 pair
strip panel, 3/— 5-pin plugs with panel socket and cords, m)dgct
type, 4/8 pair. 14-way plag and socket with cord, 7/6 1in, Alumi-
nium Panel, drilled 13in. x 63in., §/-., Bakel‘te ditlo, 7in. x 63in., 2/3.
IMMERS or RHEOSTATS with - >0 to 1 ohm
and  will carry up to 4 amps., ror regulation on
6 to 12 volts, dimming or bank circuit battery charge
model control, etc. One hole fixing for panels with
bracket for othel fixing. THollow knob has socket for
min. bulb, glowing when circnit alive. New U.S.A.
Ttva make, in carton, 2/6. Worth 5/~. Large 40-amp.
fronclad giid Rheos with heavy 10-stud switch to drop
220 volts to 45 volts : Size 33in. x 16in. x 14in., £5/10/- ;
110 volt ditto, 16in. x 1din. x 16in., £2/10/e, ™
CAECUIT BREAKERS, 25/-. Motor Starters, 220 volts D.C., } h.p.
to § h.p., with no- volb and overload rclease Ironciad 13in. x
1¥n.xTin, 45~ Rayerait 10,000 obms 5.m/a. Relays, 22/6,
TRANSFDRMERS 220 volts 50 cycles to 4,000 volts, C.T. 150
m/a.,, with L/T. winding approx. 7} volts 4 amps., 70/-
FANS,/ D.C. 12in. blades, 110 volte, wall fixing Verity and Bandy,

D.C. 230 volts. 10in. and 12in. table type 45/-.
AGNFTS. Massive horseshoe permancnt steel magnets. Various
gizes, 3/6 and 4,»6 each, Wonder midget 2 oz. Disc Magnets,
as last advert, 2/6 each.
EE PULLEYS for lm belt. tur md steel, 4in. and 4%in.
bore, 4/6 each, Endless Belts, 7/6.
Cou’r ING: Tor motor or dynamo o } h.p., 6/-.

ETROL ENGINES. Almost new ; twin eyl. Douglas, fan-cooled, 11
h.p., governed, mag. ig dtion, llght weight, £12. ;Larrer,j21 h.p.
ditto, £15.
50-volt Pofrol-Elcg'ric Li-h'in: second-hand Pelapn:o 3
water conled £27/10/-.
W ER 'I‘ANKS for epgines, aLorlgL, ele.,, § kKW, galv. irom, 5it.
high, 14in, dia., with pipe unions, 45\-.
Welded Steel! High "Press Containers for liquid gas or reftlg pmt
size, 83in. x 2§in., new.. Make good model boiler, 8/6, post

outside

kW Sets,

MAINS AC. to D.C. CHARGERS, metal rectifier, 2 volts § am]y.
15/-. 6 volts }amp., 17/6.
YNAMQ BARGAINS, Rotax, 6-12 volts 83 amps, , 17:6.

6.5.C. Double-cur-ont Dyn.»moc 6 volts and 600 volb ball-
vearing, 17 Ib., new, 27/6, ca . paid England and Walee.
PUMPS Stuar! motor puraps, centrifugal C.D. shelter,” 12 volis’
D.0. or 230 volts A.C. in stock. Twin-piston pumps with or
w n,hout motors for suds or water. New Beresford centrifugal coupled
to 1 h.p. A.C. motor, fin. suction and delivery, 300 gals. per hour

on 40& ‘head, £17/10/= .
ATl @mpuirics showld be aicompanicd by stamped addressed cnvelope,

ELECTRADIX RADIOS

1% Broughton Street, Battersea, London, S.W.8
Telephone : MACaulay 2159 -

W. BRYAN SAVAGE

LTD,
Expert assistcnce in the solution o
problems rclating to
@ TRANSFORMERS, CHOKES
@ AMPLIFIERS
® POWER UNITS

=nd Specizalised Equipment embodying

“kinson, 44, 8t. Mary's Estate, Thetford,

ELECTRONIC CONTROL 1(

WESTMORELAND RD,, N.W.9,

COLINDALE 7131 .

.A. Super, working order not essential, Doude 33
1250, modern radiogram cabinet:—Mr, A. Hop-
Norfolk.
NEW MAINS EQUIPMENT
ORTEXION Mains Transformers, chokes, ete., are
supplied to G.P.0.,, B.B.C., L.P.'T.B.; why not
you? lImitated but unequalled Orders can only be
accepted against Government contracts.
ORTEXION, Ltd., 257, The Broadway, Wimbledon,
London, S.W.19, "Phone: Lib. 2814. (9942

NEW LOUDSPEAKERS
30 G.E.C. PM. Speakers, with transformers, in
stock, complete in metal cabinet, £2 5s, each,
C.W.0., p0~ta."e and packing 1s. extra. ANl the above
are brand new in makers carton —A. Imbof, Ltd,
112-116, New Oxford 8t., W.C {1264
AKERS SLLHURS" RADIO the pioneer manu-
facturers -of moving coil speakers since 1825.—
Bakers' brand new surplus speaker barguains; every
music lover interested in realistic reproduction should
write for free descriptive leaflet now; £3/10, brand
new super quality triple cone speaker, permanent
magnet model; limited number available under list
price, wide irequency rapge, even response, ideal for
quality ‘reproduction; leaflet giving constructional de-
tails of an infinite baffle cabinet suitable for use with
the above speaker free upon receipt of stamp.—Bakers
Sethurst Radio, 75, Sussex Rd., South Croydon. [1389
SECOND-HAND LOUDSPEAKERS
HIGH Price Paid for Rola G12's, P.M. or Energised
Adagrams,—27, Worcester St., Woly erham’pton

Y OODMAN'S Inf Bafie Spea ker. Coil M.C.
pick-up. Offers.—Box 2768, cfo The Wireless
World. (13

Wanted
ANTED, speaker energiser, quality P.M. speaker,
bafile, .cabinet.—Box 2777, c/o Wireless World.

ANTED, Hartley Turner A.F. coupling unit.
. Harwood," High Lane West, West Ilallam,
Derbys. ’ 1334
also Rola G12,

T\VEE'I‘E'R, preferably Celestion;
Magnavox “ 66" or similar; any field resistance.
—Hardwicke, 28, Warwick Ave., Crosby, Lancs. {1373

MORSE EQUIPMENT
ULL Range of Transmitting Keys, practice sets and
equipment for Morse training.—Webb's Radio, 14,
Soho St., London, W.1. 'Phone: Gerrard 2089. {8553

TEST EQUIPMENT .
TESTOSCOPE used everywhere by radio service
engineers, makes 20 important tests. Send for
interesting leaflet * R1.’—Runbaken, Manchester, 1.
NEW Winter Lists (ready Dec. 1st) give Advance
Particulars of several new kits (mcludmg com-
bined R.C. Bridge and Probe V.V. meter); also full
detaily of multimeters, oscillators, Bridges, V.V.M.s,
etc. Please send s.a.e. (Fep.), stating requuemenbs.—‘
Maclachlan & Co., Strathyre. 1377
AVO MINOR 30/- Weston 571 V.M. output meter
£5, Perranti 1,000 o.p.v. three-range voltmeter
£3/10, Ferranti ammeter 0-10 amps a.c./d.c. £2/10,
Neobeam Oscilloscope model 151 £20, and 750 T.C.C.
0.1mfd, tubular condensers 6/- doz. Two - Avo"”
vaive test panels 17/6 each, 1mm. Kraft coil winding
paper widths, 284¢in. and 2%4¢in. 3/9 1b., quantxts
type 4 Silcor laminations 7/3 a gross pairs, no “M?”
form needed.—Box 2773, ¢/o The Wircless World.

. Wanted
00D Avo Model 7 or 40; cash!—Hogg,
more Rd., Belvedere, Kent, 52
ADIO Test Gear, meters, valves, ete.~Illingworth,
19, Church Green, Bndhngton Yorks. [1370
SQILLOSOOPE must be perfect, cash waiting;
also irequency modulator.—38, Towcester Rd,,
Northampton 1325
NTED for ‘Essential Work, Douglas No. 1 hand
dnven coil winder, any condition.—Details, etc.,
Box 2774, c/o The Wireless Worid. {1355
DYNAMOGS, MOTORS, ETGC.
’,&LJ Types of Rotarv Converters. electric motors
battery chargers, petrol-electric genérator sets,
etc., in stock, new.and second-hand.

WTARD 37, White Post Lane, Hackney Wick, E.9.
Tel. Amherst 1393. [0518
CRYP'IO Rotary Convertor, 220 D.C. to 240 A.C,
400 watts, complete with starter; £17/10—
Westerns. 35. Portland St., Lincoln, [1330
ONVERTER, 110v. D.C. to 220v. A C., with filter
/ unit, suitable for radio, output 0.408 amps ., mads
by Electro Dynamic Co.; price £12/17/6; excellent
condition; must be collected —Wallace Heaton Ltd.
47, Bﬂrkeley 8t., [1348
.T. Dynamos "for ("hargxnﬂ or Windmill, Lucas-
Rotax, 6-12 volts 8 amps. D.C., 2rd brush, weight
11lb., size 8in.x4%in,, unused ex W D., cosb 4’10,

to clear 17/- each, carr. paid; H.T. and L.T.
double-end 6 'volts and €00 volts, 171b ditto, 27/6
carr. paid—Electradix, 19, Broughton St., London,
S.W.8, [9993

COMPONENTS, SECOND-HAND, SURPLUS, ETG.
HEEPA RADIO Offers High Class Mains Trans.,
Amer. and Eng. wxndmgs, 350-0-350; 22/6.
Om P.M. and Energised (1,000Q Field "Push Pull
Transformers) R, & A. Speakers: 25/-..

Sm P.M. and Ehpncal Energised Speakers {Various

Flelds) R & A.; 13/6 All brand new.
400 P.M. Spealkers, /in handsome walunt
cabmets brand new; 22/6.
20~henry Chokes, 2/6; eliminators, £2; 2, 6 and
12 volt chargers, £2; 3-gang condenseis wwh
reduction drive, 2/3; Unuersa,l output trans., 4/-; all
goods hrand new.—27, Worcester St., Wolverhampton.
MASTERADIO H.,T. Vibratorpack, Type 4A H.T.P.,
unused £3/7/6.—Trueman, 153, Ince Ave..
Liverpool, 4 {1349

13, Stan-
1

SPECTRUM ANALYSIS

The exact composition of
materials used in the manu-
-facture of WESTINGHOUSE
METAL RECTIFIERS is deter-
mined by spectroscopic ap-
_paratus, and spectrograms
are prepared of specimens as
required, . The illustration
shows the arc method of
excitation in use.

In spite of greatly
increased production ‘we are
unable to supply Westinghouse
Rectifiers as freely as we would
wish. We hope customers will
understand and accept our assur-
ance that the constant research
now going on in our laboratories

“and designing departments
‘is resulting in Rectifiers of re-
markably advanced design which
will be available after the war.

WESTINGHOUSE BRAKE & SIGNAL CO, LTD.
PEW HILL HOUSE, CHIPPENHAM, WILTS

o PRINTER’S ERROR ¢

In the November issue the printers
erroneously inserted an-out-of-date
advertisement of the

VORTEXION

50w. AMPLIFIER. CHASSIS

Will readers kindly note that only
theimproved versionisnowavailable
Price 18 10 O (Plus 25% War Increase)

as announced in the October issue, For
details see page 299 of this number

VORTEXloN LTD 257, The Broadway,

Wzmbl‘edon sS.w. ¢
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GALPINS

ELECTRICAL STORES—
21, WILLIAM ST., SLOUGH, BUCKS.

'Phone : SLOUGH 20855 TERMS : Cash with order

SHEET EBONITE, size 1%n. by Ilin. by 1/32in., best

quality,

ELECTRIC LIGHT CHECK METERS, well-known makers,
first-class condition, electrically guaranteed, for A.C,

ns 200/250 volts 50 cy. 1 phase 5 amp. load, 16/= each ;
ll%lmp load, 12/6, carriage 1/-.

Price 4/~ per doz., post frce.

AUTO TRANSFORMER, 1,500 watts, tappings, 0-110-200-
220 and 240 volts for step up or step-down. Price £5,
carriage paid.

ROTARY CONVERTOR, D.C. to D.C.; mput 220 volts
D.C.; output 12 volts at 50 amps. D.C., ball bearing,
condition as mew. Price £10, carriage fOl“dld or 17/6
passenger train,

ALTERNATOR, output 220 volts, 1 ph., 50 cycles at
180 watts; will give 1 amp. easily, speed 3,000 r.p.m. ; self-
exciting, condition as new. Price £8, carriage forward, or
15/ passenger train.

MOVING COIL METERS, high grade, 2in. dia,
mounting, reading 0-50 milliamps. 56/, post free.

110 V. D.C. KLAXON MOTORS, precision made, ball bear-
ing, variable speed, approx. 1/10th h.p., laminated fields,
as new. Price 30/- cach, post free.

SEARCH OR FLOODLIGHT, 20in..dia., on swivel staad,
Mangin mirror reflector, fitted G.E.S. lamp holder. Price
£7/10/-, carriage forward.

ROTARY CONVERTOR, D.C. to A.C., no name plate or
particulars, estimated rating 220 volts, D.C. input, 150 volts
A.C. output at 1,000 watts, condition as new. Price £10,
carriage forward.

LOUD RINGING BELLS, working on 20 volts D.C., 8in. dia.
gong (bell metal), plated, waterproof, absolutely as new.
Price 30/-, carriage 2/-.

flush

ROTARY CONVERTOR, D.C. to A.C,, input 35 v. at 16
amps, D.C., output 24 volts 100 cyc]es speed 3,000 r.p,m.,
4 pole, ball bearm"s condition as new. Price £5 carriage
paid.

1 K.W. TRANSFORMER, input 100 volts at 100 cycles,
single phase, output 10,500 volts, centre tapped to earth.
Price £4/10/-, carriage forward.

D.C. MOTORS, 110v., approx. 1/10 h.p., series wound, in
perfect working order. Price 12/6 each, carriage 1/-.

HEAVY DUTY CABLE, V.L.R,, and braided, in first-class
condition, size 37/13, lengths 30 to 40 yards. Price by the
length 5/- per yard, carriage forward, or 7/- per yard for
short lengths, carriage paud

200 AMP. SWITGH FUSE, three-way, Ironclad, unused.
400 volt, size overall 30in.x12in.x12in., maher E. N,
Bray, Ltd. Price £6, carriage forward.

THREE-PHASE TRANSFORMER, core size, 2lin. by 17in,
each pole area 7} sq. in., each poIe double wound D.C.C.
copper ribbon, rating not marked, condition first class,
weight approx. 2} cwt. Price £10, carriage forward.

LIGHTWEIGHT HEADPHONES, 120 ohm, complete with
headband, cords and G.P.O. standard plug. 7/6 pair,
post 6d.

LOW RANGE MEGGAR, by Evershed Vignoles, 500 volts,
100 megohms, size 7% 7x12in., weight 20 Ibs,, in perfect
condition. Price £30, carriage paid.

MEGGAR by Evershed Vignoles, 5,000 ohms to 5 megohms
150 volts, size 7 X 7 X 12in., Welght 20 1bs., in perfect condi-
tion, Price £12/10/= cama"c paid.

X-RAY TRANSFORMER in oil-filled tank, medium size,
input 120 volts, 50 cycles, 1 ph., output 45,000 volts at
9kW, intermittent rating, in perfect order. Price £20,
carriage paid.

ROTARY CONVERTOR D.0. fo D.C, input 48 volts,
output 2,500 volts at 1 k\’V condition as new and in
perfect order. Price 210 carriage paid.

KLAXON MOTORS, appro‘( } h.p., offered for rewinding
only, not guaranteed laminated ﬁelds ball bearing, a real
high-grade job. Price 8/6 each, post free.

. A. RYALL, ' Arnchurst,” Marsh Lane, Taplow,
Bucks, offers radio components.
.C.C. 0.1 Tubular Non-inductive Condensers, 350v
wkg., in Paxolin tubes and waxed; 6/6 dozen.
FERRANTI Tuning Coils, in cans, oddments only,
aerial, B.P., etc, no =ets, 3 for 1/3; insulating
tape, 20z. reela, 1/3 b, "
AIRS iron cored srreened §uperhet coils, manu-
facturer’s type, ex Burgoyne sets, aerial and
oscillator, with coil connections, 470KC, 5/- per pair.
T.F. coils 5/- pair, this paragraph C./0.D. only, as
very limited stock.
OLUlME Controls, British make, 1 meg., at 1/6
each
LOW motion (epicyclic) drives, fit %in. shafts, long
4in. spindles, well made in brass, with ball bear-
ings, ratios 8-1, 1/3 each.
I)AXOLIN Stnp, 2%in. wide,
boards, etc., three 12in. lengths for 1/6; group
boards, 12-way, drilled, less tags, four for 1/3.
RIE Resistors, l/z»watt type, actual values as used

in many well-known sets, 220, 680, 3,300,
27,000, 33,000, 330,000, It,-meg., 3/- dozen, new
goods; Erie resistors, 2-watt type, 150, 560, 820,

3,000, 3,900, 7,500, 75,000, 140,000, 220, 000 560,000,
1—mecr, ‘three "for 1/6 new goods, Frie resistors,
3-watt type, 680, 700 1,500, 3,300, 6,800, 8,200,
22,000, 56,000, 2 for 1/6
ATT Ebomte, all 1/;-mch new goods, sizes 9¥4X
TV 2/86, 12x7 2/9, 12x10 4/6, 12x12 5/6, 15X
12 5/9, 15x9 4/6, 14x7 3/9, 36x8 7/9.
CLIX Input Strips, A and E., P.U,
ete., 2-, 4-way, 2/3 dozen,
DOUBLE Trimmers, on Paxolin, not joined, single
ditto, ditto, not mounted, 1/6 dozen.
‘N]AVE Traps, ex K.B., iron core, 1/3; switches
for band pass H.F. and dial lights, Wearite
type; 1/3.
LESSEY, 3-gang, screened, with one trimmer only,
3/-+ straight, no superhet. types; condenser drives,
with 2-band scale, less esoutch., similar Polar VP, 1/9.
ONE Units, large circular magnets, bobbins mostly
Q.X., rather soiled, no reeds; 2 for 1/86,
URNTABLES, as used for rotating portables, ball
bearing, 1/6 each, soiled; post 9d. extra on
single items.
S EAKER * Pots,” windings 0.K., with face plate,
ete., for use as L.F. smoothing chokes, resistances
7500hms, 1,408chms, 2,0000hms, 7,500chms, carry
60ma. to 100m., 3/9 each; extra heavy l20ma. pots,
600 and 1,4000hms, 5/9 each; medium 120ma. pot,
3250hms, 5/9.
YA\LEY Switch  Screens, 3% x3%, with fixing
flange, 4 for 1/3; Paxolin sheet, 15 thick, 14-16
X7, 2/9 each, pohshed and matt, slightly soiled;
nearest available to requirements sent.
ONE TUnits, small type, with long reed,

‘loudspeaker,

soiled,
quite useable, 1/6 each; post and packmg 9d.
each on single items.
IAL Plates, 3-band, size approx. 6x5, scale 4Xx
2%, white ground, 2 1/3; Burgoyne dial plate,
3-band, brown ground, 6x4, scale 3% 2, station list
printed on, 2 1/3; dial plate ex Berners, 4-band, in
green, red, blue, orange, transparent, brass stiffened
edges, 1/6 each; dial and scale, 6%x4.
PECIAL Note —~We now confine our business to
Mail Order.—G. A. Ryall, “ Arnehurst,”” Marsh
Lane, Taplow, Bucks, - f1350
CORED Solder, '5/6 one pound reel; push-back con-
necting wire, 5/6 for 100ft. c011, solder tags, 2,
4 and 6 B.A, assorted, one gross, 4/6; sent c.o.d. on
receipt of your order.—Box 2769, cfo The Wireless
World. . [1331
QUALITY Microphones, Marconi Reisy Transverse,
Current Microphone on table stand, £4/10. Also

Velodyne Ribbon Llicrophone in hea,vy plated case |

with tilting swivel, £5.—Radio Deph Arding and
Hobbs, Clapham Junction, 8.W.1 {1357
CREENED Cable  Heavy- duty two~core screened
flexible cable, various lengths, 6 to 20 yds., few
longer; tough rubber insulation and braided overa.ll 1/8
yd. Synthetic insulation and sheath, 1/4 yd. Samples
6d.—S.P.A., Ltd., 11, Hillbury Rd., London, 8.W.17.

OULPHONE Radio, New Longton, nr. Preston.—

Brand new goods only: mains tranfs., 350-0-350,
120ma., 6.3v., 3a. 5v. 3a., 28/6; P.M. speakers with
transformer Bin. Rola and Plessey 24/6; bin. Rola,
21/-; 10in. Rola P.M., less trans. 32/6 Barretter
Resistors, 6/-; Line Cord Replacement Resistors,
800 ohm, 2 adjust taps, 6/9- electrolytics, 500v.,
8mid, 5/6, 8-+8mid. 9/6, 50mfd. 50-volt, 3/3; Erie
1-watt resistors, all values 9d. each; pushback wire,
100%t. coil, 6/-; S.A.E, tor stock Ilst, [13

T, Metal Rechﬁers 6v. 1 amp.,, with instruc-

tions, 6/9, post aa.; ; transformers, suitable for
above, shrouded type, on 40-watt core, interleaved
windings, secondary 16v, tapped at 8v., 15/6, post

7d., sold separately; smtz.ble ballast for above rec-
tifier and transformer, 2/7, the kit of three com-
ponents, charges one to four cells, no ammeter
needed, £1/5/6, post free; above kit but for 1.75
amp. chargmg rate, 32/6; metal rectifiers, 6v. 3
amp. 15/6, 12v. 3 amp. 30/—, post 7d.; full instruc-
tions supplied for making a low (ost charger; in-
strument type rectifiers for meters, bridge type, bake-
lite, best make, 12/6, post 3d. Ohargels Varley
2av. l/z amp., in bakelite cases, 18/6, post 7d.; “ Atlas ™’
2v., 4v., 6v., 1% amp, 35/-, post 8d. Mlcrophones:
Rothermel * Bullet crystal microphones, few only,
for stand mounting, black crackle finish, £3; minia-
ture crystal microphones, deal aid type, very small
and light, 42/6, post 6d.; Rothermel latest type
bakelite plC]\UD. 59/6—Champmn 42, Howitt Rd.,
London. 3. [1390

as used for group |

PREMIER RADIO

Premier 1-Valve de Luxe Batiery Model S.W. Receiver, com-
plete with 2-volt valve, 4 coils covering 12~170 metres, Built
on steel chassis and pauel, 55/~, including tax.

PREMIER MICROPHONES
Transverse Current DMike, High-grade large outpubt unit.
Response 45-7,500 cycles. Low hiss level, 28/-,
Moving Coil Mike, Permanent magnet model requiring no
energising.  Response 90-5,200 cycles. Output .25 volt
average, Excellent reproduction of speech and music, 63/- -
Super Model, £5/5/-.
Microphone Transtormers, 10/- cach.

. Chromium Collapsible Type M\clophone Stand, 52! ’6

LF, TRANSFORMERS, IRON CORED
450473 kes,, plain and with flying lead, 5/6 eacb.

NEW PREMIER S.W. COILS
4- and 6-pin types now have octal pin spacing, and will fit
International Qetal valve holders.
4-PIN TYPE

6-PIN TYPE

Type Range Price Type Range Price

04 9-15 m. 2/6 06 9-15 m. 216

04A 12-26 m. 2/6 06A  12-26m. 2/6

04B 22-47 m. 2/6 06B 22-47Tm.  2/6

040 41-94m 2168 060 41-94m. 28

04D 76-170m.  2/6 06D 76-170m. 2/6

048  150-350m. g/ CHASSIS

04F 255550 m. 3/~ UNT

04G 490-1,000 m. 4/~ OCTAL HOLDERS

04H_ 1,000-2,000 m. 4/- 1024, each.
New Premier 3-Band S.W. Coil, 11-25, 25-38, 38-86 m., 4/9.
Rotary Wave Change Switch, to suit above, 1/6.
Premier 2-Gang 5. W. Condenser, 2 x 00015 mfd., with integral
slow motion, complete with pointer, knob and scale, 10/6.

S.W. H.I'. CHOKES
10-100 m., 1044,
H;gh-vrade Pye-wound type, 5-200 m., 2:6 each.

SHORT WAVE CONDENSERS

Trolitul Insnlation, Certified superior to ceramic.
construction, Easily ggni,red.
- .2

3

All-brass

15 m.mid. 100 m.rofd, 3/
25 m.mfd. . 218 160 m.mid. 3/7
40 m.mfd. 2/6 * 250 m.mid. 4/-
Utility Micro Dials, direct and 100-1 ................ 6/6
Brass' Shatt Couplers, 2 in. bore ... . 73d. each
Flexible Couplers, Un. BOTE vvvrerivinannneeen 11d. each:
"“ LEARNING MORSE ?”
«Then purchase one of the new practice Oscillators. Suppiied

complete with valve, on steel chassis, 27/6, FPractice key.
/3, TX key, 5/9, Super model on ‘Wooden base, 11/6.
Brown’s Headphones, 19/6 pair.

3-Henry Chokes, 10/~

Good - Quality Buzzer, 3/~

PREMIER REPLACEMENT VALVES
4-volt A.C. types, 5-pin. ACHL, ACS@, 5/6 each.

ELECTROLYTIC CONDENSERS
TPubular wire end type: 8 mf., 125v., 1/6 each; 25 mf.
26v., 1/6 each; 50 mi, 12v,, 1/6 each: 50 mf., 50v 3/-
each.  Bakelite cased type, 15 mf., 50v, 1/~ each.

RESISTANCES
Mains Resmtances, 660 ohms, .3A Tapped. 3260 % 180 x 60 x 60
ohms, 5/6 eas
i/()GOO ohms AA Tapped. 900, 800, 700, 600, 500 ohms,
Z-WRy Line Cored Resistance, 50 ohms, per foot, price 1/4

Valve Screens for International and U.S.A, types, 1/2 each.
Push-Back Connecting Wire, 2d. per yard.

Resin-cored Solder, 73d. per coil.

Systofiex Sleeving, 2 mm., 2/6 per doz. yards.

MOVING COIL SPEAKERS
Rola 5in, P.M, Speaker, 25/-,
Celestion 8in. P.M. Speaker, 25/
Plessey 8in. 2,000 ohms erlﬂ 25/
Above speakers are complete with output transformer.
in, P.BL. Speaker, 3 ohms voice coil, 21/-,
6} P.M. Speaker, 3 ohms voice coil, 25/~
Send for details of our Mains Transforiers, Smoothing Chokes
and Valves available.

MATCHMAKER UNIVERSAL OUTPUT
TRANSFORMERS

Will match any”output valves to any speaker impedance
11 ratios from 13-1 to 80-1, 5/7 watts, 20/~ 10,15 watis. 26/-.

«

ALL ENQUIRIES MUST BE ACCOM-
PANIED BY A 2td. STAMP.

PREMIER RADIO CO.

POST ORDERS to:

ALL

JUBILEE WORKS, 167, LOWER CLAPTON
ROAD, LONDON, E5, (Ambherst 4723))

CALLERS to:

JUBILEE WORKS, or 50, HIGH STREET,
CLAPHAM, S.W.4. (Macaulay 2381.)

169, FLEET STREET; E.C4. (Contral 2833) —J
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ARE YOU

'MINUS
MATHS ?

If you wish to understand radio or any other
technical subject thoroughly, you must know
maths.

Our new Mathematics Courses have proved
an outstanding success. We have already
helped many men in the Forces and in other
war-time occupations to qualify for promo-
tion. We can help you too. By our
simplified method of Home-Studying, you
can now learn maths really thoroughly in
your spare-time.

RADIO. If you wish to qualify for radio duties with
‘the R.A.F.. or for full-time or part-time radio work.
we can train you, Hundreds of men now serving

in the Forces, or doing other important radio work,
have been accepted solely as a result of our training.

* Post coupon now for free details *

T. & C. RADIO COLLEGE :
29, Market Place, READING

HAKRE R R R AR A AR AR AR A AR ANARA R AR NN N AR RN RN N

»

(Post in uncealed envelope, 1d. stamp.)
Please send me free details of your Home-Study
Mathematics and Radio Courses.

ADDRESS ....icviiiiiennenns
W.W 12

0 o

LONDEX for REL

FOR A.C. and D.C.

2 VA coil consump-
tion, from 2-600
voits, tested to 2,000
volts. Unmounted
and in cast-iron cas-
ing. Also Time Lag
Relays, High Sen-
core sitive Relays, and
M:dget Relay ML (for  complete Control
= D.C. only) Plants.

Apply for Leaflet SPN/WW.

LONDEX - LTD

NUFACTURERS OF RELAYS

T ]
z
>
X
m

o=

A
ANERiE 207-ANERLEY ROAD- LONDON-S-E-20 svocntion'Szse/e

NG
P

s

This unique Handbook
shows the easy way to
secure  A.M.L C.E,
A, M, I. Mech. E,
AMIEE, AMILAE,
AMBritLEE, and
similar qualifications, WE
GUARANTEE—* NO PASS—
NO FEE.” Details are given of
over 150 Diploma Courses in all
bra,nches of cm.l, Mech., E!ec Motor,

F1

post free

Aero,, Radio and Pr Draj
Tracing, Inspection, Govemment Employment BUILDING(great
scope), MATRIC, R.AF. MATHS,, etc. Send for your copy
at once—FREE *and post iree. Men with Radio knowledge
can obtain attractive posts in the Services.

BRIT!SH INSTITUTE OF ENGINEERING
TEGCHN 387, Shakespeare House,

17, 18, 19, Stratford Place, London, W.1

SOUl‘}lEI%N RADIO'S Wireless Bargains :—

/8.—Assorted Components contained in attractive
permanent box 2 volume controls, 12 assorted
condensers, 9 assorted valve holders, 6 resistances,
choke, wire, plug circuits, ete.; 7/6; postage 7d.
/-—-Assorted Parcel of useful components, in-
cluding tubular cendensers, resistonces, sleev-
ing, trimmers, knobs, volume controls, switches, ete.,
etc., 25/-; postage 1/1.
[~—12 assorted tubular condensers 50
working, 8/-.
1 /26 ?112 Fixed condensers, sizes including 1 and
mid
9 J-—Gross assmted screws and nuts, complete, 9/-.

to Gmnid.

6/-A—(xmss soldering tags, mcluclmg spade ends, 6/-.

ORMO’\ID Loudspeaker Units, largest 4-pole type,
6/6; smaller unshrouded type, 3/-; Ace P.O.
chrophonea complete with transformer, ready for
use, 6/6. Goodman 8in. permanent Magnet Speakers,
21/-, postage 1/-. Tungsram H.R.210 general pur-
pose battery valves, 4/9, Telsen Radio Magazines,
No. 6, complete with 4 circuits, 9d.; wireless crystals
(Dr. Cecﬂ), ed. each, 5/6 per doz, “with cat’s-whisker
od. each, 8/- doz.; permanent detectors, 2/6; binocu-

lar H.F. chokes, 1/6; 751, wire suitable for aerials
(covered), 2/6; small powerful circular magnets,
1lsin. diameter, 3in. thick, 1/6 each, 15/- dozen,

Bakelite Morse ‘practice keys, 4/-;
neers’ wire brushes, 10d. Many bargauns "for callers
Post_orders postage extra, All goods guaranteed,
OUTHERN RADIO SUPPLY Co., 46, Lisle St.,
London, W.C. Gerrard 6653, {1226
OIGT P.A. Specaker Unit and Energlsmg TRectifier,
Universal Avometer {original type); * Douglas ”

I{rau]d -drive coil winder; offers.—Anfield, 42 Coney St
ork 13

buzzers, 4/-; engi-

Ex Large Service Dealer Now on Essential Work-
Best American V. controls, without switch, 0.25,
0.5, 1meg., 4/6 each; best British 6.3v0.3 tubular, bulbs
/~ doz.; numerous other items, including va.lves
speakers, ete.; state requiremenis.—Box 2779, L/O
Wireless World. [1392
LASKYS RADIO, 370, Harrow Rd., Paddington,
W.9, have for dlsposal the fol!omxl“ componenf:s

Rola 51n speakers, with tmnsiouner 19/6; Rola
Sin. speakers, less haanormer, 16/6; .1mid, 350v.
g%ndensers 6/- doz.; 50mid. 12v. 1“/~- doz.; 25mid.

V.

valve holders, 6/ doz.; .0001 mica rondensers 4/6
doz.; mains transiouners 350-0-350 4v., 17/6 ea‘ch;
anhsh 7-pin valve holders, .6/- doz; volume con-
trols, assorted values, 3/6 each. {1365
.
\ Wanted
ANTED, J.B. Linacore all wave tuner, mains

model. —Elworthy 30, Batsford Rd., Coventry.
COLVERN I‘errocart Coﬂs for W.W. Class B3—Fitz-

gerald, “ Lyndale,” 22, Tankerville St., Shrews-
[1371

‘VANTED De Luxe crystal P.U., moving coil
turntable, superhet feeder for

WWQA Avommor.wss, Lindum Rd., Cleethorpes.
VALVES

ALVES. —'lhousands in stock; send requirements,

s.a.e~—Dayvies, 28, Mount Vernon Cres., Barnsley.

VALVES, all types in stock. Send P.C. stating re-

quiréments,—Radio Dept., Arding and Hobbs,

Clapham Junction, 8.W.11. [1356
MERICAN and English Valves, many * difficult ™’
types in stock; a_ few metal octals left; state
requirements, s.a.e., please.~Douglas, 13, Tretawn
Gardens, London, N.W.7 {13786

. ‘V Vave a Large Selectlon of Mains and Battery

alves in stock, all boxed, new and guaran-
teed, al retail price plus tax; send us your require-

ments.—Lasky's Radio, 370, Harrow Rd., Padding-
ton, W.0. . . 1264
OOO Valves in Stock, s.a.e. for printed list.
VP4B 12/10, AC/HL 9/2, VMS4/B

12/10 VP13C 12/10, UUG 11/-, EF9 12/10, AZ31l
11/-, 42 12/10, 6K7G 12/10 (C.I. 10/- Barretter),
6F6G 12/10; post 6d.—Ransom, 34, Bond St., Brighton.

Wanted -

'VALVES Wanted, any quantity from one upwards;
also test equipment, service sheets and spares.—

J. Bull, 4, Meltborne Drive, Ruislip. {9732

GRAMOPHONE EQUIPMENT

LECORDING Portable Motor Tracking Gear, com-
plete with playback and cutting head, univer-

sal: offers.—'Phone: Grangewood 3707, Ponrad 167.
Percy Rd., Canning Town [1387

Wanted
£4/10 Paid for Columbia Record Players or Similar
Adagrams.—27, Worcester St., Wolverhampton.
ARRARD 2024’ Motor, turntable and auto-brake,
complete; state age, “condition and price.—S. C.
Blackshaw, 73, Worcester St., Wolverhampton, [1341
REPAIRS AND SERVICE

AP, Repair' All Mains Transformers and Chokes.

4 Prompt delivery.
LONDON TRAN&FOR\IER PRODUCTS, Ltd., Wil-
lesden, N.W.10. Wil. 6486 (3 lines). (9552
IDWEST, etc., we are the American experts.—
Bennet?’s, 4, Humberstone Drive, Leicester. [1369
TRANSFORMERS, pick-ups, motor rewinds; repairs
of all descriptions 1o the wireless trade.—~Marshall,
137, Windmill Lane, Nottingham. 136,
ETROPOLITAN RADIO SERVICE Co. Guarantee
Repairs to American and British Receivers.—
1,021, Finchley Rd., N'W.11. Spe 3000. [9641

1/6 each; 8mid. 150v., 2/3 each; Mazda Octal.

The Masterpiece;

From time immemorial it has beenalmosta
custom for masterpieces to be created ina
garret ... Whilst'this condition might be
a pre-requisite of a Reubens or a Mozart it
holds no place in modern engineering. The
masterpieces—we make no apology for
calling them by this cognomen—created
in Gardners’factoryare designed and built
by craftsmen who could be called artists
under the most modern conditions extant.
And nowhere in our range is this more
apparent than in our Small Power Trans-
formers up to 4 kva. So when you have a
specification calling for a ‘masterpiece’ ask
our team of ‘artists’ to help you. We

regret that at present Small Power Trans-
for highest priority

formers are available
orders only.

' GARDNERS RADIO LIMITED
SOMERFORD ¢ CHRISTCHURCH o HANQT4S

YOU CAN TRUST

ARDUX

You can trust Ardux because others irust their lives to it. Ardux ha
been used for joining stress-carrying aircraft structures. Ardax is,
of course, officially approved for aircraft use, Here is an independent
test report from a well-known aircraft firm :

“ Of the many adhesives on which we have carried out tests
of mechanical strength, Ardux is to date the only one in
which there was failure of the resin impregnated sheet. In
addition Ardux proved equally good with either a smeoth
or rough surface of sheet, thus showing it to be an adhesive
in the true sense. Fatigue tests suggest that there is no
vvea!\enmg of the bond under vibration,”

AERO RESEARCH LIMIT ED

PIONEERS OF SYNTHETIC ADHESIVES

DUXFORD CAMBRIDGE qadnier

Hawston 167-8,

HILL axo CHURGHILL

BOOKSELLERS

SWANAGE DORSET
] ]

ENGLISH & AMERICAN BOOKS
IN STOCK ON
RADIO AND

TELECOMMUNICATION
: ©

CATALOGUE ON APPLICATION
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A 65-watt
SOLON .

for general use

This 65-watt industrial type SOLON
Electric Soldering Ironis fitted wit

an oval tapered bit—a shape
which is suitable for most general
work. For specialised work the
pencil bit model is recom-
mended, whilst bigger jobs call
for the 125-watt or 240-watt
models.

Supplies of these various
models are only available
for essential war work,
of course and due to
heavy demands it is
necessary to order
well in advance to
avoid disappoint-
ment in delivery.

Details of this
and other models
sent on request.

MADE FOR
USUAL
STANDARD
VOLTAGES

W. T. HENLEY'S TELEGRAPH WORKS C(g. LTD.,
Engineering Dept., Miiton Court,
WESTCOTT, DORKING, SURREY.

good Radio Books

RADIO SIMPLIFIED

By John Clarricoats, This handbook provides a useful
background of fundamental radio knowledge and is by a
recognised authority. It has been borne in mind that there
are many who wish to obtain their practical instructions
of the subject quickly, and therefore the minimum of
space has been devoted to purely theoretical considera-
tions consistent with a sound basis of knowledge. Fifty-
one illustrations. 4s. 6d. net.

WIRELESS TERMS EXPLAINED

By *‘ Decibel.”” A guide to the technical terms used in
books and articles on wireless, and in manufacturers’
catalogues. It explains every term fully and clearly, with
numerous illustrations, and gives additional information
where this may prove helpful. Many new terms recently
introduced are included. 2s. 6d. net.

SHORT-WAVE RADIO

By J. H. Reyner, B.Sc., A.C.Gl, ete. This book gives an
account of the tremendous progress which has been made
in the field of short-wave radio telegraphy during the last
few years, and shows how many of the problems formerly
regarded as insuperable have been overcome, Second
Edition. 10s, 6d. net.

WIRELESS OPERATING
’ SIMPLY EXPLAINED

By W. E. Crook. This is one of that most popular series,
the ‘‘ Simply Explained ' Series. It gives a clear and
interesting picture of the wireless operator in action—
what he has to do and why and how he does it. 9d.

Pitman’s have over thirty Radio books
in their most comprehensive catalogue’.
Why not ‘write for a copy to-day?

39, PARKER STREET, KINGSWAY, W.C.2

PITMAN

CCURATE ‘Radio Rewinds, mains transiormers,
Tields O.P. transformers, etc., and all loudspeaker
repairs, prompt service—Southern Trade Services, 75a,
George St., Croydon. {1038
AINS Transformers Service, repairs, rewinds, or
construction to specification of any type, com-
petitive prices and prompt service—Sturdy Electrie
Co., Ltd., Dipton, Newcastle-upon-Tyne. [9651
¢ SERVICE with a Smile.”—Repairers of all types
of British and American receivers; coil rewinds;
American valves, spares, line cords.—F.R.I., Lid., 22,
Howland 8t., W.1. Museum 5675. (8934

SITUATIONS VACANT

ESEARCIH Engineer Required by Firm on
Essential Work in London N.W, district for
design and development of radio frequency apparatus.
Degree standard desirable—Write, stating full par-
ticulars, to Box 2775, c¢/o The Wireless World. [1358
SSISTANT to_ Chief of Test Dept. Required by
Leading Radio Manufacturer Engaged on Elec-
trical Equipment for Government Contracts. Appli-
cants must be good all-round technicians with an ex-
perience of up-to-date radio practice and manufattur-
ing  technique.  Familiarity ~ with Government
inspection procedure and standards essential.—Write,
giving details of experience and state age and salary
expected to Box 2770, c/o Wireless World. {1332

TECHNICAL TRAINING

REAT Possibilities Exist for Technically Qualified
Engineers, key men in wartime and afterwards.
Through the home-study courses of The T.I.G.B, take
a2 recognised engineering qualification, such as
A M.IMech B, - AMIEE, AF.R.Ae8.,
AMIChem.E., C, and G. etc., in which examina-
tions the T.I.G.B. students have gained 25 FIRST
PLACES and Hundreds of Passes. Write to-day for
*“ The Engineer’s-Guide to Success ’—Free—containing
the world’s widest choice of engineering courses cover-
ing all branches, including Aeronautical, Mechanical,

Electrical, Wireless, Chemical, ete, g
HE TECHNOLOGICAL INSTITUTE OF GREAT
BRITAIN, 82, Temple Bar House, London,
T.C.4. (1329

TUITION
EARN Morse Code the Candler Way.

! See adver-
tisement on page 304, [1292

ADIO Training.—P.M.G. exams, and LEE.
Diploma, prospectus iree,—Technical College,
Hull, : fo611
RACTICAL Postal Radio Courses; coaching for
LP.R.E. exams.; and post-war appointments;
booklet free, - Secretary, I.P.R.E Bush House,

Walton Ave., Henley-on-Thames. {1333

RADIO Engineering,—Television and Wireless Tele-
LV graphy, comprehensive postal courses of instruc-
tion. Apply British School of Telegraphy, Ltd., 179,
Clapham Rd, London, §.W.9. (Estd. 1906). Also in-
struction at school in wireless for ¥I.M. Merchant Navy
and R.A.F, [9249
. MISCELLANEOQUS
ENERATE Free Plectricity with the Wind, build
your own wind charger for lighting and battery

charging; simplified drawings and _instructions for
building mast, head vane propeller; 2/8l%.~W.
Pearce, Midtaphouse, Liskeard, Cornwall. [1381

AKE and Sell Your Own Torch Battery Cigar-

YL ette, pipe and gas lighter, no awkward wheels,
wicks, sPrings nor flints to fit, -lasts 5-6 months;
well tested, reliable; diagram and instructions for
easy home construction and iree element; 2/9.—
Wm. Barham, Hilltop, . Bradmore Green, 00111[sd0117.
134

Surrey.
PATENT NOTICE
TE Proprietor of Patent No. 512141, for Improve-
ments in or relating to radio receiving sets, is de-
sirous of entering into arrangements by way of
licence and otherwise on reasonable terms for pur-
pose of exploiting same and ensuring its full develop-
ment and practical working in this country. Address
all communicatons in first instance to Haseltine,
Lake & Co., 28, Southampton Buildings, Chancery
Lane, London, W.C.2. ) [1366
BOOKS, INSTRUCYIONS, ETC.
EBB'S Radio Map of the World Locates any Sta-
tion Heard. 8ize 40x30in., 4/6, post 6d.; on
linen, 10/8, post 6d.-~Webb’s Radie, 14, Soho St.,
London, W.1. 'Phone: Gerrard 2089. [9947
Wanted

WANTED, service sheets and manuals, back num-
bers” ' Service Kngineer,” * Radio.”—47, Park-
dale Rd., Nottingham [1386

We will buy
' at your price

USED Radios, Testmeters,
Amplifiers, Converters, Radio
and Electrical Accessories, etc.

Write or 'phone
WE WILL CALL!?

UNIVERSITY RADIO LIMITED
238, Euston Rd., London, N\W.l  GERrard 4447

CONSTRUCTORS’ KITS

A.C. BANDPASS TWO. Triode detector  and
pa5m11]:l output pentode. Energised speaker.
S. - .

A.C. STRA!GHT THREE. VM. H.F. pen.,
triode, JL.F. pen. (not a superhet), energised

speaker, £6 10s.
BATTERY BANDPASS TWO. Triode &etector,
parallel feed transformer. Output tetrode. P.M.

speaker, £3 15s.

BATTERY THREE. VM. H.F. pen, triode de-
tector and output tetrode. P.M. speaker.
£4 12s. 6d.

All Wave models of the above, 30/- extra. (16-50
metre approx.). (All prices less cabinets and
batteries.)

All the above Kkits supplied with B.V.A.
valves, blue prints, metal chassis, all
necessary components, wire, etc., and
provided with pick-up sockets.

A special 3v. BATTERY KIT for those designing
their own set can be supplied as follows i—

One undrilled steel chassis, tuning condenser,
S-M drive and dial, coils, condensers, resistors,
valve holders, etc, ILéss valves and speaker,
£3. No circuit supplied except for the coils
which are 1 pair dual range, Screened, and 1 pair
of short-wave coils. £3. :

5v. SUPERHET *“ DESIGNERS ” KIT.
bands. No circuit issued.

Only 6 lett (Less valves and speaker),
For details, see our Nov. advert.

3 wave-

£6.

o & o o o

SHORT-WAVE BATTERY KIT. 1 valve super-
het (autodyne) converter, or adaptor or head-
phone set. £2 15s.

SHORT-WAVE CONVERTER (not autodyne)
Aerial and oscillator tuning coils and condensers
with frequency changer valve. £3 10s.

4v. SHORT WAVE BATTERY KIT. VM. H.F.
pen., triode detector and parallel feed trans-
former and output tetrode complete with valves,
1..S. and all components, and blue prints,  £6.

We supply kits to your specification.

CHASSIS. Brand new metal chassis, undrilled.
Size 8in. X 6in x 2}in‘, 4/6 ;-10%in. X 8fin. x 2§in.
7/6.

VALVE HOLDERS, English chassis type, 4-pin,
6d.; 5-pin and 7-pin, 6d. ; English Octal, 6d. ;
American U.X. type, 4-, 5-, 6-, and 7-pin, and
International Octal, 6d.

465 kec. 1.F. TRANSFORMERS. Screened.
core permeability tunmed, 5/ each.

TAPPED MAINS DROPPING RESISTANGES,
approx. 800 ohms, standard for Pye, Lissen, etc.,
2 amp., 3/6. .
RESISTORS, different values, §-watt, 4d. ; }-watt,
6d. 3 l-watt, 1/~

SCREENED VALVE CAPS, 6d. each.

TUBULAR CONDENSERS, T.G.C. or B.1. N.I,
0.0001, 0.0002, 0.0003, 0.0005, 0.005, 0,00015, 6d. ;
0.01, 0.02, 0.1, 8d. ; 0.25, 1/3 ; 0.5, 2/-. Tubular
Electrolytics, 25 mfd., 25v., 2/= 5 50 mfd. 12v., 1/9.

Speakers and Mains Transformers will
shortly be available in small gquantities.
Please send us your enguiries,

9-4 p.m., Saturdays, 1 p.m. C.0.D,
orders accepted, Prices subject to alteration
without notice, Special terms to members of
H.M. Forces and Civil Defence workers. Licence
to export to Northern Ireland and Irish Free
State. Please add postage for enquiries and mail
orders.

51-52 CHANCERY LANE

LONDON . W..C. 2.2 Telephore H0L80RN 4631

Iron

- HOURS :




28' Advertisements WIRELESS WORLD DECEMBER, 1042

R aMpLIFIERS
Dlv and SUB-ASSEMBLIES
u » One of our range of Standard Ahplifers e Special Amplifiers for 3

Standard Amplifiers | Industrial Applications @ Transformers and Coil -
available for
work of
National
Importance

Winding & Sheet Metal Work and Stampings e
Switch Assemblies @ Microphones, etc.

LVUSTICGAL

MANUFACTURING COMPANY LI?
HUNTINGDON TEL: 36/

S a I. F o R D : o RADIO SERVICE SUPPLIES
.- . MAINS TRANSFORMERS. Chassis Mounting.
METAL RECTIFIERS | Tome A% “500-02500 160 ma. 4 v. 2
ype “A.” - 0 100 ma. 4 v. 2 amp.
g : . 4v.5amp. CT. - covvivieiii e teeeeenes 22/6
| : B/ AB0RATORIES I8 e 0 e 0w B e
FOR ALL RADIO, ) 70 - Type *“ H.” 3%—19—325 100 ma. 4 v, 2 amp. 00
; 4v.5amp. CTh wvveeenriieiiriieeeeiiaaenssin
TE L E C OMM U N I CATI o N ]L s E v ((Strgg types, 1det'nlsfon rcqu(;t)
'ostage on 1 trans: ormer,
AND POWER PURPOSES IQUIID> STEVEIR SPEAKER TRANSFORMERS.  Standird bt
: for metallising m:;(mcxudmgpp) ................................ 7/~
RECTI FlERS BU ILT TO C E RA Mi C, Ml CA» SP(F{I:QES]S fR gt;ht;]trécn&-ws:{t %}g;ggexfthll?i 2306
tode transformers ........ i
"INDIVIDUAL QUARTZ or GLASS CONDENSERS. -All types stocked, paper and
- mica. Electrolytics, card case and can types.
REQUIREMENTS Low, melting-point’ SOLDER from VOLUME CONTROLS. TONE GCONTROLS.
ZSIECL;Z!?F?{";';C?:?:” ell\el::)tn _Cglr rg; RESISTORS. TAPPED DROPPERS.
. - ric : WIRE-WOUND RESISTORS, 5-watt, 1/9 ; 10-watt, 2/3
MANY THOUSANDS Radio purposes. : SUNDRIES. Solder, best resin-cored, half-pounids, 25 ;
lN USE —_— ’ Insulating Tdtf)% 4 oz;t, 8d. ; 5 Sleevmg, 2/6 %o%en
- . : . ; : ds; P v 1 ds, 1/6;
Pre-War Delivertes, ‘?”"seas Fiaiders, Fusos, Piiot Lamps, sta > 185 Vave
SALFORD ELECTRICAL INSTRUMENTS enquiries invited, ‘ Postage extra. Send stamp for full lists.
LTD., ! - . Orders over £3, carriage paid.
PEEL WORKS, SILK STREET, SALFORD, 3 IPSWICH ROAD, TRADING ESTATE, Please mail your orders; no trade counter facilities
Proprietors : The General Electric Co., Ltd., SLOUGH, BUGCKS. ‘Phone : Slough 20992 RADIO INSTRUMENT SERVICE CO.
of England. 1 r 116 LITTLEHEATH ROAD, BEXLEYHEATH, KENT
SEE OUR
v SAVE D.
ROTABY TO POST-WAR €SSLERS, (Zoraion) IS
CONVERTERS S D DELIVERY -
Petrol Electric Generating Plants, H.T. PEN SCHEME for :
Generators, D.C. Motors, Frequency Wh HWLW.L? MAY TURNING and- MACHINING
Changers, etc., up to 25 K.V.A. Yy b, 20 OF PLASTIC MATERIAL
g > up P SIGNALT LAMP CAPS
CHAS, F. WARD 37 WHITE POST LANE notv . The Courts, SWITCH KNOBS AND HANDLES
‘Phone : Amberst 1393, HACKNEY WIGK, E.8 | Phonessyp, 1005 VGt meeis London 8526, | | Albion House, e cﬁ?sgf; oy ondon. N6

INVENTOR S
The world-wide Simmonds Organisation has GROUP

established new methods and new products in =

many industries with great success, Simmonds LO N D 0. N

Development Corporation seeks new ideas and MELBZQ URNE

inventions of brilliance and ingenuity to be devel- PARI
N

oped by the technical resources and marketing
knowledge of the Simmonds Group.

EW YORK
L0OS ANGELES =

S DEVELGPMENT CORPORATION LTb'BUSH HOUSE - W.C.2

Printed in England for the Publishers, Itirre axp Sons Lro., Dorseb House, Stamford Street, London, §.E.1, by Tus CoRNwALL PrESS LrD,, Paris Garden, Stamford Smet, London, 8.E.1. * The Wirelecs
Worla ™ can be obtained abroad from the following : AvsTRALIA and NEW ZEALAXD : Gordon & Gotoh, Lid, Inpia: A. H. Wheeler & Co, CANADA: Imperial News Co.: Gordon & Goteh, Ltd. Sours
. AFRICA : - Central: News Agency, Ltd. ; Wm, Dawson & Sope (S,A.), Ltd. UNiTeD 8tarss: The Internationa) Newe Co.









