MAY 1943

| 1

S-W BROADCASTING STATION LIST




Advertisements WIRELESS WORLD May, 1943

O D

[ )
N—

“OUT OF RESISTANCE TO AGGRESSION
SHALL COME

LASTING BENEFIT TO MANKIND”
*

A great truth 5 and equally true in other ways for it is from the
function of a resistance in an clectrical circuit that millions of
complex instruments, upon which we are so dependent, derive
their results. It is essential however, that the quality of the
resistance in all cases shall be of the highcst.

In a world where the use of electrical and radio devices has
reached an unprecedented peak, the many and varied conditions
in which resistances  are required  can be but inadequately
imagined.  Somebody must know about such things however,
and who better than we whose care and privilege it is to (lcwlop
and manutacture all kinds of dependable resistances to satisty the
most exacting modern operating demands.

What a wealth of technical excellence in resistances will be

available to industry when better times arrive.

DUBILIER

DRI




May, 1943

ONE INSTRUMENT
measures j=-

Current, A.C. and
D.C. (0 to 10 amips.)
Voltage, A.C. and
D.C. (0 to 1,000 v.)
Resistance up to 40
megohms)
Capacity (0 to 20
mfds.)
Audio-frequency
Power Output
(0 to 4 watts)
Decibels ( -~ 10 Db.
to + 15 Db.)
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T{E Model 7  Universal

AvoMeter is the world’s most
widely used combination electrical
measuring instrument. It pro-
vides 46 ranges of readings and is
guaranteed accurate to B.S. first
grade limits on D.C. and A.C.
from 25 to 100 cycles. It is self-
contained, compact and portable,
simple to operate and almost
impossible to damage electrically.
It is protected by an automatic
cut-out against damage through

severe overload, and is provided
with automatic compensation for
variations inambienttemperature.

The AvoMeter'is one of a useful
range of ‘‘ Avo *’ electrical testing
instruments which are maintain-
ing on active service and in indus-
try the ‘‘ Avo ” reputation for an
unexcelled standard of accuracy
and dependability—in fact, a
standard by which other
instruments are judged.

Some delay in delivery of Trade Orders is inevitable, but we shall con-
tinue to do our best to fulfil your requirements as promptly as possible. -

Sole Proprietors and Manufacturers :

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co., Ltd., Winder House, Douglas St., London, S.W.|

Telephone : VICtoria 3404/7
HE A
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It was just a coil of wire. ..
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... now it is an inductance coil which has to meet the stern demands of a
communication system that goes on day and night. One more example
of Rediffusion products used in Rediffusion communication equipment.

DIFFUSTON iz
A subsidiary of

DESIGNERS AND MANUFACTURERS OF COMMUNICATION EQUIPMENT
VICTORIA STATION HOUSE + VICTORIA STREET + LONDON + S:W-I (PHONE VICTORIA 8831)




SYMBOLS

THE EDISON SWAN ELECTRIC (0. LID. \dﬂ)) 155, CHARING CROSS RD., LONDON, W.(.2

For full particulars write to Technical Service Department




WHY ERSTIN

WHY THEY USE CORED SOLDER

Cored solder is in the form of a wire or
tube containing one or more cores of
flux, Its principal advantages over stick
solder and a separate flux are :

(a) it obviates need for separate flux-
ing (b) if the correct proportion of flux
is contained in cored solder wire the
correct amount is automatically ap-
plied to the oint when the solder wire is melted. This is
important in wartime when unskilled labour is employed.

WHY THEY PREFER MULTICORE SOLDER. 3 Cores—Easier Melting
Multicore Solder wire contains 3 cores of flux to ensure ffux
continuity. In Multicore there is alwayssufficient proportion of
flux to solder. If only two
cores were filled with flux,
satisfactory joints are ob-
tained. In practice, the care
with which Multicore Sold-
er is madg means that there
are always 3 cores of flux
evenly distributed over the
cross section of the solder,
so making thinner solder walls than single cored solder, thus
giving more rapid melting and speeding up soldering,.
ERSIN FLUX

For soldering radio and electrical equipment non-
corrosive flux should be employed. For this reason either pure
resin is specified by Government Departments as the flux to
be used, or the flux residue must be pure resin. Resin is a com-
paratively non-active flux and gives poor results on oxidised,
dirty or * difficult” surfaces such as nickel. The flux in the
cores of Multicore is ““Ersin’’—a pure, high-grade resin sub-
jected to chemical process to increase its fluxing action with-
out impairing its non-corrosive and protective properties. The
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activating agent added by this process is dissipated during the |

soldering operation and the flux residue is pure resin. Ersin
Multicore Solder is approved by A.D., G.P.O., and other
Ministries where resin cored solder is specified.

PRACTICAL SOLDERING TEST OF FLUXES

The illustration shows the result of a practical test made
using nickel-plated spade tags and bare copper braid. The
parts were heated in air to 250° C, and to identical speci-
mens were applied §* lengths of 14 S.W.G. 40/60 solder. To
{ 1 sample A, single cored solder with resin
. flux was applied. The solder fused onll
at point of contact without spreading.
| A dry joint resulted, having poor mechani-
g cal strength and high electrical resistance.
To sample B, Ersin Multicore Solder was
:__. B | applied, and the solder spread evenly
over both nickel and copper surfaces, giving a sound
mechanical and electrical joint.
ECONOMY OF USING ERSIN MULTICORE SOLDER
The initial cost of Ersin Multicore Solder per Ib. or per cwt.
when compared with stick solder is greater. Ordinary solder
involves only melting and casting, whereas high chemical skill
is required for the manufacture of the Ersin flux and engineer-
ing skill for the Multicore Solder incorporating the 3 cores
of Ersin Flux, However, for the majority of soldering pro-
cesses in electrical and radio equipment Multicore Solder will
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MULTICORE

the Solder wire with 3 cores of non-corrosive ERSIN FLUX is preferred by the majority of firms
manufacturing the best radio and electrical equipment under Government Contracts.

[ 4 S.W.G.
|

May, 1943

show a considerable saving in cost, both in material and
labour time, as compared either with stick solder or single
cored solder. Cored solder ensures that the solder and flux
are put just where they are required, and by choice of suitable
gauge, economy in use of material is obtained. The quick
wetting of the Ersin flux as compared with resin flux in single
! core resin solder ensures that with the correct temperature
| and reasonably clean surface, immediate alloying will be ob-
tained, and no portions of solder will drop off the job and be
wasted. Even an unskilled worker, provided with irons of
correct temperature, is able to use every inch of Multicore
Solder without waste.

ALLOYS

Soft solders are made in various alloys of tin and lead, the
tin content usually being specified first, i.e. 40/60 alloy means
an alloy containining 409, tin and 609, lead. The need for con-
serving tin has led the Government to restrict the propor-

| tion of tin in solders of all kinds. Thus, the highest tin content
permitted for Government contracts without a special licence
is 45/55 alloy. The radio and electrical industry previously
used large quantities of 60/40 alloy, and lowering of tin con-
tent has meant that the melting point of the solder has risen.
The chart below gives approximate melting points and
recommended bit temperatures.

ALLOY Equivalent Solidus Liquidus Recommended bit
| Tin Lead B.S. Grade C.e (&L Temperature C.°
[| 4558 | ™ 183° n7° 267°

40/60 (= 183° 238° 278°
30/70 D 183° 257° 297>
18.5/81.5 N 1870 277° 3179

VIRGIN METALS — ANTIMONY FREE

The wider use of zinc plated components in radio and
electrical equipment has made it advantageous to use solder
which is antimony free, and thus Multicore Solder is now
made from virgin metals to B.S. Specification 219/1942 but
without the antimony content.

{ IMPORTANCE OF CORRECT GAUGE

Ersin Multicore Solder Wire is made in gauges from [0 S.W.G.
(.128"—3.25| m/ms) to 22 S.W.G. (.028"—.711 m/ms). The
choice of a suitable gauge for the majority of the soldering
undertaken by a manufacturer results in considerable saving.
Many firms previously using 14 S.W.G. have found they can
save approximately 331/3%,, or even more by using 16 S.W.G.
The table gives the approximate lengths per Ib. in feet of
| Ersin Multicore Solder in a representative alloy. 40/60.

10 13 14 16 18 22

| Feet per Ib. 23 445 589 92.1 1635 481

CORRECT SOLDERING TECHNIQUE

Ersin Multicore Solder Wire should be applied simultane-
ously with the iron, to the component. By this means maxi-
mum efficiency wili be obtained from the Ersin flux contained

E ”- i in the 3 cores of the Ersin Multicore Solder

Wire. It should only be applied directto the
e== iron to tin it. The iron should not be used
= as a means of carrying the solder to tte
joints. When possible, the solder wire
should be applied to the component and
the bit placed on top, the solder should
not be ** pushed in”’ to the side of the bit.

,_‘

ERSIN MULTICORE SOLDER WIRE is now restricted to firms on Government Contracts and other essential Home
Civil requirements. Firms not yet using Multicore Solder are invited to write for fuller technical information and samples,

MULTICORE SOLDERS LTD., BUSH HOUSE, W.C.2. ’Phone Temple Bar 5533/4
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JE TN IN PEACE
INDISPENSABLE A" /\::

ADVERTISEMENT OF THE TELEGRAPH CONDENSER CO., LTD.

G.P. 7703
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FOR QUICKER, FAS/ER.
CABLE & PIPE LINE MARKING

DURABLE - LEGIBLE - INDELIBLY PRINTED IN ANY COLOUR
CAN BE USED WITHOUT TOOLS-RESISTANT TO FLUIDS AND HEAT

HERTS PHARMACEUTICALS LTD. WELWYN GARDEN CITY

SIX CHANNEL
50/70 WATT
LCE SERIES

o o o
NO OPERATOR
NEEDED

e Requires only !

iy AERIAL [

,Q . DIAL TELEPHONE

| ¥ POWER SUPPLY

e o o
FOR SHIP-TO-SHORE
OR POINT-TO-POINT
COMMUNICATION |

¥ [ Prompt  deliveries
i from manufacturers

_TRANSMITTER

LORAIN COUNTY
RADIO CORPORATION
LORAIN, OHIO, U.S.A.

‘ againstgood priorities

indelibly printed on white or
coloured fabric for use in conjunc-
tion with transparent adhesive tape.

e Guaranteed 2/3 day delivery service.

For details write to :—

P. P. PAYNE & SONS L'

o . 0o 0 . .
Olectronic Ongineering d;rvwes, oghl :
HAYDN ROAD NOTTINGHAM  Phone: 64335

OIsTAIBUTONS
— | BUSHHOUSELONDON Pbene: TEMple Bar 6356
#

S0LE BRITISH I
l 24 STANLEY ROAD, HEATON MOOR, STOCKPORT |
TELEPHONE HEATONMOOR 3107 et
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= BRAND NEW
HEAVY DUTY JUST RECEIVED—A NEW STOCK
MAINS TRANSFORMERS of MERCURY SWITCHES
350 - 0 - These switches

; s 2 are of the best
llﬂs&; ‘6.31519 SUPREMUS manufacture
5 ;.m'l,ps 4 - and not easily
3 amps. H.T. BATTERY ELIMINATORS | obtainable to-
lamp fnput day. Quick Hf
1007250 v, ,
d We have made a { break and will
4 l)lmcnslons further purchase carry g"a,,;‘ps, -
4)31 a{'" e of these well- | Manyhundreds
Kb I known H.T. | of useful appli-

wiring dia- Mains Supply >
s 32/6 Units i band- Snn(l:la:;:::tity to clear. Price
Post.,etc., 2/- 23059?8 bakelite Post., etc., 6d
Tappings: 40,
YAXLEY Type WAVE -CHANGE 0o 80, SE i, 100, 0AK
SWITCHES i-way, 3-bank, with shielded SGL, 125 v, VIBRATOR UNITS
oscillator section. Length S S
from stop plate approx. 5., | M . — Sy -
spindlle 2in. ... ... 5/6 odel E25A for 200-250v. A.C. 40-100~ Input 6 volts. Qutput 250 volts

Here is an opportumly for battery set owners, who 680 m.a. approx. These well-known
3-way, 6-bank,with have A.C. ains current av 'ulable, to be mde- units are hitted with 6-pin 15 6
3 screencd sections, | pendent of the battery situation. Owing to post American bases

= adaptable to many and rail conditions these are available Post., etc., 8.
uses. Length from stop | TO CALLERS ONLY.  Price . 60/
plate approx. 8jin.,

o Plat R
spindic 2in. ... .. /6 |  ELECTRO-MAGNETIC COUNTERs | LOUDSPEAKERS
3-way, 3 double banks, with- ROLA 5in. P.M. 22/6
out shields, Zin. spindle. less transformer

Post. and pkg., 16 extra.

ROLA 8in., less
transformer ... 24 -
CELESTION 8in. P.M.
Pentode Output.

New .. 30/-
Post., etc on above

Length 6{in. 5/G. Post., etc., 9d. each.

ON-OFF TOGGLE SWITCHES

Finest quality. Turn movement.
3 1{in. spindle.

L 4 . 2/- extra.
Post., etc., 3d. extra . 2/6 500 ohuus coil. _ Counting up t0 9,999, Operating /
from 2_5\' to 50v. D.C \Iany industrial and .

TWIN ON - OFF | domestic applications. (S.H., ex-G.P.0. , all OAK SWITCHES

rfect.) Postage 9d. 5/ 6
SWITCHES pe K g 2}in. spindle, oomp]ete with knob. {-way
2-bank,with con- Py

Gorries 16 amp. at | EX-BAIRD voirace TELEVISION necting /gl ock,

2500 v, ‘ell made, wi .

excellen tlsnap4/6 TRANSFORMERS 4 \\‘.13)',/ 2- bk,

action. Price G 000 - Fi 1‘ 9.

ol e, sdrown [ OB et Al Post et @
lated  terminals, as RN/ )
illustrated.  Size 3} - -y
6} > 3%, 20/_ 7 T.C.C. @
Post.,ste., 2- L ELECTROLYTIC [ /

H ‘tre,

4,000 \ approx Size - 4 CONDENSERS | ©wil
4in.; 3} 10 6 - -,
} 4 i 4 x 4 mfd. 70v. D.C. work 5
Post. etc 1/“ / %r ing.  Reversible.  Size |,

1} x 2} x lin. Post. il
and packing, 3d. 5/ L

PHILIPS SCANNING & DEFLECTOR
These Jacks have powerful phosphor-bronze
springs ensuring a perfect contact. Overall COILS

length, including {in. threaded shank,

PHILIPS WET ELECTROLYTICS
Assembled |59 310v. working ... L 9/6

sgm Supplied complete with Plug.
Price po 5/6 COMPpISte i@ Post. & pkg., 9d. extra

Post.. etc.. 3d. extr: metal frame, as ! ’

— R YAXLEY PATTERN SWITCHES
CHASSIS Drilled for 9 valves, also rectan- 7/6 5-way, single-bank, with on-off mains
gular hole 6} x 2}in. Size 163 x 94 x2in. 3/6 Post. and Dk switch, carrying 1 amp. at 250v., 2in.
Also 114 x 9} x 2}in. and 11} x7x24in. 3/6 11 em;’ 8+ 1 spindle with knob ... 5/6
12 % 9 % 3in., drilled for 10v. transformer, 3\;v‘;ybsmgle -bank, Lin. spmdle mth a2/
ete. .. 5/6 .

“Post., etc., 10d. extra. ELECTRIC SOLDERING IRONS Pos etC 6d. extra.

200/250 v. 75 watts. Post., etc.,

PHILIPS 0il Filsa CONDENSERS | 50 exera .7 P ¢ 196 | T EX_GovT. POTENTIOMETERS
0.1 mfd. 5,000 D.C. working. With porcelain Wire-wound. In bakelite case, 5,000 ohms.
insulated terminals. Size 2} hlghx3{ 10/6 NO LISTS 2in. dia. x 1lin. Without knob. 5/6
x2in. Post,, etc., 0d. / NO PRO-FORMA [INVOICES Post., etc., 6d. ...

LONDON CENTRAL RADIO STORES, 23, LISLE ST. cerrard 2969 LONDON, W.C.2
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Especially between ENAMELLED WIRE WINDINGS <
LT

The HY-MEG process of impregnation offers many advantages to the radio

and light component manufacturer.

Its deeper penetration and more complete expulsion of air and moisture; its per-

fect through-drying qualities (aithough cailing for as much as 509 less stovingtime)

commend it particularly for deep and complicated fine enamelled wire windings.

The enamel is unaffected by ) GIVE OUR *BRAINS TRUST’
HY-MEG which sets plastichard A YOUR PROBLEMS
and stays hard under extreme The panel of experts whose experience
working and tropical conditions and research created HY-MEG would
a fact clearly reflected in the be glad to have details of any insulation
general Government approval of problem holding up your production ;
components which are HY-MEG and to place their extensive laboratory
impregnated. facilities at your disposal.

In short, HY-MEG sets new k-
standards of quality and quantity ; HY-MEG
in production and, because it is ‘ 5 IMPREGNATING VARNISH
independent of materials in short ¥ V6934, Made specially for enamelled
supply, enables output to progress wire windings : but is equally suitable
without risk of interruption. for Rayon and Glass covered wire.

LEWIS BERGER & SONS, LTD. (Established 1760 LONDON, E9. Phone: AMHerst 3321

MANUFACTURERS O F INSULATING YVARNISHES AND ENAMELS

=—— In tune with

I

4 MANE OF ROTE §% RUDIO—FOR CAR —FOR WONE

Register NOW without obligation
Jor post-war priority
MASTERADIO LTD - WATFORO - HERTS

% One of a series of Advertisements

HIVAC LIMITED
Greenbhill Crescent.
Telephone: Harrow 0895 Harrow on the Hill. Middx.

appearing in the National Press

MASTERADIO ARE LOOKING AHEADI!
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STABTLIT

2\ FIXED CERAMIC 5

= - B M - -
gl CONDENSERS ey
s 1 ‘ 6 =
= = =
s = 9T =
—_ _‘::"
Vi - = - ‘
= = e
=3 —— ”»
= B = |
= = @ = =
B = ) =
. = —= <
R :
r—‘; o= \ = o
V== \ = -
e —
fs = N\ . ——
“& —;—.— Highest Mechanical —
[ = 1 & 2 Pearl Typa. \ . - Dty eercal St =
T = e bility whatever the =1
Pty = 3 & 4 Hat Type. climatic conditions. =
| — 5 & 6 Disc Type. “ Type approved. =

1

UNITED INSULATOR C° L™
12-.20 LAYSTALL ST., LONDON, E.C.1

Telephone ; TERminus 7383 Telegrams : Calanel, Smith, London

Tlee Fioweers of Low - Loss Cesrancies
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The glory of the future..

GOODMANS INDUSTRIES, LTD.,

LANCELOT ROAD, WEMBLEY,

when the harsh roar of battle gives
place to the merry music of fiddle,
‘cello and big bass drum,” Goodmans
Loudspeakers will be available again to
reproduce music’s most transient note
with a faithfulness rarely

achieved in the commercial

sphere.

GOODMANS

Makers of
HIGH GRADE LOUDSPEAKERS

Priority Orders only can be accepted

MIDDLESEX

TUNGSRAM
VALVES

Our production of Radio Valves is
both large and continuous. So, too,
is the demand for them for urgent
purposes. Some are available for
domestic use, but the range is
necessarily limited. You may be
assured of our willing help when.
ever possible.

Announcement of
PRITISA TUNGSRAM RADIO WORKS LTD., WEST RD., TOTTENHAM, N.27

THREE NEW RAYMART VALVEHOLDERS

TYPE VHB8, Mazda Octal, 1/3 Ie;ch. "‘TYPE VAS, International Octal,
/3 each,

TYPE VHS9, for the new British ** E ' type valves, 1/9 each.
These three types have ribs between each contact to increase the effective
distance between, and also to prevent tracking. Their Pierced solder tag
connections protrude through base of Ceramic. Other features are
standard with other types.

Standard Features of Raymart Valveholders

Bases. These are of the famous RMX low-loss Ceramic. Contacts.
Resilient bronze alloy, sterling silver plated, minimum contact resistance.
Fixing. Floating nickel-plated eyelet (4BA clearance) fitted in strengthen-
ing boss in Ceramic. Metal floating byshes prevent cracking of Ceramic
plates, Soldering. Pierced solder tag at end of sockets.

Types manufactured : English 4- and S-pin, American 4, 5 and large 7-pin.
NOTE : English types VH4 and VHS are made in three different types with
two different fixing centres.

Enquiries invited from Government Departments, Traders and Servicemen

RAYMART ¢ vouowar uean sizminauam, 1

ﬂ
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2
‘Qg’ EDDYSTONE *“358X°' COM-
MUNICATIONT RECEIVER.
Specification : The receiver em-
ploys one stage of R.F. amplifica-
tion, frequency changer, two L.F.
amplifiers, a separate beat fre-
7300 quency oscillator, octal base Mullard
d or Osram 6.3 volt valves. Frequency
range is continuous from 22 Mc/s. to

1.25 Mc/s. using four fully screened

interchangeable coil units. Five addi-
tional coil units extend the range to
31 Mcs. and 90 Mc/s. 1lluminated dial
is accurately calibrated with four stan-
dard coils. Additional c¢oils supplied
with separate graph. To simplify main-
tenance a meter and test switch is fitted.
Main tuning control incorporates fly-
wheel drive and spring loaded Tufnol
gearing (ratio 70—I). Logging scale
supersedes the old type bandspread con-
trol. Separate power unit assures free-
dom from drift. Incorporates Band Pass
Crystal Filter unit, selectivity 300 cs. or
with crystal gate inoperative 5 Kc/s.
ALTERNATIVE MODELS. Type
* 400X " for medium frequency cover-
age only, 130 Ke/s. to 2,200 Kc/s in four
wavebands  with calibrated scale.

Crystal Filter selectivity 250 c¢/s and

2 Kc/s with crystal switched out.

Type 358/1 for battery operation with
00 headphones. Coverage 31,000 Kc/s to
WSV 0 90 Kc/s. General specification as
152 standard type ‘358X ' but with

H.T. consumption reduced to 133

milliamperes at 180 volts.
SUPPLIED TO PRIORITY
ORDER ONLY.

2y

In these days of ever changing
frequency allocation the
Eddystone ‘358X meets all
emergencies with a coverage
from 3IMc/s to 90Kc/s.

WEBB'S RADIO

THE SHORT-WAVE SPECIALISTS

The receiver may be inspected at

14, SOHO STREET, LONDON, W.1.

Between [0 a.m.and 4 p.m. (Sats. 10 a.m. to 12 noon.)
Telephone : GERrard 2089.
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Perfect- communication by radio is
essential in all modern war operations,
from grand strategy down to the
smallest tactical manceuvre. Nothing
but the very best of apparatus is good
enough.

Advt. of A. H. HUNT LTD., LONDON, 8.W.18. EST. 1901

Condensers are at work

IRADE

MARK

The
Home of Condensers

Whrlyme tnstallalions Shaw more
r/////'/tzm/e/y lthan ever thal

uou can

30-wate Amplifier
with Radio.

- There are TRIX amplifiers /'Ol'"bﬂ'fy orger 0”@
3 from 5-500 watts.
] Send for details |

TRIX ELECTRICAL CO. LTD., 65, Bolsover St., London, W.I.
Phone: EUS B5471/4. ‘Grams: Trixadio, Wesdo, London

VALVEHOLDERS

Manufactured under ** Amphenol **
Licence

Preferred by radio engineers
; because of their Strength,
; Efficiency and Uniform Contact

r. Supplied against Priority orders only.
| Send for List of English and American

types. -
NO-
N » A

y £

BRITISH
*» MADE

, v J
| CELESTION LTD.

(Engineers |, ]

KINGSTON-UPON-THAMES, SURREY.

_ Telephone: KiNgston 56567-8.
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“Trifles make perfection and-perfection
s no trifle” *.. The tiniest part of every Eimac valve 1s a
“tremendous trifle,” handled with the utmost care... the
greatest skill: In an Eimac 304T valve there are more than
fifty separate parts which pass through many fabricating
operations before they are ready to be assembled into the
valve. Through all these steps great care is taken to hold
the dimensions of each part to a very close tolerance ... to
make every welded joint pecfectly solid. Such painstaking
care in the fabricating of each part, plus the achievement
of extremely high vacuum. .. helps provide the outstand.
ing performance capabilities which have made Eimac
valves famous. In the toughest jobs you'll find Eimac
valves in the key sockets most every time. They are first
choice among leading engineers throughout the world.

Follow the leaders to ®

" VALVES

Manayfactured by

EITEL-McCULLOUGH, INC.
SAN BRUNO, CALIFORNIA, U.S. A.

troort Agents: FRAZAR & CO. Ltd., 30t Cloy S1.. San Froncisco, Californio U.S A

®Michelongelo IC. C. Colton)

Glass tubing becames finished filament stem with leads
scaled 1n pasition on this special upright lathe. *

WIRELESS WORLD

Glass bulbs are annealed after valve is fully assembled.
This oprration relieves stress and sirain in the glass it-
; 7.

velf which may have been induced d, g f

Deft fingers work stradils with tiny parts u bich are
Jaultlessly produced. Here plate srctinns are heing
welded tngether 1n routine prodsctinm,

13
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oGEK

It was the develop-
ment of Rogers
Radio Tubes that
first led the way to
the all-mains oper-
ated wireless set.
In their chosen field Rogers still lead the way. Their
productions include all standard types of radio-
receiving tubes, power tubes for radio transmission,
audio frequency amplification and industrial electronic
applications generally. Government requirements
call for the entire output of the plant at the present
time but after the war this pioneer firm will be
fully at the service of industry over the widest
range of electronic applications.

ROGERS RADIO TUBES I.TD.
|
TORONTO (ONTARIO) CANADA |

A subsidiary of BROADCAST RELAY SERVICE LIMITED, LONDON, S.W.i J

N\

Examination of metals used in

N T
,/’:\\\4]) WESTINGHOUSE PRODUCTS
(5 © | includes physical test of tensile
\

strength, and the illustration
\ shows the process of checking
“——" the yield pointof a specimen.

Though Westinghouse Rectifiers are unfortunately in
short supply, the groundwork of research and experi-
ment is laying the foundationof the advanced Rectifiers

of tomorrow, May the day soon dawn when these
Rectifiers once more will be available for all uses,

WESTINGHOUSE BRAKE & SIGNAL CO., LTD.
PEW HILL HOUSE, CHIPPENHAM, WILTS.

May, 1943
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RADIO MASTS
TD TYBURN R2 ERDING .
POLES L2 BiRMINGHAM.24
E_l.!qu!ﬂns_smauld_,be accompanied by Government Priority Refereqcy»

LOUDSPEAKER PRICE LIST for 1943

(This cancels all previous catalogues)

Price with S5tandard Price
Tapped Transformer without Transformer

£ s . d. oaa s. d.
5Z Energised 110 6 I 2 0
6Z o [ 1 30
8ZK ., 117 0 I 6 0
10ZK ,, 119 0 I 80
G2 Cancelled until further notice
§Z-5.5-P.M. i 90 I 0 6
§Z-7.5-P.M 110 0 L6
6Z-5.5-P.M 110 0 16
6Z-7.5-P.M Lo 12 6
8Z-6.5-P.M 115 0 | 40
8Z-9.5-P.M, 116 6 1 5 6
8Z -12-P.M, 119 0 | 80
8Z -15-P.M, 210 110 0
8Z -20-P.M. 2 4 6 f13 6
10Z-6.5-P.M. 117 0 1 6 0
10Z-9.5-P.M. 118 6 V7 6
10Z~ 12-P.M. 210 L1100
10Z -15-P.M, 230 11”0
10Z -20-P.M. 2 6 6 | 6
GI2-P.M., ... Cancelled until further notice

NOTE.—if a Type No. 42U Universal Transformer is
required instead of a Standard Tapped Transformer, 15/6
should be added to the price of a speaker without

transformer.
BRITISH ROLA LIMITED
MINERVA ROAD, PARK ROYAL, NW.I0.

Phone : Willesden 4322,
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The Problem of Insulating
delicate imstrument panels
from vibration and shock

by means of Flexilant Mountings

« FLEXILANT " Mountings : Examples from the SERIES.

The * Flexilant '* Mounting of which
scveral varieties are illustrated here s
so accurately made that its displacement
under load can be calculated to within
010" of requirements. The series is
designed to carry loads of from 1 to 451 Ibs.
pet mounting and these may be arranged
with bolt axis at 90° to position, or the
complete mounting may be inverted. The
mountings can be supplied with or without
holdér and they can be arranged so that
two utilize the same bolt.

We should appreciate the opportunity of
helping with your vibration problems.
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BER BONDERS Lid

FLEXILANT WORKS 0 WATLING bTREET DUNSTABLE, BEDS.

TELEPHONE: DUNSTABLE 715 TELEGRAMS : FLEXILANT, DUNSTABLE 6‘,{’[ L?\
A Short Review of FLEXILANT Products is available on enquiry . .
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ri?){)/(/\?/// o Q UALITY

From every aspect the searching spotlight of close inspection reveals
the inherent quality that is built into R @ S Sound Equipment.
Which is just one of the reasons why it has been chosen for a Job
for which quality is the premier qualification. And why, of course,
we cannot just now supply you with all you ask. There is, however,
a small range available to you, and if you would like to know about it
we'll gladly send you a catalogue in exchange for a penny stamp.

Aomplifreis Limited

3-4, Highfield Rd., Shepperton, Middlesex. Tel.: Walton-on-Thames 1019.

W.W. 8/43

M M

= ® MALLORY &CO '-¢

ALLORY-

Vibrators

are always
dependable

Along every front Mallory
has pioneered in Vibrator
design to ensure safety,
dependability and long
service.

Mallory offers synchronous
and non-synchronous
Vibrators for 6, 12 and 32
volt input, also a complete
range of “STRATO-
SPHERE ** Vibrators plus
the world famous Mallory
*“*VIBRAPACK " (Regd.
Trade Mark).

Y Vibrapack is a reg-
istered trade mark, the

Unita which do mot

bear this trade mark Mallory engineers are at
are mnot of genuine

Mallory manufacture, your dISPOSaL

P. R. MALLORY & GO. INC.

INDIANAPOLIS, INDIANA, U.S.A.
RADIO AND ELECTRONICS DIVISION
———— Represented exclusively in Gt. Britain by.

Kingsley Road, Bideford,
FRANK HEAVER LTD., ""“N)oevor, Eng.

I YYVYVYVVVVVVVVYPY VY VYV VYY)
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WHARFEDALE

GOLDEN
CHASSIS

As supplied to the
B.B.C.

Speech Coil 2-3 ohms:
Flux Density 10,000 lines,
7-8 watts ¢ 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 T70/=
(Less Transformer)

RESPONSE CURVE

g ] ]

Lo ) o
ob 1L N - V‘:r'\/’i‘uﬂ & Y\

Wirsires World
osvaiamt

o ]
' ] }
FREQUENCY
WHARFEDALE WIRELESS WORKS
SOLE PROPRIETOR : D. E. BRIGGS

HUTCHINSON LANE, BRIGHO USE, YORKS.
"PHONE : BRIGHOUSE $0. 'GRAMS : ** WHARFDEL."

A. skilled team of workers in an efficiently equipped modern

factory produces to an unusually high standard all types of metal

instrument cases, radio chassis, panels, brackets, boxes and other

metal components. We are also able to undertake the design

and manufacture of complete amplifying equipment for special
requirements,

PRIORITY ORDERS ONLY

Engineering and Electrical Contractors to the Admiralty,
Air Ministry and Ministry of Supply.

ALFRED IMHOF LTD, 12-/16.New Oxford Stveet, London, W.C..
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Model LW
Coil Winding Machine

SPECIALISTS
in the design and manufacture of
COIL WINDING MACHINES
TAPING MACHINES

Model HW

Hand Coil Winding Machine WIRE COVERING MACHINES

ARMATURE AND STATOR
COIL WINDERS

N EVILLE'S awereoon LIMITED

SIMMONDS TOWER - GREAT WEST ROAD - LONDON

" A b1 VISION 0O F T™ H E S I M MONDS G ROUP

LONDON MELBOURNE - PARLS NEW YORK =+ LOS ANGELES
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B.J. Tropical
Moulded Tubo_;.rztl K.
application pending
continuously in e

of temperature an

Paper Condensers in
Patent No, 506024 and
are designed to operate
mely arduous conditions
humidity,

BRITISH INSULATED CABLES LTD.

Head Office: PRESCOT—LANCS. Tel. No: PRESCOT 6571

——M.R. SUPPLIES

ofter FROM STOCK tbe following brand new PUBLIC ADDRESS and ELECTRICAL
MATERIAL of our usual dependable quality, All prices nett cash.
BOTHERMEL D.104 PIEZO-CRYSTAL MICROPHONES. The well-known original
plated model, in makers’ boxes, 150 only at £4 18 6 each. Early application advis-
ablc as these will soon be sold. (We are still able to supply our speciai kouckle-joint
model, as previously advertised, at 72/6 each.)
ROTRERMEL-BRUSH SPECIAL MINIATURE MICROPHONES, Oaly 1#in. dla.,
but capable of very high performance. In aluminium housing with short scresned
lead, but with no front grille, Although made for deaf-aid, these are sultable for
public address, recording. and all other uses. 27/8. Very popular offer ; hundreds
in use. Instructions with each.
G.E.C. MODEL 2283 MOVING COIL MICROPHONES, Response levet 80-9,500 c/s.,
eenaitivity—60 db. In superior chromlum housing with back terminals and tmountiog
boss. Imped., 15 ohms A few left at £5 18 6 each.
MICROPHONE FLOOR STANDS. Collapsible type. 5tt. 6in. to 21t., chromium plated,
to suit all microphones listed above (except 27/6 model), 37/8.
PUBLIC ADDRESS SPEARERS. Latest model G.E.C., brand new. Immediate
delivery from stock held here. 10-watt PROJECTOR TYPE comprising 15 ohm
P.M. unit and Round Metal Hom, 42in. long, £10 5 O (carr., 7,6).
The following'are offered to CALLERS ONLY : Same Unit as above with 42in. Horn
saabave, but with compressed fabric flare, £0 8. Also same Unit with S0in. dispersive
Horu. tabric flare 21in. squsre, £8 17 8. Any of the above supplied with 1688 12-
watt Unit at €2 extra. Also a few G.E.C, 8emi-Projector types with enamelled
wooden horns, handling 8 wattas, d-hand, perfect, at £5 15 each. We have the
finest range of P.A. Speakers available at the moment.
STAGE DIMMERS, Constantly rated and all with carbon break flicker switch and
** off ** position and all brand new. For controlling stated load from full bright to
black-out. With Slider control, 1,000 watts, £4 10 6: 1,500 watts, £6 6. With
Screw Motion Drive and Handwheel, 1,000 watts, £6 6: 1,500 watts, £7 15.
(Part carrlage on any one, /- in returnable crate.)
BLIDING RESISTANCES. 100 watta. Fully enclosed housing 8}in. long. Following
range: 4 ohms 5 amps., 10 ohms. 3 ampa., 100 ohms 1 amp., 200 ohms 0.7 amp.,
400 ohms 0.6 amp., any one 22/8. Any other values made up to order against
Government privrity only. Qulck delivery. .
MEASURING INSTRUMENTS by Weston, Ferranti, Elliott, etc. (We cannot select
particular maker, but will do our best.) Housing, 2}in. square flange, flush panel
wtg., requiring 2in. mounting hole, black bakellte with back terminals. M/COIL
MILLIAMMETERS, 0/150 milllamps, 32/6. In same size and style, THERMO-
COUPLED M/COIL AMMETERS, 0/2} amps. These are ideal for charging panels,
model railways, etc., and have the advantage of reading accurately on D.C. or any
frequency of A.C, Very useful instruments, 37/68. These meters are all second-band
ex-Govt. and are in excellent condition and lab. tested. Many important buyers.
RELAYS. Compact enclosed model with 4-12 volt D.C. coil and single-pole * make **
switch, 6/6.
STEP-DOWN MAINS TRANSFORMERS. Tapped primaries, 200/260 v. Secondary
7, 11 and 15 volts at 2 amps, 15/6. Secondary 12 and 17 volts at full 5 amps., 45/-.
TOGGLE PRESSES as advertlsed in April issue. A few more now avaliable, £30
nett. Details on request.

Please estlinate packing and post where not stated.

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

e —

Mavy, 1043

AND
DIELECTRIC MATERIALS

Cable, Condenser, Coil, Transformer and Resistance
impregnating, dipping, sealing, filling and finishing.

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

TELEPHONE : WEST DRAYTON 2189

ASTOR BOISSELIER
& LAWRENCE L

MIDDLESEX OIL & CHEMICAL - WORKS

WEST DRAYTON, MIDDLESEX

et N
Resistors

ON ALL GOVERNMENT LISTS

ERG RESISTORS LIMITED
1021a, INCHLEY ROAD, LONDON, N.W.11

BASICALLY B p R
et 4 /1'.,‘ /’”"

isthe b

WUnequalled

H.F. PROPERTIES

TRANSRADIO LTD. Inc TELEQUIPMENT CO. 16 HIGHWAY. BEACONSFIELD.
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ONE IN A THOUSAND

Ten years ago we introduced the first British-made low-loss ceramic. To-day
the range of FREQUENTITE components covers more than a thousand
pieces of every shape and size.

With such a store of manufacturing experience we are able

to offer advice backed by practical knowledge on your insula-

tion problem. Please consult us before you finalize your design.

STEATITE & PORCELAIN PRODUCTS LIMITED

Head Office: Stourport-on-Severn, Worcs.  Telephone: Stourport 111.  Telegrams: Steatain, Stourport.

S.P.19
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'AYLORMETE

A NEW 38 RANGE
UNIVERSAL METER

Sensitivity — 1,000 ohms per
volt on ail voltage ranges.

D.C. VOLJO%. 7 rangesfrom 0—0.25 to
¥
| A.C. VOL'OTO% 6 ranges from 0—2.5 to

| i

| OU'l'I‘U'(l;o S ranges from 0—2.5 to
S

D.C. CU RRENT S ranges from 0—1|
mA to 2.5 Amps.

A.C. CURRENT. 5 rangesfrom 0—I
mA to 2.5 Amps.

RESISTANCE. 3 ranges from { ohm
to | megohm with internal
battery. °

RESISTANCE. | range from 1,000
ohms to 10 me;ohms with ex-
ternal 60 volt battery.

DECIBELS. 6 ranges from —22db to
plus 60 db

METER. 5 Scales covering A.C. and
D.C. Measurements and also
Ohms and Decibels.

SCALE LENGTH. Outer scale is 3}
inches long.

In addition to Standard
Amplifiers the activities of
Acoustical include Special
Amplifiers for Industrial
Applications, Microphones,
Transformers, Coil Winding,
Sheet Metal Work, Stampings,
Switch Assemblies, etc.

AcvUsTICAL

MANUFACTURING Co.Lro.
HUNTINGDON* TEL: 361

TAYLOR MODEL 90
Supplied complete with leads
and test prod, internal battery

and instruction book.

£11-11-0
TAYLOR ELECTRICAL INSTRUMENTS Ltd.

Montrose Avenue, Slough, Bucks.
Telephone : Slough 21381

| British made by

JAYLO
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I.F. TRANSFORMERS

KURZ-KASCH
RADIO KNOBS—DIALS
INSTRUMENT KNOBS

NOT only are modern plastics

materially helping to win
the war, but they will also help
in designing those better post-
war days.

We patiently await the time when
we shall once again be able to
help equip your radio receivers
and instruments with those well
designed and good looking
mouldings and, no doubt, with
other items resulting from plant
expansion and new developments.

Register your name with our Representative
now. He will forward you information on our
products as soon os they become available.
KURZ-KASCH INC.
Moulders of Plastics,
DAYTON, OHIO, US.A.

ek xclusively Represented by

Qggry NS

\\'hon It comes to horses, pi(\k-
ing ’em out with a pin” is
prolmbl\ as good a method as
any. And the < e mc, Mcenie ™

way is the only way in children’s
games.  But in the choice of
transformers, taking chanees is
not worth the risk. It is an
clement that has no place in the
manufacture of any Gardner
product and its absence is par-
ticularly noticeable in the range
of Small Power Transformers up
to 4+ kva. So when next you
need this type of component
and the specification says in
cffeet, *no * Eenie, Meenie,” "
please ask for our co-operation.

We regrel that at present Small Power Trans:
formers are available for highest priority orders
only.

|

]

of all types

AERIAL&OSGILLATOR COILS

TRIMMER & PADDER
CONDENSERS

“SILVERCAP’* CONDENSERS
COIL FORMS, etc.

Our increased manufacturing facilities,
our added knowledge in the production
of equipment for the Allied forces, will
benefit you in due course.

We are making many specialised and
are happy to assist In winning that

final unconditional surrender of the enemy
forces.

Sickles transformers, colls, trimmers and
many new parts will be ready for you
again as soon as conditions permit.

Register your name with our Representative
now. He will forward you informationon our
products as soon as they become availoble.

The F.W. SICKLES Co.
CHICOPEE,
MASS., U.8.A.

———E xclusively Represented by.
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Frank Heaver Ltd. Sungeatt foncs

ALAAAAAAALAAAAAALALAA

Frank Heaver Ltd. Kingsiey Road.

Bideford, N. Devon
hossssdsaccadsdcsssas

GARDNERS RADIO LIMITED | Devon

SOMERFORD e CHRISTCHURCH & HANTS !
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VALVES, Lease-Lend American typesat B.O.T.
controlled retail prices. For replacement
only. 1A5, 1C5, 1H5, 1T5, 5Y3, 6A8, 6F5,
81’6, 8)5, 6]J7, 6K7, 6Q7, 65A7, 12A7, 1248,
12K5, 12J7, 12K7, 12Q7, 1223, 125A7,
1237, 12SK7,
2528, 3217, 35L6, 3524, 3525, 36, 47, 501.6,
70L7, 83,

Also British valves at manufacturers’ list
prices. AC/ME, AC/VP2, ACTP, CI4,
ECH3, ELH3, EL35, EF39, FC13, KT33C,
KTW61, TDD4, UU6, UU7, VP41, X63, X65.

LOUDSPEAKERS. Rola P.M. 3 ohm voice
coil, with pentode output transformer, bin.,
24/6 ; 64in,, 27/6 ; 8in, 32/-. Without
transformer, 5in., 19/8 ; G}in., 22/6 ; 8in.,
25/8. Celestion 8in. P.M., with transformer,
27/8. R.G.D. 10in. energised moving coil,
1,200 ohm field, 2.5 ohm speech coil, corru-
gated cone, without transformer, 30/- each.
With heavy duty multi-ratio matching
transformer, 42/-. "Any of the above can be
supplied with multi-ratio output transformers,
add 5/- per unit,

LOUDSPEAKER TRANSFORMERS. Philips
Pentode 45 m.a., 5/6 ; Philips Heavy Duty
Pentode, 60 mn.a,, 8/6 ; H.M.V. Multi-ratio,
100 m.a., 10/8 ; Cossor output multi tap,
60 m.a., 10/8 ; Universal output and push-
pull, 60 m.a., 12/6.

MAINS TRANSFORMERS. 210/230/250, 350-0-
350, 70 m.a,, 6.3v,, 1.5 amp., 4v.,, 2.4 amp.,
28/6 ;  200/230/250, 300-0-300, 100 m.a.,
6.3v., 3 amp., bv., .2 amp., 35/«

AUTO TRANSFORMERS. Step up or down,
110/230v., 75 watt, 27/6 ; 110/210/220/240v.,
100 watt, 32/6.

VOLTAGE DROPPING RESISTORS
AND LINE CORD REPLACEMENTS

Snitable for every make of radio receiver, comprehensive

rsnges mentioned below.

950 ohm .2 amp. Chassis mounting, heavy duty on porce-
Iain former, 2 adjustable tappings, 8 6 each ; as above,
K00 ohm .3 amp., 8/6 each,

.2 amp. 675 ohm, tapped 100, 100, 425 and 50 ohms,
suitable for Ekco and other makes, 4/- each,

2 amp. 840 ohm, tapped 100, 100, 475, 115 and 50 ohms,
for Ekeo, ete,, 4/=,

22 amp. 945 ohm, tapped 100, 100, 100, 545 and 100 ohms,
for Halcyon, ete., 4/6.

.2 amp. 785 ohm, tapped 50, 50, 50, 50, 50 and 535 ohma,
for I'ye, Lissen, etc., 4 6.

2 amp. 510 ohm, tapped 60, 105, 85 and 260 ohms, for
Cosanr, ete., 4 6.

.2 amp. 660 ohm, tapped 150, 360, 120 and 30 ohma, for
Pilot Major Maestro, etc., 4 9.

.3 amp. 547 ohm, tapped 80, 80, 387 ohms, for Ferranti,
ete., 7/8.

.3 amp. 1,014 ohm, tapped 82, 82, 320 and $30 ochms, for
Double Decea, 7 6.

.3 amp. 781 ohm, tapped 45, 45, 332, 166 and 193, for
Fergusen, ete., 9/6.

.3 amp. 823 ohm, tapped 45, 48, 290‘ 166 and 277 ohm,
for Ferguson, etc., 9/8.

.3 amp. 660 ohm, tapped 150, 360, 120 and 30 ohms, for
Pilot Little Maestro, etc., 8/6.

SPECIAL HEAVY DUTY RESISTORS, 5-watt, for blas,
etc., all values from 25 to 2,000 ohm, with copper
clips, 1/9 each.

Similar to above, but 10-watt, 2/3.

SPECIAL 2.2 ohm Resistor, for converting dry battery seta
for use with 2-volt accumnlator, 2 §.

50 ohm centre-tapped Resistor, tapped at 25 ohm, for pilot
lamps, 2'-

S8PECIAL VOLTAGE DROPPING RESISTANCE, for
Electric Razors, 1,150 ohm, 2/8,

- amp. LINE CORD RESISTOR, 360 ohm, 6/ ; .3 amp.
LINE CORD RESISTOR, with slider, any resistanre
obtained up to 750 ohm, 7 9.

SPECIAL MULTI-LINE CORD RESISTOR, 5 tappings 50
ohm, [ tapping 750 ohm, with slider, .2 amp., 8 6.

BARRETTER VALVES, TYPE C.1, .2 amp., 8'6 each.

WIRELESS WORLD

¢ LINAGLOW LIMITED «+

125Q7, 25A6, 25A7, 25L6,°

SPECIAL OFFER of SERVICE KiTS
as follows

No. 1.—1 8x8 mfd. tubular can-type electro-
lytic condenser, 500 v.d.c.w., 25 assorted silver
mica wire-end condensers, 25 assorted }, }§ and
1 watt carbon wire-end resistors, 25 assorted
1-, 2- and 3-gang LF. and aerial trimmers.
£1 7 6 per kit.

No. 2—3 8x8 mid. tubular can-type electro-
lytic condensers, 500 v.d.c.w., 100 assorted
silver mica wire-end condensers, 100 assorted
1, § and 1 watt carbon wire-end resistors, 50
assorted 1-, 2- and 3-gang I.F. and aerial
trimmers,. 50 assorted wire-end tubular paper
condensers, 3 assorted volume and tone controls,
£4 12 6 per kit.

No. 3.—6 8x8 mfd. tubular can-type electro-
lytic condensers, 500 v.d.c.w., 200 assorted
silver mica wire-end condensers, 200 assorted
$, § and 1 watt carbon wire-end resistors, 100
assorted 1-, 2- and 3-gang LF. and aerial trim-
mers, 100 assorted wire-end tubular paper
condensers, 6 assorted volume and tone controls.
£8 8 0 per kit.

No. 4. -DE LUXE SERVICE ENGINEER'S KIT.
15 8x8 mfd. tubular can-type electrolytic
condensers, 300 v.d.c.w., 3 8 mfd, tubular can-
type 500 v.d.cw,, 2 32 mfd. aluminium can-
type, 350 v.d.c.w,, 1 16 mfd, electrolytic con-
denser, 350 v.d.c,w., 3 32 x 32 tubnlar electrolytic
condensers, 175 v.d.cw.,, 1 30x50x2 block
electrolytic condenser, 15/550 v.d.c.w., 1 50x
50 x 12v, Mallory type condenser, 500 assorted
silver mica wire-end condensers, 500 assorted
1, 4 and 1 watt carbon wirc-end resistors, 250
assorted 1-, 2- and 3-gang L.F. and aerial trim-
mers, 100 assorted wire-end tubular paper
condensers, 30 assorted wire-end wire wound
resistors, 15 assorted volume and tone controls,
with and without switch, 1 pentode output
transformer, 1 multi-ratio output transformer,
1 push-pull output transformer, 3 rolls insulating
tape, 6 assorted line cord replacement resistors.
£29 10 0 per kit.

ROLA 10in, P.M. corrugated cone loudspeakers,
without transformer, 30/- ; with pentode output
transfornier, 3 ohm speechcoil, 37/6 ; with
multi-ratio output transformer, 42/,

RADIO CABINETS. \alnut venecred, attrac-
tive design, dim. 19in, x 12in, x 10in. Dial
aperture 5in. X 7in., drilled for tuning tone
and volume controls, 39/8 cach.

RADI10 CABINETS. ‘Walnut veneered, suitable
for extension loudspeaker, dim. 9in. x 7in, X

7in. DBargain, 10/6 each.
WALNUT VENEERED LOUDSPEAKER
CABINETS8. Modern design, fitted silk and

baftle, suitable for 8in. or 10in. speakers, 35/,

DE LUXE WALNUT VENEERED CABINET.
Suitable for American Midget sets. Qverall
dimensions, 14in. x 7in. X 8in., drilled three
hole, 32/6 each.

BATTERY LEADS, 4-way, with Wander plugs,
best quality, 1/3 each,

‘ CALLERS to Show Rooms,

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

4 PLEASE NOTE ¢

21

ELECTROLYTIC CONDENSERS. We have
many types and sizes in stock. Send us your
requirements. To mention a few—16x 16,
16x 8, 32x32, 25x12v., 25x25v., 24xX8,
6 mfd., 6x 6, 5x 5x35v., 50 x 50 X 2, 50 X 50 x
12v,, etc.

TUBULAR PAPER CONDENSERS, 350-500v.,
D.C. working, .00005,.0001, .0003, .0006 mfd.,
4/- doz 001, .0015, .002, .003, .004, 8/- doz. ;
AL 025, .03, .05 mid., 7/- doz. ; .08, .1 mid.,
12/- doz.; .15, .2, .25, .3 mfd., 15/6 doz.;
.5 mfd., 18/- doz. ; or assorted parcel of 50 for
27/6. Minimum orders, 1 doz. any type.

FIXED CARBON RESISTORS.
assorted and useful values.
1-watt, 30/- ; l-watt, 36/- ; 2-watt, 55/- per
100. Minimum orders, 50 assorted, As-
sorted parcel for £3. Contains 25 }-watt,
50 f-watt, 50 1-watt, 25 2-watt, 10 3-watt,

Wire ends,
}-watt, 24/-;

FIXED WIRE WOUND RESISTORS. \Vire
ends, 4-watt (500, 1,000, 3,000, 4,000 and
5,000 ohm only), 110/- ; 10-watt {800 ohm
only), 150/- per 100. Minimum orders, 12
of any value.

SILVER MICA CONDENSERS. Flat wire end.
Assorted and useful values, 17/6 per 100 (not
more than 5 alike).

LOUDSPEAKER FRET8, coppered
8}in. x 7in., 3/6 ; 10in.x 16in., 10/6.

brass,

I.LF. AND AERIAL TRIMMERS.
and useful values for 2/8.

12 assorted

VOLUME CONTROLS. 5,000, 10,000, 25,000,
50,000, 100,000 ohm ; %, §, 1 and 2 megohm,
without switch, 4/9 each. As above, with
switch, 8/9 each,

FLAT FLEX, 9-way, 14/36, 18/20ft. lengths,
suitable for amplifiers, extension speakers,
remote control and many other purposes.
Finest quality pre-war manufacture, 7/6 per
coil.

OSRAM TUBULAR PILOT BULBS, 6.2v., .3amp.
MIiS or B.C., Round, 1/- each, including tax.

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

INSULATING TAPE. Best quality British and
American manufacture, }in., }-lb. reel, 9d. ;
tin., §-1b. reel, 1/4 ; 2in,, 1 Ib, reel, 2/3.

AMPHENOL OCTAL CHASSIS MOUNTING
VALVE HOLDERS, 1/3 each. 7-pin Chassis
Mounting Valve Holders, 6d. each.

l..:'. /guox:s. 20 hys., 100 m.a., brand new,
8/9.

EVER-READY QUICK-START CAR BATTERY,
6 volt, new, in metal container, with carrying
handle, 12/6 each, plus tax.

DPDT SWITCHES, pancl mounting, P.O. type,
2/6 each.

SCREENED INTERLACED FLEXIBLE MICRO-
PHONE CABLE, pre-war quality, single, 1/3 }
twin, 1/8 ; triple, 1/9 per yard,

SPECIAL OFFER.—C.A.V., 60 volt H.T.
Accumulators, type G.103, 35,000 m.a., at
1,000 hour rate, in sirong carrying case, with
handle, in used condition, as new, 25/- each.

When ordering replacement parts for American or British
Radios, please state Model No. and, it possible, forward
fanlty component with yonr order.

+ 3 ndd 4 lope ‘must all

anq;ﬂdel.
C.0.D. or CASH WITH ORDER.

4 POST ORDERS to Dept. M.0.7,
3 HAMPSTEAD LANE, N.6.
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No passengers

CIENCE is discouraging the barnacle. There is no room
for “passengers” on the smooth surface of the stream-
lined age.

Industry, too, distinguishes an AEROCESSORY from
an accessory. It knows the AEROCESSORY as a revolutionary
product which, far from being an adjunct, is conceived and
designed specifically to solve a vital need of production and
is blue-printed as an integral part of the whole.

The AEROCESSORY, moreover, is a product sired
by the high limits of precision engineering essential to thc
exacting needs of aeronautics —standards which are becoming
every day equally appreciated by all industry in this the*Air Age.
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PLANNING

Through the whole wide sweep quhilips activities in the

field qf‘ electricity there is evidence of inspired planning
not for the moment only, but also for those needs
which will depend on discoveries and developments yet to

emerge from the laboratory and the drawing board.
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Broadcasting After the War

Some Problems

HEN the war ends, one of the basic

problems—if not the basic problem—of

the wireless industry will be to find the
best means of employing the vastly increased pro-
ductive power which it has acquired during the
war years. Given post-war economic conditions of
the kind we all hope to see, there will certainly be
great expansion in all fields of radio, but there is
no doubt that, with proper organisation, the in-
dustry will be able to meet all the demands made
upon ft.

The various problems with which the industry

will be faced are already being considered in
detail, and, more than a year ago, the Radio
Manufacturers’ Association appointed a Committee
whose task it was to prepare suggestions; these
were published as a part of the recent R.M.A.
Annual Report, to which reference is made else-
where in this issue.

The Committee’s suggestions emphasise the
dependence of the broadcast section of the industry
on the transmitting side, particularly with regard
to the technical means to be adopted after the war
for distributing programmes.  Throughout the
report one can detect a feeling of uneasiness that
future developments may react unfavourably on
the industry. In particular, the possibility that
wire distribution may take the place of ““space’’
broadcasting is clearly viewed with apprehension.

There are obviously some grounds for these
fears. It is stated in the report that ‘“discussion
with G.P.O. officials seemed to suggest that they
favour the development of a wire broadcasting
system in this country. It is not contemplated,
however, that this will be developed to the exclu-
sion of individual reception through space, and the
continuance of both systems side by side seems
certain.””  Apart from this, we know that the idea
of wire broadcasting is still having influential sup-
port in other quarters. On the other hand, strong
opposition is also forthcoming, but most of the
objections voiced by the industry leave too many
loopholes, and would fail to convince an unpre-
judiced arbitrator.

Our own opposition to wire broadcasting is

of the Industry

founded on a rather different basis. When the
subject last became pressing, in January, 1942, we
ignored the purely technical arguments for and
against, and were prepared to admit—but only for
the sake of argument—that wire had all the virtues
and none of the vices of wireless. But we main-
tained—and our conviction has since been strength-
ened—that, whatever may happen in the distant
future, the world is not ready for the wire system.
The freedom of wireless broadcasting is real and
worth struggling for : after the war, it must, during
the reconstruction period, have every chance to
play its part in founding a permanent peace.

Data for Planning

Apart from the fundamental question of wire
versus wireless, other important questions as to the
means of broadcast transmission will arise. For
example, we have been promised at least an ex-
perimental frequency - modulation transmission :
has America’s experience led us to believe that it
would be desirable to provide a nation-wide ser-
vice as soon as possible? What standards are to
be employed in our post-war television service, and
does the B.B.C. intend to devote to television
such a proportion of its revenue that it will become
comparable in importance to sound broadcasting ?
These factors would profoundly affect receiver
manufacturing programmes. Without advance
knowledge of what is going to happen, it is clearly
impossible to plan production efficiently ; indeed,
to plan it at all. In our view, lack of long-term
*planning will react, during the post-war era, to the
disadvantage of both industry and public. At
present, the industry learns of impending changes
in transmission methods merely as a matter of
courtesy ; not as a right. :

Consideration of these questions, and many
similar ones that arise, forces us to the conclusion
that the voice of those who make the receivers
should be heard at the councils of those who plan
the transmission services. Reception and trans-
mission are complementary ; without co-operation,
neither can function at its best.
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INTERFERENCE FROM POWER LINES

Its Nature and Extent

ARTLY owing to the fact that
there is, in the ordinary sensc,
no method of suppression, and

partly because radio engincers and
power engineers do not always
appreciate each other’s difficultics,
radio interference from high-voltage
power lines presents a difficult
problem. When a case of power
fine interference arises the radio
engincer may notice audible or
visible discharges on the line in-
sulators, and hc frequently dis-
misses the matter by remarking
that the line is “ under-insulated.”
The power engincer, on the other
hand, knows that the line is ful-
filling its primary purpose effici-
ently, and is unable to sec why
slight ““ corona ” or * brush dis-
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Fig. 1. Cap-and-pin insulator unit
(Bullers) A, porcelain shell ; B, steel
pin ; C, malleable cast iron cap.

charge,” involving a negligible leak-
age current, should cause the dis-
turbance. Moreover, he knows that
the complete elimination of all
discharges on high-voltage lines
is not possible under humid weather
conditions even with a generous
level of insulation, and the best of
modern insulators. It is the object
of this article to attempt to present
the problem of radio interference
from the dual point of view of one
interested both in radio and in
power engincering ; the character-
istics of the interference will be
described and possible remedial
measures will be discussed.

It must be emphasised at the
outset that power lines are not
major sources of radio interference.
Gill' and Whitehead*, for example,
report that in an analysis of 1,000
cases taken at random, only 2 per
cent. were due to overhead power

* Journal LE.E, 1938, Vol. 83, p. 345. o

By J. S. FORREST,
M.A., B.Sc., F.inst.P.

In a recent paper* before the
Institution of Electrical Engineers
on “ The Characteristics and
Performance in Service of High-
Voltage Porcelain Insulators,’ the
writer of this article described
some investigations which had
been made on power line radio
interference. The article is based
on the information given in the
paper and the ensuing discussion

lines. The subject has nevertheless
received much attention, due partly
to the fact that when cascs do arise
suppression may be impossible,
and partly because the elimination
of the fundamental cause of power
line interference would, ipso facto,
result in an improved insulator in
other respects.

Types of Interference

It is convenient to classify power
line interference into ‘‘ mnormal "’
and “ abnormal "’ interference. The
interference which is inseparable
from the operation of high-voltage
lines, cven with all the power
system equipment in perfect order.
is termed ‘‘ normal ” interferencc.
“ Abnormal ” interference, on the
other hand, is due to some abnormal
condition or fault on the power
equipment which gives rise to
spark discharges. Such discharges
may be produced by inadequately
earthed metalwork or faulty con-
ductor joints. As an example of
“ abnormal ' interference a case
may be cited in which a spare con-
ductor on a high river crossing was
not efficiently connected to earth.
A charge was induced on the spare
conductor duc to its proximity to
the live circuit on the same towers,
and a small spark discharge
occurred from the conductor to
earthed metal. Thus the arrange-
ment constituted quite an efficient
spark transmitter which caused
widespread interference with broad-
cast reception. Although intense
interference is produced jn such
cases, it does not give risec to a

. _Jbumal I.ﬁ., 1942, Vol. 89, Purf if, P. 60.

scrious problem because the local
tion of the cause is comparatively
casy. “Normal ” interference
which is an inevitable concomitant
of the operation of power lincs,
cannot be dealt with so casily, how-
cver, and it is with this type of
interference that the remainder of
the article is concerned. *“ Normal
interference is generated by the
line insulators, and it may be help-
ful to describe briefly the various
types of insulator used on high-
voltage power lincs.

Porcelain or glass is used for
high-voltage line insulation, and
the most widely used type of insu-
lator is the cap-and-pin unit;
details of a typical unit are shown
in Fig. 1. Various numbers of such
units are assembled in series in
strings, a string of two or threc
units being used for 33-kV lines, and
ten units for 132-kV lines.. Cap-
and-pin units are suitable for usc

10'2"01a

Fig. 2. 33-kV pin-type insulator

(Taylor, Tunnicliff & Company)

A, porcelain shells ; B, steel pin ;
C, line conductor

both at suspension positions in
which the insulator string hangs
vertically, and at tension positions
in which the string is horizontal.



For voltages of 33 kV and below,
pin type insulators are commonly
uscd (Fig. 2) ; this type of insulator
consists of a porcelain shell, or
several porcelain shells cemented
together, and is fixed to the pole
cross-arm by means of a steel
spindle. The line conductor is
. attached to the head of the insu-
lator by a wire binding. The pin
insulator is not suitable for tension
positions ; an insulator such as the

11-kV pin-type insulator
with metal cap (Pilkington Bros.)
A, toughened glass shells ; B, steel
pin; C, copper or aluminium cap.

Fig. 3.

cap-and-pin type which will sustain
the conductor tension must be used
at these points on the line. In
some cases pin insulators are pro-
vided with a metal cap to which
the conductor is attached, and
Fig. 3 is an example of a toughened
glass insulator of this type. The
only remaining type of insulator
which need be mentioned is the line
post insulator, shown in Fig. 4;
for the present purpose, the most
significant feature about this insu-
lator is that the capacitance be-
tween the conductor and ecarth is
lower than in the cquivalent pin
insulator.

Effect of Dampness

When high-voltage power lines
are in normal operation small
spark discharges occur on the in-
sulators, and these discharges, in
common with all spark discharges,
contain components of radio fre-
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quency, so that a radio frequency
disturbing field is radiated from
the line conductors. The intensity
of the discharges increases under
damp weather conditions, and when
the insulators become dirty. The
fundamental cause of the spark
discharges, and hence of the inter-
ference, is to be found in the elec-
trical properties of a porcelain or
glass surface. Such a surface will,
in foggy and humid weather—
particularly in districts subject to
industrial pollution or salt spray—
become coated with a conducting
film. The immediate effect of this
film is to reduce the surface resist-
ance of the insulator from, say,
1,000 megohms to 10 megohms.
There is, however, a further second-
ary cftect due to the fact that the
resistance of the conducting film

* is not constant but increases as the

applied voltage is increased. This
cifect inay colloquially be described
as being due to the ‘' drying-out”
of the surface film.

Now the voltage across an insu-
lator unit under humid weather con-
ditions is determined by the product
of the leakage current, and the
surface resistance of the unit. It
follows, therefore, that the poten-
tial distribution over a string of
units in serics becomes unstable,
as any tendency to depart from
uniformity leads to a still further
departure in the same direction.
The ultimate result is that, as the
humidity increases the distribution
of potential becomes highly irregu-
lar. For ex-
ample, Fig, 5
(a) shows the
fairly uniform
voltage distri-
bution which is
obtained on a
132-kV ten-unit
string under dry
weather con-
ditions, while in
polluted and
humid atinos-
pheres the
distribution
becomes very
irregular, as
shown in Fig. 5
(b). It will be
scen that on five
out of ten units
the voltage is
Fig. 4. Line post
insulator  (Lapp
Insulator Com-

pany, U.S.A))
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ncgligible, and, conscquently, four
of the remaining units are operating
at much more than their normal
working voltage. A similar argu-
ment applies to portions of the
surface of each individual unit so
that spark discharges occur on the
surfaces of the units, and also
across the highly stressed units.
The surface leakage current flowing
under such conditions is approxi-
mately 1 mA, although sudden
surges of current having a value
of approximately 50 mA occur
when spark-over of a few of the
insulator units in the string takes
place.
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Courtesy ** Journal 1.E.E."”
Fig. 5. Potential distribution on
10-unit insulator string. (a) Rela-
tive humidity 429, (b) Relative
humidity 959%,.

It follows from the preceding
discussion that the intensity of the
interference from a power linc
should be profoundly affected by the
weather conditions. In practice,
this is found to be the case; in
dry weather the interference is
negligible, while the interference
is most intense under foggy condi-
tions in industrial districts. Similar
conditions sometimes occur on lines
in coastal arcas due to salt spray.
These facts are expressed quantita-
tively in Fig. 6, which gives the
value of the interfering field under
a 132-kV line insulated with strings
of ten cap-and-pin units. The
measurements were made with a
Marconi-Ekco Type TF379 Inter-
ference Measuring Set.

The results obtained exhibit a
number of interesting features. It
will be noted, for example, that in
fog the interfering ficld increases
to one hundred times the dry
weather value, ie., increases by
40 db. For comparison purposes,
the field strengths (pre-war) of the
long wave and medium wave broad-
casting stations are also plotted on
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Interterence from Power Lines—
the diagram, and it is seen that for
a receiver situated under the power
line a background of interference
would be obtained on both these
stations in foggy weather. Further,
it would be impossible to receive
stations having field strengths of
less than 100pV/m. The results
_also show that the interfering ficld
decreases as the frequency increases,
so that transmission line interfer-
ence has relatively little cffect on
short-wave reception. This is in
sharp contradistinction to interfer-
ence due to motor cars, which is
most intense on short waves and
negligible on medium and long.
Fortunately, the interfering ficld
attenuates rapidly at right angles
to the line, and Fig. 7 gives the
results of some measurements made
at various distances from the line in
dry and in foggy weather on a fre-
quency of 1,000 ke/s.  (The approxi-
mate intensity of the interference

Wireless World

line, while at a distance of 100 yards
from the line the interfering field
has a value of only a few micro-
volts per metre.

It is extremely difficult to make
measurements even under the worst
weather conditions at distances of
100-150 yards from a power line
as the interference level is very low
and the noise due to the line is
difficult to distinguish from the
general background of noise due
to other sources of interference.
It seems, however, that the field
strength of the “ normal” inter-
ference at a distance of several
hundred vards from the linc must
be very low, and the writer knows,
of no well-authenticated case of
‘“ normal ”’ interference at distances
of morec than half-a-mile from a
line. It should be remarked that
although the interference is gener-
ated on the insulators it is propa-
gated with little attenuation along
the conductors, and so does not
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Fig. 6. Interfering field underneath a 132-kV line.

at other frequencies can be ob-
tained with the help of Iig. 6.) It
will be noted that at a distance of
50 yards from the power line the
interfering field in foggy conditions
is reduced to less than onc-tenth
(25 db. below) the value under the

vary greatly along the line. A
line therefore produces a band of
interference of uniform width, and
Fig. 8 may be helpful in visualising
this.

Interference due to 33-kV and
66-kV lines insulated with cap-and-

pin insulators is similar to that
which has just been described.
Lines insulated with pin-type in-
sulators, however, often give rise
to much more intense interference.
Moreover, this intense interference
occurs in dry weather, and may
decrease in wet or humid weather.
In this case, the interference is duc
to discharges between the conductor
or tic wires and the insulator head.
1f there is imperfect contact be-
tween the conductor and the head,
the charging current of the insu-
lator gives risc at the ‘point of
contact to a spark discharge which
produces intense interference. In
humid weather, on the other hand,
the insulator head is covered with
a conducting film, with the result
that these discharges may be re-
duced in intensity.

Investigating Interference

Cases of power line interference
present many pitfalls for the in-
expericnced investigator. The power
line is usually the most obvious
possible source of the trouble,
and many instances have occurred
in which it has been wrongly con-
victed.

For example, if a line insulated
with strings of cap-and-pin units
is involved it should be verified that
the interference is most intense in
humid weather, and that it varics
with frequency in accordance with
Fig. 6. Caution should be exerciscd
in coming to conclusions on the
variation of the interference with
frequency as the sensitivity of most
receivers varies considerably over
the various wave-bands, and a peak
in the sensitivity characteristics
of the receiver may casily be mis-

“taken for a peak in the intensity

of the interference. Receivers with
automatic gain control may algo
give misleading indications.

Cases are often reported in which
the power line is * proved *’ to be
the source of the interference on
the grounds that DF bearings
taken on the noise intersect on a
certain tower. It has been explained
above that the interfering field is
radiated from the whole length of
the line conductors so that DF
bearings in the usual sense cannot
be obtained, and any results of
this type arc likely to be spurious.

Finally, the investigator should
carry out a test in co-opcration
with the supply authority in order
to determine whether or not the
interference disappears when the
line is switched-out and earthed.



The results of this apparently
simple test must be interpreted
with care owing to the variable
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be applied to the power line, it must
be emphasised that it is useless to
make any modificafions at a single
pole or tower ; sev-
cral miles of line

60— — 1000 .
must be modified
if any benefit is to
be derived. The
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nature of most interfering noises,
and it is best to arrange for an
observer to make a continuous log
of the noise level while independent
arrangements arc made to carry
out the switching operations on the
line. By comparing the ohserver’s
log with the times of switching a
definite conclusion can usually be
rcached.

When the interference has been
traced to a power line, considera-
tion must be given to means of
climinating, or at least reducing,
the trouble. In casesof ‘ abnormal”’
interference the cure is usually
obvious when the source of the
interference has been located, but
there is, unfortunately, compara-
tively little that can be done when
‘“normal " interference is involved.
Sometimes, however, reception con-
ditions can be improved to some
extent by the application of reme
dial measures cither at the re-
ceiver or on the power system.

If a site can be found for the
acrial sufficiently remote from the
power line (see Figs. 7 and 8) to
give the desired signal-to-noisc
ratio then satisfactory reception
can be obtained by using a screened
aerial feeder, and by screening
thoroughly the receiver and its
power supply. Improved reception
conditions can also be obtained
when it is possible to increase the
strength of the received signals, or
to work on a higher frequency.
In addition, frequency modula-
tion should prove beneficial.

Regarding measures which can

for technical rcasons. An improve-
ment can often be effected by clean-
ing the insulators, although this
improvement is clearly temporary,
and it is usually difficult for the
supply authority to arrange for
insulator cleaning at frequent in-
tervals.  Insulators incorporating
an oil bath have much improved
radio interference characteristics
in humid weather, but, for obvious
rcasons, this type of

insulator is not fa- |
voured by trans-
mission linc engi-
ncers. Further, it
is not applicable at
tension positions.
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the cnergy in the spark discharges,
and consequently, the interference,
is reduced. The interference from
ordinary pin-type insulators can
also be reduced by the use of a
conducting paint, or conducting
glaze, on the head of the insulator
in order to climinate spark dis-
charges at this point. These
remedial  measures  are, how-
ever, all palliatives rather than
cures.

It has been explained that the
fundamental cause of the ** normal”’
type of interference lies in the
highly irregular potential distribu-
tion which occurs on a vitreous
surface in a humid atmosphere.
Under such conditions, the poten-
tial distribution may become so
non-uniform . that the insulator
gives rise not only to radio interfer-
ence, but may even flash-over and
interrupt the clectricity supply.
The ideal insulator would be one in
which a uniform potential distribu-
tion was maintained under all con-
ditions, and it has been shown
by full-scale tests that this end can
be achieved if each unit or clement
of a complete insulator is given a
fixed and relatively low value of
resistance—of the order of 1 meg-
ohm per kilovolt of applied voltage.
One method of manufacturing such
“ stabilised ” insulators is to use a
glaze having a suitable value of

7777,
V/m

The line insulation

Fig. 8. Interfering

field contours in dry

weather and in fog
at 1,000 kc/s.

may be increcased by adding
extra units, but a limit is soon
rcached due to the reduction in the
clearance between the conductor
and the tower, and the improvement
in interference obtained by this
method is usually disappointing.
In the case of lines insulated with
pin-type insulators, some improve-
ment can be effected by using in-
sulators with metal caps (Fig. 3)
or by installing line post insulators
(Fig. 4). The latter type of insu-
lator has a much lower capacitance
than the normal pin type so that

resistivity, The development of a
glaze with the required properties
is a difficult ceramic problem, but
it is anticipated that a satisfactory
solution to the problem will be
found before long. The stabilised
insulator will not only be a great
improvement from the point of view
of the power engineer, but will also
be ““interference-free.” Radio en-
gincers can therefore be assured
that insulation technicians are doing
everything possible to bring this
development to a satisfactory con-
clusion.
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Tuned Circuits .at Audio Frequencies

HE tuned circuit is not in
such general use at audio
frequencies as it is at radio

frequencies, but there are occasions
when a parallel or series tuned cir-
cuit has application in the audio
range, and the purpose of this abac
is to reduce the labour of computa-
tion. It is especially useful when a
number of calculations have to be
made. Such a case might arise in
the design of an audio test oscillator
to give a number of fixed frequencies
by switching a number of condens-
crs in rotation into circuit with a
fixed inductance.

The chart is based upon the
almost universally known formula :

1

2w \/LC

However, it is sometimes not fully
rcalised that this formula is only an
approximation of the gencral rela-

tion :

1 1 r:

I

2w 1. 4L
A little calculation will show that
the error introduced by neglecting
the resistance » of the coil will,
except for very accurate work, be
quite unimportant. Even when
the “ Q" of the coil falls to 4, the
tuned frequency as calculated by
the approximate formula is still
within 1 per cent. of the truth as
given by the cxact relation; and
when the “ Q" falls as low as this
the exact resonant point becomes
rather indeterminate, as the reson-
ance curve beccomes very ' flat.”
Nevertheless, for accurate work it
should be remembered that the
chart gives only the approximate
answer.

The uses of tuned circuits at
audio frequencies are various, and
cxamples that spring immediately
to the mind are audio test oscillators,
detectors for AC bridges, selective
amplifiers for varieus purposes, and
tone-control circuits. Possibly their
widest use is in the last-named appli-
cation. Tor example, it is quite
feasible to introduce a tuned circuit
resonating at about 8,000 cfs to
boost the treble previously cut by
the selective circuits of a receiver.
This can also be arranged to give
a very sharp cut-off at about
10,000 c¢/s, with consequent bencfit,

By
J. McG. SOWERBY,
B.A, Grad. L.E.E;

(By Permission of the Ministry af Supply)

If, in addition, the tuned circuit
can be damped by a variable
resistance, variable boost can be
obtained, and with the increased
flexibility some improvement can
be expected in receiver performance
even under widely varying condi-
tions. One high-fidelity set of a few
years ago had a treble boost of this
nature (though without the vari-
able feature) in operation on radio
reception, with quite acceptable
results, in spite of possible transient
distortion.

There is no rcason, of course,
why a series circuit should not be
used to provide an attenuation when
and where required. Some pick-
up *“ stratch”’ filters come into this
category. Circuits have been de-
vised using a tuned circuit in con-
junction with positive or negative
fcedback to provide large gains or
attenuations in the audio range to
compensate for peaks or troughs in
the overall response curve due to
other components.

In the construction of tone con-
trol arrangements with tuned cir-
cuits there are onc or two practical
points which”are worth repeating
here. The coils should not, as a
general rule, be iron-cored compon-
cnts (unless iron dust cores are
used), because the iron core adds
materially to the cffective resistance
of the coil thus lowering the ** Q.”

ABACS WHICH HAVE ALREADY
APPEARED IN THIS SERIES:—
“ Output Transformer

Ratios" ............ccoineee

‘““Effect of a Screening
Can on the Inductance

|
)
'
E
Oct. 1942

Nov. 1942
“*The Characteristic Im-
pedance of Transmis-
sion Lines "’ ..............
** Attenuation of Trans-
mission Lines "’
“'Q’ of Quarter-wave-
length Resonant Line
““Length of Capacity-
loaded Quarter-wave-
length Transmission

Jan. 1943
Feb. 1943

Mar. 1943

Line "’ ... . Apr. 1943

A high “ Q "’ may casily be reduced
by a shunt resistance, whereas a
low ““ Q" cannot be raised without
the use of other components (such
as an cxtra valve stage with positive
fecdback). In addition, the coil
will have a varying inductance with
changing signal strength-—unless
very special alloys are used for the
core—and the resonant peak will
shift correspondingly. This may be
of importance in some applica-
tions.

The losses in the condenser side
of the circuit will, of course, add to
the cffective resistance, but in
general these can be ignored in com-
parison with coil losses. It is fairly
safe to say that at audio frequencies
all rcasonably good condensers
can be regarded as perfect.

Coming back to coils, there is
the question of hum pick-up. As
far as possible a coil used for tone
control should be well shiclded by
a screen or box of iron or magnetic
alloy, and it should not be placed
near transformers and chokes carry-
ing AC power. In cases where hum
is already present, relief can often
be obtained by orienting the axis
of the coil to a new position—to
be found by experiment. Finally
it only remains to emphasise the oft-
repeated advice to do the tone con-
trolling at an early stage where the
signal level is low.

Now for the chart. In this case
the operation is so simple that no
key is required. It is only neces-
sary to join the respective values
of inductance and capacity with a
ruler, and the tuned frequency is
shown on the centre scale. Simi-
larly, capacity and frequency, or
inductance and frequency, may be
used in conjunction to find induct-
ance and capacity respectively. A
single illustrative example should
suffice.

Example.

A slab coil of o-32 Henrys (320
mH) is to be tuned to 7,500 c/s for
treble boost in a receiver. What is
the value of the condenser required
for this set-up ?

Set the ruler on 0-32 on the in-
ductance scale at the right, and
7,500 cfs on the frequency scale, and
the answer is rcad off the right hand
capacity scale. It is o-oo14pF.
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Arranged in Order of Frequency

i i hical

stations listed are of comparatively low power, while others, owing to their geograp!
ofi’:;lolg ?)1petll'l:tintg frequencies and times of working, are heard in this country only under favourable condi-
?ions ’They are, however, included in order that the list may be as comprehensive as possible. Owing to
papel: restrictions this list cannot be repeated for some time. Any major changes will be noted in our pages.

4SHORT-WAVE BROADCASTING STATIONS

Station Call Sign Mc/s Metres Station ) l Call Sign Mc/s Metres

Acora (Gold Coast) Z0Y 4.915 | 6104 || British Oversea Service .. . | 6rRK 7185 | 417
\'gtican City .. uvJ 5_.970 50.25 Moscow: (gggg) - : 7:210 41:61
Moscow (U.S.8.R.) RNE 6.000 | 50.00 ?‘Iolscot: (558.K) vUCs 7210 | 416]
Mexieo City 50 5o XEBT 6.000 .:0.00 Sadcu a .(A n t,lra)]' ) VLQS 7990 s
Montevideo (Uruguay) .. CXA2 6.000 50.00 ; ‘: ,tr}eg' (() ustra. lsn vioe S S5 41,49
Colon (Panama) .. a5 HP5K 6.005 4?.96 Sn 1; vgrseaUesr Ac - o K e
Johannesburg (South Africa) ZTJ 8.007 4;).94 ABMI bmncllsiio' () S.AL) L .- VUB2 7940 A
Pretoria (South Africa) .. ZRH 6.007 49.94 SomFﬂy (In om e ) .. | puB2 Lot e
Pernambuco (Brazil) L oo | do0e tish Ovorses Service | . GSU 7.260 | 41.32
Sydney (Nova Scotia) CJCX 6.010 49.92 B;x{;ls Pversea 1eruce a0 ok S i
British Oversca Service .. GRB 6.010 49.92 LIm on ( Io:it.uga ) .- VUM2 7270 4127
Delhi (India) . YUb3 6.010 49.92 M M;;r'“l( ndia) 5a i SH il
Havana (Cuba) .. - COC oo | dn.92 Moo, m%;as? R - —_ 7.300 | 41.10
Moscow (U.S.S.R.) .. .. | Rwos 8.030 49.75 I\IQS?OIWé 8.8, S.) . . 2 e 7318 41,01
.ourenco Marques (Mozambique) | CR7AA 6.035 49.71 BInm;l sver'sea ervice . . .. i T st 079
Moscow (U.S8.8.IR.) ', .. — 6.040 49.67 kI.S. ol cix}'vslcg . o | B s
Boston (U'8-4.) . . - ?fvsl{&lll'. B toos || Pemey {’ic}e'(iu‘ W ) | Fosan 7.440 | 4032
British Oversea Service .. 55 H 9. B A o c 59 9.80
Philadelphia (U.8.A.) WCAB 6.060 49.50 :\\Ioscowt (gggg) .. ‘ l{]\i ;gig 39.76
Antananarivo (Madagascar) o o06s | 048 || domces (USSK) - 7.560 | 39.68
Motala (Sweden) SBO oo | 3948 || foseow (USS.R. - wnJ 7565 | 39.66
o e GRR. 6070 | do4z | Lobis (Angola) .- | créAA 7.614 | 39.40
British Oversea Service .. ] i . 9. - 00 o 770 38.61
Vancouver (Canada) CFKX 6.080 | 49.34 Mo'scoV;"‘(U.i.S.R.) | «ux ;;65 N
Cincinnati (U.S.A.) WLWO 6.080 49.34 Cm.ro ( ‘gypt) . - 8.035 37.34
Lima (Peru) 0AX47 6.082 | 49.32 ﬁe’-rf,"' (’Syrm[)J o - 8.050 | 3797
e e 3y NIFE s || Ah Moscow (U Ser ) ) RIA 8070 | 3717
Percira (Colombia JFK Y 9. 0.0 ‘RN2 188 36.64
'l'oronto((()nnﬂdn) .. CRCX 6.090 49.26 R&blt:] (MOI'O;‘CO) Y .- .- E%}bj :,’1195 g“.“
Cape Town (South Africa) ZRK g(;g{'i :g.fg (l‘jaséa\ alslg;-v(ic:enc orocco) .. S It 54.05
Moscow (U.S.S.R.) . — b b -D.4. . .o A s 348
Bound B(rook (U.S.A) .. WNBIt 6.100 49.18 San.tlago (Cuba) .. %;([212(2G gggg g:‘:AG
Fortaleza (Brazil) PRE9 6.105 49.14 Algiers .. s R‘ 0 - 8‘990 33.37
British Oversea Service . . GSL 6.110 49.10 Moscow (U.S. .R. _ 9.010 33.30

{harbarovsk (11.5.S.1R.) — 6.115 49.06 Moscow (U.S.S.R.) COBZ 9’030 33.22

e U Oxai’ | 3| oo i’&‘;‘é?ﬁnﬁ‘“}%‘;ﬂcg Eq. Africa) .. | FHK 9.320 | 3210
Montevideo (Uruguay) .. X4 R X 2 . °q. . . : .
Perth (Austr(a]in)l.’. .. VLW 6.130 48.94 Geneva (‘S\therl‘?m{} o . ;‘1(113"{1 3:32 gf%
Kuibyshev (U.S.8.R.) —_ 6.130 48.94 Dakar (French \q. Af .n_cn) b S e
Noumea (New Caledonin) FK8AA Bi;ig :ggé ﬁl;:'l:rl:ao(‘g:g?; Service .. C'OCII W ik
Moscow (U.S.S.R. . . —_— 8. § AV S . i )
l}:)xilu()(,'..(%.A,) .) .. | WBOS 6.140 48.86 British Overse? Service .. (,RE gzgg 3};(5)
Medellin (Colombia) .. | HIDE 6.145 48.82 Moscow (I'J.SI;S-R-) TAP 0.465 3170
British Oversea Service .. . (;;{}n’) 6.:58 :g.;g i\;r:el;atr‘: ()(;Idu(rueg)\ ! WCBX§ s 51,65

‘inni anada R 6.15 . N S c s g
}’\ell]l?rlt{: %l(r(t)m) ) ) .. | EQB 6.155 | 48.74 St. John’s (I\téw}fzoundland) VST g—ggg g}:gg
Kuibyshev (U.S.S.R.) . — 6.155 48.74 x\‘losco‘;,(U-Séh; -) .- XGOY 91500 5158
Quebec (Canada) ok . | CBFW 6.160 | 48,70 Chung 3ng (¢ '"ﬁ) " PRFS 0500 | 3158
Schwarzenburg (Switzerland) .. | HER3 6.165 48.66 Rio de Janeiro (Brazil) .. XEWW 9 500 3158
San Pedro (Costa Rica) .. .| TILS 6.165 | 48.66 Mexico City Bragin S S | g
Brentwood (U.S.A.) .. | WCBX§ 6.170 48.62 Rio de Janeiro (Brazil) .. GiE 0.510 1055
British Oversea Service .. .. | GRO 6.180 48.54 British Oversea Service .. PZWQG 9‘520 31.51
Bucnos Aires (Argentina) .. | LRA2 6.180 48.54 Moscow (US.S.R.) .. ZRG 0.523 5150
Scheneetady (U.S.A.) .. | WGEA$ 6.190 48.47 Pretoria (SOuthT éfnca) - S GEAL 9.530 3148
Vatican City .. . Vg 6.190 48.47 Schenectady (‘L S.A) LB 9.530 31.48
San Francisco (U.S.A.) .. .. | KGEI 6.190 48.47 Moscow (U.S.S.R.) Ay KGEL 0530 | 31.48
British Oversea Service .. .. | GRN 6.190 | 4847 San Francisco (U.8.4.) .. Vo2 953 | 31.48
Lisbon (Portugal) .| €S2WD 6.200 | 48,39 Caleutta (India) .. SBU 0535 | 5146
Havana (Cuba) .. .| cocw 6.320 47.47 Motala (Sweden) VPD2 0.535 31.46
Santa Clara (Cuba) .. | COM1 6.455 46.48 SUV& (Fiji) ST HERS 0.535 31,46
Guatemala City .. .| TGWB 6.480 46.30 Schwarzenburg (S“Hlller and) VLo2 9,540 3145
Geneva (Switzerland) .. | HBQ 6.675 | 4404 || Melbourne ( Austga ia) i M Sy |1 oot
Cairo (Egypt) .. .. | SUR 6.784 44.24 S'chwa‘uzen_burg {; wx{;zer and) KGEI G 2141
Moscow (U.S.8.R.) o — 6.975 | 43.01 8an lranclsgo‘(ks- DA = 9,580 3141
Kuibyshev (U.S.8.R.) . —_— 6.980 | 42.98 Moscow (U.8.5.R.) HVI 9.550 2141
Moscow (U.S.S.R.) . = 6.980 42.98 Vatican City .. VUB2 9.550 31041
British Oversea Service . . . | GRS 7.085 42,46 B?“’bﬂv}: (India) .. OAXAT 9562 31.37
Valladolid (Spain) .. .| FET1 7.070 42,43 Lima (I erl_x) SsRy & 9866 31,36
Tangier (Spanish Morocca) — 7.090 42.31 Kharbgro\sk (U.8.S.R.) WEOS G 5135
British Oversea Service . . GRM 7.120 | 42.13 Hul (U.8.A) .. . VOMS a570 | 3133
British Oversea Service . . . | GRT | 17150 41.96 Madras (India) Mo Rl
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Station Calt Sign ‘ Mc/s Motres statImT o Call Sign Mc/s Metres
. R S H COHL 11.765 25.50
O e Qs 9380 | 3132 || Moscow (USSR RNE 11.766 | 25,50
Sydney (dustralia) .- s 9.580 | 31.32 || Boston (U.S.\.) .. WRUL* | 11790 | 2545
Melbourne (Australia) Wiy 9. 128 || Santiago (Chile) . CB1180 | 11.800 | 95.42
Cincinnati (U.S.A.) WLWO 9.590 31.2 Santiag { S. - SN e 2542
Inclt A VUD4 9.590 31.28 Bntls!l Oversca Service .. 2 82 5.
belhi (India) .. : " 3128 || Colonia (Uruguay) CXAll | 11.820 | 2538
Uhiladelphia (U.8.4.) o 2000 | 3155 | Dound Brook (U8.1.) WNBIt | 11.820 | 25.38
British Oversea Service T 0600 | 3123 | Moseow (USSR) — 11.830 | 2536
Moscow (US.S.1v) ’ R 0000 | a1 || Detni indiny ) VUD4 11.830 | 25.36
Rio de Janeiro ( Brazil) .. ] RF5 o .‘”.;3 Brentwood (U.S.A) WOBXs e 2558
Cape Town (South Africa) A et0 | a1ss || et (Australia). . VLWV3 11.830 | 25.36
E::%Jrg:e(zgr})’sm li,i.ca) o Tt l;)('} 9:615 31.20 L ourenc(;)l\[nrqul(-s (\Imumblquv) 8?\'{_[;1" ,i{gig g;gg
g | oo . . b
Sydney (Australia) .. VLQ 9.6‘1)5 31.‘1.2?) }ASbg}rxlu(rst(,)?:E:tznlm) O 11.840 2o
Montevideo (Uruguay) .. CXA6 9.620 3119 s A W 11.840 B
Quebec (Canada) e ool I gt A (Brazil) PRF5 | 11855 | 9531
Bogota (Colombia) ooy o008 T e GSE 11.860 | 25.30
(é};ilonngil;l?ér(l(l}ghl::‘:; b‘\-:\g 9:640 31.12 Schwa.rz%nXllrg (Switzerland) {1’112;%55 “ggg gggg
Brentwood (U.S. A ) WCBX§ 9.6530 :{l.()!) IS( “l“ (U. A l.znlm) i 11:87() 55.2.7
Ytican City | - i %800 | 3166 %Ih:iy 2-\:1:tr;\lm) . VLQ7 11880 | 2525
Buenos Aires (-\rgentma) LRX 9.6 31 il b) ovek (USSR, ) N Tt e
Perth (Australia). . .. VLW5 9.665 ‘;:8-& l;r)‘:;da;ir:)ok . S- ) WN B e B2
Bound Brook ((’.S.;\.) WNBI+ 9.670 31, B e Urugnay) | og ok 1ooe B2
San Francisco (U.S.\.) .. KGEI 9.670 'i:g-; L?‘:‘a?;‘ll le)C' (Uruguay : Chne i e
avana (Guba) o 6:080 | 3095 || Moseow 1USSR) RNE 11900 | 2521
Teheran (lran) l':QC 9.6 30. o @ King (China) LAY S o
Mexico City . XEQQ 0680 | 080 || Shungk (BSS.R) — 11910 | 2519
Sydney (Australia) Yuas 3322 2008 || Revar (Morocco) CNR2 11940 | 2513
T () : S 9,685 | 30.98 Brazzaville (Fronch Eq. Afriea) E7L 11970 | 25.00
pritish Qe o LRAL 2600 | 306 lit;::(l‘:l:véversen Soevice GRV 12.040 | 2402
e (}}’2"\‘ "??"“““.’ WRUL* | 9700 | 3093 lritish Oversea Service ... GRE 12005 | 2480
Valparaiso (C hll(') CE970 g;gg ;83‘: :\(;;elrelrs - .. | le,‘ TR e
Forte-de-France (F.W.1. ) . = b : .96 Moseow (U.8.5. R ) r 12 1% 2418
Lourenco Marques (\Immnluquv) [ ({l({"loﬂ\h 3;;8 .‘:g'Sﬁ .\\ortdlo‘sk SR - 12190 2
(\‘I}::::ﬁ"(]ﬁ ((’2"1? § ) | 7= 9.720 | 30.86 {%Ieykiavilfj(slcsel?{n;l) .| TFS }§§23 gigf
Lisbon (Portugal) CSW7 9.7;‘_0 .}0.82 i Oﬁfoz‘]-‘( u;ld'or.') . . N 12-455 54:09
Durban (Natal) .. ZRO 9.750 :RO.Z ]gmbot {‘I: 0o ] R 1°).831 A
New, York (U.8.A.) WDL e 30.77 Kﬂ'l?v(}; °r(°§°§)q - | ONR el | 2
Baghdad (Iraq) .. - - | HNE 0325 | ansa || ey (USS Ry |z 13.210 | 2271
British Oversca Service . . .. | GRH o 81 : )..3:) R Ser;ri(':e. b | wilLe e P
Lourenco Marques (Mozambijue) | (:R'I B l 8! ?().;f N s R.). - e S 2232
T e S s 860 | 3043 || US.A. Service . | wpo 14470 | 2073
oscow (U S.8.R.) o ‘ a0 | o 30.43 Geneva (Switzerland) | HBy 14.538 | 20,63
Aranjuez (Spain) o EAQ | . W Lisbon ( Portugal) | esw 14.600 20.55
S‘%rdxlogsk () Clwnis | e 3032 || Moscow (U.S.5.R.) | RKI 14717 | 3038
J rvice . i .807 30.: 3.8 | :
UR Y sov = 980 | 3006 || Teheran (iram ) | Eew | 1a%0 | 166
btican Gty ) L i 2000 || Vatioan City .. T 15120 | 1984
P Here 10040 | 2988 || Boston (U.S.A.) .. WRUL* | 15130 | 19383
g;:;zyfggp(t) .. ) — 10.055 29.?3 British Over(siea Service .. Slszg‘ ‘ :?i;g 133(2)
Leopoldville (Belgian (¢ ongu) OPM 10.1:10 ﬁg;g ?&I::;:I(‘il ier\:gko(rb) g . T, 13:150 1980
Rio de Janeiro (Brazil) . | ,l’Rl'.') 10.220 2 33 iR ('\ustr.'uiin') .. V[:G7 i lo0
Belize (British Homlums) Z1K2 o IO.GQO ..§. 3 ;“0 D (ljl.t E ML 15'160 ot
Benguela (Angola) (:RGR‘\ | 10.869 z;tl)g X ex;c(oFihli)y A 15.160 19..79
Lisbon (Portugal) iy e || o I e (Brazil) PRE9 15165 | 19.78
o (Scwilt)u;rland) g(?(?\' HI&Z) ;6.18 (iuatemala City .. TGWA 16.170 19.78
LR : 2. RW06 15180 | 1976
3 .. .| com 11.500 | 26.09 Moscow (U.S.S.R.) .. : : X
??:s::)v(gl?(r;bg.%l.l}g?)) .. | — 11.500 26.09 British O(\)rerse: Service .. 83?7 }g}gg {g:’lg
el | ORe 11680 | 3568 390?0.1(3 a:'x:o?)nmn) : PRE5 1519 | 1976
British Oversea Service .. GRG 11.680 35.62 B-lc:l 3 Brgo]k o 35 Watls 15,190 10.18
Kuibyshev (U.S.8.R.) — 11.700 25.6: okn EE ) S 15199 178
Panama City . HP5A 11.700 25.64 An, nr:lz{( uru?y) N o o
Motala (Sweden) SBP 11.703 gsgg ?{l::;lngU"Slg-\() ina} Soox 15:.2.10 1%’:72
Montreal (Canada) CBFY 11.205 :;é_i. 5 Gl ) L.b. N ) N AT .12
Melbourne (Australia) VLG3 11.110 25. 62 anb mri:n co ( | ('S\\:4 5.0 1.2
Cincinnati (U.S8.A.) WLWO 11.710 Lisbon ( oriu I‘; g S 15218 19.12
Moscow (U.S.S.R.) — 11.710 "7 62 Kharbarovsk ( R. ) VL(TG 15.230 19.70
MG, (g | i) B8 ) MR Cen | HE) R
i Janei Brazil) .. 5 3. . 12 -67
galg %‘ian:ril:ézo((l_;'.s‘f\.)) .. KGET 11.730 25.58 Lourenco Marques (\Iozamblque) (11?7BD 15.32(5) i?)?,g
Boston (U.8.A.) .. . WRUL* 11.730 25.58 British Oversea Service .. &SJB}\ 12.270 19.60
Buenos Aires (Argentina) LRA3 11.730 25.58 Brentwood (U.S.A.) : CR"BG§ 15.2%9 10.60
Vatican City ba HVJ 11.740 25.55 Lourenco Marques (Mozam uquc) 3 ”b:} 1.._).‘)90 1‘)'62
Santiago (Chile) .. CB1174 11.740 25.55 Delhi (India) = . k 13’590 e
Loanda (Angola) . CR6RC 11.740 25.55 Buenos Aires (Argentma) IéxHu; 15.290 Jo.02
British Oversea Service . . GSD 11.750 25.53 Montevideo (Uruguay) . GF 12.210 o
Guatemala City .. TGWA 11.760 25.51 British Oversea Service .. 3 ’:3.3“5 10.60
Lyndhurst (Australia) VLRS8 11.760 25.51 || Syvdney (Australia) VLQ3 3. 9.5
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|
Station Call 8ign Mc/s | Metres Station Call 8ign Mc/s Metres
Schenectady (U.S.A.) o WGEA} 15.330 19.57 Brentwood (U.S.A.) a0 WCBX§ 17.830 16.83
San Francisco (U.S.A.)) .. .. | KGEI 15.330 19.57 Rio de Janeiro (Brazil) . PRLS 17.850 18.81
Boston (U.S.A.) .. 80 .. | WRUL* 15.350 19.54 Moscow (U.S.8.R.) a0 — 17.910 16.75
British Oversea Service .. .. | GRE 15.385 19.50 Lourenco Marques (\‘Iozamblque) CR7B1 17.915 16.74
Moscow (U.S.S.R.) . - RW96 15.410 19.47 British Oversea Service .. . GRQ 18.030 16.64
British Oversea Service . . .. | GRD 15.448 19.42 British Oversea Service . GVO 18.083 16.59
Moscow (U.S.S.R.) o8 —_— 15.490 19.37 Geneva (Switzerland) HBF 18.450 16.26
New York (U.S.A.) .. | WCP 15.565 19.27 Geneva (Swntzerland) HBH 18.480 16.23
Tunis (N. Africa) .. | — 15.650 19.17 Moscow (U.S.S.R.) —_ 18.540 16.18
Moscow (U.8.8.R.) . -— 15.715 19.09 Leopoldville (Belgian Congo) OPL 20.040 14.97
New York (U.S.A.) . .. | WCW 15.850 18.93 Boston (U.S.A.) . WRUL* 21.460 13.98
British Oversea Service . . .. | GRA 17.710 16.94 British Oversea Servnce 5o GSH 21.470 13.97
Boston (U.8.A)) .. .. . l WRUL* 17.750 16.90 Schenectady (U.S.A.) WGEA} 21.500 13.95
Bound Brook (U.S.A.) .. . | WNBI{ 17.780 16.87 Philadelphia.(U.S.A.) WCAB 21.520 13.94
Hull (US.A) oo WBOS 17.780 16.87 British Oversea Service . G8J 21.530 13.93
British Oversea Service .. GSG 17.790 16.86 Hull (U.8.A)) .. WBOS 21.540 13.93
Chungking (China) XGOX 17.800 16.85 British Oversea Service . . GST 21.550 13.92
Guatemala City .. TGWA 17.800 16.85 Brentwood (U.S.A.) WCBX§ 21.570 13.91
Sydney (Australia) VLQ8 17.800 16.85 Schenectady (U.S.A.) .. WGEA 21.590 13.89
Cincinnati (U.8.A.) WLWO 17.800 16.85 Bound Brook (U.S.A} .. WNBIt 21.830 13.87
British Oversea Service .. GSV 17.810 16.84 British Oversea Service .. . | GRZ 21.640 13.86
* These frequencies shared with WRUS and WRUW. § These frequencies shared with WCRC and WCDA.
t These frequencies shared with WRCA. 1 These frequencies shared with WGEO.
REGULAR SHORT-WAVE TRANSMISSIONS
Oountry : Station l Mc/s [Mems Daily Builetins (BDST) ” Country : Station ' Mc/s | Metres | Daily Bulletins (BDST)
I
America | French Equatorial Africa
WRUW (Boston) 6.040 | 49.67 | 0900 FZI (Brazzaville) 11.970 | 25.06 | 2145
WLWO (Clncmnatl) ‘ 6.080 | 49.34 | 0700, 0800, 0900, 1000,
| 1100 India [
WBOS (Hull) 0 6.140 | 48.86 | 1000, 1100 VUD3 (Delhi) 7.290 | 41.15 { 0900, 1400, 1650
WCRC (Brentwood) 6.170 | 48.62 | 0700 VUD4 00 00 9.590 | 31.28 | 0800, 1400, 1650
WGEA (Schenectady) 6.190 | 48.47 | 0700 vUD3 . | 15.290 | 19.62 | 1400
WBS. 7.355 | 40.79 | 0700, 0800, 0900, 1000 | |
wDJ 7.565 | 39.66 | 0200, 0300, 0400, 0600, || Mozambique |
| 0800, 0900, 1000 CR7BE (l.ourenco
WJP . 8.810 | 34.05 | 0200, 0300, 0400 Marques) .. | 9.830 | 30.52 |1255, 1812, 2015
WGEO (Schenectady) 9.530 | 31.48 | 2200, 2300
WCBX (Brentwood) 9.650 | 31.09 | 0600, 0700 Switzerland |
WNBI (Bound Brook) | 9.670 | 31.02 | 0100 HERS3 (Schwarzenburg)| 6.165 | 48.66 | 2150
WRUW (Boston) 9.700 | 30.93 | 0000, 2200 HERS5 (Schwarzenhurg)\ 11.865 ’ 25.28 | 2150
WDL 9.750 | 30.77 | 1100 |
WHLS 9.897 | 30.32 ( 0000, 1100, 1200 Spain
WRX 0 9.905 | 30.28 | 0700, 0900, 1000 EAQ (Aranjuez) 9.860 | 30.43 | 1915
WLWO (Cmclnna.tl) 11.710 | 25.62 | 2000, 2100, 2200, 2300 .
WRUL (Boston) 11.790 | 25.45 | 0000, 2200 Sweden
WCDA (New York) 11.830 | 25.36 | 0000, 1200, 1300, 1400, SBU (Motala) 9.535 | 31.46 | 2320%
16301, 1830, 2200
WGEA (Schenectady) | 11.847 | 25.33 | 1400, 1500, 1600, 1700, || 8yria
1800, 1900, 2000 Beirut 00 .. | 8.035 | 37.34 | 1920
WBOS (Hull) 11.870 | 25.27 | 1300, 2000, 2200, 2300%
WHL6 13.442 | 22.32 | 1300, 1400, 1500, 1600, || Turkey .
I 1700, 1800, 1800, TAP (Ankara) | 9.465 | 31.70 | 1900
’ 2000, 2100, 2200
wWDO.. | 14.470 | 20.73 | 1500, 1800, 1900, 2100 || U.8.8.R.
WBOS (Hull) .. | 15.210 ‘ 19.72 | 1500, 1800 Moscow 0 6.980 | 42.98 | 0000, 0035, 1340, 1800,
WCBX (Brentwood) 15.270 | 19.65 | 1630%, 1830, 2200 | 7.300 | 41.10 | 0000, 1800, 2100, 2200,
WGEO (Schenectady) | 15.330 l 18.57 | 1500, 1800 [ 2300
WRUL (Boston) .. |15.350 | 19.54 | 1200, 1300, 1400, 1500, 7.360 | 40.76 | 0000
1600 | 7.560 | 39.68 | 0000
WCW (New York) .. | 15.850 | 18.93 | 2000 |11.830 | 25.36 | 1700
WLWO (Cincinnati) | 17.800 1 16.85 | 1600, 1700, 1800 [12.190 | 24.61 | 0035, 0200
WCRC (Brentwood) |17.830 | 16.83 | 1200, 1300, 1400, 16307, :
\ 1830, 2200 Kharbarovsk 15.230 | 19.70 | 05,15, 1340
Kuibyshev 8.050  37.27 | 2130
A““,‘{‘&’( | 680 | 2000 | 0788 11.700 | 25.64 | 0700, 1500, 1545
VLG3 (Myelbourne) 11.710 | 25.62 | 0755 13.010 | 23.06 | 0700, 1500, 1545
Vatican City
. | HVJ .. 5.970 | 50.25 | 2015
Brazil |
PRILS (Rio de Janciro){ 11.720 | 25.80 | 2130
MEDIUM-WAVE TRANSMISSIONS
China .. .. . Ireland ke/s | Metres '
XGOY (Chungking) i 11.900 | 25.21 | 1500, 1700, 1815, 2230 Radio Eireann I 565 531 1440%, 1945. 2310

It should be noted that the times are BDST—two hours ahead of GMT.

t Sundays excepted.



137

NEEDLE ARMATURE PICK-UP

Design Giving Good

HE great improvements in
the fidelity of mechanical
recordings which have ap-

peared in the past few years make
it possible for the best music to be
enjoyed at home under more com-
fortable conditions than in the
average concert hall. The com-
plete appreciation of such, how-
ever, demands the greatest absence
of distortion in the acoustic output
of the gramophone. It is now a
relatively simple matter to make
the electrical circuits of a repro-
ducing system almost completely
distortionless, and, as usual, the
weak links are the loud speaker
and gramophone pick-up. The
writer feels that least attention has
been devoted to the pick-up,
although its design is in many ways
simpler than that.of the speaker,
due to the fact that there is no
question of power efficiency in-
volved. An article! describing the
design of a high-quality moving
coil pick-up has been published re-
cently in this journal, and it is the
purpose of this article to show how
the problem has been tackted from
an entirely different angle.?

A pick-up is essentially a device
for transferring the vibrations from
the record groove to a moving
system, and then converting these
vibrations into electrical output.
The first process presents the more
difficult problem, as we are not
able to fix the needle rigidly to the
walls of the groove, but must rely
on contact provided by mere pres-
sure. The choice of the value of
this downward pressure is import-
ant, as it affects the whole design
of the pick-up. It depends mainly
on two considerations: (1) the wear
produced on the record and needle,
and (2) the force required to pre
vent the needle from jumping out
of the groove. The first is a func-
tion of the pressure (i.e., force per
unit contact area), and the second
depends on the tfotal downward
force on the ncedle point.

Needle Contact

There. are three courses open to
the pick-up designer. Either we
can use a soft needle such as a fibre
and tolerate needle wear with con-
sequent loss of high notes and
general lack of clarity, or we can
use a very hard needle such as a

Frequency Response

Distortion
By
G. A. HAY,
B.Sc.

diamond point, which will give
record wear but no needle wear.
The third course is to use a needle
of moderate hardness, such as steel,
and allow mutual wear on both
record and needle. This seems
rather a drastic course, but a neces-
sary corollary is to reduce the pres-
sure at the needle point to as small
a value as possible consistent with
stable operation. The total down-
ward force on the needle head is
fixed by the maximum amplitude
on the record groove at any given
frequency, and hence to ensure a
small pressure it is essential to pro-
vide the maximum contact area
between needle point and groove
walls and bottomn. It is for this
reason that the writer views with
dislike the recent attempts to use
a broad needle which rides on the
walls of the groove, when the pres-
sure must be very high due to the
small contact area,

Downward Force

Turning now to the force
required to keep the needle in the
groove, as the record groove is
roughly triangular in cross-section,
any sideways force produced on the
needle point is also accompanied
by an upward vertical component
«due to the inclined plane effect of
the groove wall. Assuming the
angle of this to be 45 degrees (an
underestimate), the downward
force necessary will be exactly
equal to the lateral force on the
needle. In practice it will be ad-
visable to make it many times
greater to ensure complete freedom
from groove jumping. It has been
found with the type of needle sus-
pension discussed below that a
downward force of about ten grams
is entirely adequate for all modern
recordings. Actually, adjustment
is provided by the movement of a
counterweight.

The mass of the pick-up and arm
depends on (a) this downward
force, (b) the lateral force exerted
by the needle on the body of the

and Low Amplitude

pick-up, and (c) the possible
mechanical resonances of the pick-
up as a whole. Factor (a) would
scem to indicate an optimum mass
of pick-up head equal to the re
quired downward force on the
record surface. This, of course,

" would result in an extremely light

pick-up. Factors {b) and (c), how-
ever, indicate that a rather differ-
ent course should be pursued. In
the first place, a sideways force on
the needle due to the record groove
will first tend to move the needle
sideways, and then the whole body
of the pick-up. If the mass of the
latter is small, then the total re
sultant angular motion of the
needle relative to the body of the
pick-up will be reduced by the side-
ways motion of the arm as a whole.
This effect in any practical case
will be small, but it can still be
further minimised by making the
tone arm and head relatively
heavy, and counterbalancing by
means of a weight. Secondly, the
whole bass characteristic of the
pick-up depends on its mass, and
if we are to avoid a pronounced
resonance in the audible bass
region we must make the instru-
ment relatively heavy. This point
will be elaborated later. The only
disadvantage, so far as the writer
knows, of a heavy counterbalanced
pick-up was pointed out by Mr.
Brierley,! that of difficulty in fol-
lowing the groove in the case of
a badly warped record. Against
this may be set the writer’'s experi-
ence, and that of others,® ‘that it
requires a very badly warped
record to cause groove jumping,
and this is likely to be unsatisfac-
tory for other reasons.

Mechanical Resonances

The mechanical resonances
present in a pick-up affect its per
formance considerably. Such reson-
ances are harmful, not only be-
cause they give rise to a large
increase in electrical output at the
resonant frequency, but also be-
cause the increased amplitude of
needle movement causes excessive
record wear where notes of the
resonant frequency occur. This
causes distortion of all other notes
existing on the record at that point.
There are three possible modes of
vibration of a conventional pick-
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Needle Armature Pick-up—

up,* (1) the so-called bass reson-
ance, due to the whole instrument
vibrating about the tone arm pivot,
controlled by the elasticity of the
needle in its suspension ; (2) the tor-
sional vibration of the pick-up
head about the axis of the tone
arm, controlled in the same way ;
(3) the treble resonance, caused by
the vibration of the needle system
about its axis, controlled by the
needle suspension and stiffness of
the needle itself.

False Bass

The bass resonance affects the
trend of the lower part of the
curve materially. Modern record-
ings have a falling characteristic
below 250 c/s to about 14 db. down
at 50 c/s. It has been the custom
in the past to compensate for this
by placing the bass resonance at
about 50 c/fs, giving a false in-
crease in output, and hence a more
or less complementary lift in the
bass. Not only does this increase
record wear, but the increased am-
plitude of needle vibration is liable
in certain circumstances to cause
bad amplitude distortion. The
alternative course is to aim at a
flat response and correct for the
recording electrically in the ampli-
fier. It is impracticable com-
pletely to eliminate the bass reson-
ance, and the method of placing it
at 15-20 c/s results in the output
being well maintained at 50 c/s.
No record wear is caused, as fre-
quencies of 15-50 c¢/s are not re-
corded.  This requires a heavy
pick-up and light damping of the
needle, the latter also greatly re-
ducing the tendency towards
groove jumping.

The torsional resonance is rela-
tively unimportant, as its effect is
inaudible and only measurable if a
gliding tone record is used. It will,
however, cause record wear, and for
this reason it is advisable to reduce
it in magnitude as far as possible.
The most satisfactory method of
doing this, which the writer be-
lieves is original, is to make the
tone arm axis as near as possible to
the surface of the record. This re-
duces the moment of torsional
forces due to the clasticity of the
arm about the needle point, and in
practice a peak and trough not
more than 1 db. high #re obtained.
With the tone arm about 1in.
above the record surface, this peak
was 10 db. high, and other irregu-
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larities appeared below the reson-
ant frequency, which had a value
of about 250 c/s.

The treble resonance is the most
troublesome of all. In the aver-
age commercial moving iron pick-
up it appears between 2,000 and
3,000 c /s, and causes record wear,
excessive and unnatural brilliance,
and excessive scratch due to the
shock excitation of the needle
resonance by the random surface
irregularities.®*  There are two
methods of driving this up beyond
the audible range ; either the stifi-
ness of suspension can be increased
or the armature mass reduced. We
have already decided that a free
suspension is desirable, and so we
must choose the second alternative.
The limit is reached when the ar-
mature is formed by the needle
itself—the so-called needle armature
pick-up. By adopting this construc-
tion it has been found possible to
make the treble resonance of the

FIXING SCREW

n.o
TONE ARM '[4” D1a.

fit the groove closely and also act
as armature, should be of smali
dimensions and mass, and consist
of a suitable magnetic material. It
should be suspended in a magnetic
field by a fairly light but well-
damped suspension, and the clear-
‘ance between needle and pole pieces
must be relatively large to reduce
amplitude distortion. The tone
arm should be as near to the record
surface as possible to reduce the
forces tending to stimulate torsional
resonance,

Design Details

The design shown in Fig. 1 has
been found to cover the above re-
quirements, and to give remark-
ably good reproduction. The
magnetic ficld is provided by an
‘“Eclipse "’ horseshoe magnet which
is roughly 1in. in diameter and
§in, thick. Any reasonably small

magnet taken from an old pick-up
serve

will the same purpose,

REMOVABLE LID

A___—MacNET
‘% POLE PIECES '[32 THICK
0.
2 PAXOLIN STRIP 64 THICK
A
=

coiL

RECORD _SURFACE

N —Y
S~ _/RUBBER BLOCK

0

| 13e"
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Fig. 1. Lay-out and approximate dimensions of pick-up.
. :

order of 15,000 c/s, at which fre-
quency it does no harm.

Finally, the pivoting arrange-
ments must be considered. In
order to reduce record wear on the
sides of the groove, it is essential
that the pivots should be of the
highest quality, both laterally and
vertically, and in practice ball
bearings are necessary. Moreover,
the turntable must be dead level
to reduce any tendency for the
pick-up to swing and press against
one wall of the groove more than
the other.

Turning now to the final design,
the following is a brief summary
of the requirements. The pick-up
as a whole should be relatively
heavy, pivoted very lightly, the
bearings being exactly horizontal
and vertical, and counterbalanced
to reduce the downward force on
the needle point to about ten
grams. The needle, which should

although the dimensions of the
case will have to be adjusted to
suit. The pole pieces and coil form
one wnit, the former being cut out
of 5;in, Stalloy transformer lamina-
tions to the shape shown in
Fig. 2. These pieces are cemented
on to a paxolin supporting piece,
which has a hole cut in the middle
to clear the ncedle, This piece is
cemented in turn to the coil, which
in the writer’s model was removed
from an old B.T.H. Minor pick-
up. Suitable data are given in
Fig. 2 for a similar coil if this has
to be wound.

The needle is embedded in a
rubber block, being held in place
merely by the friction between the
needle and rubber, Originally an
interchangeable unit was used, the
whole unit, rubber and all, being
removed when changing the needle.
This was subsequently found to be
unnecessary, and the latest model



consists of a permanently fixed
rubber block into which needles are
pushed, being held by a pair of
fine-nosed pliers. When inserting
the needle for the first time into
the block, it is essential to take
the greatest care to place the
needle centrally between the pole
pieces, or amplitude distortion will

=T K -: H _1
s —

Fig. 2.
coil.

3,000 turns of 47 SWG enamelled
wire,

Details of pole pieces and
The coil has approximately

result. Subsequent insertions will
follow the original hole if reason-
able care be taken.

The needles originally used were
the H.M.V. Silent Stylus minia-
ture type, but the Columbia Type
g9 are exactly equivalent. The
type of rubber has naturally a big
effect on the response, and it has
been found that the rubber used in
pencil erasers is the most suitable.
In the writer’s experience there is
little deterioration in high note
response after fifty 12in. playings
on heavy orchestral records, and
this probably represents a good
compromise between quality and
economy. The rubber block will
eventually need renewal, but this
will certainly not be necessary
more than once a year with fairly
constant use.

The pole pieces are not fixed to
the magnet poles, but are merely
held down by magnetic attraction.
In addition, the bolting down of
the cover on top of the magnet
clamps the whole assembly to-
gether and down to the base-plate.
The tone arm consists of a }in.
diameter brass tube, soldered into
the brass pick-up case, and bent
horizontally to give correct track-
ing. The use of a longer arm than
usual is beneficial in reducing the
angle of inclination of the pick-up
to the tone arm axis, and thus re-
ducing the overhang of the needle
point over the turntable axis at the
centre of the record. With a tone
arm 113in. long, the pick-up must
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be inclined to the tone arm axis at
an angle of 18 deg., and the needle
must be 4in, in advance of the
record centre: the tracking error
is then about 1} degrees.®

The trailing angle of the needle is
important.  The  cutting stylus
used in recording is vertical, and
it is reasonable to suppose that
best results would be obtained with
a vertical reproducing needle.
Actually, the best comproriise be-
tween high note response and
scratch seems to be obtained with
an angle of about 15 degrees from
the vertical.

The pivoting arrangements in
the writer's present instrument are
not satisfactory. They consist of
inferior ball races as fitted to
medium quality pick-ups, and a
relatively big force is required to
move the pick-up sideways. It is
particularly important that the ver-
tical movement should be free, as
the heavy counterweight imposes a
relatively large downward force on
this pivot. Connection to the coil
is made by means of a single
cotton-covered stranded flex, to
give freedom of movement. The
carthy end of the coil is connected
to the metal frame of the instru-
ment. The case is built up of {sin.
brass sheet, bent and soldered, this
in conjunction with the magnet
giving a satisfactorily large mass.
The counterweight was cast in one-
half of an aluminium container in
which 35 mm. Leica films were
sold: it is merely a tight push fit
on a brass rod forming a back ex-
tension of the tone arm, enabling
small adjustments to be easily
made.

Hum

Due to the all-metal construction
of the case, troubles from electro-
static pick-up are negligible. There
is a certain amount of magnetic
hum pick-up from power trans-
formers, however, and, although
not noticeable during playing on
account of the low sensitivily and
the high gain needed, this is rather
troublesome to get rid of com-
pletely. Experiments with hum-
bucking coils have not so far proved
successful in reducing this to zero,
but screening with Mumetal wduld
probably be effective.

The response curve given by the
author’s pick-up is shown in Fig. 3.
This is the actual output from a
Decca EXPj55 test record corrected
below 250 c/s for the constant am-
plitude characteristic. The region
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betwecen 6,000 and 8,000 c¢/s and
the torsional resonance were de-
duced from an H.M.V. gliding tone
record, DB4o37. The average out-
put from normal orchestral records
is of the order of 10 mV RMS.
Although  measurements above
8,000 ¢ /s were impossible, it is be-
lieved that the treble resonance lies
at about 15,000 c /s, and being used
in conjunction with a speaker with
an excellent top response, gives
rise to excessive scratch. It has
been found that most recordings are
improved by a gradually falling
characteristic in the treble, and this
greatly reduces the eflect of the
treble resonance. In addition, full
compensation in the bass is re-
quired, for which suitable circuits
and data have been given from time
to time in this journal.”

In use, the pick-up gives a high
degree of fidelity. Top response, as
judged by the upper strings, is ex-
cellent, while double basses and
organ pedal notes are reproduced at
correct pitch, instead of an octave
higher. A musical, but non-
technical friend, who is also an
organist, has discovered pedal notes
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Fig. 3. Response curve of finished
pick-up taken with HMV DB4o37
and Decca EXPs55 and corrected
for recording characteristic. Zero
db corresponds to about 15 mV.

on organ records which he has never
heard before using a crystal pick-
up. Due to the large gap, audible
harmonic distortion is entirely ab-
sent.

There is only one fault: bad
records do really sound awful. Per-
haps this is not such a dis-
advantage, after all?
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Frequency Modulation=V
DEMODULATION: THEORY OF THE

HERE are a number of cir-
cuits for demodulating an
FM transmission, some have
a small distortion factor, others
may be simple to line up or offer
a high efficiency ; each has its own
merits. There is, however, onc
arrangement that has become so
popular in America that it can for
all practical purposes be regarded
as the standard frequency-modula-
tion discrimination. It was first
introduced as a method of develop-
ing the control voltage required
by receivers incorporating AFC:2
The discriminator circuit shown
in Fig. 1 is almost cxclusively used
in the modern FM receiver. It
represents a very satisfactory com-
promise, combining as it does, high
cfficiency and production stability.
The circuit arrangement is such
that the waveform applied to the
two diodes produces voltages across
the loads Rr and R2, which tend
to cancel cach other out. When
the signal applied to both diodes
is equal there will be zero voltage
across the output. If, however,
the signal applied to D1 is larger
than that applied to D2 then the
voltage across Rr will be larger
than that across Rz. This will
result in a positive voltage across
the output terminals. If the vol-
tage applied to D2 is the larger
then the output will be negative.

DISCRIMINATOR

A graphical method of demonstrat-

ing the effect of variations in circuit

constants is used to explain the

principles underlying the design of

the discriminator circuit now in
general use.

By CHRISTOPHER TIBBS,
AM.LEE.

Before it is possible to discuss
the means by which the voltage
applied to the two diodes is to
vary with frequency,

Fig. 2 shows this change of phase
angle plotted against a frequency
base which is expressed in terms
of the circuit Q. By expressing
the frequency in this way it is
possible to apply the curve to any
resonant frequency or circuit Q.
This curve is in fact the universal
phase angle curve for all parallel
tuned circuits.

The first important point to note
is that this phase angle curve is
not strictly linear anywhere ; but
that the departure from straight-

it is necessary "
for one to inves 60° <
tigate some of the C s0°
fundamental pro-
5 40°
perties of a parallel
30°
fo = RESONANT FREQUENCY o
o=2miL 20
Fig. 2. Universal fre- R
quency/phase angle o . ) o0
curve for a parallel __t 05 4 f o5, ’
tuned circuit. plt will Qo ° Qo o0 w0 o +go
be noted that there is 200 2
a substantially linear N
relation between fre- 0% @
quency and phase, pro- a0° Z
vided the band 4 40 R
to 4 45 degrees is not 50 5
exceeded, 60° <
76°
tuned circuit. Below resonance ness is fairly small if the band used

the inductive arm has the lower
impedance, “while at frequencies
above resonance it is the capacity
which has the

DISCRIMINATOR
TRANSFORMER

LIMITER VALVE
(LaST (F)

EARTH

lower, and there-
fore  controlling
impedance. In
short, at fre-
quencies  below
resonance the cir-
cuit is inductive
and above it is
capacitive. = The
conditions exist-
ing result in a
gradual change of
phase angle from
lagging to leading
as the frequency
is increased, the
actual change-
over taking place
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Fig, 1. Type of discriminator circuit used in modern
American frequency-modulation receivers.

at the circuit’s re-
sonant frequency.

does not exceed +- 40 to - 45 deg.
The second point, is that the fre-
quency band occupied by any
given phase change is directly
dependent on the circuit Q. If,
as an example, the resonant fre-
quency is taken as 5 Mc/s and the

.circuit Q as 25, then the working

range of the phase angle curve
{i.e. 4 45 deg.) will correspond to
a frequency change of approxi-

4+ 100

ke/s.  Similarly if the Q is in-
creased to 50 then a phase change
of - 45 deg. will take place when
the frequency is modulated over
+- 50 kefs.

Having briefly considered the
phasc shift occurring in a parallel
tuned circuit, it is possible to
return to the functioning of the
discriminator proper. The whole

mately - %‘—5 X 5 Mc/s



basis of its operation is the phase
change which results from the
modulation of the incoming carrier
above and below the frequency to
which the discriminator trans-
former is tuned. The detail func-
tioning will be explained with the
aid of two examples. The first
casc is that for no frequency
modulation and the second that for
maximum frequency modulation.
The conditions existing in the
discriminator transformer when
there is no frequency modulation
are shown in Fig. 3. Diagram (a)
cmphasises the fact that at reson-
ance the only phase shift between
primary and secondary voltages
results from the go deg. lag due to
the mutual inductive coupling.
‘The actual voltages applied to the
diodes are shown in Fig. 3(b).
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Fig. 3. (a) Phase shift conditions

existing in the discriminator trans-
former at resonance. The total lag
between the primary, and the induced
secondary voltage is 9o degrees.
(b} Induced voltages applied to the
two diodes, and voltage injected at
the centre of the secondary winding.
The addition of this go-degree leading
voltage produces an exactly equal
increase on both diedes.

Referred to the centre tap, half
the induced secondary -voltage is
fed as a positive signal to one diode,
while the other half is applied as a
negative signal to the second diode.

Due to the go deg. lag between
the primary and the secondary, the
voltage injected through C2 (Fig. 1),
to the sccondary centre tap, will
be go deg. in advance of the
secondary induced voltage. The
phase relations of the injected and
induced secondary voltages are
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shown in Fig. 3(b). The vector
addition of these signals forms the
actual voltage applied to the diodes
and is indicated by the dotted
waveforms. As a result of apply-
ing these cqual voltages to both
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Fig. 4. (a) Showing the phase shift

conditions existing in the discrimina-
tor transformer when passing a carrier

frequency of 25 fo (see Fig. 2).

There is a total lag of 180 degrees

between the applied primary voltage

resulting from the induced secondary

current. (b) Addition of the induced

voltage and the injected voltage

produce a far larger signal on D2
than on D1.

diodes, there are equal but opposing
voltages across the two loads
(R1 and Rz2). The total voltage
across the discriminator output
terminals is there-

fore zero. To
sum up, a carrier
having a fre-

quency the same
as that to which
the discriminator
is tuned, produces
zero output volt-
age.

The sccond ex-
ample assumes the
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\Vith the aid of Fig. z it has carlier
been shown that such a phase lag

is produced by a carrier OT; X fo

below the circuit resonant fre-
quency. One of the previous ex-
amples given shows that with an
IF of 5 Mc/s and a Q of 25 this
frequency will be — 100 ke/s.

Fig. 4(a) shows that under the
above conditions there is a phase
lag of 180 deg. between the applied
primary voltage and the induced
secondary voltage. This lag takes
place in thrce steps. In the pri-
mary of the discriminator trans-
former, the * flux producing cur-
rent ” will lag the applied voltage
by 45 deg. To this must be added
the constant go deg. lag due to the
mutual inductive coupling. In the
secondary, the current (which in
flowing through the diode loads
produces the output voltage), is
lagging 45 deg. behind the voltage
‘“applied ” by the flux. Adding
up these three component phase
shifts there is a total lag of 180 deg.
between the primary voltage ap-
plied by the last 1F valve (the
limiter) and the induced secondary
valtage.

The voltage conditions cxisting
at maximum frequency modulation
as the result of this lag are shown
in TFig. 4(b). Again the centre-
tapped secondary results in half
the induced voltage being applied
as positive to one diode, and half
as negative to the other. The
total voltages applicd to D1 and
D2 are shown by the dotted curves.

The application of a large signal
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PRIMARY TO g
SECONDARY R
RATIO 13} -//’/

/0
415 . .

5 i \ R

a v

g '/;/ 0 \“2

/0
Al N
3 | 47
s 74
+s 4
7

V4

condition Cx.iSting IOLOS sic;’—otr aJor 20° A z‘o” e e‘o" !160, .:)o"

at a maximum Lac il TS0 CCTae LEAD

frequency modula- /‘ o

tion. This fre- ’,;-/ ’

quency is assumed 77

to be that which /5

will produce a i | . A

phase ?ag uof 45 /i Fig. 5.  Basic dis-
: o’ criminator phase/out-

deg. betwcen /,/,’/ *!  put curves for three

the' voltage and // | representative primary

current in a paral- 7~ to secondary ratios.

lel tuned circuit. -



142

Frequency Modulation.—V

to D2 and a small one to D1 results
in the voltage across Rz being
large while that across Rr is posi-
tive and correspondingly small.
The output is therefore built up of
a small positive voltage across R,

420
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which is swamped by the large
negative voltage across Rz,

Conversely an increase in fre-
quency will produce a positive
output voltage. The overall fre-
quency to output voltage curve of
the discriminator is shown in Fig. 8.

In order to make clear the effect
which circuit variations have on
the performance of the discrimina-
tor, it has been broken down into
its three main controlling factors.
These factors in order of their
importance are: (1) the mean
tuned circuit ¢ ; (2) the ratio of
primary to secondary voltage (de-
termined by the primary-to-secon-
dary turns ratio); (3) the trans-
former sclectivity curve (as deter-
mined by its coupling).

The series of curves which follow
demonstrate the contributation
made by each of these factors to
the overall characteristic.

Transformer Turns Ratio

The three curves drawn in Fig. 5
show the discriminator voltage
output plotted against the phase
difference between the injected and
induced secondary voltages. These
curves form the basis of the dis-
criminator characteristic;  they
show the actual relation between
phase shift and output voltage.
The first is that obtained with
cqual primary and secondary sig-

EE—
+ §i§x1
Q

Fig. 6.
rected) for 1 : 2 primary to secondary ratio.
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nals; it will be noted that this
curve and that calculated for a
I:4 step-up ratio both depart
widely from the idecal straight line
response. The third, that for an
equal primary and half secondary
voltage, approaches very close to
the ideal. By em-
ploying this turns
ratio minimum
correction will be
required to pro-
duce an overall
linear  character-
istic. Itcan there-
fore be stated
that the optimum
primary to second-
ary turns ratio
is  that which
produces the same
voltage across the
primary as across

05
+ 25 xto

Frequency/output curve (uncor-

curve is the result of adding the

optimum phase/output curve shown in
Fig. 5, to the transformer’s frequency/phase

curve.

the half sccondary (i.e., an approxi-
mate ratio of 1:2 between the
primary and full secondary turns).

It should be noted that fairly
good results can be obtained with
any reasonable turns ratio. If,
however, a ratio of other than 1 : 2
is used the extra correction which
has to be provided by other dis-
criminator variables is larger than
it need be. The amount by which
the response is liable to vary
throughout a production run is
therefore unneccessarily increased.

Effect of Q

The curve shown
in Fig. 6 com-
bines the optimum
phase -change

HALF
SECONDARY
VOLTAGE

Fig. 7. Correction
curve giving the vol-
tage necessary to cor-
rect for the non-linear-
ity of the basic fre-
quency/output  curve
shown in Fig. 6. This
compensation is ob-
tained with a trans-
former coupling 1.5
times critical which
gives the double —,Jf—*’ 05
humped response” () " © e}
curves shown.

to output curve (Fig. 5) with the
transformer’s frequency-change to
phase-change curve. As the phase
shifts of the primary and secondary
are directly additive, this curve
has the same shape as the universal
phase angle curve shown in Fig. 2.
The only alteration is that the
phase shift scale has now to be
multiplied by two. That portion
of the universal phase shift curve
between o and 4+ 45 deg. (with its
scale doubled to read o to go deg.)
is therefore added to the optimum
phase change to output curve
(Fig. 5). The result, which takes
the form of the uncorrected dis-
criminator frequency to output
curve is shown in Fig. 6.

It should be noted at this point
that the shape of the frequency-to-
phase angle curve (Fig. 2) is not
materially altered by any reason-
able changes in transformer coup-
ling. The go deg. lag mentioned
earlier, between primary and secon-
dary, is added to a further go deg.
lag between the energy transferred
back from the secondary to the
primary. This reflected energy
balances out part of the primary
energy and in so doing produces
the familiar double humped re-
sponse curve. It does not, how-
ever, greatly affect the shape of the
frequency to phase change curve
for cither primary or secondary.

As pointed out earlier the circuit
Q controls the frequency band over
which any given change of phase
angle occurs. The value of ¢

selected should therefore be such
that a 4 40 deg. phase change
occupies a frequency band com-
fortably in excess of the FM swing
it is "desired to demodulate.

This

vOLTAGE OUTPUT

xfg

FREQUENCY



is necessary in order to cover slight
mistuning and transmitter over-
modulation.

Effect of Coupling
There is only one further variable
to be taken into account before
the final characteristic can be drawn.
The curves so far developed have

VOLTACE QUTPUT

FREQUENCY

25t

all assumed a constant input vol-
tage over the frequency band.
While it is unnecessary to consider
the IF response proper, as it is
blanketed by the limiter stage, it
is very necessary to take into
account the response of the dis-
criminator transformer itself. This
remark should not be taken to
mean that the IF - response is
unimportant. The amplitude
changes caused by a bad 1T response
will not directly affect the output
voltage, but the phase changes
which accompany them may wreck
the receiver performance.

As the basic frequency to output
curve (Fig. 0) invariably departs
from the limiter characteristic re-
quired, the discriminator trans-
former *“ amplitude ” response,
which so far has not been con-
sidered, must be made to provide
the nccessary correction. This is
obtained by producing a double-
humped response curve. In prac-
tice, therefore, the discriminator
transformer is always overcoupled.

The frequency to output curve
shown in Fig. 6 is some 20 to 235
per cent, down on a strictly linear
output. The actual error over the
frequency band is shown in the
form of a ‘' correction required
curve in Fig. 7. By overcoupling

N
L95,

3 Fig. 8.
istic for optimum design throughout.
final curve
‘* correction obtained ’’ shown in Fig. 7,
to the basic frequency/output curve shown
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it is possible to provide almost
exactly the correction voltage re-
quired. The curves shown in Fig.
7 for primary and secondary re-
sponse are obtained with a co-
efficient of coupling which is 1.5
times critical. Unlike the normal

IF transformer the most important
curve

is that of the primary.
Although the sec-
ondary curve shows
some double hum-
ping it is the
primary which is
the more import-
ant. The correc-
tion provided by
the combined
primary and half
secondary response
curves is  also
shown in Fig. 7.
The closcness

=

Overall discriminator character-
This
is obtained by adding the

in Fig. 6.

with which it corresponds to the
correction required should be noted.

Overall Characteristic

The overall discriminator charac-
teristic for optimum design through-
out is shown in Fig. 8. This curve
is produced by the addition of the
‘‘ correction obtained ' curve in
Fig. 7 to the frequency to output
curve shown in Fig. 6. It should
be noted that the strictly linear
part of the curve cxtends over a
band corresponding to approxi-
mately —+ 40 degrees phase shift
on the universal phase angle curve
shown in Fig. 2. The windings
must  therefore be resistance
damped to bring their Q) down so
that a + 4o deg. phase shift occurs
over the frequency band occupied
by the maximum FM swing it is
desired to demodulate.

All the features exhibited in this
optimum curve have previously
been shown in various characteris-
tics published from time to time.
There have, however, been very
few curves published which demon-
strate an optimum design. Such
curves will in practice have slightly
rounded cxtremities as shown by
the dotted lines in Fig. 8.

The condenser C2, the RF choke
and R1 and Rz are all uncritical.
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The maximum output voltage
from the discriminator is almost
double that supplied by the limiter
stage. In practice it is between
20 and 60 volts, depending on the
opcrating conditions of the limiter
valve. This large discriminator out
put undoubtedly reduces the diffi-
culties normally encountered in
the audio amplifier, and at the
same time it materially assists in
securing the high fidelity repro-
duction which is one of the main
claims made for FM.
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MISUSE OF VALVES
Code of Practice forthe Guidance
of Inexperienced Designers

WITH the growing use of valves
in heavy engineering equipment
and other ‘‘ non-radio ' applications.
cases of failure are being reported
from causes which could have been
avoided if the responsible designer
had realised that valves are not
always miraculous fool-proof devices.
Many are highly individualistic types
whose idiosyncrasies must be studied
and allowed for if the valves are to
function reliably and without fuss.
To help newcomers to avoid the
grosser errors which might result in
valve failure, the British Radio
Valve Manufacturers’ Association has
drawn up a code of practice covering
such points as method of mounting,
provision of ventilation,  heater
voltage regulation, heater-cathode in-

sulation, control, screen and sup-
pressor grid voltages and their
method of application.  Although

most of the precautions indicated
will be observed as a matter of
course by radio designers, some may
be new and there are a number of
details, such as  heater-cathode
potential difference, maximum glass
temperatures and permissible per-
centage heater voltage variation, the
values of which may have slipped the

memory. o
The British Standards Institution
has endorsed the code as a War

Emergency British Standard and has
issued it in the form of a leaflet
(B.S.1106:1943) which may be ob-
tained from the B.S.I., 28, Victoria
Street, London, S.W.1, and for which
a charge of 1s. is made.
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Electromagnetic Fields in Radio==IV.

STATIONARY WAVES AND VELOCITIES

HROUGHOUT these articles
we have been developing the
single principle that radio

transmission can be understood in
terms of an clectric field and a
magnetic ficld mutually generating
cach other : the condition that they
should do so emerged from experi-
ments with clectron beams, inter-
preted through a vector notation,
and was sumined up in a simplified
treatment of Maxwell’s equations.
This condition required the two
ficlds to move together with a
unique velocity which is also the
ratio between, electrostatic and
clectromagnetic systems of measure-
ment.

Two practical questions obviousty
call for attention : first, what proof
is there that free-space radio trans-
mission has this velocity which was
theoretically related to a system of
units ? ; second, what happens if the
waves are confined to an enclosed
region, or are ‘‘ tied” to a con-
ductor such as an aerial ? The two
questions are closely related, since
the velocity of ** travelling ”’ waves
can be inferred from measurements
upon “ stationary '’ waves. The
modern use of tlhe latter in UHF
resonators, as well as the need to
understand aerials and transmission
lines, makes the turning of our
previous ** free-space ”’ waves into
‘“ stationary waves by reflection ”
an urgent necessity.

Nodes and Antinodes at the
Reflection of a Wave.—When a
radio experimenter is ordered to
confine his radiation within the
interior of a closed building to avoid
interfering with outside receivers,
what happens to his travelling
fields? Are they absorbed by, or
are they reflected from, the walls ?
One possibility is seen when his
deliberate shielding confines his
moving electric and magnetic
vectors to the interior of a box
which becomes a region filled with
“ stationary waves”’: for very
short waves, not more than a metre
in length, the “ box ” may fit the
wave pattern precisely and become
the ““ closed resonator” which
dominates modern UHF technique.

OF TRAVEL

By

MARTIN JOHNSON,
D.Sc.

An intermediate instance occurs in
the coaxial feeders of short-wave
sets, where the fields are confined
in all directions but the far end at
which they are allowed to emerge.
An ordinary aerial is in this sense
an unscreened transmission line,
and may be the scat of a system
of stationary waves.

Quantitative tracing of all these
possibilities involves solving Max-
well's equations with particular
“ boundary conditions,” that is to
say, with conditions inserted to
denote what happens to our E and
H wvectors at a discontinuity
between air and metal or between
one diclectric and another. Since
we showed that Maxwell's equa-
tions can be solved in terms of a
wave mechanism, we shall be able
to see how travelling waves give
rise to stationary waves by imagin-
ing how the amplitude of an E wave
or an H wave behaves at any such
boundary.

Suppose, then, that the radio
wave, in which electric field vector
E and magnetic field vector H are
mutually perpendicular, strikes a
copper plate across its track. Very
little energy penetrates and most is
reflected ; but, since the conductor
cannot maintain a large difference
of potential along its low resistance
face, the wave pattern adjusts
itself so that E becomes zero at the
metal surface. Now a property
which we emphasised in the moving
wave was that £ and H are in
phase, the maxima of each of them
occurring at the same distance
measurcd along the direction of
travel.  We therefore find a first
distinction  between  stationary
waves formed in front of a reflecting
surface and the freely travelling
waves in space : in the former L
and H have lost their phase agree-
ment. For the low resistance along
the face of the conducting barrier,
which made E zero there, makes
this into a place of maximum

current flow, and hence maximum
amplitude in the H accompanying
the current. The places in the wave
pattern where amplitudes are zero
are called nodes, and the places of
maximum amplitude are the anti-
nodes. This terminology is the same
also for sound waves and other
mechanical periodic patterns.
Before illustrating in Fig. 1 the
way nodes of E fit antinodes of H
instead of agreeing in phase, for
stationary waves, let us return to
the equations of simple waves
derived from the foundations of
such ideas in the preceding article :
slight modification of these will
serve to show the phase change and
also why the pattern has beconie
stationary instead of progressive.

Forward and Backward Waves.—
By picturing the generation of
vibrations from circular motion we
showed that the pattern of any
vectorial quantity such as E or H
was represented along a distance »

by an amplitude equal to 7 sin 2—:’1

at any instant, and that a similar
diagram represented the pattern at
a given spot changing as time goes
on, the corresponding function

being 7 sin Z%t Here A is a wave-
length, T is time for completion of
a whole cycle, and 7 is the maximum
amplitude of the vibration. Since
we are concerned with what happens
at distances in front of a reflecting
plate, we take positive values of x
as measured outwards from the
plate. The wave approaching the
latter is therefore moving in the
direction of diminishing x. After
time ¢, x must be replaced by x -+t
in the wave expression, since the
shape of the wave remains constant
when its description is transferred
to a new reference point at ¥ = — 7.
Since distance A is covered in
time T, the velocity v is A/T. The
wave approaching the plate is

. 2n A .
therefore # sin T(x + ;rt)or rsin 2#

[1
<§+T>' Travfl in the opposite



x 1
direction, or ¥ sin 2 <—— —> ives
by

the other wave returning towards
increasing x if the plate is neither
transparent nor absorbing, but
, reflects the energy back to where it
came from. The resulting pattern
in front of the plate is the sum of
these, and the two sines compound
into the following product of the
scparate x and ¢ terms

27 sin(2"x> co <2"i>
> )O\T /)

Whether or not one is familiar
with the purely mathematical steps
which turn such an addition into a
product, the detail exhibited in this
last expression for the amplitude of
combined advancing and rcceding
waves is worth noticing, for it shows
that at any point at given distance
the vibration goes through a com-
plete sequence of values periodically
as time goes on, repeating whencver
¢ becomes a multiple of T. But only
at certain places (the antinodes) is
the full amplitude recached. Indeed
at some other places (nodes) it
remains permanently zero. Since a
sine is zero for angles o, =, 27, 37,

ctc., but is unity for angles 1, 3",
2" 2

57 . . .
~—, ctc., whereas a cosine is zero for
0

T—:, ctc., and unity for o, =, etc., we
sce that our expression for the com-
pounded pattern is justifiably
“ stationary,” the maxima and
minima occurring at fixed values of
x and there being no longer any
forward or backward travel. Yet
the advancing and receding waves
do not necutralise one another, and
oscillation still occurs, but *“ on the
spot "’ instcad of '’ progressively in
space.” Inserting the above zcros
of the sines and cosines, nodes are
and

A
found at x=0, ¥=-, etc.,
2

. A A
antinodes at ¥ =-, x =3—, ctc.

This detailed picture is suited to
express the behaviour of the L
vector, since the metal boundary
insisted that no clectric intensity
could be maintained there. But H
has its maximum at the same spot,
so in all our H expressions sines
are to be replaced by cosines and
vice versa, giving the stationary
waves of magnetic flux as

(21rx> . <21rt
2¢ cos{ —- )sin{ —- ).
A T >

Wireless World

This agrecs with our earlier remark
that the clectric and magnetic fields
fall out of phase by a quarter
period when stationary waves are
formed by the reflection. Current

A
nodes therefore occur at x=-, etc.,

and current antinodes at ¥=o, etc.
Fig. 1 (a) shows five instantaneous
‘“ snaps ’’ of the electric field in such
a stationary system produced by
reflection at the left-hand edge of
the diagram, the instants being at
o, } cycle, } cycle, # cycle, } cycle,
while Fig. 1 (b) shows the statc'of
the magnetic ficld at the same
instants. It must be remembered,
of course, that while any flat
picturc represents X and H in the
same plane, one of them must
actually be vibrating perpendicu-
larly to the diagram.

E 3 H
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aerial just as they occur in front-of
a conducting barrier. The latter is
obviously a plane mirror, but the
optical analogy for the aerial is not
so simple.

At the grounded end of an aerial
the situation may again tend to the
E node and current antinode,
according to the nature of the earth
and its reflecting power and the
acrial’'s length as a fraction or
multiple of wavclength.  Useful
analogy can be drawn from the
stationary waves of sound, for
instance, in organ pipes; perhaps
enough has here been said for the
recader to recognise in such and in
conventional antenna diagrams the
fecatures of phase scparation and
stationary pattern for which we
have been deriving dectailed ex-
planation.  As discussed by the
author in an earlier
Wireless World
serics, an aerial
as a ‘“ transmission

*%*! N

line’’ has an
impedance whose
matching or mis-

N

matching controls
the reflections at
its ends and hence

PN

Fig. 1. Instantaneous

AN

diagrams of the way in
which the amplitude
of stationary waves
varies with distance

(2)

Waves on Aerials.—Instcad of
travelling in free space until the
obstacle is met, a wave may be
“ guided ”’ along a conductor, as
in the previous article illustrating
the lines of force terminating
perpendicularly to a perfect con-
ductor and being distorted along
an imperfect one. A fresh kind of
discontinuity then arises when the
cnd of this guide is reached.
Reflection of the wave again occurs,
but at such an insulating termina-
tion an clectric intensity can be
maintained, but the current flow
must be zero. Hence this *“ open ”
point of reflection will show a node
in H and an antinode in E, whereas
previously we found the *“ closed ”
or ‘‘ short-circuit” barrier showed
a nod¢ in E and an antinode in H.

Apart from this cxchange in
phasing, stationary waves of the
pattern already illustrated can
ocecur along a conductor such as an

(b)

from a metallic re-

- flector situated at the

left-hand edge of each
curve.

the stationary waves set up on it ;
but to digress here into how
stationary waves decide when an
acrial is a good radiator and when
a transmission line is a good feeder
would Dbe to trespass from ficld
theory into circuit theory.

Velocity Measurement from
Stationary Waves.—\We began this
article by demanding proof that
our theory connecting speed of
travelling waves with the ratio of
units “ ¢’ was confirmed in prac-
tice. A pattern of stationary waves
such as we have becn discussing
gives excellent material for velocity
measurcment, although it does no-
travelling at all. For there is a
universal relation in all wave
motion, mechanical* or clectrical,
connecting velocity of travel v,
frequency »n cycles per unit time,
and X the wavelength, such that
v=nA tHence if a pattern of
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stationary radio waves, preferably
of very short A, is made to form
between two reflector plates and
the frequency measured by any
clectrical meter device, it only
becomes necessary to obtain A in
order to infer the velocity with
which free waves would travel in
that particular medium. This is
done by locating antinodes of the
L vector, for instance, by the glow

of a ncon lamp ; we showed earlier
that these antinodes occur at
A 32 5A

=, —, ctc., so that their scpara-
14 4
tion gives the size of }A.

Velocity Measurement from
Travelling Waves.—By diffcrent
adaptations of the method just
described, radio velocity in air has
been inferred by many, from Hertz,
the carliest ‘‘spark”™ worker, who
gave 3X10Y cm. per scc, to a
recent user of accurate valve
generators who claims the greater
precision 2.9978 X 10'°. It would
satisfy our enjoyment of direct
proof to confirm by actnal speed
measurcment instead of relying on
frequency and wavelength;  but
this specd (about 186,000 miles per
sccond) is such that extremely fast
shutters are required to interrupt
the beam. We want apparatus
compact enough to be mechanically
movable at comparable speeds, so
wavelengths far less than a milli-
metre are nceded to be accurately
confined and controlled by such.
So we measure the velocity of light,
remembering that light and radio
waves are precigely similar clectro-
magnetic phenomena differing only
in their wavelength and frequency,
not their velocity in empty space.
It is relevant here to remind our-
sclves of the range of these wave-
lengths along the whole clectro-
magnetic spectrum ; in radio we
descend from thousands of metres
to a few centimetres, and certain
cxperimental waves cven shorter
overlap the hieat radiation spectrum
which extends from below a milli-
metre to regions approaching the
wavelengths of visible light, say
7% 10-% cm. at which the red end
of the visible spectrum becomes
detectable by eye.  We cannot
" sce " beyond about 4X10-3% cm.,
and the waves pass into the ultra-
violet to which photo plates and
photo-cells and certain biological
structures arc scnsitive. Between
10~% and 107 cm. the propertics
of electromagnetic waves pass into
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the X-ray region, and finally at
about 10-% c¢m. into the rays from
radium and the cosmic rays which
appcear to come from nuclear atomic
reactions in distant parts of the
universe. There seem conclusive
rcasons for thinking that “¢” is
the velocity of all these, so that
the casiest to measure, visible light,
affords the most accurate refine-
ment in deciding on this universal
natural constant, whether obtained
by astronomical observation of
Jupiter's satellites, for instance, or
by some laboratory method.

MICROMETER scn:%

TO EYEPIECE

22 MILES

Fig. 2. Schematic layout of

Michelson’s apparatus for

measuring the velocity of
light.

We proceed to give one example
of the latter. The essence of most
such cxperiments is to revolve a
reflector or a toothed wheel, whose
serrations form an intermittent
“cut-off ” or shutter, fast enough
for light returning from a measur-
able distance to find the neigh-
bourhood of its origin altered since
sctting out, and therefore a shift of
focus to be an indication of speed.

In an cxample of such gencral
procedure, consider Michelson’s
apparatus of 1926 (Fig. 2). Light
from an illuminated slit S is
reflected from one face of an
octagonal mirror rotating at about
500 revs. per sccond, and is then
reflected at b and ¢ and the large
concave mirror M, of 30 feet
focus and 2 fect aperture. The
light travels thereafter in a parallel
beam to another station 22 miles
away, whence another concave
mirror M, and a small flat reflector
return it back to M,. We have indi-
cated by arrows the track of one
possible ray only. This is ulti-
mately sent by ¢’ and b’ to a’, a
face of the octagon parallel to the
original a, and is observed as an
image of the slit S in an eyepicce
in front of which a movable aper-

ture is controlled by a micrometer
screw. For the image to be visible
with a given setting of the micro-
meter, cither the octagonal reflector
must be stationary or must be
rotating at exactly the speed
required for the light after its
44-mile journey to catch the next
face of the rotating octagon, or the
one beyond, in an orientation
accurately in the same linc as if
the original face had remained
stationary. The slightest alteration
in speed brings imperfect parallelism
at the instant light returns, and the
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micrometer nceds adjustnient to
catch the deviated ray. Using the
utmost refinement of distance
measurement and of the speed of
rotation (by means akin to the
standardisation of radio frequencies)
hundreds of experiments gave ‘¢’ as
between 2.99756 and 2.997¢g6 X 101",
after correction, since 0.00067 in
these figures is accounted for by
the difference between air and
vacuum or free space travel.

“c” as Ratio of Electromagnetic
and Electrostatic Units,—At the
very beginning of these articles on
ficlds we showed that if the
clectric and magnetic effects moved
together at all they could only
travel with a speed cqual to the
ratio between the two ways of
detecting clectricity, that derived
from a force which appears mag-
nectic and that derived from a force
which appears clectrostatic. Hence
if any quantity be measured accu-
rately in these two kinds of unit,
there ought to emerge a ratio
giving numerically the speed of
radio waves, or some close connec-
tion such as the square of “¢.” A
simple example has been to measure
electromagnetically the charge on a



condenser whose capacity in electro-
static units is accurately calculable.

This latter, which we denote by
C,, can be computed as kA/qnd,
where A is area of plates, & di-
clectric constant, and d the scpara-
tion between plates. A cylindrical
condenser with guard-rings to avoid
‘“ edge crrors ' is perhaps the best
to use. To determine C,,, on the
other hand, the capacity in electro
magnetic units, recollect that a
quantity of charge (which is the
capacity multiplied by the voltage)
can be estimated- through the
sudden kick 8 of a ballistic (or
impulse-recording) galvanometer. If
the strength of the field magnet of
this instrument is 11, the area of its
coil A, its natural period of swing T,
the dlschargc of the condenscr
through it after applying voltage V

gives C V= HB, in which G is

27w

a constant depending on the cali-
bration of the particular galvano-
meter.  This may be fixed by
observing the steady deflection 6,
when a fraction of V, say V/n,
drives a current through a high
ANV

resistance R, so that G#8,=
nR
T
S (Y
determination of C,/C,, which,
since capacity involves a square of
fundamental quantities, involves
the square of ‘¢, vyielded a
velocity 2.995 X 10'%. .\ more recent
measurement with modern refine-
ments gave 2.99781. Agreement
with the various velocities we have
quoted is so close that the identifi-
cation of radio speed with ratio of
units becomes sure.

Hence C The carliest

Group Velocity, Phase Velocity
and “c¢” as Limit to all Speeds.—
We commented in the previous
article on the wide significance of
“¢” as a veclocity of all “ free
space ’’ radiation, and as a limiting
speed which the fastest *“ material
bodies ’* (B-ray clectrons from
radium) can only approach but
never exceed or even cqual.
natural constant is so remarkable
a featurc of clectrical phenomena
that we make no apology for having
stressed its derivation and measure-
ment in  greater detail than is
customary among its daily utilisers
in radio; it is, in some way not
yet understood, a basic property
of our ability to make any scientific
or technical measurements at all,

This “
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since all signals and information
whatever are limited to this speed,
including sight.

Our next problem is the diminu-
tion of this velocity when any
material is substituted for the free
space. We alrcady met this in
correcting  velocity from air to
vacuum standards. In the di-
clectrics of our concdensers, or in the
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terms, and some phase velocity
characterises cach of those com-
ponents. The group velocity gives
the speed of the point at which all
the waves reinforce each other, and
the speed at which the character-
istic shape of the resulting group
must travel. In empty space, and
very ncarly so in air, all the
velocities in electromagnetism are
the same ““ ¢,”” but
where mechanical
or clectrical waves

S~—~~"
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Fig. 3.

ionosphere, or in a RF coil
cxhibiting the “ skin effect”” the
retardation  of  clectromagnetic

waves becomes of great practical
importance.

Before starting on this problem
it will be worth mentioning bricfly
the source of various objections to
“ ¢ as limit, commonly raised by
any cnquiring mind faced with this
apparently arbitrary barrier to
indefinite speeds. Most of these
objections refer only to our possi-
bility of imagining higher spceds
which would, however, not possess
the property we associated with the
Poynting vector, that of carrying
cnergy. For example, imagine our-
sclves swinging a radio beam which
reached from here to the stars—the
distant end could swing as rapidly
as we please if it were far enough
away, since the lincar velocity at
the tip of a rotating radius is pro-
portional to the length of that
radius. But the Poynting flux of
cnergy would still be only along

the beam and limited to ““ ¢ " in that
direction.
Again, a “ group "’ velocity may

either exceed or be exceeded by a
phase ”’ velocity, and it is only
the former that carries the cnergy
in radio and is what we actually
measure in the velocity experi-
ments. In any * dispersive ”
material, that is to say one where
a mixture of wavelengths have
differing speeds imposed on them
by the material itself, the total
disturbance may be regarded as
made up of many superposed sine

N T

Analysis of a wave group into two sine waves
of slightly differing wavelength. If their speeds are not
identical, the group centred at the point where the two
relnforce each other will travel at a speed differing
. from that of either wave.

move through
denser material it
is by no mecans
impossible for a
medium to impose
conditions in
which the phase
velocity of the
sine components
may fall below
that of the group.
This happens in
certain fluids
and in some vibrating metal
specimens.  On the other hand, in
watching ripple crests on a pond
emerging behind and dying out in
front of an advancing group we see
the group velocity less than that
of the individual waves.

Fig. 3 shows the simplest case of
a group analysed into two sine
waves only, of differing wavelength.
If their speeds are not quite the
same, the point of reinforcement
will travel differently from either
wave, For electromagnetic waves
we have no means whatever of
observing the separate waves, so
the practical velocity is always that
of the group, the reception of
cnergy being in every case what
we detect and measure in obtaining
the constant ““ ¢’ or its diminished
magnitude in various materials.

* AMPLITUDE MODULATION' UP
TO DATE”

IT has been pointed out that in the
above article in our March issue the
impression may have heen given that
extended positive-peak operation was
one of the advantages given by
cathode modulation. Actually, the
remarks on extended positive-peak
operation, starting p. 636, col. 2, “It
is also claimed that by its use . . .,
apply to normal anode modulation,
though the principle could be adapted
to give a higher normal idling effici-
ency in a grid- or cathode-modulated
stage.

The mlsunderstandmg has arisen as
the result of condensing the original
text in preparing it for the printer.
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WHY “E” AND “F” LAYERS?

IR EDWARD APPLETON'S lec-

ture on the ‘‘ Exploration of the
Ionosphere’’ before the Wireless
Section of the Institution of Electrical
Engineers on April 7th was a masterly
exposition of progress during the
past eleven years in this particular
field of research. As Sir Stanley
Angwin remarked,. **He made the
language of the physicist understand-
able by the engineer.”’

Sir Edward stated that he had re
cently received a letter from Dr.
Dellinger, the American physicist,
asking what was the reason for label
ling the layers of the ionosphere ** E '’
and ““F.” To this he had replied
that when he discovered the E layer
he gave it this designation, as it left
other letters below, as well as above,
for the labelling of further discoveries !

RATIONALISED RADIO

EPRESENTATIVES of six of the

leading radio manufacturers re-
cently paid a three-day visit to a
training centre of Royal Signals, with
a view to rationalising the radio re-
quirements of the Army. For manu-
facturers personally to investigate
the Army’s requirements is an inno-
vation; previously the Army’s needs
have been investigated mainly by ex-
perts of the Ministry of Supply, and
their findings conveyed to the manu-
facturers.

The long-term policy is to reduce
the number of types of sets used in
the Army, while covering the ex-
tended range of requirements. This
will mean a considerable reduction in
the number of spares carried by a
unit,

It is learned from the Ministry of
Supply that close co-operation exists
between technicians in this country
and in the United States and Canada
““with a view ultimately to the
rationalisation of production on an
inter-Allied basis.”’

SETS AND COMPONENTS

OP the 125,000 receivers which
were in process of manufacture
in April, 1942, 65,000 had been made
-available by December 31st. This
fact was recently made known by the
President of the Board of Trade in
reply to a question in the House of
Commons.

He also stated that there were
125,090 sets in process of manufac-
ture on January 1st this year, and he
hoped these would be completed and
released at the same rate as last year.

Asked whether he would make
valves and spare parts for receivers
more easily available, Mr. Dalton
stated that in addition to the imports
of valves from America the produc-
tion of valves in this country for
civiian sets was very considerable.

— WORLD OF WIRELESS——

As regards components, the principal
difficulty" had been with electrolytic
condensers, but steps have already
been taken to increase the production
of these.

R.M.A. REPORT

PROVISIONAL specifications and

circuit diagrams for a battery and
a mains utility set have been prepared
by the Radio Manufacturers’ Associa-
tion in consultation with the B.B.C.
The sets call for the minimum of
materials in short supply, and utilise
valves and components in common
production for the Services. These
facts are revealed in the recently pub-
lished annual report of the R.M.A.,
from which it is also learned that *‘it
has been no part of the policy of the
R.M.A. to press for civilian radio pro-
duction. A decision as to the neces-
sity and extent of manufacture for
civilian purposes can only be made by
the Government."’

Civilian receiver sales for last year
are reported to be 20,795 for export
(value £178,598) and 107,317 for
home use (value £1,226,887).

S. R. Mullard, M.B.E,, M.ILE.E | the
new president of the R.M.A,

The difficulties of the retail trade
in handling receiver repairs is dealt
with in the report. An enquiry in
February, 1942, revealed that 1o per
cent, of the country’s 8,600,000 odd
licensed receivers were not in use;
half of these were awaiting repair, the
other half being short of some part
which was not likely to.be available
in the near future, Some 240,000
repairs were being accepted each
month by the 4,000 retailers from
whom these details were received.
The repairs were being undertaken by
3.260 skilled and 2,160 semi-skilled
employees.

The shortage of components and
accessories is stated to have been a
considerable impediment in the execu-
tion of repairs, but was not considered
to be the major cause. -

RADIO OFFICERS HONOURED
TIIE enterprise, skill, and perse-
verance of the First Radio Officer
of a torpedoed merchant vessel in
restoring to working order the life-
boat’s oil-covered transmitter resulted
in the securing of assistance and the
rescue of forty-two persons.
For his outstanding resource and
energy throughout, First Radio Officer

Arthur M. Arthurs was made a
Member of the Order of the British
Empire.

Lloyd’s War Medal for bravery at
sea was recently awarded to Chief
Radio Officer G. W. Jennings, who,
when his ship was torpedoed and set
on fire and so badly damaged that
she was abandoned, remained in the
wireless cabin to the last to make
certain that his distress signals had
been received.

Twenty-four hours after being
landed Mr. Jennings heard that
another ship needed a Chief Radio
Officer and at once volunteered.

AIRCRAFT RADIO OFFICERS
AN agreement has recently been

concluded between British Over-
seas Airways Corporation and the
Radio Officers’ Union regarding the
terms and conditions of service of
radio officers employed by the Cor-
poration.

The standard annual rates of basic
pay to Third Radio Officers is £300,
for Second Radio Officers {rom £325
to £450, and for First Radio Ofhcers
from £450 to £550. Annual incre-
ments at the rate of f25 are payable
to Second and First Radio Officers
until the maximum salary appro-
priate to the grade is attained.

Officers employed in connection
with flights or services operating be-
tween the United Kingdom and coun-
tries outside Kurope, or whilst posted
to a base outside the United King-
dom, receive additional oversea pay,
1f engaged on trans-oceanic routes be-
tween the Americas and Africa or
Europe, additional trans-oceanic pay
at the following annual rates will

be received: Third Officer f150,
Second Officer £175, First Officer
£200.

Uniform is provided by the Cor-
poration.

THE LATE R. W. PAUL
WE record, with regret, the death

of Robert William Paul, the
well-known  electrical  instrument
maker, at the age of 73. He started
business as an instrument maker in

Hatton Garden, London, in 18gr.
His firm amalgamated with the
Cambridge  Scientific  Instrument

Company in 1919, under the title of
the Cambridge and Paul Instrument
Company, now the Cambridge Instru-
ment Company. Mr. Paul was a



member of the ILE.E., apd a past
vice-president of the  Physical
Society. In 1938 he was awarded the
Duddell medal.

His name will always be associated
with the unipivot galvanometer which
he produced in 1go3. Older readers
of Wireless World will recall that Mr.
Paul was also interested in the de-
velopment of loud speakers and con-
tributed to the pages of this journal
on the subject. He was also one of
the pioneers of cinematography,
having developed in 1895 a method of
projecting moving pictures.

Mr. Paul’'s versatility is further
demonstrated by his production, in
collaboration with the late Sir Wil-
liam Bragg, of the Bragg-Paul pulsa-
tor, to aid breathing in cases of
respiratory paralysis.

DF PIONEER

EWS has recently been received

of the death in January of Dr.
Ettore Bellini, who, in collaboration
with Commandant A. Tosi, produced
the Bellini-Tosi system of direction
finding. The system, which employs
fixed aerials in conjunction with a
goniometer having a rotating search
coil, was widely* used in the Marconi
Company’s DF gear. Bellini, who was
an electrical engineer in the Italian
Navy, filed a patent as long ago as
1907 for ‘‘sense’’ finding, or the
avoidance of 18o-degree ambiguity.

“MUSIC WHILE YOU WORK”

’I‘HE Court of Appeal has upheld the
recent decision of Mr. Justice
.Bennett that the relaying of music to
factory workers is a public perform-
ance and constitutes an infringement
of the rights of the Performing Right
Society in any broadcast music of
which the Society holds the copy-
right.

Licences for the relaying of music
in factories, whether provided by
gramophone records or the B.B.C.'s
broadcast transmissions, must be ob-
tained from the Society. The fee is
calculated at the rate of 1d. per
worker per annum for an hour’s music
a day.

The fact that the B.B.C. has a com-
prehensive fee for its transmissions of
music does not alter the situation. Its
licence is ‘‘ for domestic and private
use only.”*

BRIT. LR.E. HOUSE-WARMING

HIZ new headquarters of the

British Institution of Radio En-
gineers, 9, Bedford Square, London,
W.C.1, were officially opened on
March 30th., The guests, among
whom were included many prominent
personalities in the world of wireless,
were received by the president, Sir
Louis Sterling. After outlining the
aims and objects of the Institution
the general secretary, Graham D).
Clifford, spoke of the possibilities of
extending its activities to cover all
English-speaking countries.
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B.B.C. SHORT-WAVE NETWORKS

RECENT changes in the schedules
of the B.B.C.’s short-wave trans-
missions makes this an opportune
moment to give some details of the
organisation of the various Services.

There. are two main Divisions
responsible for the transmissions radi-
ated to countries oversea; these are
the Overseas and Empire Services.
Each of these Services is sub-divided,
for programme purposes, into coloured
“* networks,’’ which have been defined
as ‘‘an association of a particular
suite of studios, a variable group ofl
transmitters, and the chain of equip- |
ment and telephone lines connecting
the two.”’ T

Three networks carry the pro-
grammes of the Oversea Service to
the Empire and to English-speaking
peoples oversea. These are:—

Red Network: Broadcasts in English to
the Empire and to the U.S.A

Green Network: Broadcasts in English to
the British Forces oversea and also broad-
casts in Empire and Far-Eastern tongues.

Purple Network: At present limited to
broadcasts in Afrikaans.

The European Service 1s divided
into four networks—brown, blue, |
yellow, and grey—each of which is
directed to a specified group of
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countries.
While the present issue of Wireless
World is current, the following

schedule of the times (BDST) of the
B.B.C.'s short-wave transmissions of
news in English and the wavelengths
on which these are radiated will be

operative.
0306: 25.68, 30.53, 81.82, 48.43, 40.10.
0445: 25.68, 80.58, 80.96, 381.32, 41.96,

42,13, |
48.43,
81.25, 381.55.
30.53,
41.01,
19,42,
19.82,

25.53,

42.46, 48.43.

0630 ; 25.68, 30.53, 80.96, 81.82, 42.18,
49.10.

0815: 19.82, 25.53, 25.68, 30.53,
42.18.

0930: 16.84, 19.50, 10.82, 25.53, 25.68,
31,55, 42.13.

1000: 30.96, 81.25, 31.32, 31.75, 38188,
41.75, 41.96, 49.42, 49.59.

1300 & 1500 ; 18.97, 16.64, 16.79, 16,84,
19.50, 19.82, 25.53, 25.68.

1700: 18.97, 16.64, 16.79, 16.84, 19.42,
25.68, 31.55.

1800: 16.5968 16.64, 16,84, 19.50, 19.66,
25.68.

2000: 16.84, 19.50, 19.66, 25.29, 25.58.

2245: 19.66, 25.53, 25.68, 80.96, 351.25, 31.88,
41.49, 49.92.

2346*: 25.53, 26.68, 30.58, 31.82.
* Sundays excepted. e .
The morse transmissions of news in

English, German, and French are

now radiated at 0230, 0300, and 0330

(BDST) respectively in the 49-metre

band.

TEACHING RADIO

HE aim of the Convention

of University Radio Teachers,
opened by Sir Stafford Cripps, Chair-
man of the Radio Board, on April[
ioth, was to give those present, by |
direct contact with members of the |
Services, a better idea of the tasks |
their students will have to perform |
when their training is complete. ‘
Sir Stafford stated that ‘* We were l
met with a clear insufficiency of
scientific personnel when this great
expansion of the manufacture and use
of wireless took place.”” He referred
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PARAMOUNT above all else is '

the necessity of meeting
urgent and immediate demands for the pro-
tection of cherished liberty.

Astatic’s engineering and manufacturing
facilities are first, therefore at the disposal
of Allied Governments,

Astatic will be ready to serve you again
with high quality piezo-electric devices
when the ‘“ All Clear’’ of Victory sounds.

Register your name with our Representative
or your future benefit.

THE ASTATIC CORPORATION
YOUNGSTOWN, OHIO, US.A.
TORONTO, CANADA.

ively Repr d by

Frank Heaver Ltd.
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VARIABLE CONDENSERS
—DRIVES—
AUTOMATIC TUNERS

THE manufacture of precision products
by the volume production assembly
line method is a speciality of the General
Instruments Corporation. Radio re-
ceiver set manufacturers are more than
familiar with General Instruments vari-
able condensers, automatic tuners and
precision drives. Although domestic set
production has ceased for the time being,
the time is rapidly approaching when it
will once again be possible to proceed
with this production. General instru-
ments will have new ideas based on the
latest scientific research to offer the radio
manufacturing industry.

Always remember General Instruments
VARIABLE CONDENSERS - DRIVES—
AUTOMATIC TUNERS
Register your name with our Representative
now, He will forward you information on our
products as soon as they become available.

THE GENERAL INSTRUMENT
CORPORATION

ELIZABETH, N.J., US.A.

Exclusively Represented by.
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Frank Heaver Ltd. Gisetors, M. Devon
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The World of Wireless
to the distinguished work in organis-
ing the recruiting and training of
personnel done by the Wireless Per-
sonnel Committee of the Radio Board.
He paid tribute to the work of the
technical colleges in training very
large numbers of radio mechanics for
the Services, and to the Universities
for the training of the more highly
skilled scientists, officers, research
workers and development engineers.
In conclusion, Sir Stafford laid con-
siderable stress on the need for the
scientist and technician to be pre-
pared to tackle post-war problems.

MAGNETIC MATERIALS
N informal discussion on ‘' Modern
Magnetic Materials'’ was opened

jointly by G. A. V. Sowter, B.Sc.,
\I LEE., and A. J. I‘yrrell,
ADMLE, l-‘ at the meeting of the

Brltlsh Institution of Radio Engineers
on March 206th. This discussion
was in place of the previously an-
nounced  paper  on ' Selective
Methods in Radio Reception.”

Mr. Sowter described a new alloy
which, while possessing excellent mag-
netic  properties, was composed
entirely of non-magnetic materlals A
permancent magnet ‘‘pot’’ just over
an inch in diameter was exhibited, for
which it was claimed that a speaker
fitted with it would handle an output
of two watts.

IR.E. MEDAL OF HONOUR
OR his achievement in the de-
velopment of modern elec-
tronics, including its application to
radio-telephony, and for his contri-
bution to the welfare and work of the
[American] Institute of Radio Engi-
neers,”’ Dr. William Wilson has been
awarded the I.R.E. Medal of Honour.
After periods of research in elec-
tronic physics at Manchester, Cam-
bridge, Giessen and Toronto Univer-
sities, he undertook research work in

Wireless World

industry, and since 1914 has been
with the Western Electric Company
and the Bell Telephone Laboratories.

Dr. Wilson was born in Preston in
1887 and received his D.Sc. degree
from Manchester University in 1913.

CHANTING MORSE

.T.S. trainees for the latest branch

of Royal Signals to be opened to
them—that of Operator Wireless and
Line (OWLS)—are taught morse by
a system of chanting—'*dit dah, A.”’
They do not see a printed morse
symbol, their training being entirely
oral.

To simulate actual working con-
ditions, trainees are grouped in net-
works of three ‘‘stations’’ for prac-
tice handling of traffic. By means of
a test board an overseer can listen to
the operators’ key work and can cut
in on ‘‘ phone’’ to correct any short-
comings. Their technical training is
very elementary, as they are not ex-
pected to undertake more than ex-
ternal running repairs to sets in their
charge.

HIRE PURCHASE
HE Hire Purchase (Control) Order,
referred to in the March issue, by
which the hire purchase of receivers
was prohibited, has now been super-
seded. By a new Order, the Hire
Purchase and Credit Sale Agreements
(Control) Order, new receivers of the
domestic or portable type and hearing
aids are now obtainable by hire
purchase.

PAUSING FOR BREATH
WIIEN addressing the Radio In-

dustries Club, C. O. Stanley,
O.B.E., suggested that broadcast re-
ceiver manufacturers should, for a
few months after the war, produce
their pre-war models unchanged, This
would give them an opportunity to
take stock and plan new productions
in the light of existing post-war con-
ditions.

REPAIR AND MAINTENANCE of transmitters and receivers under Service
conditions in the desert are simulated for the personnel of the Royal
Armoured Corps on arrival in Egypt.

IN BRIEF

French Licence Fees.—Increased licence
fees for wireless receivers were introduced
in France early this year. The new fees
are 25 francs for crystal sets and 175
francs for all other receivers intended for
home use. \Where sets are installed in
halls or other public assembly places the
fee is 350 francs. If a charge is made
for admission to the hall the fee is
doubled.

Rationing Receivers.—Vouchers are
now reqmrul by \Iazls for the purchase
of receivers. It is learned from the
U.I.R. Bulletin that purchase vouchers
are granted only for the needs of the
Army and civilians who are victims of
the war or meet with accidents during
their war work.

Radiolocation Pioneer Honoured.—The
honorary degree of Doctor of Laws is to
be conferred on Sir Robert Watson Watt,
pioneer of radiolocation, by the Uni-
versity of St. Andrews,

Royal Engineers.—Although the thlrd
wartime reunion of the Royal Engineers’
Wireless Association, 1914/1918, held at
Newbury, Berkshire, on March 13th was
only in ‘' skelcton lorm " owing to the
various restrictions, it was a considerable
success. Capt. H. de A. Donisthorpe, the
vice-president, was in the chair,

R.M.A.—At the first meeting of the
newly elected Council of the Radio Manu-
facturers’ Association, F. I3, Duncan,
joint general manager of Marcomphone,
was appomte(l chairman, and E.
PPower, managing dircctor of \hlr[)h},
vice-chairman.

Institution of Electrical Engineers.—
The Wirelessg Section of the Institution of
IElectrical Engineers is holding its next
meeting at 5.30 on Wednesday, May sth,
when a paper on '* The Frequency Syn-

thesiser " will be given by H. J. Finden.
I'he last meeting of the Session will
be on May 1i1th at 5.30, when an in-

formal discussion on *‘ Factors Deter-
mining the Choice of Carrier I‘rcquencws
for an Improved Television System ™
will be opened by B. J. Edwards,

Brit, LLR.E.—The date of the April
meeting of the BDritish Institution of
Radio Engincers has been changed to
Friday, April 3oth, at 6.30. It is learned
that the Institution has been elected to
full membership of the Parliamentary
and Scientific Committee.

Crystals,—The  Minister of
Supply has appointed a Controller of
Quartz Crystals,  All communications
relating to the supply of quartz crystals
should be addressed to the Controller,
R. L. P’rain, Portland House, Tothill
Street, S.\W.1. Telephone: Abbey 7788.

Resignation.—\W¢  are  informed that
1.. J. Mold has resigned his directorship
of Taylor Electrical Instruments.

Quartz

In the advertisement of C.13. Engineer-
ing Company, X.I.. Works, Robin Hood
Gate, Kingston Vale, S.\W.15, which
appeared in our April issue, the district
was incorrectly given as S.\W.19,

The Minister of Supply recently stated
that the public had responded magnifi-
cently to appeals for salvage in the past,
but still more waste paper was needed
for essential war purposes; otherwise the
needs of everyday life would inevitably
be still further curtailed.



Letters to the Editor

Expansion and Distortion - Future of
Broadcasting - Transitron Modifications

Contrast Expansion

HAVE read with considerable

interest the correspondence in
your columns on contrast expan-
sion and, while heartily supporting
the plea for automatic compression
at the transmitting or recording
end, I must agree with Mr. J. Moir
(your March issue) that contrast
expansion used with manually con-
trolled orchestral broadcasts and
recording is a really worth-while
measure, if only for the marked re-
duction in background noise.

I cannot, however, agree with
Messrs. Hughes (January issue) and
Moir that contrast expansion must
cither degrade transient response
or increase amplitude distortion of
low audio-frequencies. This con-
clusion is based on the assumption
that the ** pick-up " and *‘ decline *’
delays are equal, as is the case with
the majority of contrast expansion
units, and in my opinion is at the
root of the unsatisfactory results
experienced by so many people.
With this type of equipment the
time delays cannot be reduced
below about o.1 second without
introducing amplitude distortion,
and with this delay transient re-
sponse is poor, and a reduction in
realism results from the loss of the
echo at the end of loud passages
due to the rapid fall in gain, giving
a flat, lifeless performance.

In my own equipment the pick-
up and decline delays are adjusted
to about 0.02 second and 2 seconds
respectively, by shunting the resist-
ance in the resistance-capacitance
delay circuit with a diode. The
delay times are controllable within
quite wide limits by suitable choice
of-component values. It might be
thought that a decline delay of
2 seconds would be excessive, but
it gives the advantages that
““ flutter ’ does not occur during
loud staccato passages, and that
reverberations are faithfully repro-
duced. I have not yet heard any
musical performance which was
adversely affected by this delay.

The results are much superior to
those which I obtained with the
more normal type of contrast ex-
pansion unit, no deterioration in
transients or increase in amplitude
distortion being audible. Care

must be taken to ensure that the
low-frequency ‘‘ thump "’ generated
by the rapid change in gain of the
expansion unit is reduced below
audibility, but this is not difficult,
and should not cause trouble unless
a large amount of bass boost is used
in the amplifier. It is preferable
on this account to arrange that the
tone controls precede the expansion
unit, the amplifier having a falling
characteristic below 100 ¢/s, this
being equalised by the tone control.

In my experience an expansion
of only 15-20 db. is required to
transform a performance lacking
in vigour into one which- has all
the punch of Toscanini, but an
adequate reserve of output must be
available for best results.

DAVID T. N. WILLIAMSON.

Edinburgh.

Post-war Broadcasting

T the British Association con-
ference on ‘‘Science and the
Citizen '’ (March 2oth-21st), the ses-
sion on ‘‘ Radio and the Cinema,”’
which was nominally concerned
with the distribution of scientific
knowledge through these two
media, did in fact cover the whole
field of the future of broadcasting.
Perhaps this is not surprising when
Sir Allen Powell (Chairman of the
B.B.C. Board of Governors) was
presiding, and Sir Robert Watson
Watt was the first speaker, but it
would be a pity if, because it was
not a technical meeting, technicians
overlooked the suggestions made
there on technical as well as
general policy.

Sir Robert Watson Watt said the
listener needed four freedoms: (1)
Freedom from interference, (2)free-
dom from distortion, (3) freedom
of choice, (4) freedom from distrac-
tion. The first depends on design
of equipment; on atmospherics,
which can be combated by choice
of wavelength; and on man-made
static which is a social rather than
a technical problem. The second
depends on band-width and circuit
design. The third requires a large
increase in the number of channels,
which would be a reversal of the
present policy of sacrificing asthe-
tic values to the economic cover-
age of wide areas. Coupled with
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world for dependable service and excel-
lent quality of its many products.
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T is typically American to accomplish

yesterday’s impossibilities to-day.
Raytheon research laboratory to-day and
every day is delving into seemingly
impossible Radio Electronic Tube pro-
blems . . . and solving them
incredible space of time.

This unending scientific research carried
on at Raytheon to aid the armed forces
during the present conflict wilf, when
we are onee more on a peacetime basis,
give Raytheon tubes the advantage of
these newly-developed electronic princi-
ples. Your new Raytheons will be the
product of the latest scientific research.

WORLD'S LARGEST
EXCLUSIVE TUBE
MANUFACTURERS

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

RAYTHEON
PRODUCTION CORPORATION
NEWTON, MASS., US.A.
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Letters to the Editor—

the need for a large number of
channels, the avoidance,of trans-
mission via the jonosphere points
to the use of much higher frequen-
cies for broadcasting, and a further
advantage of this would be the
elimination of international difficul-
ties, since these stations would all
be of strictly limited range.

Here Sir Robert went farther
than most of us would wish, and
said that, on the principle that you
should never use radio if you can
do the job without it, all urban
areas (towns of population 5,000
upwards) should have their pro-
grammes distributed by wire. -

Dr. McClean, in the course of a
statement on behalf of the Asso-
ciation of Scientific Workers, sug-
gested that the B.B.C. ought to
undertake fundamental scientific
research, because it is a very
wealthy Corporation; later in the
meeting Sir Allen Powell countered
this by saying that far from being
wealthy, the B.B.C. would be
““broke "’ if it did not receive from
the Government an annual grant
several times greater than the
licence revenue. (The ordinary lis-
tener will surely comment on this
that if the B.B.C. is spending £10
millions a year on the present
‘“Home'’ and ‘‘Forces’’ pro-
grammes, it's time someone else
took over the job; but if most of
the money is gomg on the Overseas
propaganda services, it is only right
that it should be paid for out of
general Government resources, not
out of the licence fees.

The idea of having specialist
B.B.C. Governors (including one
scientist) was opposed by the chair-
man, and the B.B.C. was criticised

Wireless World

for its failure to broadcast talks on
scientific subjects.

Radio will undoubtedly be im-
portant in the post-war world, and
I recommend all who are interested
in it, whether as an industry, as a
social force, or just as entertain-
ment, to look out for any hints
such as these from those who are at
the head of technical development
and B.B.C. policy; otherwise they
may lose the chance of putting for-
ward their views before the plans
for the future of broadcasting are
fixed. D. A. BELL.

London, N.zI1.

Transitron Oscillators

I WAS very interested in recent
Wireless World articles on the
Transitron Oscillator, as I have
been using a similar circuit for
some years. However, two impor-
tant improvements are embodied in
my own circuit, shown in the
accompanying diagram, which is
used for heterodyne frequency
meter work.

First, all who have had practical
experience of any form of RF oscil-
lator will appreciate the advantages
obtained by having one end of the
LC circuit at earth potential to
both DC and RF. Secondly, one
very important feature of the Dow
or ECO circuit, as it is commonly
employed, is that the output is
usually obtained from the anode
circuit load, the coupling between
this and the frequency determining
circuit being via the electron stream
of the valve. These two important
advantages can be embodied in the
Transitron oscillator if a heptode
valve is substituted for the RF pen-

Edition revised by M. G. Scroggie

Second Edition ...
Edition

TELEGRAPHISTS, byH M.

Seventh Edition ...

INTRODUCTION TO VALVES, by F.

VALVE REPLACEMENT MANUAL.
A. Woffenden oo

Books issued in conjunction with ‘¢ Wireless World ”’

FOUNDATIONS OF WIRELESS, by A. L. M. Sowerby Tbird

TELEVISION RECEIVING EQUIPMENT, by w. T Cocklng
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WIRELESS SERVIC[NG MANUAL. by W. T. Cocklng Slxth

HANDBOOK OF TECHN[CAL INSTRUCT[ON FOR WIRELESS
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! WIRELESS DIRECTION FlNDlNG. by R. Keen Thlrd Edmon 30/-
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tode shown by Mr. Chambers. In
general, the upper frequency
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limit of oscillation of the Tran-
sitton and similar circuits is
limited by the electron transit time,
and in the case of the X63 and
similar heptodes this limit lies be-
tween 30 and 40 megacycles. I
have no experience of the limits
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Transitron oscillator circuit with
heptode valve (Osram X63, Ameri-
can 6A7, etc.)

that may be reached with heptodes
especially designed for UHF work.
It may be added that if a resist-
ance is substituted for the LC cir-
cuit, it then becomes a current con-
trolled relaxation oscillator, that
will oscillate at an audio frequency
continuously variable by varying
the resistance. If such use is in-
tended it will be advisable to in-
crease the value of the screen-sup-
pressor coupling condenser to, say,
o.1 mfd. in order that the reactance
may be small compared to the grid
leak resistance to transmit satisfac-
torily the lowest frequency to be
used. The circuit will then work
satisfactorily down to a few c/s.
E. A. DEDMAN, G2NH.
New Malden, Surrey.

“ P.M.G. Examinations '’ :

Reply to Criticisms
THE principal objection raised

by critics of my article is that

the pay and prospects of Radio
Officers do not justify any increase
in the standards of training and
examinations. My views are:—

(1) As the equipment on ships
becomes more specialised and the
fitting of modern equipment be-
comes general employers will, in
their own interests, be obliged to
staff the ships with men capable
not only of operating, but main-
taining such gear,

(2) The present conditions of
pay and prospects of Radio



Officers are, in part, due to the
ease with which students may be
trained and the short time required
to reach the P.M.G. examination
standard. This results in a per-
manent surplus of operators in
training except in exceptional
times, such as the present war.

(3) After the war is over there
will be a very large number of men
holding special certificates who will
wish to continue as Radio Officers
and who will need a higher quali-
fication. It is probable that only
a small proportion of these men
will be required permanently. An
immediate increase in the standard
would ensure the selection of those
best fitted for the work.

(4) Since the war began the pay
of Radio Officers has materially
increased—exclusive of war risk
bonus—and an increase of ex-
amination standards may help in
retaining this increase.

Mr. Lamb, who writes on behalf
of the Radio Officers’ Union, does
not agree that the present P.M.G.
examinations are stereotyped.

He goes on to say that any in-
crease in the technical standard
now in force would not materially
assist the Radio Officer, since he is
first and foremost a telegraphist.

After making the surprising
‘admission—for the R.O.U.—that
the chance the Radio Officer has of
obtaining a position commensurate
with the financial outlay and
mental effort entailed in obtaining a
certificate of increased standard is
doubtful, Mr. Lamb then contra-
dicts his previous criticisms.

He briefly outlines a scheme
which in its implications goes much
farther than that I suggested.

Mr. Lamb suggests a fourth or
extra first-class certificate. This
certificate covers advanced radio
practice both for marine and shore
purposes. It will demand, there-
fore, a greatly increased standard
of basic training apart from the
study a Radio Officer will need to
do while at sea and at school pre-
paring for the examinations for
the various grades of certificates.

No doubt, as Mr. Lamb sug-
gests, some such scheme as that I
have suggested will be adopted,
and I would like to emphasise the
great importance of the basic train-
ing courses to men at sea studying
alone, and whose time at school is
necessarily limited.

WM. M. MOORE.

The Marine School,

South Shields.

ELECTRICAL INDUSTRIES

RED CROSS FUND
Wi ireless Section’s Contributions

“ OPE and the Red Cross make

life worth living to us here;
they are our salvation of mind and
body.”” So writes a sergeant major
who is a prisoner of war, and sergeant
majors are not notorious as senti-
mentalists. This sentence not only
summarises the efforts made by the
Red Cross and St. John Joint War
Organisation for prisoners of war, but
the word ‘‘salvation’’ crystallises
both the urgent need for such efforts
and the success that is attending
them.

By the provision of regular food
parcels to supplement deficiencies ®f
diet, by the despatch of books, games
and sports equipment to combat bore-
dom, by arrangements for educational
facilities, by its special care for
prisoners who are ill or blinded or
deaf, the Red Cross has done much
to earn such high praise and deep
gratitude.

The services to prisoners of war
have tended to overshadow the other
great responsibilities which rest on
the Red Cross and St. John, but as
the war develops first one and then
another aspect is thrown into relief.

During the heavy air raids in the
past the Red Cross amplified the work
done by official relief services in every
conceivable way, and was instrumen-
tal in saving hundreds of lives, bring-
ing thousands back to health, and re-
storing the faith of hundreds of
thousands by little acts of comfort
throughout the country. There is still
a Luftwaffe. The Red Cross must
stand prepared.

As for the future, who dare hope
for final victory without a heavy in-
crease in Service casualties? The
Red Cross must be, and is, ready to
supplement basic medical treatment
provided by the Forces with comforts
for the sick and wounded.

Care for the children, assistance on
a vast scale to our allies, particularly
Russia, comfort for those who, safe
themselves, have husbands or sons
missing, prisoners or wounded—how
impossible it is briefly to summarise
the great task of the Red Cross,

At the time of going to press over
£14,000 has been contributed to the
Electrical Industries Red Cross Fund.
Among recent subscriptions from
wireless firms and those with wireless
interests are the following:—

COVENANTED 8UBSCRIPTIONS
£

Creed and Co., Croydon
Sun Electrical Co., London o
Radio Gramophone Development Co.,

Bridgnorth ..........cccoccoeiiiiiiiin.
Michael - Black, Glasgow

DONATION
Ward and QGoldstone, Manchester ...
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** Music? Well, I'll eat my hat !

FLUXITE's a grand cure for that.
Those squeaks—they're not mice,
They'll be gone in a trice,

But for goodness sake call off this cat 1"

o
See that FLUXITE is always by

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

Ask to see the FLUXITE

SMALL-SPACE SOLDERING

SET—compact but substantial—
complete with full instructions,

7/6.
®

TO CYCLISTS! Your wheels will
NOT keep round and true unless the
spokes are tied with fine wire at the cross-
ingg AND SOLDERED. This makes
a much stronger wheel. It's simple—uwith
FLUXITE—but IMPORTANT.

The FLUXITE GUN
puts FLUXITE where
you want it by o
simple pressure.

Price 1/6, or filled. 2/6.

ALL MECHANICS W/IL HAVE >

FLUXIT

IT SIMPLIFIES ALL SOLDERING

Write for Book on the ART OF *“ SOFT*"
SOLDERING and for Leaflets on CASE.
HARDENING STEEL and TEMPERING
TOOLS with FLUXITE. Price 1d. each.

FLUXITE LTD.

(Dept. W.W.,), Bermondsey Street, S.E.|
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Remember
Southampton

VEN those of you who confine

your reading to the Editorial and
Recent Inventions pages of this
journal, counting the rest as so much
dross, will be aware that proposals
have been put forward that the
B.B.C. programmes should, after the
war, be distributed over the electric
mains.

These proposals, which were well
ventilated in this journal early in
1942, leave me quite cold, but [ must
offer a warning to the B.B.C., the
P.M.G., and any other would-be
Hitlers of the ether. If any attempt
is made to force this system on us,
and thus compel us to listen to
whatever is pumped along the mains,
instead of being able to roam the
ether at will, the result will be
the establishment of highly mobile
““bootleg "’ wireless transmitters in
stratospheric aircraft, in order to give
the people ‘‘ freedom programmes.’’

I raise this matter now as it has
come to my ears that a very subtle
scheme is being prepared by the pan-
jandrums of Portland Place and the
moguls of St. Martins-le-Grand to
swing a large proportion of the popu-
lation over to acceptance of the idea
of non-wireless broadcasting. The
scheme, which is magnificent in its
daring, and Machiavellian in its
subtlety, consists of nothing less than
the establishment of a multi-wave-
length USW station on the roof of
every Post Office, and the linking of

every car with the
ordinary G.P.O. tele-
phone  system by
equipping it with a
fixed-wavelength low-
powered USW trans-
mitter-receiver, which
will ‘‘ contact ’’ the
nearest Post Office
when ‘* O "’ is dialled.

The whole idea is
particularly intended
to appeal to women,
with their love of
ceaseless and senseless chatter, and
it would at any rate relieve us un-
fortunate motorists of the bugbear
of back-seat women drivers., They

UNBIASED

By
FREE GRID

would be far too busy on the ’phone
to bother about whether we were driv-
ing on the wrong side of the road or
cutting in. Since each car would
have a channel permanently allotted
to it, even the USW part of the spec-
trum would become uncomfortably
crowded with the great increase in
cheap motoring after the war, and
thus some force would be lent to the
aggument of the wired wireless pro-
tagonists that wireless must be re-
served for services where it is impos-
sible to use the ‘‘ carrier’’ system.

If the scheme does come into being
my first act will be to try to
bring the whole thing to a reductio
ad absurdum by agitating for every
pedestrian who desires it to be allo-
cated a personal USW channel and
to be supplied with lightweight
apparatus in order to link him with
the nearest G.P.O. exchange. In any
case, the scheme will be defeated as
decisively as was the great G.P.O.
Southampton conspiracy in 1939.

A DC Dilemma

CCORDING to reports which
reach me from a confidential
source near Whitehall, it appears that
users of electrical energy are well to
the fore in the matter of fuel saving.
There is nothing very extraordinary
about this, for, after all, when slip-
ping out to the ‘‘local "’ for
your morning magnum it is
quite a simple matter to
turn the electric fire off,
whereas to heave a bucket
of water over a coal fire is
a messy business.

IO

Back-seat driver bugbear.

However, in spite of the fact that
electricity users set a good example
to the nation, I was greatly puzzled
when examining some statistics to find

that in certain districts where the

supply is DC the consumption of elec

tricity was going up instead of down,

and [ determined to get at the cause

by making a house-to-house call.
After experiencing one or two un-
L

¢ On the scent."

fortunate contretemps in which,
owing to mistaken identity, old
clothes and other salvage were thrust
into my arms, so that the scent got on
me rather than I on the scent, I re-
tired to the local hostelry in a very
low state. By one of those strokes of
good fortune which do happen some-
times, I stumbled simultaneously on
the explanation of the mystery and
some pre-war beer, the latter being
served to me by a sympathetic bar-
maid who said that my appearance re-
minded her of a favourite uncle, a
gravedigger by profession, who had
overstrained himself while digging for
victory on his allotment,

With such an excellent conversa-
tional opening, it was not long before
I was on terms of intimacy with the
whole bar, which included several
Wireless World readers, and I soon
learned that the cause of the great
increase in current consumption in
this and other DC districts was the
terrible dearth of DC mains valves,
AC valves were, as I knew from per-
sonal experience, considerably easier
to obtain, with the result that people
were simply substituting them in their
DC sets and running them in series
with an external resistance of large
ohmage and amperage, if I may be
permitted so to express myself, " Cer-
tain other adjustments have to be
made, of course, but the salient fact
is that the heater consumption of each
set is increased no less than five times,
since AC valves take a full amp. at
4 volts instead of o.2 amps. at a
higher voltage, as do their DC
counterparts. Possibly, Major Lloyd
George may be interested in this
startling fuel leakage and be able to
dam it by exerting strong pressure in
the right quarter to get a few more
DC valves made available.



Wireless World Brains Trust

Radio’s Jubilee Year ?

Question No. 11.—Who first con-
ceived the idea of using electro-
magnetic waves as a means of com-
munication? It seems strange
that Clerk Maxwell and Hertz
who, respectively, postulated
mathematically and experimentally
proved the existence of the waves,
should apparently have had no
thoughts on the practical uses—to
our generation so obvious—to
which their discoveries might be
put. J. HARMON.

This seems to be best dealt with
as an “open question,’’ as we doubt
if any of our regular ¢ Brains
Trustees '’ would claim any special
knowledge on the dawn of wireless
history. Replies for publication are
therefore invited from anyone
having information on the subject.
In the meanwhile, a few notes may
be of interest, if only because the
question is opportune. Whatever
the precise answer may prove to be,
it seems highly probable that the
practical conception of electro-
magnetic wave communication is
now almost exactly 50 years old.

E can find no record that Clerk

Maxwell ever expressed any
views on the practical uses of
electro-magnetic waves. The out-
look of Hertz was apparently
equally academic ; but when a Ger-
man engineer named Huber sug-
gested in 1889 the use of the waves
for  telephonic communication,
Hertz discouraged the idea on the
ground that the telephone would
not respond to RF oscillations.

The first prediction of a prac-
tical communications application
mentioned in G. G. Blake's
* History of Radio Telegraphy and
Telephony ** is credited to Sir
William Crookes, the physicist.
‘“In 1892 he wrote an article in the
Fortnightly Review in which he
foreshadowed  telegraphic com-
munication from one place to
another across free space by means
of electro-magnetic waves, and he
suggested the possibility of tuning,
so that many stations might signal
simultaneously. . . .”

Though the name of Nikola
Tesla, who died early this year, is
primarily linked with projects for
the wireless transmission of power,
his claims to priority in the field of
signalling must also be considered.
The American journal Communica-

tions for January, 1943, in an
obituary notice, says of Tesla: ‘‘ As
carly as February, 1893, he
described a wireless transmitter, in
general but nevertheless correct
terms, and further stated that ‘a
properly adjusted self-induction
and capacity device could be set in
action by resonance at any point
within a certain radius of the
source.” This, he said, would lead
to ‘transmitting intelligence, or
perhaps power, to any distance
through the earth.”’’ The use of
the word ‘‘through ”’ may suggest
earth-current signalling, but it
seems certain that wave telegraphy
was intended. In a book published
in Belgrade in 1936 to com-
memorate Tesla’s 8oth birthday it
is stated that he made similar
public statements in 1892.

Another claimant to the honour
of having early appreciated the
practical possibilities of the work of
Clerk Maxwell and Hertz is the
Russian physicist, Popov. In fact,
it is possible (though, according to
Ellison Hawks’ ‘‘ Pioneers of Wire-
less,”’ not conclusively proved) that,
in 1895, he was the first to demon-
strate true radio-telegraphy. In the
same book it is established that in
December, 1895, Popov wrote: ‘1
cntertain the hope that when my
apparatus is perfected it will be
applicable to the transmission of
signals to a distance.’’

Just as Tesla’s main interest laid
in the transmission of power, so
Popov was chiefly concerned with
the investigation of atmospheric
disturbances by means of the
coherer with which his name is
linked. Itis strange that both these
pioneers should have followed
relatively unprofitable paths when
the technique of a much more
valuable application of electro-
magnetic waves was opening up to
them. It is certain that, when
Popov’s recorded prediction was
made, Marconi had for some time
been actively engaged in harnessing
Hertzian waves to communication.
Possibly his aims and aspirations
were already on record, but we can
trace no published statement. The
first Marconi patent application,
specifically covering signalling, was
filed only some seven months after
Popov’s statement was made.
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The Improved

VORTEXION

- 50 WATT
AMPLIFIER CHASSIS

The new Vortexion 50 watt
amplifier is the result of over
seven years’ development with
valves of the 6L6 type. Every
part of the circuit has been care-
fully developed, with the result
that 50 watts is obtained after
the output transformer at
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. rer pair no load, and 160
ma. full load anode current.
Separate rectifiers are employed
for anode and screen and a
Waestinghouse for bias.

The response curve iIs 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 modeis should not
be obtained unless used with
special speakers loaded to three
or four watts each.

A tone control Is fitted, and the large
elght-section output transformer iIs available
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 wlill dellver the full response to
the loud speskers with extremely low overall
harmonic distortion.

PRICE (with 807 etc. typs valves) £18.10.0
Plus 26% War Increass

MANY HUNDREDS ALREADY IN USE
Supplied enly against Government Contracts

VORTEXION LTD.

257, The Broadway, Wimbledon, $.W.19
*Phene : LiBorty 2014
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Radio Waves
THE delightfully simple account of
the adventures of radio waves in
the ionosphere which T. W. Benning-
ton gave us last month must have
appealed to a wide circle of readers.
1 hope that he will be able later to
give his ideas on two very interesting
subjects for which he then had no

space. The first of these concerns
echoes, particularly those of long
delay. There must be few short-

wave enthusiasts who have not heard
radio echoes; perhaps the best known
instance before the war was that of
the B.B.C.’s 13-metre service, which
was a beamed transmission. In many
localities in this country this trans-
mission’ was accompanied by what is

known as the ‘‘ tunnel effect ’’; the
announcer sounded just as though he
were speaking in a reverberating

tungel; every syllable had its echo.
This echo was undoubtedly due to
double reception of the transmission.
One heard it first at the end of its
short journey from Daventry to one’s
aerial. Then, having gone round the
world, it arrived again about one-
seventh of a second later. But the
most curious of radio echoes are those
of long delay, about which a consider-
able amount of data was obtained by
observers a year or two before the
war. I forget now the longest delay
that can be vouched for, though I
recall that the observation of delays
of 25 seconds and more was claimed.
Various explanations were put for-
ward, some of them highly improb-
able. It was, for instance, suggested
that waves which had penetrated the
reflecting layers and made their way
out into space might be turned back
to earth by the moon, the sun or
some other heavenly body. Echoes of
about 24 seconds’ delay were cer-
tainly recorded; this fits in with the
time needed for the double journey
to the moon and back, and the
temptation to conclude that the
moon was the reflector proved irre-
sistible to some.

Between the Layers?

Attractive as the idea might
be at first sight, it would not hold
water, for there were far too many
echoes whose delay did not fit the
time for the return journey to any
heavenly body. My own belief is that
the waves responsible for these echoes
never leave the ionosphere at all. I
imagine one part of a transmission

reaching the F1 layer at such an angle -

that it penetrates it and continues up
to the lower surface at F2. Turned
back from there, it arrives at the
upper surface of F1 at such an angle
that it bounces upwards again. And

‘'what he has to say.

By “"DIALLIST”

so its journey continues, round and
round the world between the two I
layers, until finally it manages to re-
penetrate the lower and come back to
earth once more. A longer wave
might conceivably make a similar
voyage of great length in the space
between the upper surface of the
Heaviside Layer and the lower of the
first Appleton. Or, again, the
circling of the globe might take place
by a short-wave transmission between
the top of F2 and the bottom of F3—
if there is such a layer. If these pro-
cesses are possible—and I don’t see
why they should not be in certain
states of ionisation of the reflecting
layers—echoes with enormous delays
may occur without there being any
need for the waves to travel out into
space and back again.

Differential Fading

Another interesting problem of
wave propagation is that of dif-
ferential fading. Every short-wave
man knows this curious and not very
pleasant form of distortion, which is
often pronounced in long-distance re-
ception. The proper balance of the
audio-frequencies is continually being
upset. At one moment certain fre-
quencies are over-emphasised, whilst
others practically disappear. At the
next these frequencies may be more

*or less normal, but others are affected.

The phenomenon is closely bound up
with the fact that when the reflecting
surfaces are in a state of disturbance
transmissions of different frequencies
have different adventures on meeting
them.  Diversity reception depends
on this fact. The receiving apparatus
is so designed that it passes to the
audio stages only the best received
signal at any moment. Various
schemes (that of our own G.P.O.
will be recalled) were afoot when the
war broke out to counteract the
fading of carriers by complex kinds
of diversity reception; but how we’re
ever going to devise anything to
straighten out differentially fading
sidebands, I do not know. I have no
doubt that it could be done, but the
apparatus required would be of stag-
gering complexity and size.

oo0O

Those Prophets

HERE must be few articles more

enjoyable for the lay journalist
to write than the ever-recurring
‘*Science After the War,”’ ‘‘Science
in Ten Years’ Time,”’ and the like.
He can let imagination and pen run
riot, and the wilder his predictions the
more the man-in-the-street will enjoy
In the many
articles of the kind that I have come

across in the last twelve months there
are one or two predictions by the seers
into the future of applied science that
crop up again and again. In fact, they
have been made so often now that
the public must be coming to regard
them almost as certainties. One of
them concerns the pocket ‘* personal *’
wireless set—a kind of inidget com-
bination of transnfitter and receiver
which will enable its owner to call
up and communicate with his friends
wherever he or they may be. There
is nothing improbable about the small
transmitter-receiver; it was in exist-
ence long before the war. But,
‘“pocket’’ ?  Well, that is an elastic
term, and, of course, pockets can be
of any size, from the little one that
ought to contain the ticket you never
can find to the variety favoured by
poachers and gamekeepers, which can
accommodate a hare and a brace of
pheasants without being unduly
strained.. ‘' Vest pocket’’ should be
a more rigid definition of size, but
I have known it applied by enthusi-
astic designers to gadgets that would
have needed something more like a
haversack to contain them! Anyhow,
I do not see any likelihood of genuine
pocket transmitter-receivers arriving
in the near future—unless some revolu-
tionary invention in radio methods is
made.

Exit the Telephone ?

Still less do I agree with the possi-
bility of the set which would enable
anyone provided with it to call other
users or to be called by them. There
are certain little problems involved
connected with channels. So far as
we can see at present it is difficult
enough to make the available channels
go round amongst broadcasting and
commercial stations, whose number is
minute compared with that of the
potential users of personal sets. I do
not think that the telephone’s exist-
ence is threatened just yet. Inci-
dentally, what would be the equiva-
lent of ‘‘ number engaged’’ with the
personal set? Can you imagine the
state of mind of a personal wireless
enthusiast who is being called by half
a dozen people at the same time?
And there would be no soothing
‘“ Sorry you’ve been trrrroubled.”’ .

Not Just Yet

And there is the other old stager
about television in every home when
peace is with us again. I do not doubt
that there will be a huge increase in
the number of privately owned tele-
vision receivers, especially if tele-
vision programmes become such that
everybody wants to enjoy them. But
frankly I cannot see the television set
being taken, in the near future, out



of the luxury class, as was possible
with the wireless set at quite an early
stage in its development. By the time
that broadcasting had begun in this
country it was possible to make a
crystal receiving set for a very modest
outlay. But there is no equivalent
for the crystal set in television, whose
receiving equipment, so long, at any
rate, as we work on present lines,
must always require a cathode-ray
tube and a comparatively large
number of valves. Our manufac-
turers must have learnt a lot about
the mass production of tubes and
valves during the war, and no doubt
all kinds of new machinery have been
installed for the purpose, but I do not
see prices coming down all that much.
I would be inclined to put the lowest
price for a sound-and-visioh receiver
with a small tube at about £25, and
the public showed years ago that it
was not attracted by small viewing
<creens. On the whole, we can feel
fairly safe in prophesying that it will
he some little time before the number
of television sets in use is as great as
the present number of wireless re-
ceivers—and the day of television in
every home is still” farther off than
that.
0ooo
Metres and Yards

HAVE you ever come across one
very useful and simple rule of
thumb for converting metres into
yards? The metre is a yard, plus
ten per cent. It works out surpris-
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ingly well if you do not need extreme |

accuracy. For instance, a yard is
36 inches; ten per cent. of 36 is 3.6
36+3.6 is 39.6 inches. Try it against
the other rule for converting kilo-
metres to miles; a kilometre is five-
eighths of a mile, or 8 kilometres
equal 5 miles. (This, by the way,
is a very closc approximation, as you
can see by comparing the mile and
kilometre scales of, say, an inch-to-
the-mile map.) Well,” according to
formula No. 1, 8 km=8,000 m.=
8,800 yards. Working the rest in
your head, 5 miles=10 half-miles.
Half a mile is 880 yards; 880 x 10=
8,800. Some day, I suppose we will
adopt the metric system officially in
this country and save ourselves much
work and many headaches.

“RADIO WAVES IN THE
IONOSPHERE”

Tue word ‘‘curve,”’ in the 5th line
of the 1st paragraph on p. 99 of our

April issue, should read ‘‘wave.”

GOODS FOR EXPORT

The fact that goods made of raw
materials in short supply owing to
war conditions are advertised in
this journal should not be taken
i as an indication that they are
' necessarily avallable_for export

P U — |

_______ - [P |

BULGIN
FOR
M.E.S.
HOLDERS

The largest and most extensive
range in the World. All kinds of
lamp-caps are accommodated, in-
cluding M.E.S. and E.S.,t0 B.S.5.98,
and M.B.C. (the new miniature
bayonet cap, single-contact). Inthe
Iarf;e‘ range there is a full choice
of fixing-brackets, -strips, and -clips
both ' live ' and ¢dead.” The screw
types are made in rolled, drawn-
and-embossed, spring-grip, etc.
A lampholder for every use.

l

N SMAL
PARTS...

IN countless Instances quite
intricate pleces of appar-
atus are wholly dependent on
the proved reputation and
reliability of their component
parts.

All products from the House
of Bulgin are pre-eminent for
superior design and workman-
ship and every article bearing
our Trade Mark has to pass
exacting and exhaustlve 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

TEL. : RIPPLEWAY 3474 (4 lines).

e TRADE »°
|A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING,

MARK

ESSEX
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DIRECTIVE AERIALS

WO conical conducting surfaces C, Cr
are arranged coaxially with their
apices close together. The cones are
coupled to a small loop L which is fed
from a two-wire transmission line passing
up through a tubular screen S connected
to the lower cone. The size of the loop L
is considerably less than half a wave-
length, so that the amplitude and phase
of the current it carries are substantially
the same at all points.
Under these conditions the waves are
guided outwards, as from an ‘‘ electro-
magnetic horn,”’ and form a vertically

Flat beam radiator.

polarised beam which extends uniformly
in all directions in the horizontal plane.

Standard Telephones and Cables, Lid.
(Assignees of W. L. Barrow). Conven-
lion date (U.S.A.) December oth, 1939.
No. 548,193.

TUNING BY VOLTAGE CONTROL

’I‘HE tuning of an oscillatory circuit
is varied by the application of a
control voltage to the grid of a valve
shunted across it, the arrangement being
applicable either for phase or frequency
modulation, or for the automatic tuning
of a superheterodyne receiver.

The control valve includes a screening
grid which carries a high positive bias,
and an anode at cathode potential.

The anode and cathode are shunted
across the circuit to be controlled, whilst
the control grid is coupled to it. The
input oscillations serve to produce a
space-charge, or virtual cathode, between
the screening grid and the anode, and
this, in turn, induces in the anode a
current which is in quadrature with the
input and of a magnitude which is deter-
mined by a potentiometer adjustment of
a DC biasing voltage applied to the
control grid.

One branch of the anode circuit is
carthed through an impedance, while a
parallel branch is coupled to the circuit
under control. For frequency modula-
tion the control grid is coupled to the
output from a microphone, while for
automatic frequency control it is coupled
to the output from a discriminator valve.

Sir L. Sterling.  Convention dale
(U.S.A4.) April 27tl, 1940. No. 548948.

A Selection
of the More Interesting
Radio Developments

TELEVISION FROM FILMS

N a television transmitter of the dis-

sector type, the picture is first focused
on to a photo-electric cathode, and the
resulting electron stream is then moved
across a scanning aperture to allow each
elementary area to pass in turn on to
an electron-multiplier. When such a tube
is used for developing television signals
from a ¢jnema film, it is found that any
irregular?tl; of emission from the surface
of the photo-electric cathode becomes
very noticeable.

According to the invention this defect
is compensated by using a cylindrical
lens to distort the image projected from
the moving film on to the photo-electric
cathode. The resulting electron stream
is then scanned through a vertical slit,
instead of through the usual square
aperture, so that the defective point is
‘*averaged "’ with all the other points on
a transverse elementary strip of the
cathode. The effect of the original bad
point is therefore toned down or glossed
over,

Standard Telephones and Cables, Ltd.
(Assignees of H. E. Ives). Convention
date (U.S.A.) September 24th, 1940. No.

549890
A SCREENING can is provided with

an internal fitting which auto-
matically presses the valve firmly on to
its base. The fitting is made from a
single strip of metal with, say, four pro-
jecting lugs F. The strip is first bent
into a circle, and the lugs are horned up
to form V-springs as shown. As the can
is forced home over the flange N, the
fitting slides up against the top lip, and

SCREENING CANS

the V-springs hold the wvalve from
vibration.
F - F
S _/5

o i

FZZ270 LA Ll
TR
a—

1A |

Valve location.

If necessary, the can can be made high
enough to screen more completely the top
connection of the valve, the holding
spring then being anchored against an
inside flange formed some distance from

RECENT INVENTIONS —

the open end. The device is compact,
cheap and easy to manufacture.

Standard Telephones and Cables, Ltd.;
L. W. Houghton; and S. J. Holdstock.
Application date June 11th, 1941. No.
549970.

TELEVISION PROJECTORS

N order to make the most effective use

of the light available from the
fluorescent screens of a cathode-ray
television receiver, it is collected by a
concave mirror M which projects it back
on to a plane mirror PM having a central
aperture in which the fluorescent screen
is located. The plane mirror is arranged
at such an angle, say 45 deg., that none
ol the light reflected bv it can reach the
concave mirror, but passes, as shown hy
the arrows, directly on to the viewing
screen VS,

PM

' VS
Large-screen television.

In order to minimise spherical aberra-
tion and similar optical troubles, a ** cor-
recting ”’ lens L is interposed between the
mirror PM and the viewing screen.
Various positions of the mirror PM are
possible, but an analysis shows that the
one in which it is tangential to the
upper periphery of the fluorescent screen,
as indicated in the drawing, is the most
cffective.

Philips Lamps, [Ltd. (Communicaled
by N. V. Philips’ Gloeilampenfabrieken).
Application date Jannary y2th, 1942. No.
548750.

The British abstracts published here

are prepared with the permission

of the Controlier of H.M. Stationery

Office, from specifications obtainable

at the Patent Office, 25, Southampton

Buildings, London, W.C.2, price 1/-
each
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TIMING TIME

~~~~~

COMMERCIAL
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MEDICAL
EXPERIMENTAL
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-
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The accurate timing of watches and clocks is normally
a lengthy procedure and involves keeping the instrument under
observation for a considerable period.

The development of the Thermionic Valve and Cathode Ray
Tube have made possible the design of special apparatus by
means of which any timepiece can be regulated with great
precision m a matter of minutes.

This is yet another example of the important part which
the valve plays in solving specialised problems of control

which arise in almost every industry.

MULLARD

THE MASTER VALVE

A Valve for Every Purpose

4

THE MULLARD WIRBLESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 47)
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TRULY RURAL

The Agricultural Minister

Asks all to volunteer

To help the hard-pressed farmer
To grow more food this year,

Four bob a day is all | pay

For bed, three meals and tent,

But ground sheet, blankets, mattress too
Are loaned me free of rent.

Among the things | have to take
Ere starting to dig roots,

Are towels, mug, a cake of soap,
Old clothes and good stout boots.

A wisp of straw between my teeth,
Knife, fork and spoon in hand,

A couple of plates, a pillow slip,
I'm ready for the land.

For one whole week my Bardic chair
| leave, with greatest joy,

And for a modest bob an hour

Oi'll be a Varmer's Boy.

N.Fontiidpe

Kings Buildings, Dean Stanley Street,
LONDON, S.W.I. Vic, 5035.

ARMSTRONG
SERVICE

After three years of war and de-
spite the changed conditions we
have succeeded in keeping our
Service Department in operation.

Many difficulties have arisen owing
to material and valve shortage but
on the whole we have managed to
maintain a very large proportion
of Armstrong Chassis in good
working order.

We can still undertake the repair
and overhaul of practically all
Armetrong Chassis including very
old models.

ARMSTRONG MANUFACTURING CO.

WARLTERS ROAD, HOLLOWAY, LONDON, N.7
‘Phone : NORth 3213

WIRELESS WORLD

NEW RECEIVERS AND AMPLIFIERS
IGH fidelity ao/dc amplifiers, 18
watts, U.D.O. mixin% input channels,
bass and treble controls, input and output
transformers, octal base valves, complete chas-

8is, 18gns.—Below. i

ANCE and stage transportable amplifying
equipment, comprising amplifier as above,
mjec microphone, adj. stand, 2 auditorium

May, 1943

Advertisers and buyers are reminded that under
Defence Regulati 1939, § y Rules and
Orders 1940, Number 1689, a permit (T 99 G)
must be obtained before sale or purchase of
certain electrical and wireless apparatus, par-’
ticularly such valves and apparatus as are ap-
plicable to wireless transmission. 5

speakers, cables; 36gns.—Broadcast and
coustic Equipment Co., Ltd., Broadcast
House, Tombland, Norwich. [1661
/10 only.—New 7-valve * Wireless

£22 World " Quality amplifier, with
tone control stage, 8 waits push-pull triode
output, price includes Super Quality triple
cone 12in permanent magnet speaker with
large matched output transformer and all
valves; as above but with 15-watt tetrode
output, £24; ideal for uality reproduction;
limited number available—Bakers Selhurst
Radio, 75, Sussex Rd., 8. Croydon. 1698
RECEIVERS, AMPLIFIERS—SECDND-HAND

M.E.69 noise limiter, ac model, ex-

cond; best offer over £45.—G.5.C.P., 33,
Manley Rd, Sale, Cheshire. (1651
McMURDO Silver Guthman 8-valve com-

munication RX and spare valves, ac
model, excellent condition.—Offers to box 2855,
clo Wireless World. (1663

UTHMAN super silver communication re-

ceiver, 1939 model 8 valve, as new, 6
bands, 5 to 650 meters; £40.—Broadcast and
Acoustic Equipment Co., Ltd,, Broadcast
House. Tombland. Norwich. [)16§2
MODIFIED Decca amplifier (p.p.6V6), in

carrying case, with pick-up gramo motor
and detachable speaker, m/c microphone, adj.
folding stand, complete, as mnew, £38.—Box
2859, c/o Wireless World.

W. 12-watt amplifier and feeder unit,
unused, £30; .W. output transformer,
unused, 25/-; 7in, cone American Magna-

vox 2,000ohm field, £5; carriage and pack-
ing extra.—Capper, Gorsebank Lane, Baslow,
Derbyshire, (1679
TWO Super Pye radio consoles, one eleven
waveband, fine quality, bandspread tun-
ing. new, £68; one ac/dc fourteen valve com-
munication, G12 speaker, export model, 200-
250v, walnut console cabinet, £75.—Prospect
2889.—49, Clitford Ave., London, 8.W.14,
ISTS now available in following sections:
sets and amplifiers, speakers., valves,
meters, battery chargers, resistances, switch-
gear, transformers, batteries, rotary conver
tors, lighting sets, dynamos, motors, special
machines, cinema and- photo equipment,
scientific instruments, household appliances.
miscellaneous; stamp please and state sections
required.—Harris, Strouds, Bradfield, Bt[arks.
1

654

Wanted
SOUND Sales Tri Channel amplifier or simi-
lar type.—Blake, Watchful, Great Yar-
mouth, (1693
ROPHY 6 or Hallicrafters 819-R, 8-29.
$20-R, 8X24.—R. H. Hatton, 21, Lincoln
Cres., Enfield, Middx. (1701
“IE Offer Cash for Good Modern Communi-
cation and All-wave Receivers.—A.C.8.

Radio, 44, Widmore Rd.. Bromley. [1541
Prichannel amplifier, complete with
speakers; also Rola G12 energised.—
Hodgson, Meadow View, Pickersleigh Rd..
Malvern. (1680
ATIONAL “HRO,” ' 100XA ' One-
Ten " Hallicrafters, ‘‘8X24,” ‘ 8X25."

Eddystone 358; good price.—Box 2841, Wire-
less World. (1656

ATIONAL H.R.0. Communications Receiver
Required, 230 volts A.C.; must be late
model, in good condition; state lowest cash
price.—~Box 285a, 75-79, Farringdon 8t., Lon-

don, E.C.4. [1557
I ALLICRAFTERS 8X-28 receiver, with

matched speaker; R.M.E. model 70
with matched speaker; D.B. 20 to match

R.M.E. madel 70; no priorities available; all
for use with 230 ac.—Box 2853, cfo Wireless
World. 1668
]' ONDON CENTRAL RADIO STORES will
4 pay good prices for receivers, radio-
grams, amplifiers, dynamos, converters, test
equipment, electric gramophone motors, and
all radio and electrical accessories.—London

Central Radio Stores, 23, Lisle 8t., London,
W.C.2. Gerrard 2969. (9836
NEW LOUDSPEAKERS

£3I15 only.—Brand new Buper Quality
triple cone permanent magnet speaker,
made by Bakers Selhurst Radio, the pioneer
manufacturers of moving-coil speakers since
1925; wide {requency range, even response,
ideal for quality reproduction; limited num.
ber available under list price; send 2ld.
stamp for leaflet describing above and giving
constructional details of infinite baffle cabinet;
every music lover interested in realistic _repro-
duction should write for leaflet now.—Bakers
Selhurst Radio, 75, Bussex Rd.,, 8, Croy[(ilgg.g

[1689 |

.\ A65-watt
L\ SOLON

for general use

This 65-watt Industrial type
SOLON Electrlc Soldering
lron is fitted with an oval
tapered bit—a shape which
is suitable for most general
work,  For specialised
work the pencil bit
model is recommended,
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
demandsitisnec-

Details o this ‘ essary to order
and other models ] \) wellinadvanceto
A avold disappoint.

sent on request.
K] ment Indellvery,

MADE FOR
USUAL
STANDARD
PG - R

SOLDERING IRON

W.T. HENLEY’S TELEGRAPH WORKS CO. LTD.
Engineering Dept., Milton Conrt, Westcott, Dorking, Surrey

LR.S

STUART PUMPS

As supplisd to Gowt. Depis. & County Councils.

These Centrifugal Pumps are ideal for Machine
Tool Cooling and all pumping purposes—hot
or cold water. Supplied complete with foot-
valve, strainer and hose union. Suitable rubber
hose available from stock.

No. 10. 100 pals, per hour. Carr, 3/-oxtra £5 2 8

No. 11. 280 gals. per howr. Carr, 9)-extra £6 6 0

No. 12. 560 gals. per Aowr. Carrv. 3/- extra £7 12 0
Please send 24d. stamp for specification.

The STUART AUTOMATIC FLOAT SWITCH

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

LONDON RADIO SUPPLY CO.
Eat. 1938

Ardingly Road, 'B.Ioombo. Sussex,
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GALPINS

—ELECTRICAL STORES—
“ FAIRVIEW,”
LONDON ROAD, WROTHAM,
KENT.

Please Note Change of Address!

This Business is now transferred perman-
ently to the above address, where all Mail
Orders will receive strict personal attention.

TERMS : Cash with Order. No C.0.D.

Regret Orders from Eire and Northern Ireland
cannot be accepted.

ELECTRIC LIGHT CHECK METERS, well-known
makers, first-class condition, electrically guaran-
teed, for A.C. mains, 200/250 volts 50 cy. 1 phase
5 amp. load, 10/- each; 10 amp. load, 12/8,
carriage 1/-.

1 KW. FIRE ELEMENTS, mounted on fireproof
porcelain, for 220 volts, as new, easily mounted.
Price 6/8, post free.

1 KXW TRANSFORMER, input 100 volts at 100
cycles, single phase, ou!I‘ut 10,500 volts, centre
tapped to earth. Price 10s., carriage forward.
ROTARY CONVERTER, D.C. to D.C. Imput
12 volts ; output 1,100 volts at 30 M/A, ex R.A.F,,
can also be used as double output generator.
Price §0/-, carriage paid.

X-RAY TRANSFORMER, in oil-filled tank, medium
size, input 120 volts, 50 cycles, 1 ph,, output
45,000 volts at 2kW, intermittent rating, in pertect
order. Price £20, carriage paid.

ROTARY CONVERTER, D.C. to D.C., input
48 volts, output 2,600 volts at 1 kW, condition
as new and in perfect order. Price $10, carriage
paid.

{ WATT WIRE END RESISTANCES, new and
unused, assorted sizes (our assortment), 6/- per
doz.. post free.

150,000 VOLT X-RAY TRANSFORMER, large size,
weight 12 cwt., input 120 volt, 50 cycle, single
phase ; output 150,000 volts at 10 KVA, inter-
mittent rating, mounted in steek !ank..oil filled,
in good working order. Price, 845, carriage paid.
DYNAMO, output 20 volt, 15 amp., shunt wound,
interpole, slow speed, ball bearing, condition as
new. Price 83 10s., carriage paid.

SOLID BRASS LAMPS (wing type), onme hole
mounting, fitted double contact, S.B.C. holder,
and 12 volt 16 watt bulb. Price 3/8 each, post
free, or 30/- per doz., carriage paid.
HEADPHONES, 120 ohm, secondhand, complete
with headband and cords, in perfect working order.
Price 7/6 per pair, post free.

INSTRUMENT METAL RECTIFIERS, by famous
makers, 10 M/A, full load, connect your D.C.
meter to A.C. working. 1’rice 18/- each, post free.
TUNGSTEN CONTACTS, #in. dia., a pair mounted
on spring blades, also two high quality pure
silver contacts {&in. dia., also on spring blades,
fit for heavy duty, new and unused. There is
enough base to remove for other work. Price the
set of four contacts, §/-, post free.

220 VOLT DYNAMO, 9 amp. output, by Lancaster
Dynamo Co., shunt_wound, speed 1,500 R.P.M.,
condition as new. Price $10, carriage paid.

POST OFFICE RELAYS, small type, high resist-
ance, twin blade, very low milliamps operation,
as new. Price 7/8 each, post free.
VOLTMETERS, 2}in. dia. pancl mounting, moving
coil, modern type, by famous makers, range
0-120 volts, 1°.5.D. very low. Price 32/8, post
free.

AMPMETERS, description as above, range 0-1}
amps. Price 26/-, post free.

KLAXON MOTORS, 220 v. D.C,, 1/10th h.p., shunt
wound, ball bearing, fitted reduction gear giving
speed of 700 r.p.m., high grade job, condition as
new. Price 50}2. carriage paid.

D.0. MOTOR, shunt wound, condition as new,
high grade, ball bearing, §-h.p., can be supplied in
110 or 220 volts as ordered. Price either voltage,
40/-, carriage paid.

SECONDHAND LOUDSPEAKERS
L/ AGNAVOX 33 Duode, as new, with o.p.
transformer, Westinghouse energising;
offers.—Box 2857, Wireless World. (1685
HAMPONIC 18in. super speaker, with
rectifier, as new; offers, or exchange.—
Box 2856, o/o Wireless World. . [les8a
VOlG’l‘ speaker for sale or exchange for coil
winder; cash adjustment.—Box 2863, c/o
Wireless World. [1704

Wanted

WEETER m.c., p.m., Or

energ.—l.eslie,
Kingston. Liberton, Edinburgh.

[1675
‘\VANTED, two G.12 speakers.—Price and
condition to Masteradio, Ltd., Watlord,
erts. {1650
ANTED, Rothermel Piezo crystal tweeter
speaker.—Sharpe, 172, Headlands, North-
ampton, . (1652
OIGT corner horn, and Voigt twin dia-
phragm unit complete, must be perfect;
send full details and price,—Cross, Mill
Lodge, Lodge Lane, Salfords, Redhill. [1702
.M. 12in speakers, Rola G.12 p.m. or_simi-
lar make, 2 (two) required urgently for
Services entertainment; also 1 electric gramo-
phone motor and turntable.—State price and
condition to Box 2849, c/o Wireless )l'?rld.
1648

NEW MAINS EQUIPMENT
ORTEXION mains transformers, chokes,
., are supplied to G.P.O., B.B.C.,
L.P.T.B.; why not you? Imitated but un-
equalled; orders can only be accepted against
Government contracts

ORTEXION, Ltd., 257, The Broadway,
Wimbledon, l.ondon, 8.W.19. Tel. Lib,
2814. [9942

o MORSE EQUIPMENT
ULL range of transmitting keys, practice
sets and equipment for Morse training.—
Webb’s Radio, 14, Soho S8t., London, W.1.
Tel. Gerrard 2089. [9553
TEST EQUIPMENT
SIGNAL generator, Mullard GM 2880 F,
new condition; offers.—Box 2858, c/o
Wireless World. (1687
ISWAN 6in, type AH, C.R. tube, EH.T.
transformer and 2 high voltage conden-
gers, all perfect and unused; £8.-Box 2850.
clo Wireless World. [1653
ESTOSCOPE, used everywhere by radio
service engineers, makes 20 important
tests. S8end for interesting leaflet * R1."—
Runbaken, Manchester, 1. (1074
Wanted
ILLIVOLTMETERS wanted for essential
work.—Thomas Bolton, 24, Avenue Rd.,
Leamington Spa. (1688
SCILLATOR and valve tester, Avo pre-
ferred.—Brockbank, 2, Oakthorpe, Win-
dermere, Westmorland. (1676
“7ANTED, E.M.1. wee megger or similar.
—Price and particulars to Owen, 538,
Mansfield Rd., Sherwood, Nottingham. [1692
M18 type " 8" meter, by Ilallicralters,
complete with plug for receiver's socket;
nerfect condition essential.—Box 2852, c/o
Wireless World. (1667
GRAMOPHONE EQUIPMENT

OLUMBIA heavy induction gramo motor,
in oak playing desk, with 12in turntable
and Marconi hypersensitive pick-up and arm.—
Offers Box 2%62, c¢/o Wireless World. (1703
OILS and condensers for filter unit to J,
Brierley’s specification (" W.W.” April),
guaranteed 2 accuracy, coils 8/6 each, set
of four 30/-; condensers, 3/- each: post free;
sour own coils adjusted, 2/6 each, postage
extra.—R. Clark, 69, Longley Ave., Alperton,
Middx. [1682
COMPONENTS--SECOND-HAND, SURPLUS
ORMO ceramic ribbed 2x1l4in coil
- formers, with 2l4x'%x%in 5 hole base,
without fittings, 4/6 per doz.; 50/- per gross.
—A.C.8. Radio, 44, Widmore Rd., Bromley.

(1674

OTHERMEL " Bullet” crystal micro-

.\ phones for stand mounting, latest type,
with tilting mount, black crackle finish, head-
lam: shage, excellent tonal quality, at a
modest price, £3, post 7d.; heavy plated floor
stands for above, 57/6; desk stands, 30/-;
few only, famous 1).104 mikes with aluminium
diaphragm, plated housings, £4/15; miniature
deaf aid type crystal microphones, 42/6, post
6d.; bakelite bell transformers, 6/9; postage
5d.: trickle charger type metal rectifiers, 2v
0.3amp, 3/6. post 4d.; 6v 0.5amp metal reci-
fiers, 6/3; 12v 0.5amp, 11/9, post 4d,; instru-
ment type rectifiers for meters, bridge type,
bakelite, 15/6; one only Weston 100mA meter,
second-hand, seals unbroken, 32/6; also ome

only sccond-hand 1 milliamp movement, good l
make, 65/-; also two only.l milliamp move- |

ments, new, 82/6; three only battery chargers,
very good msake, 2v 12 v up to
variable, metal rectification, ammeter fitted,
brand new, £11/10.—Champion, 42, Howitt
Rd., Tondon, N.W.3, (1686

Samps |

|

ELECTRADIX BARGAINS

% METER MOVEMENTS %
Moving Coil and Magnet Systems, 10/=-

MAGNETS. The Wonder Midget 2-0z. Permanent Magnet
Discs of Alnl 8teel. Tremendous magnetic force and only
1.3/16in. dia. x §in. thick, with soft centre for drilling.
One leaps off the table to meet another,
Uses: Any magnetic duty, metal separa- @
tion, magnetic chucks gnd lfters. Cut-

out core, polariser, solenold cores, head-

phone re-magnetisers, etc., 2/6 each, or

4/6 pair. AC./D.C. Magn

2 wound poles, 110 or 220 volts, 7 1b. 1ift,
5/6. Small 12-volt solenoids, 2in. x ¢in.
plunger, 6/6.

meter type, 35/-.
with relay, 42/-, Gas-filled Photo Cella
W.E. type, for sound on fitm, 70 -
Relay encloged 10,000 ohm tele-type,
2216, For other Relays see special
leaflet, 2d.
CABINETS, le for test set tus, mike 5
oscillator, portables, etc. 8in. x 9in. x 64in., with double
doors. A very fine ex-W.D, job, in mahogany, canvas
covered. Chassis, pane} 4 transformers, a 5-tap switch and
theostat is included. Al-in price, 45
DIMMERS or BHEOSTATS with "off” 0 to 1 ohm
and will carry up to 3 ampes., for regulation
on 8 to 12 volts, dimming or bank ecircuit
battery charge model control, etc. One-hole
fixing with panels with bracket for other fixing.
Hollow knob has socket for min, bulb, glowing
when circult alive. New U.8.A. Atena make,
in carton, 2/6. Worth 8/-, Large 40 amp.
ironclad grid Rheos with heavy 10 stud switch
to drop 220 volts to 45 volts, Size 331n. x 16in,
x 14ip., £5/10/-. 110-volt diito, 16in. x 14in. x 16in., £2/10.
HANDCOMS. Gov Il-metal Field Hand
Mi | or T ivers, for portable or fixed
telephones. The famous No.16 Handcom used
in 80 many field sets, 8turdily built with mike
=3 finger switch. As new, hut no cord, 12/6.
 Limited number avallable, Similar Hand-
com, less switch and no cord, 7/6. A
Home Guard can make a complete pocket
telephone with these, a milke, transformer,
buzzer and a torch battery.

BUZZERS. Neat hrass cased Buzzer, 4/6-
Heavy type, Bakelite cased, 5/6. D.3

Buazers, Wi ho tact
B8/-.  Townsend Micro Buzzer (as illus,),
10/-. Perfect Morse. Home training with

a practice Recording Ilnker, spring drive,
needs no battery; marks direct
on v\‘iape with dead key. For
novice or expert. Govt, type,
£3/10/-.
DYNAMOS., 6/12 volts, 8
ampe high speed Aero Lucas,
Rotax, 17/8. Vee Pulleys for
{in. belt, 4/8. Flex Couplings,
?’w th.p., 6/-. Water Tanks, 5ft. x 1din,, with fittings,

0/-. 8mall type, 6 x 3 x 2In., 2f-. Welded steel high
gruaureztl?ge. e‘!lninx 2¢in., 3/6.

3 © have some s; ally large Westinghonse
230-volt Rectifier Chargers lorpleglan{pn..rgnd 82 u:p-. at
8 volts for priority dellvery from stock. All sizes supplied
now from § amp. upwards. Ask for new price leaflet.
TRANSFORMERS. gpecial line of 5 watt, 1,000-volt trans-

- formers, A.C. mains, for Neon
ozonizers, C.R. tubes, condenser
test, ete., 7/6,

'ABLES.  Ball-bearing, for

TURNT.

table sets, etc.,, bakelite body, 4}in.
dia., 2/ each.

WE CAN BTILL SUPPLY Wheatstone Bridges, Sullivan and
Tinsley Mirror Galvos, Scales and Stands ; Siemens High-
speed _Relays, t Wi Meggers,
A.C. Panel Ve % Rotarl 10,000

and Al

Switches and Pluog

LAB. GEAR. Mirror Gal-
Sockets on Ebonite

vos, Sulllvan Marine Re-

, flecting vertical MC.
suspen., £8/10/-. Tinsley
Ballistic ditto, £4/10/-
Mahog. 8tand BScales for
8pot use, £2/10/-. Wheat-
stone Bridges and 142M
Resistance boxes quoted
for. A number of ex-W.D.,
Wheatstone Bridges, less
coils, cheap., Circult test.
ing G.P.O, Vertical Galvos,
86/-. Mag. Ringer and
A.C. Bell, 25/-.

Please add postage for all mail orders.
Send stamped envelopes for replies to all enquiries.

ELECTRADIX RADIOS,

19, Broughton Street, Battersea, London, 8. W.8
Telephone + Macawlay 2159

#10 ochm steps,

e———
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SEXTON'S for SERVICE

AMERICAN LEASE-LEND VALVES.

Types and prices as under at Bou'd o( Trade Con-
trolled Prices, inclusive of Purchase Ta:

1A5GT, 108GT, lTﬁGT, BYSGT, HZSGT, 2BZ6GT,
3574GT, 352601‘ at 11/- each. 1HBGT, 6FBGT,
13¥50T, 128F6G1,

1aJ7@T, 1 SJ7GT, 128K7GT, 25A6GT, 28
SBMG’I: B80L6GT, 8J7GT, 6K7QT, 36, 47, at 12/1d
each, 1247QG, 26A7GT, 83L7GT, 70L7GT, 83,

13BSGT, at 15[3 each. 6Q7GT, 12Q7GT, 128Q7GT,
45, at 11/7 ‘each. Postage and packing 4d. These
valves are sold only for immediate replacements.
Non-Lease-Lend American Valves at standard prices,
incl. of Tax. 43, 43, at 10/8 each. 6A7, u 1177

each, 6D6, 6G5 (Magic Eye), at 10/8 each. 1NBGT,
1ATGT, at 21/8 each. Postage and packing 4d.
Brivaron British Made Valves equivalent to American
types 80 and English U.12, at 13/7 each. Postage
and packing 4d.

EXTENSION LOUDSPEAKERS

“ Rola,” 3 ohms volce coll, less Trans. Bize bin., at
17/9 each; 6jin., at ls'seach 8in., at 24/- each;
10in., at 27/ e&ch Celenlon,' Model CT.104,
with Universal Trans., 8in. chassis, 3 watts, at 88/-
each. Model CT.108, with Universal Trans., 8in.
chassis, 5 watts, at 48/- each. Buitable cabinets for
all models can be supplied. Prices upon application,
Barretters. .2 amp, suitable for replacement of
Philips 01, at 8/6 each. Postage and packing 4d.
Electrio Soldethu Irons as used by all leading Radio
Manufacturers. Universal voltage, at 12/8, 14/6.
17/@ each, with leads and two-pin plug. Postage 9d.
Electric S8moothing Irons. Buper quality, 5-54 Ilbs.
welght, strong bolt through handle, heavily plated
body connector guard and rest, unpluted bottom,
complete with heavy three-wire fiex and three-pin
5 amp plug, at 31/3. Smaller model, heavily plated
throughout, 3-3§ 1bs. weight, with two-pin § amp
plug and flex, at 27/6. Postage and packing 1/- sach.
Terms : Cash with order only. Owing to shortage
of stafl we regret that we are unable to despatch
orders 0.0.D., or send pro forms invoices. All prices
above lncluda purchase tax where applicable.

Send 1d. stamp and 8.A.E. for latest liat of all Valves,
R':dlo Components, Electrical Fittings and Accessories,
ete,

J.E.SEXTON & CO. LTD.

164, Gray’s Inn Road, London, W.C.|
Telephone : TER. 1304, 4842.

Radio Officers’ Pay!

" On and after Apri) lat ali applicants holding the P.M.G,
° 8pecial * certificate firat entering the marine wireless
service will be known as assistant radio officers. Their
commencing rate of pay will be £8 per month, which will
increase to £13.
War risk money is additional to all these rates,.’

Vide '* Wireless World,” p. 108, April issus.
LEARN MORSE CODE
THE CANDLER WAY

‘andler students say :

A few weeks ago I obtained my P.M.G. 8pecial certificate,
and 1 sm golng to sea very shortly as a 2nd Radio Officer
inthe ‘ ., . Co. Thank you for the intereat you took on
my behalf, nd for the help which enabled me to pass the
examination.” Ref. No.7925. A. H M,

“ Just a few lines in appreciation of your Course,
glad to say that I have eat for and passed the PM G (]

‘ Bpecial Certificate,’ and am waiting for & berth as 3rd
Radio Otficer.” Ref. No. 8122, D.C.
‘ My progress at present ls fine. S8light difficulties are
occurring with some signals, but these are gradually being
overcome. May I congratulate you on such a fine Course.
Have been accepted an W/T Operator in the Royal Navy.*

Ref. No. 8768. T.F.W.D.

The originals of these and many almilar letters can be

inspected at the London Office.

SEND FOR FREE * BOOK OF PACTS.”
I8 tells you all about the Candler Code Courses.
nmon Scientific w%ode Couree for Beginners. Teaches
L4

ADVAICI.’D High-speed Telegraphing for Omton who
to tnorease thelr w.p.m, speed and improve their

.
Terma: Cash or Monikly Payments.

COUPON™"""7 =779
' Please s3end me a Pree Copy of Candler ** Book of Facts.”
| NAME
| ADDRESS

to LZondon M

THE OANDLER BYSTEM CO. (Room SEW), '
121 Kingsway, London, W.C.2

liﬂ“ Byestem Qo., Denver, Oolorado, U.8.4. (848) I

[
) Posnt Cowpon in 1d. led ./
]

.cats-whisker, 9d.

ONDON CENTRAL RADIO STORES ofter
the finest radio and electrical bargains.

PUSH-BUTTON mechanism only unit,

complete with buttons; post, etc., 9d.
extra; 4/6.

H condensers, 0.1mfd 5,000\', dc wkg;

poaz etc., 8d, extra; 9/6 each
CREENED cable, fine quality, henvy duty,
15 strand, 30 gauge, 5Smm rubber cover-
ing, with two layers of Empire tape, 1/9 per

ard.

UBBER covered flexible wire, tinned
A copper, approx. 17 strands, 9ft lengths,
3 er

ILCO bleeder resistances, in metal cans,
100, 150, 250ohms; all 10w; post, etc.,
3d. extn, 2/6 each.
UBULAR condensers, Oslmd 500v work-
ing; 2/6; u, etc,, 4
ULLARD AS0 dlodes. 60mmx12mm
overall, 6.3v heater at 15amps; post and
pkg. 3d. extra; 10/6 each.
HILIPS Potentiometers, carbon: 700,000
ohms, less switch, 3/6; 100,0000hms,
with 2pole M. & B. switch, 4/6; post and
pkg. 6d. extra
LO DON CENTRAL RADIO STORES, 23,
Lisle St., London, W.C.2. Gerrard 2969.
[1678
ERRAN'TI electrostatic 3in flush 0-1500v,
£3; G.E.C. monitor tube, 4053, £2; Mazda
; 0-50 ampmeter, 4in flush approx,
., 30/-; Hunts electrolytics 8+8, 700v,
8/6; Ed(iyszone gear; stamp list.—Box 2861,
clo Wireless World. {1694

OULPHONE RADIO, New Longton, nr.
Preston.~-Brand new goods only; mains

transfs., 350-350 120ma, 4v 6&, 4v 2.5a, 28/6;
p.m. speskers with transf, 8in Celestlon
24/6; 5in Rola, 22/6; Tungsram valves,

arretter resistors, 6/-;
line cord replncement resistors, 800 ohm, 3
adjust. taps, 6/9; elect.rol)ncl, 50mid, §0-
volt, 3/3; Erie 1- watt resistors, all valuea, 9d.
each pushbnck wire, 100ft coil, 6/-; switch
cleaner, 2/3 bonle. power-penzode trans-
formers, 7/6. 8.A.E. for stock list. {1660

ADIO service supplies.—Rola 8in p.m.
speakers, no trans, 23/-; volume con-
trols, less switch, 1 { ;nd X‘meg, 4/- each,
45/- doz; long spmd lameter, a few
with 8.p. switch, 6/- eac 70/- doz; good
uality bakelite knobs, walnut, Kin, with
gxing screw, 7/6 doz; Mul lard 1.watt re-
sistors, 5/6 'doz; 0.0005 reaction condensers,
2/3 each; fixed condensers, 0.1, 0.01, 7/-
doz; 0005. 6/- doz; 0.25, 12/6 doz 0.5, 15
doz; sleeving, 2/6 doz yards. cards of assorted
mams droppers, Murphy, Pye, Ferranti, etc.,
on car 35/- Servisol, 5/- per tin;
barrener resnstors, 4/- each; valves, replace-
ments for English 4-volt and 5-volt rectifiers,
American 80, 5Y4, 5Y3, 14/6 each; PM2,
. 9/2; PM22A, 11/-;
3 12110; 6A8G,
12/10, EBL1, 15/3; 6K8G,
12A, 7/4; cash with order only; regrez no
c.od.; no lists; please add estimated postage
on all orders under 15/-—Provincial Radio
and Electrical Supplies, 72, Abbey 8t., Nun-
eaton, ' {1700

OUTHERN RADIOS Wireless Bnrguins:
6/- gross assorted screws, 6/-. 6/- gross
solderings tags, including spade ends, 6/-. 7/6,
Philco 3-point car aerials. Make excellent
short-wave and home aerials. Complete with
fixing bolts, etc,, 7/6. 10/- limit tone arms.
Universal fixing for all types of sound box
and pick-up heads, 10/-. 7/-, Ace " P.O.”"
microphones, complete with zransformer
Ready for use with any receiver, 7/-. {
Erie resistances. 100 assorted resistances, Y,
1, 1 and 2 watt. Sizes from 0.8 ohm up-
wards. Brand new, with wire ends, 100 for
30/-. 65/., special assorted parcel for Service-
men. 100 Krie resistances, assorted sizes, from
0.8 ohms upward. %, %, 1 and 2 watt; 24
assorted tubular condensers, 0.01, 0.05, 0.1,
etc., up to 6 mid. 50 volt; 6 reaction con-
densers; 12 lengths sleevmg, 75ft. push-back
wire; soldering tags, screws and wire. All
brand new, 65/.. 1/6, powerful circular mag-
nets, 11gin. diameter by 5in, thick, 1/6 each,
15/- per dozen. Tungsram H.R. 210 valves.
General purpose battery type, 4/9; crystals
(Dr. Cecil), 6d. each, 5/6 per dozen; with
each, 8/- dozen; complete
crystal detectors, 2/6: 75it. covered wire for
serigls, otc., 2/6; 25 iy]d! push-back wire, 5/-;
cr{sull cups, 6d. each, 5/- dozen; Telsen re-
action condensers (0.0001), 1/9 each, 18/-

cored solder, 4/6 1b;

dozen; Telsen large disc drives, complete
with escutcheon, knob, etc. type WI84, 3/.
each, 30/- dozen; insulated sleeving, assorted

yud lengthl, 4'- per dozen; single screened

wire, 12 /-; M.E.S. holders (minjature
screw bulb holdsra). metal, 7%d. each, 6/- per
dozen. Many other bargainu for callers.—

Southern Radio Suppl Co 46, Tisle 8t., Lon-
don, W.C. QGerrard [1 99

Whatever your age or
experience — you must
read this highly infor-
mative guide to the
best paid Engineering

posts.

The Handbook contains

particulars of :
A.M.1.C.E.

A.M.LA.E.,
A.M.Brit.L.R.E.
and other important
Engineering  Examina-
tions, and outlines
courses in all branches
of Givil, Mechanical,
Electrical, Automobile,
Radio and Asronautical
Engineering, Govt.
Employment, Draughts-
manship, Buildin
Matriculation, ‘‘ R.A.F.

Maths,’’ etc,

WE GUARANTEE
¢*NO PASS-NO FEE'
If you are earning less
than £10 a week you
cannot afford to miss
reading “Engineering
Opportunities’™ ; it tells
you everything you want to
know to secure  your fulure,
and describes many chances you
are now missing. Write for your
copy of this enlightening guide to permanent
well-paid posts NOW—FREE.
BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY, 387a, Shakespears House,

17, 8tratford Piace, London, W.1.

Makes 30 im-
portant tests, [00
to 750 volts, A.C. or
.C.Used everywhere by
Electriclans, Wiremen, etc. From
Wholesalers or direct, Send for leaflet *‘R.14.”°

RUNBAKEN -- MANCHESTER -- |

iy

Salford Electrical Instruments Ltd.
PEEL WORKS, SILK STREET
T ¢

SALIORD, 1
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A.C. & BATTERY

CONSTRUCTORS’  KITS
3-v. T.R.F.

A.C. Kit
Assembled.

When assembled these Kits give excellent
reproduction on Medium and Long nges.
Supplied complete with chassis 8in. x 8}in. x

2§in.,, Valves, M.C. Speaker, and wiring
diagram. (Regret, no cabinets.) 3 controls.
A.C. 3-V. (+ RECTIFIER) KIT. V.M.H.F.
Pen., Triode, L.F. Pen., Rectifiecr, M.C.
Speaker. Price £9 9s. Post 1/1, plus 3/6
packing (returnable),

BATTERY 3-V. KIT. V.M.H.F. Pen., Triode

Detector and Output Tetrode, P.M. Speaker.

Price £8 10s. Post 1/1, plus 3/¢6 packing

(returnable).

Ord ers executed in rotation.
one month. No

@ CALL FOR DEMONSTRATION @

Delivery approx
C.0.D.

MAINS TRANSFORMERS. 350-0-350, 120
m.a., 6.3v. 5 amp., 5v. 2 amp. Colour coded.
Brand ncw. 35/-. DPostage 11d.
STANDARD J-GANG .0005 CONDENSER,
with trimmers, new, boxed. 7/8.
2-GANG CONDENSER, .0005, with trimmers,

MIDGET 2-GANG .0005, S.M. drive and dial.
10/-.

A. & H.F. COILS, dual ranges reaction,
coloured wires, circuit. 8/@ per pair.
ALL-WAVE H.F. CHOKES, shiclded. 4/6.
NEW STEEL CHASS8IS8, undrilled, painted
1Wx8x23, T/6; 8x6, 4/6.

10-WATT WIRE WOUND RESISTORS,
2,000, 500, 150 ohms. 2/6 each,
RESISTORS, §-watt, 4d.; j}-watt, 6d.;
1 watt, t/=.

LINE CORD REPLACEMENT RESISTORS,
750 ohm with variable tapping, 5/6 ; 800 ohm,
50 tapped, 3/8.

PARALLEL FEED SCREENED L.F. TRANS-
FORMER, small, /-,

SCREENED CABLE, Twin. 1/9 per yd.
MICA CONDENSERS, .001, 2,200v. test, 1/6 ;
0001, tf- 5 .01, 1/8.

Licence to cxport to Northern lreland and
Irish Free State. Please add postage for
enquiries and mail orders.

SI-S2CMANCERY LANE.
LONDON . W.<.

e Te loohane MOLBORN €53

G. A. RYALL, " Arnehursy’ Maroh Lane,
Taplow, Bucks.—All goods except loud
speakers as advertised in last issue still avail-
| able. (1658
LASKY‘S RADIO, 370, Harrow Rd., Pad-
1 dington W.9, offer for sale the follow-
ing condensers : .15imd 2,000v at 1/6 cach,
.02fmd 2,000v at 1/- each, .23m!d 2,000v at
1/6 each, .05m!d 2,000v at 1/- each, .002mid
2,000v at 1/- each, 2mfd 400V cans 4/3 each,
4m!d 400v block 5/9 each, 50m{d 12v tubular
16/- doz., 25mfd 25v tubular 18/- doz.,, .lmid
350v tubular 6/- doz., 10mid 28v tubular 1/6

each; speakeru. speaker output transformers
from’ 6. -; Rola speakers, less trans-
formers, at, 7/6. plus postage; 8in Rola

speakers, less transformers, at 21/- plus post-
age; 5in Rola speakers, less tranulormer. 17/6
plus postage; 8in Rola speakers, with trans-
formers, 27/6, plus postage; terms cash with
order or c.0.d. Send us your requirements,

(1673
Wanted
SKYROD aerial complete, as issued by Bel-
ling Lee and Co.; state price, etc.—Box
2851, fo Wireless World. {1666
OYNAMOS, MOTORS, ETC.
ALL types of rouril converters electric
motors, ba.t,bery chargers, petrol electric
generat,or sets, etc., in stock, new and second-
hand
WARD 37, White Post Lane,
Wick, E'9. Tel. Amherst 1393.
L'l‘ dynamos lor char%) Lucas-Rotax,
6-12v 8amps dc, 3rd rush weight 111b,
size 8inx4lin, unused-ex W.D., cost £10, to
clear 17/6 each; ht and 1t G.E.C. double-
current 6v and 600v, 17lb_ditto, 27/6; all
carr, paid England and Wales.—Electradix.
19, Broughton 8t., London, S.W.8, [1695

anted
ANTED, Philips converter unit, 110-145v,
type 7880 C-15.—Dr. (.allagher (‘ounty
Mental Hospital, Chester. (1706

VALVES
USFD valves, 40 mains and 24 battery type,
all ucrvnce'\ble. £4 lot.—Box 2860, c/o
Wireless World. [1 690
IF you cannot obtain that wireless valve, try
Dowsett and Co., Ltd., 48, Grove Rd.,
Easthourne. Stamp reply. [1670
5000 valves, all types, outputs, recti-
fiers, etc., s.a.e.—Davies, 28,
Mount Vernon Crescent, Barnsley. (1649
“7E have a large stock of new and boxed
valves, all gumranteed at retail prices,
plus tax; also U.S.A. lease-lend types for re-
placement; send us your requirements.—
Luskys Radlo 370, Harrow Rd., Paddlnglréo_lnz.
w.9.
100 valves in stock; UUS, UU6, UU7,
AC/SPEN, PEN45, PEN4s5DD,
TH4B
QP22B, TP26, 35, 45,

VP4A, PEN383, T#i1340, AC/TP
80‘ 35Z4GT, 6Q6GT

11726GT, 6K7G, 6L7(. KTW61, 5Y3G LG(,.
6D6G, 6V6G, 6F6G; send s.a.e. for valve and
wireless parts lists, 2d.—Ransom, 9 and 34,
Bond 8t., Brighton, (1697

NIVERSAL valves for receiver replace-

ment only. 60L6, 12J7, 12K7, 12SK7,
25L6, 12/10 each; 3525, 2526 3574, 1As,
1T5, 11/- each; also 70L7, 2807 12Q7,
1HS, 6;\8. etc., etc., at controlled prices. 1
“GT" types. British and other American
valves always in stock., S.A.E. please.—The
Dale Electric Company, 13, Tretawn Gardens.
London, N.W.7 (1696

Hackney
{0518

Wanted
ALVES Wanted, any quantity from one

upwards; also test equipment, service
sheets and spares.—J. Bull, 246, High 8t.,
Harlesden, N.-W.10 (9732
PIIILIPS rectifying valve wanted, type
DC1 Philips power triode, type
MC1/50, new or second-hand.—Please state
price to Copeman, 22, Greenford Gduns.,
Greenford, Middx. (1664
REPAIRS ANO SERVICE
.T,P. repair all mains transformers and

chokes, prompt delivery,
ONDON TRANSFORMER PRODUCTS.
Ltd., Willesden, N.W.10. Wil. 6486 (3
es). [9552
IDWEST, etc., we are the American éx-
- perts.—Bennett's, 4, Humberstone Drive,

Leicester. (1683
TNSTRUMENTS of all types repaired and

calibrated; work uaranteed. —McKissock,
9, Bruce St., Dunfermline. [1681

TRANSFOR\IERS motor rewinds, repairs of
all descriptions to the wireless trade.—
Marshall, 137, Windmill Lane, Nottingham.

11627
ETROPOLITAN RADIO SERVICE Co.
guarantee repairs to American and

British receivers, — 1031, Finchley Rd.,
N.W.11. Spe. 3000. 9641

PREMIER RADIO

Promier 1-Valve de Luxe Battery Model 8.W.
Reoeiver, complete with 2-volt valve, 4 coils
covering 12-170 metres. Bullt on stecl chassis
and panel, 55/-, including tax.

PREMIER MICROPHONES
Transverse Current Mike. High-grade large output
unit. Response 48-7,500 cycles. Low hiss
level, 23/-.

Premier Snper-Moving Coil Mike. Permanent
Magnet model requiring no energising. Senai-
tivity 66db. Impedance 15 ohms. Excellent
reproduction of speech and music, £5/5/-.
Microphone 'l'rnulorman. 10/6 each.

Typs Mi
52/8.

NEW PREMIER S.W. COILS
4- and 6-pin types now have octal pin spacing
and will fit International Octal valve holders,
4-PIN TYP 6-PIN TYPE

Stand.

T
Range Price Type Range Price

04 8-15 m. 2/8 06 9-16 m. 2/8
04A 12-26 m. 2/8 06A 12-26 m, 2/8
04B 2247 m 2/8 06B 22-47m. 2/8
04C 41-04 m. 28 06C 41894 m. 2/8
04D 76-170 m, 2/ 06D 76-170 m.2/6
04K 150-350m. J/= CHASSIS

04F  255-550 m, 3/ NTING
04G  490-1,000 m. OCTAL HOLDERS

4/-
04H10002000m 4/ 1044. each,
New Premier 3-Band 8.W. Coil, 11-25, 25-38,
38-86 m., 4/9.
g'o;lrhy Wue Change ﬁwltch. to lll"- above, 1/8,

akel
0001 mf...1/3 0003 m!...2/6 0005m!. 2/9 each
0003 mf. Differential.............. 2/11 each
2.Gang 0006mf. Condensers, with

RMMErs ... .vevinernnornnsonnnns 5/ each
H.F. CHOKES

8.W.H.P. cholo.lo -100m.,.... dacgancaa 104d.
Standard H.F. CI 500 -
Binooular H.F. choke 18

SHORT WAVE CONDENSERS

Trolitul Certified to ceramle
All-brass counstruction. KEaslly ganged.
15 m.mfd .2 100 m.mfd.
25 m.mfd. 160 m.mfd.
40 m.mfd 250 m.mid

2/68
Brass Shatt Conplerl } in. bore
Plexible Couplers, } in. bore. ... ...... 1/2 ea
7=-pin Ceramio Cbnm mtg. English fitting Valve
Holders, 1/8 each.

“LEARNING MORSE?,”

Then purchase one of the new practice Oacillators.
Sup lied complete with valve, on ateel chaasis,

8 Practice key, 3/3. TX key, 5/9. Super
model on wooden base, 11/8.
Brown’s Heudphonu, 19,6 pair.
3-Henry Chokes, 10/-,
Good Quality Bnzzer, 3/-.

ELECTROLYTIC CONDENSERS

Tubular wire end type, 25 mf. 25v., 1/§ each;
50 mf., 50v., 3/= each.

RESISTANCES
Mains Resistances, 660 ohms .3A Tapped. 860 x
180 x 60 x 60 ohme, 5/@ each.
1,000 ohms .2A Tapped. 900, 800, 700, 600,
800 ohms, 5/8 each.
1 obm = 1%, sultable for Bridges, 5/-.
VIéVO St;lroom for International and U.8.A. types,

eacn.
Push-Baok Connecting Wire, 2d. per yard.
Resin-Cored Boldar. bd. per coil,
Systoflex Sleeving, 2 , 2/@ per dos. yards.
‘Waterprool cwered Clble, 3-way, 1/3 per yurd ;
b-way, 1/8 per yard,
ﬁornned Brl(dod Cable, Single, 1/8 per yard;
Twin, 1/ per yard. Maximum lengthe 8 yards
approx.

MOVING COIL SPEAKERS
Celestion 8 in. P.M. Speaker, 25/-.
Above speaker is complete with output trans-
tonner
a § in. P.M, Speaker, $ ohma voice coil, 21/-.
Boh Ob in. P.M, Speaker, 3 ohms voice coll, 25/-.
Rola 8 in. P.M. Speaker, 3 ohms voice coil, 25/,

ALL ENQUIRIES MUST BE ACCOMPANIED
BY A 2}d. STAMP.

PREMIER RADIO CO.

ALL POST ORDERS TO :

JUBILEE WORKS, 167, LOWER CLAPTON
ROAD, LONDON, E.B. (dmherst 4723.)

CALLERS o :

JUBILEE WORKS or
169, FLEET STREET, E.0.4.  (Oomiral 2838)
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LASKY’S RADIO

for
Valves, Speakers, Condensers and
Gomponents.

OUR SPECIAL OFFERS for this month

24 ASSORTED CONDENSERS
AND ELECTROLYTICS
consisting of .Imfd. 350v., 50mfd. 12v., 2mfd.
400v. can, 16mfd. 500v, can, 4mfd. 400v. block,
.23mfd. 1,000v., .02mfd. 1,000v., 25mfd. 25v,,

8mfd., etc., etc. All for £2, post 6d.
24 Assorted Dials, Escusions and Slow Motion
Drive, All for 10s., post free.

PARCEL OF COMPONENTS
consisting of Volume Controls, Valve Holders,
U , Octal and English 7-pin, Pushback,
Wire, Condensers, Electrolytics, Resistors,
etc, etc. All for £1 [0s., plus 6d. postage.

VALVES! VALVES! VALVES!
We have alarge selection of Englishand U.S.A.
valves in stock as per example ;

tAS5, 573, 5Z4, 6A8, 6F6, 6K6, 6K7, 6K8, |ICS5,
6Q7, 12A8, 12Q7, 125)7, 25L6, 25Z6, 6B8,
32L7, 35L6, 35Z4, 35Z5, 50L6, 70L7, 117Z6,
80, 6X5, 1288, 12F5, 6)7, etc., etc, All at
B.O.T. Fixed Retail Prices Plus Tax.

English AC, AC/DC and Battery Valves as
follows ;

US50, HL4, HLI3, MVSPEN, VP4, SP4, FC4,
MUI4, X65, MUI2, UI2, ECH3, DW4/500,
EBLI, FC2, UUS, X63, KTW6I, KT63, WD40,
TDD4, etc,, etc.

Speakers, Speaker Transformers,
Controls, with and without switch,

Send us your requirements.

LASKY’S RADIO,
370, Harrow Road, Paddington, W.9.
Telephone : Cunningham 1979.
CASH WITH ORDER OR C.0.D.

Volume

FOR THE

RADIO SERVICE
MAN, DEALER
AND OWNER

The man who enrolls tor an l.C. 8. Radio
Course learns radio thoroughly, com-
pletely, practically. When he earns his
diploma, he will KNOW radio. We are
not content merely to teach the principles
ot 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 CORRESPONDENCE SCHOOLS

Dopt 38, International Bulldlnq-,
Kingsway, London, W.C.2
Please explain iu:lgv about your Instructiom in
the subject mark
Complete mdlo Engineering
Radio 8ervice Engineers
Elomentary Radio Tolnhl.n
And the following R: ox
British tnstitution of Radio Englmn
P.M.G. Certificate for Wireless rators
Provisional Certificate in Radio Telephony and
Telegra Jphy for Aircratt
y and Guilds Telecommunications

wmms Operator & Wireless Mechanie, R.A.F.
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CCURATE radio rewinds, mains trans-
formers, fields o.p. transformers, eto.,
and all loudspeaker repairs.—8outhern Trade
Bervices, 75a, George St., Croydon. [1039
AINS zransformers service, repairs, re-
winds, or construction to specification of

any type, com etitive prices and prompt_ser-
vice.—Sturdy Llectno 0., Ltd., Dipton, New-
castle- upon-T 9651
” RVICE wlth a Bmile.”—Repairers of all
types of British and American receivers;

coil rewinds; American valves, sparea, line
cords.—F.R.I.,, Ltd., 22, Howland g
Museum 5675. " [1575
LL types of radio receivers serv:ced,
Murphy and Pilot specialist; valves in
stock; sound repairs for t.hlr(een years.—
T. E. Fevyear, F.LLP.R.E., 50, Vine St., Ux-
bridge, Middx. Ux. 308, [1655

RFWINDING of every type of radio trans-
former, design and manufacture to speci-
fication; amplifiers designed and manufac:
tured, service and maintenance.—Radio and
Transformer Services, 570, Manchester Rd.,
Hollinwood. Lancs. Tel, JFai. 2507, [1677
EGALLIER'S, Ltd.—*' Service with a Guar-
antee.’ If you have an anhsh or
American receiver that needs servicing, let
American specialists do the job; any set
handled from a T.R.F. Midget to a 30-valve
Scott; first-class workmanship only; when for-
wardmg. chassis and valves needed only; send
s.a.e. with all enquiries.—Degallier’s, Ltd.,

Westbourne Court. London, W.2, [1468
ATENT AGENTS

ATENT ADV](,E AND SERVICE

BUREAU.—Consultants and registered

agents for British, foreign and lonial

patents, design and "trade mark registrations,

and searches,—Thanet House,
Strand, W CZ (‘t;lét':nl 7330. [1609

EARN Morse code the Candler way.
4 advertisement on page 28 [1292
ADIO training.—P.M.G. exams. and IL.LE.E.

investigations
231,

Diploma; prospectus free. — Technical
College. Hull, (0611
ORSE and wireless.—Evening tuition.
Students prepared for Govt. examina-
tions; particulars, stamp.—Masters, 15, Wil-
mmgton Ave,, Chiswick, W.4. 1657

Rl 10 Engmeenng "Television and ire-
€8s

Telegraphy, comprehensive. postal
courses of instruction. A%qu Brmah School
of Tele%‘r,aphy. Ltd., 179 apham Rd., Lon

Estd. 1906). Also mstrucuon at
school m wll‘eless for .M. Merchant Navy
and [9249

ENGINEERING Opportunities.”—Free 112
page guide to training for A M.I,
Mech.E., AIM.LE.E., and all branches of en-
gineenng and building; full of advice for
expert or novice; write for free copy, and
make your peacetime future secure.—B.L.LE.T.
(Dept 387B), 17, B8tratford Place, Lonldon
665
A POSTAL Training in Electrical Engllneer
ing-power or radio; individual correspond-
ence tuition by hlgh}{v quahﬁed engineers with
wide teaching technical experience.
Elementary or advanced courses, Preparation
for recognised exnminations Pre -service train
ing specially arranged ., 18, Sprmgﬁeld
Mount, Kingsbury N.W (164
T IE Tuitionary Board ‘of the Institate o(
Practical Radio Engineers Have Avail
able Home Study Courses Covering Elemen-
tary, theoretical, mathematical, practical, and
laboratory tumon in radio and television
engineering; the text is suitable coaching
matter for LP.R.E., Service-entry and pro-
gressive exams.; tuitionary fees—at pre-war
rates—are moderate.—The Syllabus of Instruc-
tional Text may be obtained st free from
the Secretary, Bush- House, alton Avenue.
Henley—on-’l‘hames Oxon. 1462
TECHNICAL ‘TRAINING
REAT possibilities exist for technicl]ly
qualified engineers, key men in wartime
and afterwards. Through the home-study
courses of The T.I.G.B. take a recognised engi-
neenng qualification, such as AM.JEMech.E,
.LE.E., AF.R.Ae8., AMIChemE., C.
and G., etc., in which examinations the
T.I.G.B, students have gained 25 FIRST
PLACES and hundreds of passes. Write to-
day for * The Engineer's Guide to Buccess *'—
free—containing the world’s widest choice of
engineering courses covering all branghes, in-
cluding aeronautical, mechanical, electrical,
wireless, chemical, ctc.
HE TECHNOLOGICAL INSTITUTE OF
GREAT BRITAIN, 82, Temple Ba-
Housge, London,

E.C.4. 1403

BUSINESSES FOR SALE OR WANTED
ADIO and electrical business, Hampton,
Middx., est. 15 years, modern shop
premises, stock, fitted workshop and instru-
ments, Westinghouse chnrglnf plant, Scwt.
van; complete £1,100; owner for military ser-
vice —~Write Box 2864, c/o Wireless Wo[rld
705

W. BRYAN SAVAGE

LTD.

Expert assistance in the solutlon of

problems relating to
@ TRANSFORMERS, CHOKES

® AMPLIFIERS
@ POWER UNITS
and Speclalised Equipment
embodylng
ELECTRONIC CONTROL

WESTMORELAND RD., N.W.9.
COLINDALE 7131

AFTER THE WAR!

The advance in Radio Technique after the war will
offer unlimited opportunities of high pay and secure
posts for those Radio Ehgineers who have had the
to become fied. How you can
do this quiokly and easily in your spare time is fully
explained in our unique handbook.
Full detalls are given of AMLE.E, AMBritLRE,
City & Gullds Exams., and particulars of up-to-date
oourses in Wireless Bngineering, Radio Bervieing, §bort
Wavos, Television, Mathematies, etc., ote.

Woe Guarantee * NO PASS—NO FEE "
Prepare for to-morrow’s opportunitices end pest-wer
sompetition by sending for your copy of this very
{nformative 112-page guide NOW—FREE,

BRITISH INSTITUTE OF ENQINEERING
TECHNOLOGY (Dept. 388)

17, Strattord Place, London, W.1I.

vnm 1A4E, 1B4E an;
PHILCO sxig, 1510
‘2]01 9:. 1Ad.

0 Aerlals, 3-point car !.ype, -ultahle indoors or

outdoors, 7/6 complete.

dipole aerial Transformers, with L, M and 8 wave

switch, 10/,

aertal, H.F. and osciliator Coils, 2-band, from 3/-
3-band, from 10/-,

i!l');l‘nmiomm 125 kefs, 8/- 5

PHILCO
PHILCO
PHILCO
PHILCO

451 and 465 kc/s.,

VYolume Controls, with switch, 6/-.

Padding Condensers, from 1/-.

PFixed Condensers, 1,000 volts test, .0001, .00026
and .002, 1/- each ; .0l and .015, 1/6 ; .05, .09
and .15, 2f-; .02+ .05, 2/6; .00 + .08, 8/-.
Components, assorted parcels for servicemen and
amateurs at far bdow pre-war cost, £1, £2,
and

No mu. please send stamp with enguiries,
Terms, cash with order. Postage extrs.

E. H. ROBINS TRADING CO. LTD.
44, Kyle Crescent - South, Whitchurch, 6lam.

I EIEE

for A.C.and D.C.

TWO STEP RELAY LF/F8
(Heavy Silver Contaets)

PHILCO

PHILCO

First Impulse
‘““ON."” Second
Impulse “OFF.”

Also Aerial
Change -over
Relays.

Ask for
leaflet 88A/WW

LTD

OF RELAYTS

WY ICIAI!IIH.Z!NI l.l,"ll 3620 sonin

lONDEX
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RADIO SERVICE SUPPLIES
Specialists in Manutacture and Dlmibution
anh to "‘Exs Radio Servicing Trade

Prlm.u'lu 0-210-230-250v., 50/60 c/s.
Types A. $850-0-360v., 80/100!11& 4v 2a., and

4v. 4a, 24/-
B. 850-0-350v., SOIIOOml bv. 2!

6.3v, 4a. .. 24/-
8. 350-0-350v., o 3

4v. 2a. and 4v. 4a. 28/-
T. $50-0-350v., S

4v. 3a. and 4v. 2a. and 4v. 4a. 28/-
X. 850-0-350v., 120ma., 4v. 2.5a. and

(5h T (% poooonoaopogocooog 32/8

L

500-0500v., IZOml 4v. 2.5a. and
4v. 7a. C a ..

(Pustage on typen A B, 8, Z,
AUTO TRANSFORMERS. For use with 110v. re-
cefvers on 200/240 mains. Wire ends, chassis mount-
Ing, B0 Watts ...............cciiiiiinieiinnns 24/-
SMOOTHING CHOKES. D.C. resistance approx. 500
ohms. 60ma., 7I8 100ma., 15/- ; 120ma., 18/6.

STANDARD TYPE SPEAKER TBANSFOBIEB-S. As
fitted to Rola, C Good: "8, BN
clal sets and ers. Centre tapped prlmnry for

speak
Power/Pentode/Push-pull ... ....ooviien... 7/8
BOBBINS OILY IOB ABOVE SPEAKEB TBAIS-
FORMERS. ethod of

burnt-out !nndormen Fn. nundud Rola " l'-u:k
74,” etc. Tapped Primaries (]
COMPETITIVE O.P.

TRANSFOR. 8
fixings, heavier oore, fixing holea 24in. centres tapped
pﬂmrlea, powerlpenwde ..................
HEAVY D' OUTPUT TRANSFORMERS. Spechlly
designed for hrge outputs, alngle valve or push-pull,
12 ratlo, primary and secondary tapped, current each
half prim. GOmA Rating 12[16 watts. Explanatory

leaflet losed with each t veve.. 8B/
SPEAKEBS. Guannleed bnnd.l only In k. Rola,
R.and A., ete.

8 inch P.M. types, eompleu with transformers 25/-
10 , PM . Prim. CT. 35/
6§ ,, PM. ,, less trans. by extension units . . 19/

,. Energised. 2,000 ohm flelds with trlnl 24/-
10 .. . 1,000 .. " w80/

CCESSORIES.

Al
Volume Controls, long spindies, less switch. .. ... 8/8
Resistances from 5.000 to 2 meg., with switch.. 4/6
Extension speaker volume controls, 500 ohm,
lin. shaft, without switch.................... 38
Bias Condensers. 256 mfd. x 4v., 1/~ ; 16mfd. x 9v.,
1/~ ; 1omfd. x 25v.,1/6 ; 50mfd. x 12v., 1/9.
Switches. Rotary types QMB onjofl sw., single nut
fixing, with knob, 8/8. Heavy duty, 16 amp. lever
toggles, 4I-.
Wire Wound Resistors. From 25 ohms to 2,000 ohms,
5 watt, 1/6. U-e!ul. rellable, safe. 10 watt, 2/-,
Line Cord por Resistors. J.arge range stocked.
360 ohm., anmp,ﬁl-: 7560 with slider, .3 amp., 6/;
2a Unlvernl 950 five, 50 ohm and 750 I/sllder, 8[8
Oommercial Set Droppers. (See lists for specifications),
2 and .3 amp., for Cossor, Pye, Murphy, Regentone,
Hnlcyon. Decca, etc., lmm 2/9.
Fines

t
2/@ dos.; 8 mm.. 3/6.
Bolder, resin odomd, hsu-pound& 2/-. 1nsulsting tape,

ished tape., 2 mm.,

not surplus

jnnk. with reduction drlvu Cap. .0000mfd. Twin-

gang, 6/6 ; '-rlple. 7/8.
‘Range Coils, TRF sets, 2in. x 1in. formers,1/6 ea~h,

gxcgl and hlhroom Mans Tubular Lamps, scc. and

IC., -

Wavechange Switches, Yaxley types, 3-bank, S-way,

5/6. Single leat, 4-pole, 2-way, 4/-,

Valves. Over one thousand valves instock,retall plus tax.

Servicemen. Write, enclosing 2¢d. stamp, for full lists,

Licensed for N. Ireland.

RAD10 INSTRUMENT SERVICE CO.
116, Littleheath Rd., Bexieyheath, Kent

Please Note.—Post orders only. Add estiniated
postage where not stated. All prices nett trade.

ENGINEERINI

OPPORTUNITIES

NO FEE." Details are given
over 150 Diploma Courses in

\ This unique Handbook
shows the easy way to

of
all

bnnche- of Civil, Mech., Bleo., Motor,

Aero., Radio and Prod

amanship,
'l'nmu, Inspection, Government Employment, nlm.nmo
(grent scops), MATRICULATION, R.A.F, MATHS, etc.
Bend for your copy at oneo——FBEE Moen  with
Radie knewledge can oblain aftractive posts in the Services.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOG

Y,

387, Sbakespeare House, 17, 18, 19, Straiford Place,
Lo-_‘n. W.1

Advertisements 31

BOOKS, INSTRUCTIONS, ETC.
TRELESS World,” back numbers from
1924 to 1939 avnlable, also ‘* Experi-
mental Wireless,” 1928-37; what offers?—
8 mons, Chelwood, The ‘Avenue, Northwioeod
71

“VEBBS radio map of the world locates
any station heard. Bize 40x30in, 4/6,
post 6d.; on linen, 10/6, post 6d.—Webb's
Radio, 14. S8oho 8t., London, W.1. Tel, Ger
rard 2089. (9947
Wanted

ANTED Palmers ' Wirele§s Engineer-
ing.” Cash paid.—7, St. Leonard’'s Drive,
Timperley, Ches. [1659

YOU MUST KNOW

“MATHS™

If you wish to understand radio, or any
other technical subject thoroughly, you
must know mathematics.

Our method of Home Study tuition is an
outstanding success. Hundreds of stu-
dents owe their progress and increased
earnings solely to our training.

Trained men get good jobs. Even if you
are now in the Forces, or on work of
National importance, you should think
of your future. There will be splendid
opportunities for men who have studied

io or mathematics, and now is the
time to start learning.

Post coupon for free details of our Home-
Study Courses in Mathematics, Radio
Calculations, Radio Reception and Trans-
mission, and Television.

T. & C. RADIO COLLEGE
2, THE MALL, EALING, W.5

%  Please note new address %

(Post in unsealed envelope, 1d. stamp.)

Please send me free details of your Home-
Study Mathematics and Radio Courses.

BULL for VALVES!

BRITiISH VALVES
Mullard numbers generally quoted, but we
may send B.V.A, equivalents. Prices quoted
are current retail, plus Purchase Tax.
PMI2 11/, PMI2M 11/-, SP2 Ll/-, VP2 Il/-,
vP2B 11j-, FC2 12/10, FC2A 12/i0, PMIHL
s/10, PM?.HL s/10, PM2DX §/10, PM2A 7{
PM22A 11/, PM22D II/-, TDD2 9/2, also
Marconi Osram P2 12/3, LP2 7/4.

4VOLT A.C. MAINS TYPES

ACTP, TH4A, TH4B, FC4, MX40, 14/-;
PM24M, AC5Pen, PenAd, Pen4VA, VP4, SP4,
VP48, 5P4B, W42, I2/I0' TOD4, MHD4,
11/7 ; H42, 354V, HL4 9/2 ; PM24A, FW4/500
l83 s Pen4DD 15/3; also Cossor MSPen,
MVSPen MSPenB, MVSPenB 12/10.

AC.[DC TYPES
FCI3, FCI3A, TH2IC, TH30C, 15D2, 14-;
VPI3C SPI3C, 9D2, 8D2, 12/10; HLI3C,
7.D|3C 2DI3A,9/2 ; TODI3C, 11T ; CL33,
CL4, Pen26, 12/10 ; KTW6I, KTW63 KT6!,
II<T63 12/10 ; also Cossor VPI3A, SPI3A,

AZDA OCTALS
ACTHIA 14/-, TH4| 14/-, VP41 12/10, SP4)
12/10, DD41 11j-, UU6 Llj-, HLAIDD 11/7,
HL42DD 11/7, Pen45 12/10, Pen45DD 153,
UU7 11)-, TH233 14/-, HL133DD 11/7, VPI33
12/10, Pen25 I1/-, HL23 §/10, QP25 15/3.
MULLARD E TYPES
EB4 12/10, EBC3 11)7, EBC33 11/7, EBF2 15/3,
EBL! IS{J EBL3! 15/3, ECH2 14/-, ECH3 14/-,
ECH33 14/-, ECH35 14/-, EFS 14/, EF8 12/10,
EF9 1210, EF38 12/10, EF39 12/10, EK2 14/,
EK3 15/3, EL2 14/, EL32 14/-, EL3 12/10,
EL33 l2/lo. EZ2 I2/I0. AZE /-, EM4 LI/,
EF6 14/-, CBL} 15/3, CBL3} 15/3, CL4 12/10.
AMERICAN VALVES
O1A 11/, OZ4 15/3, 1B4 I5/-, I1B5 15/-,
1G5 15f-, 135 15/-, 2A6 14/-, 2A7 15/-, 287
15/-, 5Y3, 5Y4, 574 14/6, 5Z3 Il/l 6A6 183,
6AG6 l2/|0. 6A7 14/-, 6A8 14/-, 6B6 13/,
6B7 14/-, 6B8 15/3, 6C5 92, 6C6 12/10
6D6 12/10, 6F5 9/2, 6F6 12/ Io 6F8 183,
6H6 &/10, 6)7 12/10, 6)8 l2'|0 6K8 I4I-
6K6 13/-, 6K7 12/10, 6L7 l2[l0 6N6 183,
6Q7 11/7, 6R7 11/7, 6SA7 14/-, 65C7 18/3,
65K7 12/10, 6THBG 14/-, 6V6 12/10, 6X5 11/=,
6Z3 18/3, 6Z5 183, 15 18/-, 19 18/-, 24 13/-,
25A6 I2 10, 25L6 12/10, 25Z6 II£ 27 92,
29 14/-, 30 l2l- 31 12/-, 32 15/-, 33 14/-, 34
15/-, 35 13/-, 36 12/I0 37 15/-, 38 15/-, 39 12/6,
41 I2/I0 42 12/10, 46 15/-, 50 25/s, 52 23/
53 16/6, 55 13/8, 56 IS/- 57 14/-, 59 1§
75 14/6, 76 9/2, 77 12/10, 78 12/10, 79 IS/J
?3;4’6 81 21/-, 83 15/3, "84 14/-, 85 12/1, 89
/3.
Assorted stock of Lease-Lend Valves for
Midgets, B.O.T. Prices.
RECTIFIERS
Non-B V.A. replacement types all at 14/6 each.

for American 80, 5Y3, 5Z4,

IMPORTANT 7
NOTICE .

WE regret to announce that

we cannot accept any
further orders for Griz
Energised or Giz P.M.
Units until after the cessation
of hostilities, and that no
further Giz Units can be
accepted for servicing after
the 1st April, 1943.

BRITISH ROLA

LIMITED
MINERVA ROAD, PARK

ROYAL, LONDON, N.W.I0
Telephone : Willesden 4322

5Y4 ; Marconi Osram U10, U12, MUI2, US0 ;
Mullard IW2, IW3, DW2, DW3; Cossor
442BU, 4311V ; Brimar R1, R2, R3 ; Phillips
1821 ; Mazda UU3 UU4, etc., etc.

TO SAVE TIME ORDER VALVES C.0.D.

J. BULL & SONS
246, HIQGH 8T., HARLESDEN, N.W.10

' SYSTEMATIC RADIO 8ERVICING *".

A method for ornmsmu the repair-shop,devised
and employed by J. B Also a catalogue o

many Radio Service And: including ** History of
F.ulu. * * Job Cards,”’ which almost repair the
sets, >’ Valve Base Data Cards,” and perhaps
most important, a Rectifier which will replnce
any of the popular Universal valves suchas 1223,
3523, D3, 030, 403UA. etc. ~ Price 1/7 pii.

V.E.S.,
(W) Radlo House, Meithorne Drin. Ruislip, Mdx.

SPEAKER REPAIRS by —1

Any make, British SpeCiGliStS
or Amerlcan Best Service
TRADE ONLY Moderate Chargeg

Also Components for Service Men at keenest
prices. List Id.

A.W.F. RADIO PRODUCTS 'Phone :

99, Duckworth Lane, Bradford 11632
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A‘LE—T T —

Consult

BRITISH FILMS LIMITED

Specialists in the construction of

MOBILE CINEMAS AND

SIGNALLING
% EQUIPMENT

AN
Specialists in Morse Equipment
Makers of Small Transformers, Heavy Duty Resistances,

ASSOCIATED EQUIPMENT.
"BRIMAIN” POWER UNITS. Plugs and Sockets, Fuse Holders, Electric Bells, Buzzers,
and Switches. Also Plastic Mouldings, Coil Windings,

PRIORITY ORDERS ONLY Light Pressings, Turned Parts, and other components -
and accessories for the Wireless and Electrical Trades

Head Oﬂice:1919_:lgchEE1l_LzLJ; LONDON, W.1 Merit House, Southgate Road, Potters Bar

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

HILL avo CHURCHILL j_‘_M 0_

BOOKSELLERS

SWANAGE DORSET M 0 v l N G c 0 l L }Vhattgver );;)\.u age, you can now study
. MICROPHONES || Eianinacion sthome on” NO PASS

ENGLISH & AMERICAN are skilfully designed to || NOFRE terme, MR e i
BOOKS IN STOCK ON | e;\rsure a Zigh bitanda;d of opens up t:)pportunities which would
efficienc ura made to otherwise be completely closed to you.
RADIO AND glve lascing satisfaction B yours urouen postwar duoulivs
Teee ~wa 1 ulties
TELECOMMUNICATION are to be depended upon in l&yt\\{ritlintg for our vnhlx.ablc @ GuideEéo
A the biggest job—in the front atriculation immediately — FREE.
CATALOGUE ON APPLICATION | line of communications. ] —— g‘-'};;l;“(.aep:. ldl4)w_1
L MICRAMATIC ELECTRICAL d > —oneem T
For hieh quaties | INSTRUMENTS CO. |~ -
or high quality 360, STATION RD., HARROW, Middx. ||
. . . r
loud speakers when HI;’,.':??&ZJIS‘ T.E,'Efé‘g’_'"&:ﬁ",{gw ESSI.ERS am} B
the good times| - ———————{] For TURNING and MACHINING of
: PLASTIC MATERIAL
come again. — Appointment Vacant SIGNAL LAMP CAPS

SCREW CUTTING IN BAK.FABRIC
Albion House, 201-3, Church 8t., Lendon, N.16
Tel. : Clissold 6247

2 c°“'.t;‘m“’;';b“;“62"' 8.826 || Director of research and development,

to take complete charge of these de-
- partments, required by a London firm
of Electrical Engineers manufacturing

new in dS sel'VIce (1 radio frequency, acoustio and eleotrical w AR D 88:‘;';;1_ ERS

) |} iomstruments. First class qualifications
REWINDS. Transformers—Mains, 25/-. in Physios or Electrical Engineering

Petrol Electric Generating Plants, H.T.
Generators, D.C. Motors, Frequency

O.P., 6/e. N -ups, " A i ide i i
6/ Fields, Pick lll‘::,mcd:"’ Chokes, essential, coupled with wide industrial Changers, etc., up to 25 K.V.A.
VALVES. We may have those you want. experience. Write, stating full HA F. WARD

BAE to: partioulars, to Box 2821, Wireless || wﬁ: rou's LANE, HACKNEY WICK, E.9
A.D.S. Co. 2135, Lichfield Road, World. (" *Phone : Amherst 1393 -

Aston, Birmingham, 6. |

w.; o P We invite new inventions which, guided S
by the technical knowledge, manufactur- GRO U P
g - ing facilities and world-wide marketing LONDGON
organisation of the Simmonds Group,

may be developed to play vital parts in
modern industry.

SIMMONDS DEVELOPMENT RPORATION .

Printed in England for the Publishers, ILiFrk aNp Sons Lrp., Dorset House, Stamford Street, London, 8.E.1, by Tra CorNwaLL PrEss L1p., Parls Garden. Stamford Street,
Loudon, S8.E.X. * The Wireleas World ** can be obtained abroad from the following : AusTmaLla and Nxzw ZEALAND : Gordon & Gotch, Ltd. INDIA: A. H. Wheeler & Co.
Canana : Imperial News Co. ; Gerdon & Goteh, Ltd. 8oura Armica : Central News Agency, Lsd. ;| Wm, Dawson & Sons (8.A.), Ltd. Unitep 87aTES8 : The luteruational News Co.
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7~ AND HERE IS
' THE REASON..

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

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

Made in Three Principal Materials

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

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

TEMPLEX—A Condenser material of medium permit-
tivity. 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 : Walton-on-Thames 245I. Manchester Office : 196, Deansgate, Manchester.
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WIRELESS TELEGRAPHY BOARD
SPECIFICATION K.110 (Revised Nov., 1942)

Electrical
Telecommunication
Apparatus

for use in

Damp, Tropical Climates

/M

((\[)y testing your products in a chamber of
this design you are assured of recording results
identical to those that will be oblained by the
testing authorities of all the services.

Fach equipment is supplied with its individual
performance curve superimposed on that of the
prototype now in use at R.A.E.

We are actually in production with Humidity
Chambers to this specificalion, idenfical to those
supplied by us to the parent research establish-
ments of the services.

Deliveries are steady though slow—malerials are
difficult—considerable orders are already in hand,
please help us fo help you by advising us in
good time as fo your requirements.

BELLING & LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX
<P 8786






