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““AS USUAL"*>

Not *similar ’; not ‘some-
thing like '— but the same.
Not merely the same to look
at either. But the same in
performance, the same in
behaviour. That is what you
expect from Ceramic
Condensers. And you
expect too, that the
performance will be of a
considerably high order.

The Illustration shows a
Ceramic Transmitting Condenser.

TYPE
APPROVED

UBILIER

CONDENSER CO. (1925) LTD.

w C.R.Casson 2
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* AVO " Electrical Testing Instruments are ac-
tively engaged on the fighting and factory fronts,
sharing a great responsibility with a proud sense
of duty and high confidence in the future.
It will therefore be appreciated by our numerous trade

friends that we can now only accept orders which bear a
Government Contract Number and Priority Rating.
TESTING

INSTRUMENTS

THE “AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD|

WINDER HOUSE - DOUGLAS STREET -~ LONDON - S-w-1 TELEPHONE. VICTORIA 5404/8
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FOR QUICKER. FAS/ER
(ABLE & PIPE [INE MARKING

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

HERTS PHARMACEUTICALS LTD. WELWYN GARDEN CITY

The advanced designs . . . the vastly improved techniques ...
the developments as modern as tomorrow . .. all these as
applied to Sound Equipment will one day be available to you
in their most efficient form in 194-R.S, Equipment ; for ai-
though we cannot build for your customers today we are not

unmindful or unaware of their needs in the future, And
neither are we un-

prepared! We can R

promise that you will be S
asproudtoselithethings \y

to come as we are to

bulld them. AMPLIFIERS

R. S. Amplifiers, Ltd., 3-4, Highfield Road, Shepperton, Middx

Tel.: Walton-on-Thames 1019

TRANSFORMERS
and CHOKES

For RELIABILITY
SEND US YOUR ENQUIRIES

OLIVER PELL CONTROL ™™

O BURLGE RGAD, VO

AR 0GE

e oV orep of the Sesvival ===

SIGNALLING
. EQUIPMENT

LTD.

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

Merit House, Southgate Road, Potters Bar
Phone : Potters Bar 3133, Telegrams & Cables : Sel, Potsers Bar
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Sickles Midget Transformer
and Trimmer.

WORLD'S LARGEST RADIO
COIL MANUFACTURERS

RADIO FREQUENCY INDUCTORS

INTERMEDIATE FREQUENCY
TRANSFORMERS

RADIO FREQUENCY COIL

HOKES

MICA COMPRESSION

CONDENSERS
AIR DIELECTRIC CONDENSERS
MICA MOULDED CONDENSERS
SICKLES SILVER CAP

CONDENSERS
GANGED PERMEABILITY TUNING
COMMUNICATIONS EQUIPMENT
F.M. EQUIPMENT PARTS
U.H.F. RADIO EQUIPMENT
SPECIAL ELECTRONIC

EQUIPMENT

*

The F. W. SICKLES Co.
CHICOPEE, MASS., USA.

rRAYTHEoON

MALLORY

VIBRATORS

IDEAS WILL POP FOR YOU

|N the crucible that is war production, ideas

pop into reality in bewlldering numbers.
Co-operative progress in techniques in chemical,
mcnﬁ:rglul and electrical’ applications of
materials, has contributed astounding gains to
man’s control over Nature's resources. Com-
paratlvel, few can have more than a vague

tion of ind fal plish for the war
effort. But the discoveries that have mechan-
ised warfare and conquered the air, that have
develo| transportation and supplies to
marvellous wartime resuits, represent |deas
that will pop Into an amazing variety of com-
mercial contributions to post-war living
standards.

P. R. MALLORY & CO. INC.

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

. o N v ’ 4
P, =- -
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RAYTHEON “FLAT"
HEARING AID TUBES

THEY'RE tiny, but mighty when it comes
to dependable hearing aid performance.
And mighty popular, too, because of their
long life and low battery drain. That's
why RAYTHEON flat hearing ald tubes
are standard equipmant in leading elec-
tronic hearing aids.

Through continuous growth over these
past 5 years Raytheon has become the
world's largest supplier of hearing
aid tubes.

WORLD'’S LARGEST EXGLUSIVE
TUBE MANUFAGCTURERS

*
RAYTHEON

PRODUCTION CORPORATION

ALSO
“MYKROY ” CERAMIC INSULAT-
ING MATERIALS

“IDEAL"” RECHARGEABLE
CELLS AND CHARGERS

GENERAL ELECTRONIC VACUUM
CONDENSERS

FOR THE FUTURE
These Manufacturers will help solve your
t-war problems,
R?Iucr your name now for full details which
will be sent you when supply conditions again
permit.

FRANK
HEAVER

LIMITED
Kingsley Road, BIDEFORD,

N. Devon

NEWTON, MASS,, USA.

THE SEEING EAR

SYI(BOLIO of modern electronic equip-

meut—these human senses amplified
and eoxtended to limitless range . . .
through fog and smoke . . . beyond the
limita of normal sight and hearing . . .
our fighting forces now S8EE and HEAR
at distances and under conditions that
amaze the uninitisted. Buch are the
remarkable accomplishments of a war-

P Al Bl Industry.
Censorship shrouds the Beeing Ear in
secrecy, but . . . In to-morrow's day of

peacetime production G.I. will adapt ita
share of Seeing Ear developmenta to new
products and to moderniaation of ite pre-
war products. Many of these new ideas
will have direct applications in our
Record Ch Variable Cond: .
—Push  Button Tuners—and other
products.

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

TWO-WAY radlo

communicae
tion systems, like
the plastic-cased
beauty  Hlustrated,
are one of the new developments leading
industrial designers are thinking of to
speed the work of a busy post-war world.
Applications of this compact, plastic-cased
* walkie-talkie * are almost unlimited.
Naturally, this is only one of thousands
of uses plastics will be put to after the
war, but it will serve to remind you that

st-war planning is being done . .

urz-Kasch designers, engineers, tool-
makers and moulders . . . specialistsfor a
generation in plastic planning and mould-
ing will help you with your problems.

i

KURZ-KASCH INC.

Planners and Moulders for the Age of Plastics

DAYTON - OHIO - U.S.A.




BAIR

Simple to operate.
Only two main
controls, one for
picture  contrast
and the other for
sound broadcast.
PRICE

£32.10.0

Purchaser to make
arrangements for
collection.

WIRELESS WORLD

TELEVISION
RECEIVERS

MopEL T 26

A New Purchase !

Every receiver is in perfect working order. Cabinet dimensions 3ft.
4in. high, 20in. wide, 17in. deep.
Pick-up sockets are fitted enabling it to be used as a Gramophone
Amplifier. Extra loudspeaker sockets. 14 valves.

Picture screen size 10in. by 8in.

JunEe, 1944

P.A. AMPLIFIERS. Output 15 watts, 6 valves,
200-250 A.C. Pre-Amplifier for microphone, gram.
ophone and radio terminals. Multi-range output,
2.5 ohms to 15 ohms. Piuled two volume controlg
and tone control. In metal cabinet,
Price, Carr. paid £1 8-10-0
PENTODE OUTPUT
TRANSFORMERS
Well made and efficient
Suitable for Small
Speakers.
Size 13 x 1} x 14ins.,"

7/-

MANSBRIDGE Type Metal-Cased CONDENSERS

350V. WORKING. 2 mfd., 4x1x1%in. ... 2/8
500v. WK@. 2 mid., 2§ x 2 X in. ... 5/8
2 mfd., 4x1§X2in. ... - ... 4/8

LARGE CROCODILE CLIPS
2} x §in. Powerful spring grip, 1/3 each or 12/-
per doz.
ELECTRO-MAGNETIC RELAYS .

Brand new surplus stock, make and break units
te operate on 1} v. at 15 m.a.; to clear 5 9
stock /
Our goods being surplus to manufacturers’ vequire-

ments cannob be vepeated when stocks are sold,
3 No lists issued. As all goods are described as

tully as possible we cannot reply to requests for

turther details.

ELECTROLYTIC CONDENSERS

Metal Cased. 250 mfd., 100v. working, 12 6
NS o3 in.  With terminals ... ... 12/

MANSBRIDGE Typs CONDENSERS

Metal Cased. 10 mfd., 350v. working,
44 x3 x24in. ... ... 10/6

“MUTER " PUSH-BUTTON UNITS

12-Butten Unit. Complete with button 8/6
and escutcheon, as illustrated ... /
8-Button Unit, with mains switch rated 125v. at
.3 amp. and 250v. at 1 amp. Complete 5 6
with knobs but no escutcheon ... /

MAINS TRANSFORMERS

A special line of
newly manufactured i
British transformers.

300-0-300v. at N

ma., 6.3v. 3a., o
5v. 2a. size ... 37/6 >
Post and packing,

-

Telephone typeJwith polarised”differential
movement. Two 500-ohm wind-1 6
ings. Large diameter contacts ... 7/

[L 23 LISLE STREET,

LONDON, W.C.2
GERrard {2969
bﬁ e o ES——

GRAMPIAN REPRODUCERS LYD HAMPYO

GR

3T

g 2

<

LONDON CENTRAL RADIO

Miscellaneous Offers:

Special Offer, BRAND NEW RESISTORS
Wire ends, , § and 1 watt. Assorted and
useful values. 30/- per 100 or 4/8 per doz. lots.
YAXLEY TYPE W/C SWITCHES. 27 spindles
4-way, 3-bank, with shielded osc. section, 6/3 ;
5-way, 6-bank, with 3 screened sections, 7/3 ;
3-way, 3 double banks, without shields, 4/6.
100,000 OHM POTENTIOMETERS, i spindlc,
VITREOUS ENAMELLED RESISTORS. 10
ohms 10 watts, 3/6.

WIRE WOUND POTENTIOMETERS.
ohms. Less switch. 5/6.
LOUDSPEAKERS. Cefestion 8in., with trans-
former, 29/6. Goodmans P.M. without trans-
formers ; 5in., 21/- ; 8in., 30/~ ; Post and pack.,
1/6 each extra.

OAK SWITCHES. 2}in. spindle, complete with
knob.  4-way, 2-bank with connecting block,
4/- 3 4-way, 2-bank, 3/3.

50,000

PLATINUM  CONTACTS. Double Spring,
mounted on ebonite, 1/6.
CONDENSERS.  First-class 0.1 mfd., oil-filled,

5,000 v., working, only 11 /6 each.
TWIN SCREENED PICK-UP LEADS, fitted
2 plugs, 8ft. 6in. long, 2/9.
ELECTRO-MAGNETIC COUNTERS. Ex-G.I.O.,
every one perfect, electro-magnetic, 500 ohm
coil, counting to 9,909, operated from 25 v.-
50 v. D.C., many industrial and domestic
applications, 6/-.

SCANNING AND DEFLECTOR COILS. Ex-
television receivers, assembled complete in
metal frame, 7/6.

ELECTRIC SOLDERING IRONS.
85/75 w., 12/6.

BRASS ROD. Screwed brassrod, 2 B.A., 4 B.A.
and 6 B.A., 12in. lengths, useful for many
purposes, 5/6 doz. lengths.

VALVE-HOLDERS, brand new, Mazda octal, 1/-.
VALVE-HOLDERS. Paxolin, 5-, 7-, and 9-pin,
74. each, 6/- doz.

REACTION CONDENSERS. Fine quality job,
0.0003 mifd., to clear at 2/3 each.

TUBULARS. Wire-end tubular condensers,
0.1 and 0.01 mfd., 350 v. working, 1/-.
7.6.C. TUBULAR CONDENSERS, 0.1
6,000 v. D.C. test, 5/9.

7.C.C. CONDENSERS in metal cases, special
ofier, much reduced to clear, 4x4 mid.,, 70 v.
working, 2/ each.

EX-GOVT. PLUGS AND JACKS, as previously
advertised, 5/9.

EX-G.P.0. PLUGS, 1/6.

METAL SCREENED ANODE VALVE-CAPS,
with short screened lead, 94.
TRIMMERS. Postage stamp 40 PI°, 8d.
40440 PF, 1/=,

ZLECTRIC RAZOR RESISTANCES. Universal
aput, in strong metal case, 10,~ each.

YALVES. FEA30, Mullards, to clear, 10/6 each.
SERAMIC VALVE-HOLDERS, brand new, low

200-250 v.,

fd..

Twin

loss, 7-pin, 1/5 each.

AMQION

N ROAD HANWORTH. MIDDLESEX

) ‘gOUNp .

N sou®

*SPEAKERS
* AMPLIFIERS
* MICROPHONES

WHEN HAPPY DAYS ARE HERE AGAIN

Telephone: FELtham 2657-3
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'BELLING & LEE LTD

| CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX
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CONCENTRATING ON WAR NEEDS

Like many of our friends we are now
primarily engaged in supplying the Services
with those essentials needed to win the war.

it is with this in view that we, here at
Diamond H, are concentrating on war
requirements. Nevertheless, we have not
forgotten our peace time business. On the
contrary, the change over to war production
has still enabled us to continue our associa-
tion with most of our customers, The
trust that has been placed in us is fully
appreciated.

When peace comes we assure all our friends
that we shall be as ready and well equipped
to meet their demands as we have been in
meeting the war requirements.

We have not forgotten what post-war develop-
ment will mean.

Yumous /m 5/7/&(/ /(/mw
GUNNERSBURY AVENUE, CHISWICK, W.4

This new and improved Taylor Valve tester measures the Mutual
Conductance of all types of amplifying valves and also checks the
emission of Diedes and Rectifying valves

Two ranges of Mutual Conductance measurement are availabie being
3 mA/V full scale and 15 mAIV respectively  Anode and Screen Volts
can be adjusted to suit the valve under test and a varable supply of
Grid Volts is also available A switch gives a choice of 17 different
filament Volts covering from 1.1 Volts to 17 Volits

Sixteen valve holders are provided to cover all the popular British.
American and Continental types Separate tests are available for
checking Continuity. Element Shorts and Heater to Cathode Leakage
The three selector switches ensure that the correct voltage is applied
to every pin of the valve under test.

A comprehensive book of instructions 1s issued with each instrument,
complete with a valve chart giving settings for over 2,000 valves
of all makes

The instrument is operated from A.C Mains and 2 mains adjustment
is provided covering from 200-250 Volts at 40-100 cycles

Model 45A/S Price £1S 1S O

Ol ud

electricalf instruments|,
e e e e e

Pleose write for Send your enquiries to.

TAYLOR ELECTRICAL INSTRUMENTS LTD,,
419-424 Montrose Avenue, Slough, Bucks.

Telephone: Slough 21381 (4 lines} Grams: ** Toylins, Slough®*

technical brochure
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EIMAC 7307

Prices drop on these Six Eimac Valves

Vacuum valves are now being massed produced
on a vast scale at Eimac. The use of new manufac-
suring (echmques has effected great savings which
Eimac is passing along to users. The new prices
listed below are now in effect.

Old Pricy New Price
304.TH. . . . . $6500 $ 50.00
304-TL. . . . . 6560 50.00
450 TH. . . . . _3500" 60.00
450-TL . . . . . _1500 60.00
7%-TL . . . . . 13560 135.00
1000.T . . . . . 43500 100.00

1500-T . . . . . 23500 185.00
2000-T . . . . . 36800" 225.00

Write today for new price sheet which coversthese
changes and provides essential data on all Eimac
valves. Remember Eimac valves are first choice of
leading engineers throughout the world...first in
the new developments in electronics.

EITEL- McCULLOUGN, INC., 801 San Mateo Avs., SAN BRUND, CALIF.

Plants lecored of Sam beuno, Caliternie and Seir Leke City, Utoh

Follow the lraders o

Expors Agemis: FRAZAR & HANSEN
300 Clay Strvei + Sae Frawsisce, California. U.S. A
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* Problems in transformer
design and construction are the constant
interest of our research department—
we are very busy on war work but have
time for post-war planning.

PARMEKO LTD., LEICESTER
MAKERS OF TRANSFORMERSd

WIRELESS WORLD JUNE, 1944
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M.R. SUPPLIES—

have the following bigh-grade and brand new ELECTRICAL and INDUSTRIAL
EQUIPMENT in estock and avallable for immediste delivery or collection. All
prices nett cash. .

POWER TRANSFORMERS. Prim. 230 v. 50 c. Secs., 1700-0-1700 v. 400 m.s. and
8.3 v. 5 amps, high insulation, finished with brackets and terminal panels, weight
55 1ba., £13 10s. ex here.

POWER PACKS by prominent iaker, for 60-watt amplifiers. 200/250 v., supplied
with two Osram U.18 Rectifiers. Smoothed H.T. delivery 400 v. 346 m.a. and
8.3 v. for 8 heaters. Heavy duty output transformer is incorporated in the power
pack providing taps for 2.5, 5, 7.5, 15 and 600 ohm loading. 1In sturdy closed chassis
form, weight 48 lba. £22 ex here.

@.E.C. CURRENT FED MICROPHONES. Require uo smplifier—work direc from
12-volt accumulator. Supplied with appropriste transformer for matching to
156 ohm coil. The trouble-free system for instant and concise announcements, ss
used by police, on board ship, for A.R.P., etc. Complete, £0 17s. 8d.

@,E.C. PROJECTOR P.A. SPEAKERS with P.M. M/Coll 16-ohms Projector Unit
(with built-in line transformer) and 42-inch all-metal Horn, bandling 10 watts.
Complete £10 58. (cart. 7/6).

GOODMAN 3-INCH P.M. MOVIRG COIL MICROPHONE/SPEAKER UNITS. High
efficiency model with weight alnico magnet. Perfect for mike, speaker and inter-
com. systems. lmp. }2-ohms, 30/-. We now have suitable microphone TRANS-
FORMERS, miniature type in approx. 14-in. cube mumetal boxes (hum-free) at 21/-.
ROTHERMEL-BRUSH PIEZO-CRYSTAL MICROPHONES. To-day’s most remark-
able offer. In black bakelite housing, 2}-in. dia., with plated mounting boss tapped
in. thread, fitted 6ft. pereened lead. Fully recommended and always approved.
42/-. Suitable TABLE STANDS, chrom., extending, 25/-_

FLOOR STANDS, chrom., portable, ext. to 5ft. 6in., with " easy mount” adaptor,

45/8.

MINIATURE PIEZO-CRYSTAL MICROPHONES (Rothermel-Brush). Only 1lin.
dis. Made for deaf-aid, but quite suitable for all microphone uses. In aluminium
houslng but no front grille, 28/6.

CENTRALAB * T * PAD FADERS for S8ound Projection (or other) control. For
5300, 200 aud 50 ohm lines (3 models) controlling three channels, (Pre-war list £4.)
Disgram with each. Last few at 42/@ each.

SLIDING RESISTANCES, 100 watts. Fully enclosed, 6in. long. Following range
now in stock : 400 ohms 0.5 amp, 200 obms 0.7 amp, 100 ohms 1 amp, any one 26/-.
Also a few speclal model, same size, 172 ohms, suitably graded for a current taper
of 1 to 0.07 ampe at 12 volts, 28/6.

STAGE DIMMERS. Constantly rated and with carbon break flicker switch and
 off * position. For controlling stated load from full bright to blackout at 220/240 v.
With ecrew motion drive and handwheel. 1000 watts, £6 17s. 6d. 1500 watta,
£8 8s. (We cannot despatch.)

TOGGLE PRESSES (8.T.C.). Double-acting, precise tool suitable for all small
preasing operations in many trades. Pressure 1§ tous, welght 150 lbs. Delivery
from etock, £30 nett ox this address.

ERICSSON HEADPHONES again in stock 1 2,000 and 4,000 ohma (our cholce) with
adjustable headbands and lead, 25/- pair.

« PYROBIT * ELECTRIC SOLDERING IRONS, 230/250 voit * Instrument *' model
for small work. Only 9}in. long, with efficient radiation for hand comfort. With
pencil bit, 21/-. Extra adjustable angle bit, if required, 4/6. *‘PYROBIT"
NEON TESTERS, with screwdriver, 100/750 v. AC{DC, 9/6.

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

s ——————

/

A1/
S /
74 / /
|

ADASTRA

\ \

\ \\

SECTIONAL STEEL

RADIO MASTS

Send for Caralogue WQ/IT30
TYBURN R2 - ERDINGTON

POLES L™® GirmiNGHAM 24




Junz, 1944 WIRELESS WORLD 9

GA



10 WIRELESS WORLD JuNE, 1944

I.OUDSPEA‘v

for the
 and a

SERVIFGES»@ i |
PUBLIC ADDRESS PURPOSE

ot
naUTng ¢\ CTORIES, WO
CANTEENS,

' N INPUSTRIES, LTD.

LOUDSPEAKER & ONE ENGINEERS - EMBLEY, MDX

Js sure to be tough going
—but the result will be

decisive — we've prepared ‘ DIELECTRIC MATERIALS

Cable, Condenser, Coil, Transformer and Resistance

for it right down to the Impregnating, dipping, sealing, filling and finishing.

last detail, Masteradio
A.lLD. and C.LE.M.E. TYPE AP-
l PROVED WAXES to meet both
ARCTIC and TROPICAL conditions.

electrical equipment will
be in it on land, sea and
air operations

Masteradio
VIBRATORPACKS ‘

As supplred to the WAR OFFICE, AR MINISTRY, ?&W
o] and other GOVERNMENT OEPARTMENT .WRENS

MASTERADIO LFD - VIBRANT WORKS - WATFORD HERTS | . WEST DRAYTON, MIDDLESEX

TELEPHONE : WEST DRAYTON 2189

MIDD[ESE)(‘
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¢LINAGLOW LIMITED ¢

s _

“LIBERTY SIX~”

SIX - VALVE SUPERHET CONSTRUCTORS KIT
ALL-WAVE 16-50m., 200-560m., 1,000-2,000m.

Brief Specification : Frequency changer with two valves,
separate oscillator, Six Tuned Circuit. 465 KC. Iron
cored L.F.s. Separate tone and volume, 5-watt output,
87 P.M. speaker with baffle and output transformer,
supplied with ali valves, chassis, Practical and Theo-
retical wiring diagram and Parts Lists, Nuts, Bolts and
Wire, ready to assemble, 200/250 volts A/C.

\'\:Carrlage paid &16 ° 16 ° 0 Including Purchase Tax

-

30-WATT P.A. AMPLIFIER. A high quality Amplifier,
using finest components and Red *“ E ™ Valves. Class A B
Clreult : 200/240 volts A.C. Chassis, finisbed in dark grey.
16-gaugesteel. Brand new pre-war manufscture. Amplifier
is fitted with Multi-Ratio output Transformer to take
from one to forty-four 5,000 ohm speakers, also 15 ohm

speaker and 600 ohm line. Separate Standby Switch,

Amplifier with valves suitable for gram.

microphous and radio foputs........ £35 10 o
PORTABLE P.A. AMPLIFIER. Specification: 4-valve
Amplifier Unit in metal cage, microphone, one speaker,
all cables, contained all in one cablnet and collapaible
type trip.d, floor stand AU/L 0 20 v. 5 watt maxi-
wmum, suitable for hall a 600 people. Input
Jack provided. transverse current carbon type microphone,

volume for P and
gramophone input. Variable tone control. 29 Gns-
‘IIBROPHOHH. De Luxe Plezo Cry:.on microphones
o 1 D.B.

Cado. : .B. below
Frequency response 30/8,000 6

case 3 Gns.
3-tier 8tands for above, 26/,

HIGH FIDELITY MOVING COIL MICROPHONME, 25 obm
i e, fr y resp level 50-8,000 £5 15
oycles. 78 DB below 1 v.

SOREENED INTERLACED FLEXIBLE MICROPHONE
CABLE. 8ingle. Special Offer, 9d. per yd. Twin,
llayp:'dyd. Super quality Twin, rubber insulated, 1/9
per b

1 vol
CRB. e iiiiiiiiierieneianasnnn

As above—Standard model in bakelite

TUBULAR PAPER COXDENSERS, 350-500 v., D.C. working

0001, .000S mid., 4/- doz, ; .001, .004 mid., @/~ dos.;
01 mfd., /= doz.; .05 mfd., 9/~ dos., .1 mid., 12/~ doz.;
23, 5 mid., 15/. rted parcel of 50 for 27/8.
Minimam

= doz.; or asso!
1 doz, any type.)

SILVER MICA CONDENSERS. Flat wireend Assorted

values, 17/6 per 100.

UNIVERSAL RAZOR RESISTANCE. Suitable «1prac-

tically every type of electrio Razor, drops voltage from

400/250 to 100/110 v. Supplied In safety metal cage with
bost . Specifi : 1,600 ohms with adjustable

slider, 10/8.

AL RESISTOR. Suitable for practically every
type of American and British AQ/DC Receiver. Supplied
in safety cage with lining. 8pecication: 750
;.BTG': -3 amp., with four sliders for adjustable tappings,
VALVE HOLDERS—AMPHENOL TYPE,
or Mazda Octal, chassis mounting, 1/-.
TUBULAR STEEL FRAMES. Cadmium plated for radi
Chasels mounting and many other purposes, drilied ready for
use--18in. high x 14In. wide, very useful for awivel frame
in Radio , 7/6 the pair.

LINE CORDS. 360 ohms, 8/6 ; 480 obms, 11/-;
600 ohms, 18/9 ; 3-way heavy duty, .3 . 360 ohmi
18/6 ; 480 ohms, 17/6 & 600 obos, P1j. T 200 OBme

VALVES —AMERICAN TYPES AT 8.0.7
CONTROLLED RETAIL PRICES. FOR REPLACE-
MENT PURPOSES ONLY. 1HS5, 12F5, 12SF5, 9/2 s 1A5,
108, 5YS, 2576, 3674, 11/- ; 6Q7, 12Q7, 11/7; 6F6,
8K7, 12J7, 3516, 12/10; 648, 6BS, 6KS, 6347, 128A7,
14/-; 83, 15/3.
Also British Valves at Manufacturers’ List Prices. AQ/ME,
UU4, UUS, U7, 11/- ; HL41DD, TDD4, 117
/VP3, OL4, EF39, KTW61, Pen 45, 8P41, 8P42, T4l,
VP41, 12/10; Diode lin. Peanut Valve with valve
bolder, 12/10 ; EOHS, FO13, X63, 14/-; ACS8Pen®,
EL35, Pen 46°, Ual, 18/3,
* Post Office

All prices include Purchase Tar. Add 3d. per valve
Postage.

International

SERVICE KITS
BKF. [T o biver sion Oondenaces, Redstom,
Trimmers, 12/9. : '
8KG. Ll M Sane et
Trimmers and Tubular Paper Condensers. 15/9.

sKH 1 8-mid. 400v., 1 $2-mfd. 325v. Aluminium
& Can Electrolytics; 13 Resiators ; Siiver
Mica Condensers ; ers and Tubular Paper Con-

densers ; R;l-pohtlpulhpnnlmuhu. 1 tone control, 35/0.

sKI 2 8-mfd. 400 v.;J2 32-mfd. $25v.; 1 16x 8.
s Fwmfd. 400v.; 1 24-mid. 250v. Electrolytics; 12
each Silver Mica Cond ; Relstors; Tri .
Tubular Paper Condensers; 2 ‘4-point pushpull switches ;
2-tone controls. £3/10/6.

MAINS TRANSFORMERS. 200/250, 350-0-350, 6.3 v,
3 amp., 5 v. 2 amp., 120 m.a shrouded, 42/6 ; 300-0-300
4v. 8 amp., 4 v. 3 amp,, 1560 m.a., 48/- ; 325-0-326, 4 v.
6 amp., {4 v. 3 amp., 2 v. 1.5 amp., 150 m.a.,, 45/-;
350-0-350, 6.3 v. 3 amp.,, 5 v. 32 amp., 100 m.a., 37/6 ;
335-0-335, 6.3 v. 3 amp., 4 v. 2 amp., 100 m.a., 42/-,

AUTO TRANSFOR,! Step up or down, 110/220/240 v..

Chrome bar roof fixing,

15/-.
LEADS, 8ft. long, fitted 2 Wander plugs,
suitable for Gram, Mike, Piek-up, etc., 4/6.

| 8iin. GOODMAN P.M. LOUDSPEAKER. Extra heavy

for Midgets and communication sets, 30/-.

ippod Primary and Sesn s
P! mary econ ,» 120 m.s., ratios 10:1,
6:1and 3.5:1, 15/- ; Muitl-Ratio and Push-Puli trans.
former, ratios 30:1, 46:1, 60:1, 90: 1 and P.P. Qlass B,

Push-Pull output

76 ma., 12/6. Heavy duty multi-ratio trapsformer,
ratlos 24:1, 41:1, 4851, 68:1, 82:1, 116: 1, 80 w.a.,
15/6. B _and Q.P.P., 75 ma., 12/6. Triode/

Si'n’." 2357311115:)[« 2080“3 without trans.
B D ; 10in., . Gjin, Celes-
in. Mains Knergised, 350, 60, 1

Directional Baffle for R.K., Sft. x 2ft. 6in. x 1ft. 6in., felt.
lined with suspension hooks, made from lin. Ply, a8 new.
£3/15/- each. 8in. Celostion with Transformer, 87/6.

LF. TRANSFORMERS, 465 kc/s. Iron cored with fiying
lead. Aluminium Can. Limited quantity. 9/6 each.
VOLUME CONTROLS. 1,000, 5,000, 10,000, 20,000, 25,000,
60,000, 100,000-0hm ; }, §, 1 and 2 megohm, without switch,
4/9 each. As sbove, with switch, 6/9. 100,000 ohms
Double Pole Switch, best American, 7/6. WIRE WOUND,
grc A i New, ex television, 2,000 and 10,000 ohms,

WIRE END CARBON RESISTORS. New, ex television
chasets, ¢, 4, 1 and 3-watt. Assorted parcel of 100, 35/-.
glunl{r STAYS SELF-LOCKING, best Bronze finish,
- eac]
8-gang .0003 VARIABLE CONDENSERS, with geared
rlov‘-mouon ball drive, polnter and dial frame. Ceramic

77 CAR
RADIOS

NEW AMERICAN 5-VALVE
SUPERHET CAR RADIOS

2 Waveband.s:gaog-&ooo metres),

Push.
button and ual Controls.  8-voit.
Built-in Speaker. Complete with roof-top
bar Aerial. Small and compact. 7x5
X12in. Crackle finished enamel.

]\\‘1 8% gllS. including P.T. //

4/6.
12ia. AUDITORIUM P.M. LOUDSPEAKER CHASSIS,
t, 10 obms, 19/15 watts. Exceptionally
sturdy construction, £7/15/6 each.
6 ASSORTED VOLUME AXD TONE CONTROLS, with
and without switch, 19/6.
L.F. SMOOTHING CHOKES. Finest quality, 20, 40 and
60 henrys, 150 m.a., 16/9 each.
SWITCHES. D.P. 4-point push-pull, 9d.
FLAT FLEX. $-way, 14/36, 18/20ft. lengths, suitable for
xtenal k remote control and man:
other lanrpmu. Finest quality pre-war manufacture, 7/
per col

FRETS. Ooppered brass, 8} x 7in., 3/6.
BAFFLE BOARDS. 12x8in., §in. ply,

LOUDSPEAKER
14} x 94in., 8/9.

SILK-COVERED
64in. hole, 4/6.
50-OHM CENTRE-TAPPED RESISTOR, tappod at 25 obm
for pllot lamps, 2/-,

ALUMINIUM VALVE CAPS. Special price 64,

SUPERIOR QUALITY KNOBS, ox television, sultable for
radio. For jin. spindles with grub screw. 1ljin., 1/9 ;
Un., 1/8; §in., 9d.

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

HOLDER, for above, complete with mount. 47 Is
ing base, scanning and focussing unit with coil , .

HIGH VOLTAGE TRANSFORMER for above, 47 /6

200/250 v., 4,000 v., 2 v. 3 amp. 3

Line Scanning Output Transtormer .. 12/8
.1 T.0d ,000 v.w. Condensers f. bove,

Brand new «oveeoes oo for sbove 86

RECTIFIERS FOR ABOVE, UU4 at 11/-;

U21 at 18/3.

Plywood Frame and Rubber Mount for Cathode Ray
Tube, also suitable for loudspeaker baffle, 1/6

@ OALLERS to Show Rooms,

61 HIGHGATE HIQH 8T., N.6.
Phone : MOUntview 9432,

LINAGLOW LIMITED

HOURS OF BUSINESS ¢ a.m. to 5.30p.m.
Saturday, 2.30 a.m. to 12.30 p.m.

7in. hole ..... tesesesesitetsesestcreritenes
& POST ORDERS to Dept. M.0.18

3 HAMPSTEAD LANE, N.6.
CASH WITH ORDER ONLY.
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WEBB'S

— .Y » ] [ o N

INTERESTING COMPONENTS AVAILABLE
FOR POST ORDERS

*

CONDENSERS £s. d
Three-gang .00042 Ceramic Insulation 10 6
Three-gang .0005 Bakelite Insulation with built-in

dual-ratio drive (5/1 and 80/1) ... 12 6
Single .0002, .00016, .0001 S.W. ceramic ...  All 50
T.C.C. Electrolytic Bias 350 mfd. 25v. ... oo 70
T.C.C. Paper 2 mfd. 150v. round metal can, 2{” X i” 3 6
T.C.C. Paper | mfd. 250v. square metal can,

24" x 12" x9/16" ... 3 9
T.C.C. Paper 8 mfd. 1500v. Metal Can OV B A
.0l Mica Condensers 500v. D.C. ... 1 6

SWITCHES

faxley Pattern 3 wafers, each wafer 2-pole 5-way 5 6
6 wafers, 3 wafers each 2-po|a 4-way and 3 wafers
2-pole 3-way .. 00 6 6
2 wafers, each wafer 2-pole 3-way 4 6
| wafer, 2-pole way . 3 6

DRIVES

Telsen S.M. Dials, suitable for short-wave or general purpose

receivers 20

Dual-ratio epicyclic drivu, to ﬁ! by lhah ratios 6/! and IOO/I 50
LOUDSPEAKERS
Colestlon 8" Loudspeakers, with transformer .. 1106 ¢
Loudlpeakcr output transformers, suluble mains pentode to
2§ ohms 8 6

PUSH BACK WIRE

In 100-yard colls, finest quality available in eight different colours
per 100 yds. 8 6

VALVEHOLDERS
British Baseboard Skeleton low loss 5- and 7-pin... 1 o
All types U.S. sockets . 000 I o
MICROPHONE STANDS
Collapsible Floor Type, suitable for Band or P.A. work.. .. 220
CHOKES
L.F. CHOKES, t0Oh, 50 m/A. 60

ko

FOR CONTRACT AND PRIORITY WE OFFER
FROM 8TOCK

Amplifiers, A.C. operated, |5 and 30 watt audio output.
Wide range of meters from 0/50 microamps upwards,
High voltage smoothing condensers.

Wire-wound volume controls from 400 to 50,000 ohms.
Wire-wound resistors 50 to 200 watts, all values,

6- and 12-volt Vibrator Packs.

Crystal and moving-coll microphones.

14 Soho Street, Oxford Street, London,W.I|
Telephone : Gerrard 2089

We are available 9 a.m. till 6 p.m. for OFFICIAL business,
but please note our SHOP HOURS—I10 a.m. to 4 p.m.
(Saturdays 10 a.m. to 12 noon.)

June, 1944

“SOUND"”

BUSINESS

OFFER

ml TWO UNSURPASSED

WODEN “JUNIOR"”
15-watt

TOTALLY ENCLOSED, SOLIDLY BUILT
INSTRUMENT GIVING FULL 15-WATTS
UNDISTORTED OUTPUT. IMPRDANCE
8 AND 15 OHMS, INPUT FOR GRAMO-
PHONE AND MOVING COIL MICRO-
PHONE. A.C. OPERATION.

PUBLIC ADDRESS AMPLIFIERS

- WODEN are naturally
engaged chiefly on war
{ products, but welcome
enquiries now, where
_ licences and prior-
D ities permit, for
N Amplifier Equip-
lacement
Transformers,
Special Power
Packs, esc.

WODEN “CLASSIC"”
50-watt

AN EXTREMELY ROBUST AND WELL
DESIGEED TOTALLY ENCLOSED
AMPLIFIER, GRAMOPHONE AND
MOVING COIL MICROPHONE. INPUTS
AND OUTPUT 8, 15 AND 250 OHMS.
THE IDEAL AMPLIFYING SYSTEM FOR
AR.P. PURPOSES, DANCE BANDS

b soulf‘l, AND ALL PUBLIC ADPRESS

PLAN YOUR POST-WAR REQUIREMENTS FOR
SOUND BUSINESS WIiTH WODEN NOW.

WODEN TRANSFORMER CO. LTD., Commonwealth House,
New Oxtord Street, London, W.C.1. Phone : CHAncery 6541 (3 lines).

VALVES

HIVAC LIMITED

Greenhill Crescent,

hone: Harrow 0895 Harrow on the Hill. Middx.
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J2£€ INSULATED

REG. V.5. PAT. OFF.

3 . ‘..‘

™~

-~ Have

i risraonwmrrranonigy

> Inherent. Advantages.

2

WHAT do the five advantages of Insulated
Ceramicons listed here mean to you? From

the standpoint of design, they mean a more
0 COMPLETELY ENCLOSED compact, efficient lay-out. Insulated Ceramicons
can be located anywhere in the chassis without
regard to the proximity of other components. They

GGREATER make possible shorter leads which are musts in
higher frequency circuits. They mean greater pro-
MECHANICAL STRENGTH tection against humidity...so importantin modern

war equipment. They {)rovide extra insurance
against breakage in handling on the assembly lines

eMORE DIRECT AND UNIFORM or damage from shock and vibration in actual

service. The method of attaching wire leads to

ELECTRICAL PATH the silver electrodes provides a more uniform and
direct electrical path.
Erie Insulated Ceramicons, for temperature
c CAN BE LOCATED compensating applications, are made in three
ANYWHERE IN CHASSIS sizes and in capacities up to 360mmf. Erie " Hi-K "
Insulated Ceramicons, for by-pass and blocking
condensers, are available up to 4,700 mmf.
9 BETTER PROTECTION Where your specifications call for capacities
AGAINST HUMIDITY vcv;trl;inr;i‘t:lox:sabove ranges, specify Erie Insulated

Porse the Stondard of lWar fawbys — Invest E—aﬁy

ER'E RES'STOR LTD,LONDON,ENG ERIE, PA. TORONTO, CANADA.
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w8 CERAMIC

\ ST IXID T, VIO
{/('[1”{ In W bm mu
performance ' CONDENSERS

TYPE APPROVED

A mighty importan little fellow for maintaining
vital radio communications is this U.I.C. Pearl
Type Ceramic Condenser.

Diameter 7 mm. max. Length 9 mm. max.
Capacity range 0.5pF—spF. Capacity Tolerance
Plus/minus 20%." Test Voltage 1500v D.C,

Suitable for tropical and arctic conditions.

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

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

LOW LDSS CERAMICS

@R ectifiers

for
H.T., L.T. and G.B.

supplies to amplifiers,
receivers and transmitters

®
-, DETECTION & A.V.C.
. 8 o
s S OPERATION OF

1

L T
A B i TELEPHONE AND
TELEGRAPHSYSTEMS
AND ON TE FACTORY FRONT °
b | In fact, whenever D.C. ts required from an
/ ;,-,‘\\/ //> A.C. Supply, there is nothing more efficient
J\\j!'fj\'} or reliakle than

WESTINGHOUSE|®

{. 21«:/{71/. SOUND ((;illl_)'lﬂc'!i{

e e Address METAL RECTIFIERS

3 New Address :
1.5, MAPLE PLACE, TOTTENHAM CT.RD.,LONDON,W.I. WESTINGHOUSE BRAKE & SIGNAL 00. LTD.,
Tel : MUSeumn $8!7. 'Grams & Cables : TRIXADIO, WESDO, LONDON. PEW HILL HOUSE CHIPPENHAM WILTS,

The TRIX ELECTRICAL CO., LTD.
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/ ) REPAIRING DOMESTIC RADIé

f.

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

NN

N

NN

® Ersin Multicore—the A.I.D. approved solder
wire containing three cores of active non-corrosive
Ersin flux, has been adopted by the leading
makers of radio and electrical apparatus in
preference to other forms of solder because it
provides speedy and efficient soldering with com-
plete immunity from corrosive or dry joints.

AR
VAR

NN

Z
Z/

N\
NN

7

® Because of the economy of metals effected in using
Ersin Multicore and the fact that the repair of domestic
radio is now rated as an ‘'Essential Home Civil Nominal 1 1b. reels
Requirement,” Service Engineers, too, can now enjoy
the advantages of the finest cored solder in the world. 13 S W G - 4 /10
L] L L]
® Stocked by the leading radio and electric factors. There o
may be slight delays in delivery, but insist on Multicore, and 16 S'W'G' 5 5I3
you will receive your share in turn, In case of extreme difficulty : :
write to Multicore Solders Ltd., giving name and address of above prices subject
usual factor., Firms engaged upon Government Contracts to usual trade discount.
are invited to write for free technical information and samples.

MULTICORE SOLDERS LTD, COMMONWEALTH HOUSE NEW OXFORD ST.LONDON, W.C . Tel: CHAncery 517172
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2k IN THE DEVELOPMENT AND
MANUFACTURE OF

MZW CABLES

. HAVE PLAYED A LEADING PART
* .

to the Services, the experience gained

. and though supplies are directed

over a considerable manufacturing period
is available for the benefit of approved users.

Note. —From fundamental principles, B.IL
have made outstanding contributions to
design and construction of cables for radio
frequency transmission
and have perfected
production
technique.

in' addition to Standard
Amplifiers the activities of
Acdustical include Special
Amplifiers for Industrial
Applications, Microphones,
Transformers, Coil Winding,

t Metal Work, Stampings,

v 8 itch hnmblks, etc.

€=AcvasTicaL

MANUFACTURING Co L;g.

i ESONL - Vb

WIRELESS WORLD

|
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Lister Electronic Products Co.

CLEVELAND, OHIO

SPECIALISTS IN UHF EQUIPMENT

MULTI-CHANNEL
FREQUENCY MODULATED KEYING LINKS

MULTIPLE CRYSTAL HOLDERS
FOR UP TO 100 CRYSTALS

TEST GEAR :(—HF AND UHF OSCILLATORS,
CRYSTAL CONTROLLED MULTIVIBRATORS

AUTOMATIC ALARM SYSTEMS

INDUCTION HEATING FURNACES

PRIORITIES ONLY

For details write to :—

Slectronic 6ngineering Sevvices, Ltd.

30LE BRITISK

YOU XKNOW BY EAR
oW 4

EVERY WAR EFFORT

BRITISH R.Olﬂ LIMITED

peviZeS - LONDON -Bineroro
ENGLAND

i
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\\ "Everything

' O.K. Sir!”

,

Dielectric Loss problems in High Frequency
circuits have been solved by the use of Bullers
Radio-Frequency Ceramics.
Many years of research and development in our
Laboratories have brought these materials to a high
. degree of efficiency.
Made in Three They are in constant use for transmission and reception
Principal Materials  ;pg play an important part in maintaining communication
under all conditions.

. FREQUELEX PERMALEX TEMPLEX
g{l insu{au;lg matex‘lalCOfi'l I‘.'ow A High Permittivity Material. A Condenser Material of medium
1€ ect:c. (l)ss. For Co Vai”" For the construction of Con- permittivity. For the construc-
ch;, erial Insulators, ve densers of the smallest possible  tion of Condensers having a con-
-olders, etc. dimensions. stant capacity at all temperatures.
\
-§ Bullel‘s
BULLERS LTD.,

LL, OATLANDS DRIVE,
T WeriBGR, SURREY, LOW LOSS  CERAMICS
Telephone : Walton-on-Thames 2451 9B
Manchester Office ; 196, Deansgate, Manchester.
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‘/Vﬂn 40 14,6‘ They say that when the swan sings it is about to die. Our

swan (which the artist has ricked up out of a Spire fixing)
heralds the demise of the millions of nuts and washers that it replaces. Spire fixings take many
forms. They do the job of a nut and washer, but they do it with more efficiency and less effort
on the part of the operator. Many Spire fixings are integral with the component that is to be
fixed so that no nut or washer at all is needed. The Spire “idea’ is not restricted to *nut and
bolt* assemblies. Whenever there is a fixing, clamping, holding job to do thereis a chance
that Spire could help you. So if you will tell us your immediate assembly problem — we shall
gladly design yet another. It may not be as elegant as the Swan but it will do a job of work

reducing your assembly time and saving material and cost for you.

THAT'S Fixed THAT !

Here's a little chap in action. Refers

ence No. NU 531, Its usesare legion. X N 5"
Wherever there is blind assembly

work, wherever your operatives are

fumbling with nuts and washers the '

NU 531 will save time and cost and 2

fot of bad temper. Clipitinto position
and it stays ‘put’ until you are ready

(o sighien wp chescrow. Nowsher ¢ A BETTER way of fixing

Simmonds Aerocessories Limited « Great West Road « London - A Company of the Simmonds Group
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As many of the circuils and
apparatus described tn these
pages are covered by patents,
readers are advised, before
making use of them, to satisfy
themselves  that they would
not be infringing patents.

Miniature LF. Transformers

DESIGNED FOR MAXIMUM
GAIN AND SELECTIVITY IN
THE SMALLEST DIMENSIONS

The colls are contained in enclosed pot-type
iron dust cores, tuning adjustments being
obtained by means of adjustable iron dust
centre cores,

Fixed tuning condensers
inside the screening can.

The following frequencies are preferred
standards but others are available for
particular applications :—

are contained

M.400 - - 460 Kcfs. M.405- - 1.6 Mc/s.
M.411 - - 2.1 Mc/s. M.4I5- - 4.86 Mc/s.
M.418 - - 9.72 Mc/s.

Wartime restrictions prevent our accepting orders
other than those covered by priority numbers.
The illustration shows the actual size of the
Unit which is provided with one hole
fixing, the terminal wires being fed through
insulated bushings which, in turn, prevent
movement of the transformer when

mounted in position.

WRIGHT & WEAIRE L.

HIGH ROAD, TOTTENHAM, N.I7.

TOTtenham 3847-8-9.
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Anti-Interference Legislation

ONTRIBUTORS to this journal have stressed
the fact that, when the war ends, a unique
opportunity will arise for reducing machine-

generated interference with wireless reception.
When that time comes, many of the existing inter-
fering appliances, both industrial and domestic,
will be due for replacement. It behoves everyone
concerned with any aspect of wireless to do what
he can to ensure that these worn-out appliances
are replaced by new ones embodying reasonable
precautions against the generation and radiation
of interference.

It is generally accepted that legislation is essen-
tial to achieving this end. That principle was
supported as long ago as 1936, when a representa-
tive Committee, by no means devoted only to
wireless interests, decided in favour of it. Legis-
lation should be ready before the mass-production
of electrical equipment is resumed after the war.
We do not suggest that it would be practicable now
to introduce a comprehensive Bill laying down pre-
cise limits for permissible interference ; that might
come later. What is needed is a stop-gap measure,
establishing the simple principle that after the war
it will be illegal to sell, install or operate electrical
equipment without taking reasonable precautions
against radiating interference.

We are glad to see that the urgency of anti-
interference legislation is being recognised. The
house journal of Murphy Radio is appealing to
the firm’s dealers to use their opportunities to
spread the idea among users of broadcast receivers,
while Dr. R. L. Smith-Rose, in a Commemoration
Meeting address before the I.E.E., recently pointed
out that, if we are to gain the maximum benefit
from wartime advances in short-wave technique,
anti-interference legislation will be necessary.

In common justice it seems inescapable that
users of wireless equipment are entitled to legal
protection against avoidable interference in just
the same way as the public is protected by law
against other nuisances.

Combined Sound-Vision Broadcasting.—Much
has been said and written during recent months
on the technical aspects of our post-war television

system, and many valuable suggestions have been
made for re-establishing the service on the best
possible lines. The other side of television—the
* programme side "’—is surveyed on another page,
and our contributor makes the suggestion that the
sharp line of demarcation hitherto drawn between
sound and vision broadcasting should be removed ;
in a word, we should have one kind of broadcast-
ing, using sound or vision, or both together, as
appropriate for the subject to be presented. That
proposal will arouse some controversy. But it
must be admitted that hardly anything could do
more to hasten the spread of television than the
constant reminders of its existence that would thus
be given to those not equipped with a ‘‘com-
bined "’ receiver,

Variable-mu or Variable-u ?—Our associated
journal, Wireless Engineer, in an Editorial in the
May issue draws attention to yet another example
of the confusing and indiscriminate use of two
terms to describe one quality, namely, the special
characteristics of RF and IF amplifying valves
designed for control of volume by variation of grid
bias.

There seems little doubt that ‘‘ variable-mu”’
was originally intended to be an abbreviation for
‘““variable mutual conductance,”” and in any
further contraction ‘‘ variable-g’’ should logically
have preference over ‘‘variable-u,”” which,
although phonetically the same as ‘ variable-mu,”’
implies quite another thing, namely, variable am-
plification factor. As our companion journal
points out, ‘‘the amplification factor is also vari-
able to some extent, but that this is merely inci-
dental is shown by such textbooks as the
‘ Admiralty Handbook of Wireless Telegraphy,’
which uses “m’ for amplification factor, and not

For our part we advocate the continuance of
‘“variable-mu,”’ not only because it is the more
firmly established but because when we draw valve
curves to show variable-mu characteristics they are
invariably curves of anode current against grid
volts, the slope of which is an index of mutual
conductance.
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PENTODE-DIODE VALVE VOLTMETER

Linear Calibration Down to Less Than 0.1 Volt

HE ideal valve voltmeter

would have infinite im-

pedance at all frequencies;
it would have an evenly divided
instrument scale, and would be
adaptable for reading either peak,
mean, or RMS values. Also, the
scale range would be changeable at
will and supply voltage variations
would not affect the accuracy.
As it is not possible to obtain all
these features together, it is
necessary to decide which are of
most importance for any parti-
cular work, and to choose the
most practical and convenient
instrument for the purpose in
view.

The instrument to be described
was designed in the first instance
for experimental work with audio
frequencies, and a low scale range
was needed. In order, however,
to extend its usefulness, provision
was made for a number of voltage
ranges and also for DC tests. An
external RF diode may be con-
nected, if desired, for radio fre-
quency work, but separate cali-
bration will then be needed.

In order that the apparatus
should be fairly robust and not
usually expensive, it was de-
cided to use a type of indicator
that a great many experimenters
possess, namely, a o-1 milliam-

meter. Further, in order that
the milliammeter should not
1-0
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w
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Fig. 1. The linear calibration

curve gives useful readings below
0.1 voit.

require a special scale, and to
obtain good readings at the lower
end of the scale, a straight line
calibration was desirable with a

By

T. A. LEDWARD,
AM.LEE.

full-scale reading of 1 volt. The
advantage of straight line calibra-
tion is very great at low readings,
as it is possible with a o-1-volt
range to obtain clear readings
well below o.1 volt, which would

)
b3
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©)

Fig. 2. (a) Basic circuit and (b) modified form with earthed negative HT.

not be possible with a ‘‘square
law’’ scale. Although it is not
possible to maintain true straight
line calibration right down to
zero (except for DC tests), it will
be seen from the curve of Fig, 1
that it is linear from {ull scale
down to less than o.1 volt, and
is direct reading on the mA scale
over this range. Even below 0.05
volt the curve is steep enough to
obtain clear readings by reference
to the calibration curve, or by
specially marking the scale at
this end.

The original circuit in its
simplest form is shown in
Fig. 2 (a), but the basic arrange-
ment was subsequently altered to
that of Fig. 2 (b). This modi-
fied circuit is to be preferred
because it allows the negative HT
anc the cathode end of the valve
input to be at earth potential,
which is of some importance at
the very high audio frequencies.

The principle will be most
readily understood by reference
to the equivalent circuit of Fig. 3.
This is a bridge circuit which is
balanced for DC, so that no cur-
rent normally flows through the
instrument M, the resistances Ra,
R1, Rz, and R3 being equal. Ra
is the internal resistance of the
valve, The valve, when AC is
applied to the grid, acts as a
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generator V, which injects AC
into one arm of the bridge and
thus produces an AC voltage
across the points Y and Z, to
which the instrument M is con-
nected in series with the rectifier
D. The condenser C, connected
across R3, is made large enough
to offer a negligible impedance to
the lowest frequency used, and
thvs increases the AC voltage
across YZ, while not affecting the
DC balance. The valve V is
biased to work on the straight
part of its characteristic, so that
no DC component exists in the
voltage across YZ except by
virtue of subsequent rectification
by the diode D. The AC voltage
across YZ is thus proportional to
the valve input voltage, and
rectification gives a reading on
M that is proportional to the
mean value of the input voltage.

In the basic circuit of Fig. 2 (b)
a triode valve is shown, but a



pentode is to be preferred on
account of the lower effective
input capacitance.

An important consideration

- with mains-operated measuring
apparatus is the effect of varia-
tions of mains voltage. Where a
stabilised source is not available
it is essential that supply voltage
variations should affect the ap-
paratus as little as possible. The
simple forin of bridge circuit can,
by suitable choice of component
values and by adding a series HT
resistor, be made insensitive to
reasonable changes in HT voltage,
but cathode temperature needs to
be correct for maintenance of a
DC balance. Variation of the
cathode temperature, and conse-
quently of Ra, will unbalance the
bridge, and the need for continual
re-balancing can be quite trouble-
some, If, however, either R1 or
R3 is automatically varied by the
same amount as R,, the balance
will remain undisturbed.

The most satisfactory way to
make either R1 or R3 vary in the
same manner as Ra. when the
supply voltage varies is to use, in
place of one of these resistors, a
similar valve to V. This has been
done in the final circuit as shown
in Fig. 4, in which V2 replaces R,
and includes the diode D. Each
of the valves Vi and V2 is a
Mullard PEN4DD, this being the
most suitable standard wvalve
available at the time the instru-
ment was made. The diode sec-

Fig. 3. Equivalent bridge circuit
of Fig. 2 (b)

tion of V1 is not required, but it
was necessary that the cathode
and heater should be the same
as in V2, hence the same type of
valve was used.

Two series resistors R15and R16
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are provided for the instrument
M and are adjusted to give a
1-volt full-scale reading for AC
and DC respectively, A switch

St is used to select the appro-
priate resistor, and in the case of
DC tests the diode is cut out, as
This allows

it is not required.

View of pentode-diode valve voltmeter removed

from its case.

straight line calibration for DC
tests right down to zero. It may
be mentioned that the AC resistor
may be dispensed with, if desired,
and the grid bias resistor in the
cathode circuit adjusted until
full-scale deflection is obtained
for exactly 1-volt AC. If the
deflection is found to be less than
full scale for 1 volt with the bias
resistor value as given in Fig. 4—
and this may possibly happen
with a different valve—then the
bias resistor must be reduced until
full-scale deflection is obtained.
This is because the bias resistor
also gives negative feedback.

The correct values for the
instrument series resistors will
have to be determined by trial,
but, as a guide, the following
values were required in the
writer’s case, where the instru-
ment M had an internal resistance
of 75 ohms: Ri135, 135 ohms; R16,
24,030 ohms.

Although power wvalves are
used, they are only lightly loaded
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and HT volts and current are
quite low, approximately go volts
across each valve with an anode
current of 8 mA, so that the
valves should have a long life.
The pentode screen resistor is
connected directly to the anode,
and although this is not usual the
) arrange-
ment gives a
much higher
impedance
—provided the
correct value
of resistance is
used—than if
the valve were
used as a triode.
In fact, the in-
put impedance
is the same as if
the screen re-
sistor were con-
nected to HT
positive, but

raised in value
to give the cor-
rect screen

voltage, as in
the normal pen-
tode circuit,
The sensitivity
would be in-
creased by this
latter arrange-
ment, but the
extra sensitivity
is 1ot required
in the present
instance a n d
the arrangement shown in Fig. 4
is preferred. The effective input
capacitance of the valve is 31 uuF,
measurcd at 18,000 c/s. This is
increased by a further 8 uuF by
switching arrangements on the
input side.

If the input to Vr is derived
from a source which gives continu-
ity across the input terminals, the
grid resistor R1o may be discon-
nected by opening switch Sz—for
which a plug and socket may be
used—in order to give the highest
possible input impedance. If the
input circuit includes a series con-
denser, or whenever the higher
voltage ranges are in use, then S2
must be closed.

The higher voltage ranges are
provided by a sectionalised grid
resistor as shown; a switch S3
selects the appropriate grid resis-
tor tappings. A further 10/1
multiplier is provided by means
of a separate g megohm resistor.
A plug and socket switch Sy is
used for this multiplier.
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Pentode-Diode Valve Voltmeter—
Apart from the 1 volt range
available with no shunting resist-
ance across the input, ranges of 1,
10 and 100 volts are available with
an input resistance of 1 megohm,
while ranges of 10, 100 and 1,000
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inductance, carbon resistors are
better than wire-wound. Good
carbon resistors will vary slightly
in value with temperature change
and change of applied voltage,
but the ratios are not likely to
alter appreciably. The ratios and
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A
250
R8
10,000 A R2
8,000 0
20000
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90.000 A
10,000 A
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Fig. 4. Circuit diagram of final instrument.

Ri15 and Ri16 are adjusted

to give 1 volt full-scale reading for AC and DC respectively.

volts are available with an input
resistance of 10 megohms. The
input impedance on AC must, of
course, take into account the
effective grid capacitance of Vi
and will depend upon the fre-
quency.

The 100 and 1,000 volt ranges
are only intended for DC and low
frequencies—such as 50 c/s sup-
ply mains. Any attempt to mea-
sure high voltage AC of high audio
frequency by direct connection to
the instrument would probably re-
sult in considerable error due to
stray fields, and due to wvalve
capacitance altering the voltage
divider ratio.

It is obvious that on any range
other than o-1, the accuracy will
depend upon the correct ratio of
the grid resistor sections, so that
resistors must be carefully chosen.
Wire-wound resistors of such high
values are rather a luxury, and it
should be remembered that it is
the resistance ratios that matter
and not the absolute values. A
further consideration is that as
regards bulk, self-capacitance and

accuracy of indication can be
checked quickly at any time by
applying known values of DC vol-
tage. This is a great convenience.
It must be admitted that some
patience is required in the initial
construction of these voltage
dividers if reasonably good accur-
acy is required, and it would help
considerably if satisfactory vari-
able potentiometer type resistors
were available, especially as these
could be readjusted from time to
time if it were found necessary.
The ordinary carbon volume con-
trol is too bulky for this particular
purpose. The writer has made
some special straight carbon
potentiometers with sliders and
these are no larger than fixed
1-watt resistors. They are under-
going a test in the present volt-
meter and appear to be satisfac-
tory, but it will necessarily be
some months before it is possible
to say whether they can be relied
upon.

Wire-wound resistors should be
used for the bridge arms Rz, R3;
cathode resistors R5, R6; screen

resistors R7, R8 and instrument
series resistors Rij5, Ri6. The
balance adjusting potentiometer
R4 should also be wire-wound.

A suitable panel layout is
shown in Fig. 5. The mains sup-
ply unit is separate and is of
standard form. A metal case for
screening the instrument should
be provided. It is an advantage
to separately screen Vi, and suffi-
cient screening can be most
readily provided by coating the
glass bulb with ‘‘ Aquadag,”’ un-
less a metallised valve is avail-
able. The coating should be con-
nected to the cathode pin. The
switches, where provided, should
be of a good low capacitance type,
such as the ‘‘ Yaxley,”” and the
metal frames of the switches
should be earthed.

The DC calibration is, of course,
a simple matter, and the AC cali-
bration may be carried out just as
simply with a 50-cycle mains sup-
ply.
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Fig. 5. Panel layout adopted in
the writer’s instrument.
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The satisfactory operation up to
18,000 ¢/s was checked by the
writer by means of the oscillator
described in an earlier article
(W.W., Sept., 1943), and an
Elliott 10 mA thermocouple. The
latter was connected in series with
a non-inductive resistor across the
input terminals of the valve volt-



meter. The reading of a micro-
ammeter connected to the thermo-
couple was kept constant at
different frequencies, while the
reading of the valve voltmeter was
noted. The test circuit is shown
in Fig. 6. A constant reading was
obtained on the valve voltmeter
from 25 to 18,000 cycles.  The
thermocouple output is, of course,
proportional to the RMS value of
the current, which in turn is pro-
portional to RMS voltage, but
the waveform was good enough to
give a constant mean value of cur-
rent, and thus of resistor volts,
when the RMS value was main-
tained constant. The valve volt-
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beyond the scope of the present
article and will depend largely
upon the frequency range desired.
If, say, a full-scale reading for
100 mV or less is required at one
frequency only, such as 50 c/s,
then a single valve with either re-
sistance or transformer coupling
may be used before the AC input
to Vi. If, however, a wide fre-
quency band is to be covered with

HAQN
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Fig. 6. Schematic JosciLator
test circuit for o o
checking calibra- o
tion at high audio -1

frequencies,

meter reading is, as previously
stated, proportional to the mean
value of the voltage. At 25 c¢/s
-there is noticeable vibration of the
milliammeter pointer, although
the instrument is shunted by a
250 uF electrolytic condenser, but
the vibration disappears com-
pletely as 50 c/s is reached.
There is one point about cali-
bration that should be carefully
noted: Reference to the curve of
Fig. 1 will show that the electrical
zero does not coincide with the
mechanical zero. This applies to
AC only. The volts zero corre-
sponds to 0.02 mA scale indica-
tion, This means that the DC
balance of the bridge is deliber-
ately upset by means of the
balance adjustment R4 to give a
reading of 0.02 mA with zero in-
put. The reason for this is that
the linear volts scale from under
o.1 volt to full scale then coincides

with the mA scale. Another ad- -

vantage is that it is much easier
to set the volts zero to 0.02 mA
than to set it to zero mA, because
if the latter course were adopted
it would be possible to carry the
adjustment too far without know-
ing it, as the current cannot re-
verse. (When the diode is cut
out for DC tests a true zero ad-
justment is, of course, possible.)
The balance adjuster takes the
form of a potentiometer R4.

If it is desired to obtain a full-
scale reading for very much less
than 1 volt, an external ampli-
fier will be necessary. The descrip-
tion of a suitable amplifier is

VALVE
= VOLTMETER

such a low voltage range, it is sug-
gested that the better procedure
would be to use an external diode
to feed V1 and a single RF pen-
tode to feed the diode.

Low DC ranges are, of course,
slightly more difficult. In conclu-
sion it may be stated that for the
general requirements mentioned in
this article the arrangement de-
scribed has been found to be very
satisfactory and was adopted after
much consideration and experi-
mental work with different cir-
cuits.

fall into our hands.
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POLICING THE ETHER
U.S. Monitoring Service

ORE than one hundred fixed
stations are employed by the
Radio Intelligence Division of the
U.S. Federal Communications Com-
mission for the maintenance of
““law and order ’’ in American radio
traffic,

The R.I.D. maintains twelve main
monitoring stations, go secondary
stations (one or more of which
are located in each of the 48 States
and in the territories and posses-
sions) and three radio intelligence
centres at Honolulu, San Francisco
and Washington. '

In addition to these fixed stations,
which are usually located in isolated
places far from the nearest town in
order to secure ideal listening condi-
tions, thirty mobile units now
maintain a continuous patrol of the
entire 5,000-mile coast line of the
Continental United States. These
coastal units are particularly on the
watch for any radio transmitters on
shore which might be communicat-
ing with an enemy ship at sea rela-
tive to the departure, location or
cargoes of departing vessels. It is
claimed the system is so organised
that a clandestine signal originating
anywhere in American territory can
be traced down.

When an introducer is detected
three or more monitoring stations
collaborate in getting a bearing on
the signal. The final task of run-

ning down the offender is performed
by monitoring officers using cars
fitted with the latest type of detec-
tion equipment.

THE FIRST of the much-talked-of German radio-controlled * tanks '’ to
Having driven the vehicle, carrying an 8oolb,

explosive charge, towards its objective the driver dismounts and directs it

by radio for the final few hundred yards.

It then drops its charge, which

is fitted with a time fuse, and is backed to the driver by radio control. The
vehicle, 12 ft. long, 6 ft. wide and 4 ft. high, is slightly smaller than a Bren
carrier.
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TELEVISION  SURVEY

Plea for an “All-in"”
Sound Vision
Service

By R. W. HALLOWS,
M.A., AM.LEE.

EFORE we come to consider -

the future of television when

peace has once more come
to the world it may be well to
see just what it had achieved
when, on September 1st, 1939,
the threat of war closed down
for the time being the activities
of the B.B.C.’s Television Depart-
ment and hid technical progress
and developments behind a veil
of secrecy. We may well ask
whether, at that fateful moment,
television had in fact reached a
point at which what it had to
offer was acceptable to the public,
which had for so long been
clamouring for the reception of
vision as well as sound broadcasts
in its own homes. \as the posi-
tion in the autumn of 1939 such
that we could feel that television
had at last found its feet ? Were
we working on the right lines ?
If, in a word, there had been no
war and development had con-
tinued to follow the path that
it was taking in 1939, would the
television receiver be found to-
day in the homes of the great
majority of moderately well-to-
do folk ? Or would some radical
change in technique, or in the
matter broadcast, or in both,
have been required to enable it
to achieve the popularity which
it seemed for so long to be on
the point of gaining, yet never
actually managed to gain ?

Of one thing there can be *‘ no
possible, probable shadow of
doubt ”’: the public wanted tele-
vision and was prepared to receive
with open arms the kind of tele-
vision that answered its require-
ments. The television of pre-
war days cannot fully have met
those requirements, or its history
during the two years of broad-
casting from the Alexandra Palace
wounld have been very different.
Something was amiss. If we
can find what it was—what it

The “growth of television is closely linked with abatement of the

interference nuisance.

This un-retouched photograph hardly gives an

adequate idea of the ‘‘ annoyance value "’ of motor ignition interference
(note the white spots).

was that deterred the man in the
street from accepting the gift
which he had been demanding
so long and so loudly—we may
be able when the war is over to
give television the impetus that
it lacked in the past to ensure
its wide and rapid popularity.
That television can and will
become popular I am convinced.
I am equally sure that this could
not have been brought about by
the methods in vogue up to 1939.

Television has a curious history
in this country—and it ~must
never be forgotten that ours was
the first to develop it. And its
history here has been repeated
to a great extent in the United
States. Sometime before the
war (in 1937, I think it was) a
big American firm wrote to me.
They were thinking, the letter
said, of taking up the manufacture
on a large scale of components
for television receivers. Knowing
what I did of the progress of
television in this country, would
I advise them on the wisdom or
otherwise of this course ? In my
reply 1 said that I had followed
closely the infancy of television
in America and, so far as I could

see, its story there would be
exactly parallel to its story here.
It had already been boosted,
boomed and balleyhooed by the
American lay press. Great ex-
pectations had been aroused in
the bosom of the man in the
street, who was already saying
in the United States, as he had
said here, that he wouldn’t be
happy till he got it. It would be
found, 1 predicted, that the public
would eat every word that the
lay press gave them on television
and would ask for more; would
fill the correspondence columns
with letters yearning for the
newest boom to mankind ; would
pack demonstration theatres to
suffocation, loudly applauding
what they were shown there.
They would in fact show every
sign of being ready to absorb
television receivers as fast as
they could be placed on the
market ; but when those re-
ceivers were available would be
very coy indeed about buying
them.

That, I foretold, would be the
early history of television in the
United States and | advised the
firm against the line of action



that they had in mind. ‘* Unless,”
I added, ** people in your country
can put their finger on what is
lacking here in television and can
discover how we have so far
failed to give the would-be viewer
what he really wants.”” The
history of television in the United
States from the first broadcasts
until that country came into the
war was very much as I had fore-
cast. And there is a good deal to
be learned from the fact that
what happened in our country
happened also in the United
States of America.

There were those who ascribed
the slowness of our folk to acquire
television receivers to the natural
caution of the Briton: before
buying something new he likes to
make sure that this apparatus
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the mass of our people. But in
1938 television receivers were
being offered at prices less than
those of the wireless sets that sold
as fast as they could be turned out
in the early days of sound broad-
casting. Nor would prices have
deterred the American public with
its higher wage-levels and its vast
use of deferred payment systems.
No, the peoples of both countries
were of the opinion that some-
thing was lacking, and so long
as that ‘“something” remains
lacking television is not going to
make the strides it should make.
It must be a very important
" something "’ if the already eager
public would not respond to the
terrific frce publicity that tele-
vision received both here and in
America.

~

The high cost and complexity of dramatic presentation by television
is suggested by this photograph, taken in the Alexandra Palace studios
shortly before the war.

will not quickly be rendered
obsolete by some new discovery.
But in America, the land of
constantly recurring new things,
there is no such natural reluctance
to take the plunge. Others, again,
held that the cost of television
sets put them beyond the reach of

Innumerable opportunities have
come my way of discussing tele-
vision both with owners of receiv-
ing apparatus and with people
who might have become owners
but didn’t. Thinking over and
sifting out what they have said
convinces me that two cardinal
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mistakes, which 1mhust not be
repeated when a fresh start is
made, were responsible for the
fact that television as a source of
home entertainment has hitherto
been a partial failure instead of a
resounding success. The first of
these was that when the technical
development of television had
reached a stage at which it was
completely fit to provide enter-
tainment in the homes of the
people, we did not know what to
do with it, and we forced it to
take on roles for which it was
entirely unsuited. The second
vital mistake was that television
broadcasting was divorced from
normal sound broadcasting instead
of being made part and parcel of
it, a point on which more will be
said in a moment. Meantime, let
us consider the suggestion that
we didn’t know what to do with
television when we had it.

“Terribly Artificial ”

Just what did we do with it ?
Well, the B.B.C. put on special
television  programmes,  quite
separate and distinct from those of
the normal sound schedule, lasting
two or three hours a day. The
programmes included plays.
cabaret and films, the plays and
the cabaret being mostly specially
written and produced to suit the

technical requirements of tele-
vision broadcasting. There were
also, if 1 remember rightly,

attempts at some kind of newsreel,
illustrated talks on such feminine
matters as cooking and dress-
making, visits to the Zoo in the
children’s hour and illustrated
hints and tips on how to do this
and that. There was something
terribly artificial about the bulk
of such televised programmes : one
felt that they had been devised,
produced and transmitted not
because they were worth trans-
mitting, but simply because tele-
vision was in being and something
had to be scratched together to
show off its paces. As entertain-
ment they had not sufficient value
to induce more than a few thou-
sand people of the ten to twelve
millions living in the area served
to buy television receivers; and
those who did buy made less and
less use of their sets for bringing
in the regular programmes—once
the novelty had worn off after the
first fortnight or so. What they
did use their sets for was the
reception of television broadcasts
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Television Survey—

of big sporting and other events
as these occurred. Had there
been Derbys and Boat Races,
Cup Tie Finals and Lord Mayor’s
Shows every day the entertain-
ment value of television would
never have been in doubt. But
there weren’t and there won’t be.
Also, television must surely have
a wider task to perform than that.
So what is to be done about it ?

Vision + Sound = Broadcasting

That brings me to the second
great mistake that was made—
the gulf that was fixed between
sound broadcasting and vision
broadcasting. I do not mean that
the vision broadcasts were not
accompanied by sound, for of

purse they were. What I am
driving at is that the main
programmes continued to be
devised with a view to their
effects on the ears of listeners,
and that special programmes were
drawn up for television that
appealed to both eye and car. 1t
was a major error to foster the
idea that there were two kinds of
broadcasting. I‘rom the very first
they should have been merged
into one complete whole. Broad-
casting with no qualifying epithets.
The sound programmes, which had
amply proved their entertainment
value by bringing about the annual
* sale in Great Britain of some nine
million  ten-shilling  receiving
licences, should have been modified
gradually so as to enable them to
absorb and make part of them-
selves the new feature, vision.

Please do not imagine that 1 am
advocating that vision should
accompany all items of all pro-
grammes. When the war is ended
we shall presumably return to
regional and national programmes.
I would make the latter, to begin
with, at any rate, the complete
programme, and would have it
transmitted from start to finish
on very short, medium and long
wavelengths., Any item that lent
itself to vision as well as sound—
and, as I have already suggested,
programmes would be so modified
from their present form as to
include a considerable number of
these—would be illustrated by
means of television transmission
and reception. Those who had not
means of receiving vision, or who
were receiving on the medium or
long waves, would still obtain
genuine entertainment from their
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loud speakers ; but the broadcast
in its entirety would be received
only by those who had both loud-
speakers and viewing screens in
use during the illustrated items.
Careful planning and production
would be needed to ensure that the
illustrated items were sufficiently
numerous and of the right kind.
Above all, it would be essential
that they should be neither in-
comprehensible nor just plain dull
to those without vision receiving
facilities.  There is nothing im-
possible, or even very difficult in
these requirements. Programmes
produced on the lines indicated
would make sound reception alone
the ‘ penny plain "’ and sound-
cum-vision reception the ‘‘ two-
pence coloured ”’ of broadcast
entertainment.

It will be asked what kind of
modified programmes I have in
view. How, again, can we be sure
of a supply of items free from the
artificiality of so large a propor-
tion of the pre-war television
broadcasts ? Certain items, such
as the daily dozen, practical hints
on gardening, cooking, dress-
making, household jobs and the
like lend themselves readily to
illustration, the verbal descrip-
tions being always such that those
receiving with loudspeaker only
can follow -easily what is being
done. The film critic and the
theatre critic can show samples
from the plays or films under
review, again making sure that
their descriptions are adequate.

Cabaret, music hall shows, plays
and so on are probably accom-
panied throughout by vision trans-
missions. Soloists, orchestras and
bands are most likely confined to
sound only.

Hot News

That is a beginning : there is
much more to be done. Of one
thing there is no doubt, and that
is that the public likes descriptions
and illustrations of events of the
day. It is to that liking that the
daily and weekly papers owe their
present enormous circulations.
Hitherto the branch of broadcast-
ing confined to sound has rather
tended to limit its activities in
these directions to what may be
called major events, whether
sporting or otherwise. But there
is always plenty going on that is
of general interest. Sound film
recording units of the mobile type
could bring in a rich harvest every
day of illustrations and running
commentary.

Space does not allow me to go
more into detail about the make-
up of programmes ; but the reader
will see for himself that the field is
immense and the possibilities
almost unlimited. And he will,
I believe, be disposed to agree
that with programmes of the kind
suggested there would be a real
inducement to everyone who could
afford to become the owner (and

user) of a sound and vision
receiver.
I have said little about the
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Undoubtedly the most popular features of our pre-war television service

were ¢ actuality’’ broadcasts,

such as

this transmission of an

International professional golf match.



technical side of the matter
because 1 do not think that
shortcomings there were to any
great degree responsible for the
failure of television in pre-war
days to achieve popularity.
Enormous strides have been made
during the war in both VHF and
CRT techniques, so that I do not
feel that we need worry unduly
about the technical aspect. I do,
though, very much hope that the
radio manufacturers will take to
heart the need to put an end to the
separation of television broad-
casting from what we used to
regard as ‘' normal *’ sound broad-
casting. It is the combination of
sound and vision that should be
normal. To sell as * television
receivers ’’ sets capable of bringing
in vision as well as sound on
all the broadcasting wavelengths
would be ridiculous. These should
be known simply as ‘‘ broadcast
receivers,”’ sets able to deal with
sound alone being termed ** broad-
cast receivers (sound only).”

VHF High Fidelity

As T see it, the rapid develop-
ment of a network of VHF stations
over the country is to be expected
as soon as peace returns. At first
these stations may relay the sound
and vision components of a single
programme. Later we may hope
for alternative programmes: it
should be but a matter of time for
a seclection of VHF illustrated
programmes to be available in all
but the most isolated places.
This will mean that genuine high-
fidelity reproduction of sound is
possible everywhere, and it is to
be hoped that the radio industry
will not fling away this priceless
gift, as it tried to do in the years
before the war came upon us by
two acts of folly. First, many
television receivers were made
whose AF sides were incapable of
doing justice to the available
high-fidelity transmissions of the
sound accompaniment to tele-
vision.  Secondly, though the
B.B.C. was willing to transmit the
complete national sound pro-
gramme on VHF with high fidelity,
the industry would have none of
it, holding that if the man in the
street once heard what sound
reproduction by wireless could be
like, he would plague the life out of
them by demanding the impossible
—high-fidelity on all wavelengths
and from sets at all prices. The
sensible attitude would have been
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to welcome high-fidelity trans-
missions, to explain to the public
that they were receivable to
perfection only on the very short
waves by sets that could not be
sold at low prices, and to spur on
the B.B.C. to establish more and
more VHF transmitters.

Anti-interference Legislation

Apart from what has been said
so far, there is one factor on the
technical side " which does not
concern the VHF receiver (sound
or vision) itself, but may yet be a
decisive factor in the success or
otherwise of VHF broadcasting
—and vision can be broadcast
only on the very high frequencies.
This is interference, particularly
that radiated by motor car igni-
tion systems. Various kinds of
anti-interference aerial systems
were designed and used before the
war; but they were palliatives
at best and not always very
effective. 1t is scarcely going too
far to say that that VHF reception
of sound-cum-vision or of sound
only was too unsatisfactory to
have much if any entertainment
value in most houses near which
there was any considerable volume
of motor traffic. A particularly
knowledgeable wireless dealer with
much pre-war experience of tele-
vision said to me recently : ‘' If
the authorities tackle the problem
of motor car interference firmly,
television will be a success ; if they
don’t, it hasn’t a hope.”

There is a great deal in this. No
matter how attractive programmes
on the lines already suggested
might be, nor what degree of
perfection of reproduction of trans-
mission was achieved, no one could
take much pleasure in sound
continually  accompanied by
machine-gun effects or in images
marred by the * snowstorms”
with which many of us were all
too familiar. There is no doubt
that this kind of interference can
be dealt with successfully if the
necessary legislation is introduced.
If VHF radio is possible between
plane and ground or between plane
and plane, the suppression
methods that have been developed
must be effective and they cannot
have serious effects on the all-
important liveliness of aero
engines. Though it employs coil
and battery ignition as a rule, the
car engine should be equally sus-
ceptible to effective suppression.

To sum up : television is bound,
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sooner or later, to come into its
own. Whether it does so rapidly
or only after the lapse of some
considerable time will depend
mainly upon the action taken as
soon as the war is over. The man
in the street is as eager for it as
ever he was ; but he will not buy it
simply as a novelty. Television
has long passed the stage when any
kind of image on the viewing
screen was enough. ‘What the
public wants from it is genuine
entertainment, and that can be
given only if its transmissions are
merged with those of sound to
form the parts of a complete whole
—the broadcast programme. The
public is satisfied that television
is technically capable of providing
what it wants, and it will be still
more satisfied on that score when
it knows of the improvements that
are now waiting to see the light of
day. On two vitally important
points it has still to be satisfied :
that television and sound mean
better entertainment than sound
alone, and that the programmes
sent out can be received without
frequent and disturbing inter-
ference. Once it becomes confi-
dent about these things television
will not just march forward: it
will gallop.

THE WIRELESS INDUSTRY

I have received an illustrated

booklet giving technical details
of the domestic standard fuse plug and
socket made by Dorman and Smith,
Ltd., Ordsal Electrical Works, Salford,
Manchester, 5. The fuse takes the
place of one of the pins of the plug
and is easily replaceable.

A substitute for the ordinary split
battery plug is now available in the
Titen spring battery plug which is
being distributed by London and Pro-
vincial Factors, Ltd., ‘* Wanie House,”
Ayhner Parade, E. Finchley, London,
N.2. The retail price is 2d. each.

W, F. Newell, B.Sc., who has been
associated with Weston Instruments for
more than ten years, has resigned from
Sangamo Weston, Ltd., and is taking
up the position of Technical Contracts
Manager with the Automatic Coil
Winder and Electrical Equipment Co.

COVER ILLUSTRATION

UR cover shows a group of

T.C.C. small transmitting con-
densers, made from thimble-shaped
ceramic mouldings with silvered
electrodes fired on to inner and outer
surfaces. Capacities of the largest
size illustrated (overall length about
34in.) range from 0.0006 to 0.00175
»F. Working voltages of this type
of condenser are up to 10,000 V DC.

-
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MEASURING

2—Practical Details
By G. A. HAY, BSc.

HE basic principles involved
in the design were described
in the first part of this

article, which now concludes with
details of a practical instrument.

Fig. 1 shows the complete
circuit. It is arranged round a
Mullard EM1 CR tuning indicator
with cathode feed-back, arranged
as a DC null indicator, to which
can be connected by switching
various filters, standard resist-
ances, a diode rectifier, etc.

Power for the instrument is
supplied from an internal power
unit. The advantages of this
scheme are numerous, as the power
is always available so long as a
250V AC supply is at hand ; the
habit of batteries of being run
down just when they are wanted is
well known. A half-wave rectifier
is used, as the current drain is only
about 20 mA., Smoothing is con-
ventional, and a supply of about
320V at 20 mA is obtained.

Since the instrument was com-
pleted, the writer’s attention has
been drawn to the desirability of
screening the power transformer
in measuring instruments.* While
the absence of this has so far
caused no trouble, its inclusion
would no doubt be advisable.

The output from the unit is
applied to a potential divider,
which splits the output broadly
into two parts, 200V for operation
of the ‘‘ magic eye,” and 120V for
the potentiometer giving the com-
parison voltage. The latter is
developed across an S.130 necon
stabiliser which ensures a constant
reference voltage. In addition,
there is a semi-variable tapping
to give 100V positive to ‘‘ earth ”’
for operation of the megohm-
meter.

Although a completely stabilised
HT supply would be an advantage,
it was felt that the extra complica-
tion was not justified, as it is un-
necessary for rough measurements.
When using the instrument for

* “Transformer Screening.”” T. A, Ledward,
Wireless World, Jan. 1944. .
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INPUT
SWITCH

T INPUT
TERMINALS

INDICATOR

COVER

DIODE
HOUSING

Ranges :

EXTERNAL
VOLTAGE

PROBE

INSTRUMENT

o

MAIN
POTENTIOMETER

VENTILATION
SENSITIVITY

MEGOHM
ADJUSTER

(1) Alternating peak voltages from 0.1 to 100V at 20 ¢/s to 60 Mc/s.
Input resistance 5§ MQ. Accuracy - 5 per cent. below 1V ; 4 2 per
cent. up to 10V ; - 1 per cent. above 10V,

(2) DC voltages from 5 mV to 100V.

infinite,

Input resistance practically

Accuracy - 0.5 per cent. above 1V,

(3) Resistance from zero to 1 ML, or insulation from 1 MQ to
1,000 MQ,
(4) Bridge indicator, AC or DC or both, with sensitivity of about 2 mV.

exact work one must also stabilise
the heater supplies, and this is
best done by using a 250V stabil-
ised AC source,

The EM1 is connected between
earth and + 200V, with an
adjustable cathode resistor, 2000 2
fixed in series with 5000 £ variable.
This gives variable sensitivity
which is useful when rough
measurenients are to be made,
ensuring that the settings are not
too critical. The cathode return
is made to a 400 2 potentiometer in
the main potential divider, which
acts as a zero adjuster and enables
one to set the shadow to the most
convenient reference position. This
zero setting is constant for all DC
and resistance measurements, and
also constant at a different setting
for all AC ranges. The exact
reference setting to be used
depends on a number of factors.
Maximum sensitivity is obtained at

a shadow angle of about 45 deg.,
and if there is a mark on the
target here, this is best used.
Sometimes pieces of dust, grit,
etc., can be shaken from the base
of the valve on to the target by
inverting and tapping sharply.
Failing that, it is quite satisfac-
tory to adjust the shadow to zero
angle. Other CR indicators than
the EM1 can be used, but to the
writer’s knowledge all have a much
larger target current. This makes
the initial cathode bias larger, and
the backing-off bias must be
greater, with a greater risk of zero
shift. It seems that the type with
a single shadow in place of the
maltese cross pattern always
suffers from this disadvantage—
which, of course, does not affect
the normal use of the tube.

In an earlier model the standard
voltage was measured by an
internal voltmeter of B.S.1 accu-



racy. Subsequently a Cossor 5.130
neon stabiliser was used to give an
output of about 115V at a tube
current of 15mA. This is used as
the comparison voltage, the 50002
voltage adjustment dropping it to
100V across the potentiometer
network, which consumes 5 mA.
The potentiometer track, Rs, con-
sists of a 20 watt, type P.1.W.
Reliance potentiometer arranged
with a 6in. diameter rotating
scale, viewed through a window
fitted with a hair-line: for the
rooV range this is connected
across the whole supply, in switch
position 3. In the other two
switch positions, 1 and 2, resist-
ance networks are brought into
circuit which reduce the voltage
across R5 to 1V and 10V respec-
tively. The total resistance of the
whole network remains constant
and equal to R5 at any switch
position. The calculation of
resistance values is straightforward
but tedious, and only the results
are given here ; they are expressed
as functions of R5:
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comparison with R5 as standard
in a conventional bridge circuit.
In fact it is best for all the
resistances except the megohm
values to be wire-wound, as this
reduces the risk of zero shift due
to temperature changes. If it is
desired to measure a voltage
greater than roo—either AC or DC
__an external source of voltage
can be connected to the terminals
marked, which are normally short-
circuited by a link.

The switching arrangements in
the grid circuit of the EMi1 are
necessary to connect the various
filter circuits to the grid. Although
it was originally thought that
switches would be unsatisfactory
because of lowinsulation resistance
it has been found in practice that
Yaxley wafers are satisfactory
provided that points between
which low leakage is desired are
kept on different wafers. It is
also necessary to keep the wafers
clean and dry and use resin flux
only in soldering.

In switch position 1 the instru-
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“Low” and the slide-back control
set at zero. This use of the meter
is effective throughout the audio
range. In using it one must
remember the extreme sensitivity
of the indicator, and the difficul-
ties which may be experienced due
to external electrostatic fields. 1f
the alternating voltage under
investigation is superimposed on a
DC component, the Jatter can
either be balanced out by the
slide-back voltage, or removed by
a condenser-resistance filter, which
can be built up as a separate unit
(see Fig. 1). 1f the bridge does
not present a complete path to
DC looking from the detector
terminals, a resistance must be
connected across these. This can
conveniently be R18 in the filter
unit just mentioned.

In switch position 3, DC volt-
ages can be measured, again using
terminals ‘‘ High ”* and *° Low,”
the foriner being positive.  AC
components are removed by an
internal filter consisting of a 5M 2

R6 = 0.9.R5 R7 = 0.09.R5 ment is set for use as a bridge TABLE
10.R Rs. indicator. The input is connected Rl 100 R15 3750 2
R8 = 5 R9 = ——5- t inal p “ High ”’ d R2 10 MQ R16 400 £ tapped
99 across erminals 18 an gi ?Mg Rl];,g{) Ma -

. . ¢ stan-
1tis §uggested that these resnstqrs R5 20,000 2 dard " 41 per cent.
be wu-e-x'vound (of the same wire SRR FILTER UNIY gt; gee: 'z:ﬁ (1:1118 . (}o M‘.Z E silvered
as used in Rs), and adjusted by i .T. R8 See text s

7 RIS ¢6 RO See text C2 0.01 pF mica
W Ro Bmh g aneas
11 3 2 4 uF electrolytic
T ! RI1Z 5000 C5 4 uF electrolytic
LOW aC  HIGH Mn R13 4000 £2 C6 0.01 pF mica
+w’ - S < RI4 2000 2
PROBE HOUSING
— 4 200V
Ry $ i —
R4 :
3 3
HEATER CHECK 3RI3
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SCREENED | |
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circuit diagram ;
see Table above for
component values.
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Universal Measuring Instrument
resistance and 0.01 uF condenser.
A DC path across the input is
again necessary. Readings are
taken on the main scale A (see
Fig. 3), graduated from o to 100
in 1V steps, the appropriate multi-
plying factors o.1 and o.or being
used on the 10V and 1V ranges
respectively. Resistance and insu-
lation are also measured in this
position, and this is done by
connecting an external 1 MQ
standard to the appropriate
terminals. For resistances below
1 M Q, the standard, which is fitted
with rigid spade connectors, is
placed between terminals “ MQ "
and *‘ High,” the unknown be-
tween " High ”” and * Low,” and
scale A used with a multiplying
factor of 10,000. The range switch
then operates in the same way as
for DC voltage. For resistances
above 1 M$, the standard is
connected between *“ High ”’ and
“Low,” the unknown between
“High " and ‘* M£,” and scale D
used. This scale is calibrated by
calculation from the expressions
given in the first part of this
article. The multiplying factors
on the range switch are now the
reciprocal of those shown, e.g.
on range 1 the scale reading is
multiplied by 100.

. FLEXIBLE LEADS
O DIODE

OtoDE g o T

The megohm adjuster is best
set as follows. Having set the
EM1 zero and the voltage adjuster
to give correct DC voltage read-
ings, the standard megohm is
connected across ‘‘ High” and
“Low,” the scale set to 1 Mg,
and another ‘external standard
megohm connected across “ M *’
and “High.” The megohm
adjuster is then set until the
EM1 zero is again reached. This
procedure is only necessary when
precise readings are wanted. If
approximate results will suffice,
the megohm adjuster can be set
until there is a PD between the

BRASS BUSH
MAKING CONTACT
WITH BRAIDED CABLE

SCREENED CaABLE
WITH RUBBER SLEEVE

)
CERAMIC BUSH COPPER
TUBE
BAKELITE OUTER
COVER

Fig. 2. Construction of probe. The diode anode is
fixed to the hollow terminal with Wood’s metal.
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“MQ" terminal and earth of
100V, measured by a low-con-
sumption voltmeter. Once set,
the megohm adjuster need rarely
be altered except for exact mea-
surements.

In switch position 2, the diode
rectifier is connected for AC volt-
age measurements. In all cases
the peak voltage is indicated, and
if RMS values are desired the form
factor of the voltage waveform
must be taken into consideration.
The diode is made in the form of
a probe, connected by a three-way
screened cable. A Mullard EAso
is used, the 6.3V heater being run
at 5V to reduce heater-cathode
leakage and PD’s due to initial
electron velocity. This voltage is
adjustable by a pre-set variable
resistance, and for most accurate
low voltage measurements it is
necessary to check this periodi-
cally. For audio- and low radio-
frequency work the probe can be
pushed into a housing in the body
of the instrument, where the diode
anode terminal makes contact
with a tag connected to the
terminal ‘““ AC.” The probe is
thus protected from unnecessary
mnechanical damage. This hous-
ing can be seen on the left of the
photograph with its cover along-
side.

The probe is
shown in section
in Fig. 2. Only a
100pp F silvered
mica bypass con-
denser is included
in the probe, and
as this is inade-
quate below 100
kc/s, it is supple-
mented by a o.o01
#F mica conden-
ser in the main in-
strument. Essen-
tial points to
watch in construction are : (1) a
short path from the diode anode to
its terminal and from the cathode
through the condenser to the
earthy terminal, (2) screening as
complete as possible to minimise
stray induced voltages, (3)
screening and good insulation of
the cable to the main instrument,
{4) ceramic insulation wherever
possible in the RF cirtuits to
reduce losses at ultra-high fre-

quencies.

The permanence of calibration
of the diode voltmeter is mainly
dependent on the heater current
as described above; if this is

adjusted when a new diode is
brought into use to give the same
contact potential as the old one
then the calibration will alter by
only a negligible amount—this
being due to differing AC resist-
ance. The meter is thus truly
independent of changing valve
characteristics. The theoretical
value for the input resistance is
of the order of 5 M®, while
approximate measurements show

M)
8] | w—
25 20 o " D
s 2423 23 2

w -—
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Fig. 3. Part of the scale showing
the method of graduation.

a value somewhat lower than this
at 50 ¢/s and about 10V input.

Calibration of the potentiometer
is done against a sub-standard
voltmeter and external potentio-
meter. When the 100V DC range
A is calibrated it serves also for the
10V and 1V DC and 100V AC
ranges and also the 1 M Q resistance
range. The 10V and 1V AC
ranges must be calibrated separ-
ately, however, with a known
heater voltage on the diode. It
is probably sufficient to use the
equations given in the first part
of the article to graduate the D
scale by comparison with the
DC voltage ranges. A section of
the scale, as seen through the
escutcheon, is shown in Fig, 3.

A general idea of the appearance
can be gathered from the photo-
graph : of course, considerable
latitude exists in design details.
On account of compensation for
errors and independence of valve
characteristics the meter can be
relied on as an accurate standard
or as a DC to AC transfer instru-
ment against which other AC
meters can be checked or cali-
brated.

GOODS FOR EXPORT
The fact that goods made of
raw materials In short supply
owing to war conditions are
advertised in this journal should
not be taken as an indication-
that they are necessarily available
for export,

e



RADIO JUBILEE

25th Birthday of IE.E.
Wireless Section

F late we have had many reminders that wire-
O less has not merely grown up, but has attained

a riper maturity. The basic idea of using
electromagnetic waves as a means of communication
is now just over half a century old, while even
relative newcomers to the art, such as the B.B.C.
and several firms manufacturing broadcasting equip-
ment have recently celebrated their coming-of-age.
The Silver Jubilee of the Wireless Section of the
Institution of Electrical Engineers comes as another
reminder. In the words of the President of the
I.LE.E., the Section was formed in 1919 ‘‘ to provide
a forum to present and discuss papers dealing with
wireless and to recognise and provide for, within
the framework of this Institution, the specialised
requirements of engineers interested in wireless.’’
Membership, which is now over 1,900, represents all
branches—industrial, academical, Armed Forces and
Government departments.

One of the first superheterodyne receivers to be built

in Europe ; a Standard Telephones and Cables pro-

duction of 1924. This and other apparatus illustrated

on this page were among the historical exhibits on

show at the I.LE.E. Wireless Section Commemoration
Meeting.

At a Commemoration Meeting,
held on May 3rd, six past chair-
men of the Section delivered
addresses to a large and distin-
guished audience, which included
representatives of all the wireless
industrial associations and the
Radio Society of Great Britain.
Delegates of the Commonwealth
Communications Council repre-
senting the Dominions and India
were present.

Dr. W, H. Eccles surveyed the
technical events that led up to
the founding of the Section 25

A Marconi coherer unit of about 1900, comprising coherer,
relay (for actuating morse inker),
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A ! transceiver '’ of 1912 ; combined Marconi spark
transmitter and receiver, including magnetic detector.

years ago. Professor G. W. O. Howe maintained that
the outstanding achievements of the early days of
wireless telegraphy were accomplished in spite of
principles and theories as then enunciated. Theory
was revised after each successive practical step. In
particular, ideas about the ionosphere and long-dis-
tance propagation were vague until well after long-
distance communication had actually been achieved,

The history of wireless in the Navy was dealt with
by Admiral Sir Charles Kennedy-Purvis. He
recalled that the first tuned-circuit Naval apparatus,
installed in about 1900, worked on wavelengths rated
as 395 and 1,150 feet.

The difficult task of forecasting future develop-
ments was most capably undertaken by Dr. R. L.
Smith-Rose, who stressed the possibilities of using
recent developments in VHF (over 100 Mc/s) for
services with ranges up to 100 miles. That would
relieve congestion on bands with world-wide ranges.
Increasing knowledge of ionosphere conditions will
make for more economical distribution of frequencies,

tapper,
RF transformer and battery.
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SIMPLE  MODULATION
MEASUREMENTS

Change of RMS Value as an Indication of Modulation Depth

I'l’ is the purpose of this article
to discuss the possibilities of
one of the simplest methods of
modulation measurement, namely
the increase in RF current when
modulation is applied.

When a sine wave carrier, the
instantaneous value of whose
current is i, = I;sin2nfy?, s
amplitude modulated by another
sine wave whose instantaneous
value is i, = I,sin 2nfy, it can be
shown that the equation of the
resulting wave is
i = 1,sin 2nf,t 1- Y ,c08 2n( f,— fa)?

— 31 ,cos 2r(fy + fo)t
The three terms on the right-hand
side are respectively carrier, lower
side band and upper side band.
FFor complete modulation I, = 1,,
thus each side band has half the
amplitude of the carrier, and
therefore a quarter as much power,
since all these currents are neces-
sarily flowing through the same
circuit resistance. T'or a modula-
tion factor of *“ m ' the amplitude
of each side band is }m times that
of the carrier. Thus the RMS
value of the modulated carrier is
V1 (m)E o () = VI
times that of the unmodulated
carrier, and the relationship is
worked out for typical values in
the table.

A thermocouple or hot-wire
meter reads RMS current values,
and if one of these be connected
in the tuned circuit of a modulated
oscillator or amplifier or into a
coupled circuit its reading will
give an indication of the depth of
modulation. Some standard
signal generators employ
this device ; in one well-
known make the internal
modulation is set at
8o per cent., and the ‘ Set

By G. S. LIGHT, B.ASc.

Mod.” mark on the meter is cali-
brated to represent 14.9 per cent.
more current than at the  Set
Carrier ”’ mark.

The aerial current of a trans-
mitter can thus be used to indicate
depth of modulation by speech or
tone. In one mass production
factory the percentage modulation

Modulation | Current
(per cent.) m | Increase
| (per cent.)
10 I 0l 0-25
20 0-2 1-0
30 03 2-25
40 04 | 4.0
50 0-5 6-0
60 0-6 8-6
70 0-7 11-5
80 | 08 | 149
90 Y 185
100 e 22:5

of transmitters is rapidly deter-
mined from aerial ammeter read-
ings. A special slide rule (sce
sketch) is used to save a separate
calculation for each set. 'The
« Carrier”’ mark is sct to the
unmodulated aerial current and
the percentage modulation read
off direct from the modulated
current reading.

In order that the percentage
relationship shall hold good at any
part of the scale it is necessary
that both RF scale and slider

S MODULATION |
J‘ (PER CENT) !

should be divided on a logarithmic
basis. Typical figures for a scale
approximately 10in. in length are
given in the caption to the
illustration. It happens that
convenient values are obtained
by multiplying the common
logarithm of the RF ampere
readings by 2, so that readers re-
quiring intermediate values may
obtain them in this way. In the
case of the percentage modulation
scale an example will make the
working clear. From the table
50 per cent. modulation is equi-
valent to an increase of RF
current of 6 per cent., i.e., multi-
plying by a factor of 1.06. The
log. of this is 0.0253, and multi-
plying by 2 gives o.506in. or
0.51in. to the accuracy with
which the scale can be drawn.

The above calculations hold
only for a sinusoidal waveform of,
modulating voltage, but in practice
slight departures do not make a
noticeable difference and agree-
ment to within 5 per cent. can
always be obtained with oscillo-
scope methods.

Low modulation depths are hard
to estimate, and the method
should only be used for modula-
tion factors exceeding o.5s. The
upper part of the RF ammeter
square-law scale is best for observ-
ing small changes. Further, over-
modulation is not shown, and must
be guarded against, since for this
condition the needle falls back
from the 22.5 per cent. point.

Finally, results will be inaccu-
rate if the carrier itself varies when
modulation is applied ; this may
happen if the RF regulation is
poor due to low excitation, or if
there is unsymimetrical modula-
tion

l |

o5 06

Slide rule for calculating percentage modul
for a ** 10-inch ’ rule are as follows. Dista
0.8, 4.10in. ; 0.9, 5.10in. ; 1.0, 6.06in. ;
Distance of modulation percentages from * Carrier,” mark :_ 50, 0.5in. ; 60, 0.72in ; ‘70, 0.95in. ;

0.7, 2.94in. ;
1.5, 9.64in.

o8 o9 10
RF AMPERES

1.1, 6.9oin. ;

80, 1.20in. ; 90, 1.48in. ; 100, 1.76in.

1T 1 11

It ¢ -2 "3 14 IS

ation from change of aerial ammeter reading. Essential dimensions
nce of RF ampere readings from left-hand end of scale : 0.6, 1.58in. ;
1.2, 7.68in. ;

1.3, 8.39in. ; 1.4, 9.02in. ;
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| You wouldni know the

=5 | old radio set now, 3

N o Sam. That Brimar | >

CniN e valve has made all | s

N lhe difference’” "vg
,,. |

W,

Every radio set gives its peak performance when the
correct Brimar Valves are used. Engineers know
how closely and unfailingly they conform to

BRIMAR
VALVES

STANDARD TELEPHONES AND CABLES LIMITED, FOOTSCRAY, SIDCUP. KENT.
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| Rotary Cutting, Filing, Grinding and
Polishing- Economy - Accuracy

Use MORRISFLEX Flexible Shaft Equipment, and REX Rotary Files
and Cutters for cutting, filing, grinding and polishing components of -
aluminium, Elektron, non-ferrous alloys and ferrous metals. For metal
buffing and cleaning we supply MORREX Rotary Wire Brushes, and
MORRISFLEX Rotary Polishing Mops and Felts, alse Felt Cones.
MORRISFLEX Rotary Rasps are ideal for woodworking, and attach-
ments for MORRISFLEX machines include S8anders and Qrinders.
MORRISFLEX machines are avail-
able in overhead suspension, bench
and floor types. Their use ensures
speed with accuracy, and a high
degree of finish. Write for Lists.

B. 0. MORRIS LTD.
m SHIRLEY,
?;j BIRMINQHAM.
oF Shirley 1237.

'Grams :
Morrisflex, Birmingham.

2

There is more than one possible answer to the problem art of testing the many instruments in this specialised field.

of the quart and pint pot, but to the question of measure-
ment in electrical communications there must be only one
answer—and it is the function of Marconi instruments to
provideit. For Marconi’s have pioneered not onlyan ever
widening range of communication equipments, but also the

MARCONI

ELECTRA HOUSE o

VICTORIA EMBANKMENT o

To-day the testing difficulties which once beset the
electrical engineer are solved by the precision measuring
apparatus of Marconi Instruments Limited. Their
specialists are at your service for consultation on any
specific problems.

y INSTRUMENTS LTD

LONDON, Ww-C-2

#



HIGH SELECTIVITY

at Audio and Intermediate Frequencies

T is often an object in the
design of communications
equipment to construct a
circuit having a very selective
characteristic which responds to
a narrow band of frequencies
while greatly attenuating all other
frequencies outside this pass-band.
At radio frequencies it is cus-
tomary to use filter circuits

NEGATIVE
RESISTANCE
UNIT
L L l \ £
sEC =c  |-Ra
RO T Ro T ' /l
(2)

|
INPUT L.g PRIMARY

SECONDARY |
Lo C ouTPUT
M L
7 ) Rz
By | La@|reriary

(<)

Fig. 1. Showing the successive
stages in the development of the
selective circuit described in the
text. Formula for the effective
“Q ' of circuits (b) and (c) are
worked out in the Appendix.

incorporating crystal resonators
for this purpose, but at low and
intermediate  frequencies  this
method is not available and in the
past it has been necessary to
resort to more or less elaborate
chains of tuned circuits. Such
networks, for even a moderate
degree of selectivity, are bulky and
troublesome to adjust. Moreover,
it is not usually practicable to vary
either the width of the pass-band
or its position in the frequency
spectrum.

It is the purpose of this article
to describe a method of obtaining
high and variable selectivity at
relatively low frequencies which
avoids these difficulties, The re-

A Stable Negative

Resistance Circuit with

Applications in Wave
Analysers, Etc.

By

E. [LOYD THOMAS,
B.Sc., A.C.G.I.

sulting circuit, based on the
application of controlled negative
resistance to a single tuned coil,
may also be used as an inter-
stage coupling in a filter-amplifier
to realise a very high stage gain.

Consider, to begin with, the
factors which determine the selec-
tivity of an isolated tuned circuit,
Fig. 1 (a). The losses in such a
circuit are mostly due to the
resistance of the inductive element;
and the Q" factor, which is
usually taken as a measure of the
selectivity, may be written as the
ratio of the reactance of the coil
to its resistance.

Now, the “ Q" of a coil for use
at any given frequency is governed
by its size, shape, and
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volts. This causes undesirable
distortion which can only be
avoided completely by reverting
to an air-cored coil.

Even if it were possible to
construct a very low loss coil,
the damping imposed on it by the
associated circuit and valves would
limit the effective selectivity.
Indeed, the higher the natural
“ Q)" of the coil the more serious
would be the damping.

In the present system these
difficulties are overcome by taking
a coil of normal construction
and raising its “Q "' by artificial
means. The successive stages in
the development of the circuit are
set out in Fig. 1, and a short

mathematical analysis of the
design will be found in the
Appendix.

The simplest practical arrange-
ment consists of a negative resist-
ance device of the voltage-con-
trolled type connected directly
across a parallel-tuned circuit,
Fig. 1 (b). The relation between
the effective “ Q" of the com-
bination, which is higher than
that of the tuned circuit alone,
and the value of the applied

construction, and by the
material of the core on
which it is  wound.

2000

1,000

Although some improve-
ment can be effected by b

using stranded wire and o

-

a core of appropriate
magnetic material, it is

Qg=co For Ry=Rp - ]

/"P
O
m
.

Qo FOr Ry= coj

not possible at these

P

frequencies to obtain a
natural “ Q" of more
than a few hundred with

200

errective Q, (Qg)

Qe

a coil of reasonable size. 100

Fig. 2. Relation between the

111 |TRp=rsx105a—

effective ¢ Q '’ of the circuit of 50
Fig. 1 (b), and the value of the
applied negative resistance for

Qp=50

a coil having a natural “Q "’

of 50. Thecurve for the trans-

former-coupled system has a
similar shape.

For many purposes such a
value is inadequate. Moreover, a
coil having a magnetic core tends
to overload, owing to saturation
of the core material, when the
potential across it exceeds a few

-2-0 -5-0 -10%105 OHMS

APPLIED NECATIVE RESISTANCE (-Ry)

negative resistance is derived in
Appendix 2, and shown graphically
in Fig. 2. As the negative resist-
ance is decreased, the effective
“Q" increases; slowly at first,
and then more rapidly, until
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when the value of the negative
resistance equals the natural
dynamic resistance of the tuned

1STANCE NSER
N\ /
. N 1 (
R C

A
NEGATIVE AMPLIFIER
IMPEDANCE ==
B -]

Fig. 3. The basis of the negative

resistance unit is an amplifier

having its output coupled re-
generatively to its input.

circuit the “ ) " isinfinite. If the
negative resistance is decreased
still further, the circuit becomes
unstable and will tend to go into
oscillation.

Before any use can be made of
this selective element, some means
must be provided for coupling
it in a circuit. For this purpose

Wireless World

resistance applied to the tuned
circuit can be varied easily and
yet remain constant over a fairly
wide range of applied voltage,
then the method will have only
a very limited field of application.
Most of the simple negative
resistance. devices, such as the
dynatron, are unsuitable because
they are not very stable or
flexible, and usually suffer from
non-linearity.  Fortunately, a
negative resistance circuit that
has been developed fairly recently
satisfies these requirements. It
is based on the fact that if the
output of an amplifier is coupled
regencratively to its input, then
the system may behave as a
negative resistance to any circuit
connected  across its input
terminals (Appendix 1 and Fig. 3).
The value of negative resistance
developed is determined by the
gain of the amplifier and the
amount of feedback. If the gain
is stabilised by the application
of negative feedback, the negative
resistance may be made almost
independent of valve and supply

third winding, of comparatively
few turns tightly coupled to the
secondary, is added to the trans-
former and the negative resistance
unit connected across this coil.
The optimum number of turns for
this tertiary is closely linked with
the design of the negative resist-
ance unit, and should be deter-
mined experimentally to give the
best results (Appendix 3).

The final arrangement, Fig. 1(c),
will function satisfactorily at any
frequency at which a suitable
amplifier, free from appreciable
phase shift, can be constructed for
the negative resistance unit. With
a little care it should be possible
to cover the range from 50 ¢/s. to
at least 500 kcfs.

The circuit diagram of a prac-
tical circuit is shown in Fig. 4,
the component values given being
suitable for the frequency range
5—350 kefs. It will be seen that
three valves are used ; two of them
in the negative resistance unit.

Component Values (Fig. 4)

it is convenient to convert the voltage variations. N e :;;f,?,‘;f‘"“ a B ﬁ“.-F
tuned coil into a transformer by Since a two-stage resistance- e E ‘ o &
adding a coupling winding. The capacitance coupled unit of this g5 Jool00 | cn 01’
tuned winding then becomes the type is only linear for inputs up l:‘j 33,000, o 0.1,,
secondary and the coupling wind- to a few volts, it is unsuitable for g 470000 R t“‘;‘[
ing the primary. direct connection when the voltage RO o200 . o 0.5,,
A - : . . n
The usefulness of this system across the tuned winding may 1] '*")% :,'("“"") =t RO
depends entirely on the character- exceed this value. However, the RI2 11,000 %0 l V1 6]7 or SP. 41
I3 . . . » oo R D >
istics of the ncgative resistance difficulty may be overcome by B MR o :é g%%’r?rgl A
unit. Unless the value of negative  adopting transformer coupling it a - _ 4 Tmem——
QUTPUT
o o
o —x - —_]—— . .
i +250V =
| R6
: c4
I R32
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! 1  THRee winoing T
TRANSFORMER
| - — TCIO
| ' i
f‘ i TUNING
{ com’kon.l
. Ci —_ | ! Y/
° i_| "\?-'I: 7 | RIO
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\IEI' 1
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T
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Fig. 4. Circuit diagram of a practical filter-amplifier based on the system of Fig. 1 (c).



" The signal is fed to the circuit
via the amplifier valve Vi, in
whose anode circuit is connected
the primary of the transformer,
and the output is taken from the

tuned secondary. Owing to the .

high effective “ Q ”* of the second-
ary the primary impedance may

’SECONDARY
/7 TERTIARY

)

PRIMARY

Fig. 5. Suitable construction for
three-winding transformer.

be very high. Consequently a
small low-slope pentode, such as
the 6]7, is sufficient in this
position to develop almost any
output that may be required.

The negative resistance unit
comprises a two-stage resistance-
capacitance coupled amplifier with
positive and negative fcedback
applied according to the principles
already discussed. The first valve
(V2) is a pentode of the same
type as Vi1, connected as a
voltage amplifier. The second
valve (V3) supplies most of the
power dissipated in the tuned
circuit, and must be chosen
according to the output voltage
required. TFor outputs up to
about 100 volts peak across the
tuned circuit a pentode or tetrode
of the medium-power output type
is satisfactory. The anode of
V3 is coupled back to both the
grid and cathode of V2, each feed-
back path consisting of a resistance

_in series with a blocking capacitor
of negligible reactance.

It is convenient to control the
selectivity of the stage by choosing
a suitable fixed value for the
positive feedback resistance (Ro)
and making the negative fecdback
resistance (R1o) variable. The
latter is in effect a selectivity
control, a decrease in resistance
reducing the gain of the negative
resistance unit and therefore the
selectivity. The purpose of the
small capacitor (C7) connected

Wireless World

in parallel with R1o is to suppress

parasitic oscillation by causing
heavy degeneration at high
frequencies.

It is advisable to use separate
anode supplies for the amplifier
and negative resistance valves in
order to reduce the possibility of
instability when working with
very high selectivity.

The exact mechanical form
adopted for the circuit will be
determined by individual require-
ments. Tt will be sufficient here
to indicate some of the more
important factors governing this
aspect of the design.

Owing to the high selectivity
small mechanical -and electrical
changes are liable to have a con-
siderable effect on the perform-
ance of the stage and every
precaution should be taken to
make the structure rigid and
stable.

I Particular care must be taken
with  the screening of the
transformer in order not to spoil
the high “Q" of the tuned
winding. TFor th s reason electro-
magnetic screen-!
ing is preferable
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wave-wound on a bakelised paper
former. The secondary is wound
in two halves, in opposite direc-
tions on either side of the primary,
so that a balanced output may
be obtained if desired. The ter-
tiary, also in two sections, is
wound by hand into the gaps
between  the primary and
secondary.

Experiments carried out with
this circuit at a frequency of
10 kc/s showed that, with a
transformer secondary having a
natural “ Q" of only 50, an
effective “ Q"' of 1,500 could be

- realised before the system became

unstable. Owing to the small
frequency differences involved,
the selectivity of the stage was
estimated by feeding a steady
signal to it, and then measuring
the change in capacitance required
to detune the output circuit by
a given amount. It may be
shown (Appendix 4) that with a
“Q’ of 1,000 at this frequency
the bandwidth for 3 db. loss is
only 10 c/s.

Since the amplification of the

Q 2,000
to magnetic, and
the screening box u
should not be too
small. Copper is .

[

L 1 Q= 1000 AJ

—1—-1 -+—20

the most suitable

material for this

box, and it should

be remembered
00

that a consider-
able thickness, at

Fig. 6. Selectivity
curves obtained
with the circuit of
Fig. 4 at afrequency
of 10 kc/s, for vari-

200

VOLTAGE AMPLIFICATION FACTOR
|
I
T
|
\

RELATIVE CAIN - DECIBELS

RN

S0

ous settings of the L1 ~—
selectivity control. // \-\
The curve Q,=50 1009 —] T,
shows the perfor- 1

mance of the stage T100-80 60 -40 -20 O 20 40 60 80 100

before applying
negative resistance.

least o.1in. at 10 kc/s is necessary
for effective screening at these com-
paratively low frequencies. If
aluminium is used, this thickness
must be increased by about
50 per cent.

A suitable construction for the
three - winding transformer is
shown in Fig. 5. Since there is
no great advantage to be obtained
by using stranded wire at low
{requencies, the windings consist
of five coils of plain copper wire

FREQUENCY DEVIATION FROM RESONANCE (CIS)

stage depends on the dynamic
resistance of the tuned circuit,
which is in turn proportional to
the “ Q,” the enhanced selectivity
due to the application of negative
resistance is accompanied by a
corresponding rise in sensitivity.
With a “ Q" of 8oo, for example,
a voltage amplification factor of
7,000 can be achieved quite
easily. This is illustrated by the
curves of Fig. 6.

It should be noted that the
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tuning of the transformer
secondary is not entirely indepen-
dent of the selectivity control.
The effect is quite small, however,
for it can be shown that if the
“Q " is raised from 500 to 1,000,
the resonant frequency changes
by only 1 ¢/s. in 10 kc/s.

Apart from the more obvious
applications, such as to variable
selectivity IF amplification and
to AF filtering, it is suggested
that this circuit might form the
basis of a practical wave analyser.
It would also prove useful for
demodulation, in separating the
carrier from an amplitude modu-
lated signal, as the following
experiment will show.

A 10 kcfs. carrier, amplitude
modulated to 8o per cent. at
400 cfs, was fed to the grid of the
amplifier valve while the modula-
tion depth of the output from the
transformer was observed on an
oscilloscope. As the selectivity
control was advanced the side-
bands became more and more
attenuated until, when the band-
width had been reduced to about
12 c¢/s., the modulation depth
was too small to detect and the
output consisted of the amplified
carrier alone. In fact, with a
selectivity of this order the circuit
will convert square pulses of
carrier into a steady unmodulated
signal.

APPENDIX
1. The Negative Resistance Unit.

If the amplifier in Fig. 3 has
an infinite input impedance, a
voltage amplification factor N
and negligible phase shift, then
the current that will flow if a
voltage v = V sin ot is impressed
on the terminals AB is

V sin wt — N V sin wt

= I—N) . Vsin wt

A
where Z is the impedance of
R and C in series. The input
impedance of the device is there-

fore

3 =

v Z

P (I—N)

which is negative if N>I. If the
reactance of the blocking capacitor
is negligible compared with R
(which includes the output resist-
ance of the amplifier) then Z; is a
pure negative resistance  of

Z

nitude R
magnitu N—T
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The output resistance of the
amplifier and the reactance of C
impose a lower limit on the value
of input resistance that can be
obtained.

2.  Direct  Coupled  Negative
Resistance.

The natural “ Q) "’ of the tuned

wL

circuit of Fig. 1 (b) is Q, = —

where w = 27 X frequency.
The natural dynamic resistance
of the circuit is
w?l?
Rp = wlL .Qy = R,
and the effective dynamic resist-
ance when a resistance —Ry is

connected in parallel with the
circuit is
Ry Rp w?L?
Rp’ = N
(Rn — Rp) w?l?
(%)
Ry
= wl.. QE

The effective “ Q ’ of the combina-
tion is therefore

0p _ X0’ wl.

wl w?].2
. —
(I 0 Ry )
which is infinite when Ry = Rp.

3. Transformer Coupled Negative
Resistance.

The complete solution of the
three-winding transformer circuit
(Fig. 1 (c)) is somewhat involved
and unnecessary when, as is
usually the case, all that is needed
is a rough idea of the value of
negative resistance required to
realise a given “ Q. However,
an approximate solution can be
obtained if the system is reduced

to a two-winding transformer,
either by neglecting the primary
(only possible if the anode resist-
ance of the amplifier valve is very
high compared with the primary
impedance) or by modifying the
resistance of the secondary to
allow for the damping effect of the
amplifier valve.

If Ry is the magnitude of the
negative resistance connected
across the tertiary, and M is the
mutual inductance between the
secondary and tertiary, it may be
shown that the effective series
resistance of the secondary is
approximately

wZMZ
)

Re = (7,

The effective “ Q" of the tuned
winding is therefore

(Compare this with the expression
obtained for the direct-coupled
system.)

4. Measurement of Selectivity.

If the difference in capacitance
between the two settings of the
tuning capacitor for which the
voltage across the tuned winding

a9 .

isTtimes that at resonance is 8C,
2

and the total tuning capacitance

is C, then it may be shown that

. 2C
Qe =5c
and the bandwidth for 3 db loss is
. 8C
y=l-2 4,

Qe

where f, is the resonant frequency.
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RADIO HEATING

l1.

Automatic Control Devices
By L L LANGTON, AM.EE.

T has been indicated that it is
advisable that the power
capabilities of a radio heater

should be sufficient to compensate
for losses, which will be unavoid-
ably large in some applications.
In general use the equipment may
rarely be operated at maximum
efficiency, for, in seeking always
to satisfy the factors governing
efficiency, the industrial applica-
tion will be somewhat restricted.

Valves employed for generating
radio power in larger equipments
are designed to facilitate dissipa-
tion of heat generated at the
anode. When power of the order
of kilowatts is to be dissipated
the temperature rise of the anode
would be very great were no
measures adopted to restrict it.

The first group of larger valves
is that having glass envelopes and
more or less conventional internal
construction. The anodes in these
valves become very hot, and the
envelopes are of considerable size,
so that the dissipating area may
be large. Their power handling
capabilities are limited by the
temperature at which glass
softens, about 450 deg. C., and
valves of this type are obtainable
for powers up to about 2.5 kW.
Another type of valve has an
envelope of silica, which softens
at a temperature of about 1,500
deg. C., the power capabilities of
such valves being correspondingly
greater.

For powers exceeding 2.5 kW,
copper anode valves are normally
employed. Fins may be fitted to
the copper anode to increase the
heat-dissipating area when air
cooling is employed and, with
forced air circulation, valves up
to 5 kW are obtainable. Larger
valves are normally water-cooled
and are manufactured up to
powers exceeding 100 kW. Even
higher powers are possible with
the demountable type of valve,
which requires pumping equip-
ment to maintain the vacuum.

High-powered Valves :

The anode of the Osram
Type ACT9 is fitted with
external cooling fins and
is rated for a power dis-
sipation of 800 watts in
free air or 1100 watts
with forced air cooling.
It is suitable for use up
to at least 15 Mc/s.

(Right) Water cooling
in the Osram Type CAT9
enables the valve to
dissipate 18kW at the
anode,
Mc/s.

Two precautions should be par-
ticularly observed when operating
large valves, It is often neces-
sary to arrange a circulating
system of soft water for cooling
valves, as ordinary mains water
in many districts is unsuitable.
The LT voltage must be applied
gradually, as the cold resistance
of a tungsten filament is only
about one-tenth of the resistance
when up to full emission tempera-
ture. If full LT voltage is applied
when starting, the reaction be-
tween the magnetic fields due to
the current in each tungsten wire
of the filament may bow the wires
out on to the grid.

There are many factors govern-
ing the upper frequency at which
a valve may be operated success-
fully. The electron transit time
and inter-electrode capacitance
are controlled by the physical
dimensions and disposition of the
electrodes, the position in which
connections are brought out and
the potentials applied to the elec-
trodes. The leads from the elec-
trodes have to be brought out
through pinches made of glass or
similar material and, in the case
of copper anode valves, such

EQUIPMENT

The maximum operating frequency is 20
In this photograph the water jacket has
been removed to show the cylindrical anode.

79

material forms the seal of the
anode. The loss factor of the
pinch or seal material imposes a
further limitation on the frequency
at which power may be generated.
Manufacturers usually indicate the
maximum anode voltage which
may be safely applied when
working at given frequencies.
The normal run of transmitting
valve is not designed to operate
efficiently above 30 Mc/s, and at
this frequency the power capa-
bility is reduced according to the
type of valve to about 50 to 70
per cent. of that at 10 Mc/s. The
highest frequencies commercially
used in dielectric heating are
around 100 Mc/s and special
valves are required for their
generation. High frequencies of
this order must be employed when
the voltage gradient through the
dielectric heated is required to be
low, and also when an attempt is
being made to heat materials
having very low loss factors. The
valves needed for UHF generation
are much more expensive than
normal valves of equivalent
power, and comprehensive pre-
cautions against loss must be
taken in the whole equipment.
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Radio Heating Equipment—
The capital cost of such a genera-
tor would, of course, greatly
exceed that of one which operates
below 30 Mc/s. The satisfactory
heating of most thermosetting
plastics does not, however, require
frequencies in excess of 30 Mc/s.

For HT supply, the hot cathode
mercury vapour valve is usually
employed, and rectifies AC trans-
formed up to the required voltage.
It should be noted that it is essen-
tial, particularly in large genera-
tors, to isolate the HT transformer
from RFE currents. These will
heat and may sometimes even
burn the insulation at the ends of
the transformer winding. Effi-
cient RF chokes and by-pass
condensers should be included in
the HT circuit to shunt RF cur-
rent from the transformer.

Apart from safeguarding the

Two views of the Mullard Type
TX12-20 valve with and without

water-cooling jacket. The maxi-

mum anode dissipation is 18 kW,

and the maximum operating
frequency 20 Mc/s.

transformer against breakdown,
this precaution is vital to reduce
interference injected into the
mains. Even with efficient RF
filters preceding the transformer
primary, it is better to minimise

Wireless World

RE in the HT circuit. In larger
equipments, the transformer and
rectifier are usually housed separ-

HT CONTACTOR

AC MAINS
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g
o
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The mercury vapour valve is a
very satisfactory rectifier, pro-
vided that certain precautions are

AC OVERLOAD @A
coiLs
B
Q HT
g‘\ Jp A —
A
- I @
& A
(&
D Q
—1
’ [ i :
D
TO OSCILLATOR HEATERS
Fig. 1. Circuit diagram of typical HT
3-phase full-wave rectifier. =

ately from the oscillator and
although the screening of the
oscillator compartment may be
adequate the fact that HT leads
and end turns of the transformer
will radiate may be overlooked.
The necessity for the adequate
screening of the entire equipment
is increased by the fact that the
mercury vapour rectifiers may
themselves burst into violet para-
sitic oscillation, unless steps are
taken, such as the fitting of
stopper resistances or RF chokes,
to obviate this risk. A recent
editorial sounded a note of warn-
ing regarding the interference
propensities of radio heating, and
mentioned the crippling legisla-
tion which will probably follow
if the users of radio heating do
not exercise care in reducing inter-
ference. The author intends later
to discuss the question of radia-
tion and interference, and the
above points are mentioned at this
stage to emphasise the gravity of
the matter.

DC OVERLOAD COIL

observed. In operation its resis-
tance is very small and the volt-
age drop across it correspondingly
low. The electron emission from
the cathode will, if the anode
voltage exceeds about 15, ionise
the mercury vapour molecules
and a blue glow permeates the
tube when this occurs. The
heavy ions will, if they impinge
upon the cathode across a drop
exceeding 20 volts, destroy the
emitting surface.

If a very heavy load were im-
posed, the voltage drop across the
rectifier would increase, and it is
essential to include a choke in the
output to limit the instantaneous
current that may flow. With a
condenser across the output and
no limiting choke the instantan-
eous charging current of the con-
denser may impose a load large
enough to result in the destruc
tion of the cathode.

The first precaution is that the
cathode must be given sufficient
time to reach full emission tem-



perature before volts are applied
to the anode. If this is not done
some mercury molecules will be
ionised before full emission is

achieved and the voltage drop

across the valve will, under these
conditions, exceed 20, with the
consequent destruction of the
cathode. Manufacturers prescribe
the peak reverse voltage at which
the valve may be operated, and
if this voltage is exceeded the
valve will arc over. The arcing
point is controlled in a given valve
by the mercury vapour pressure,
which is in turn dependent upon
the temperature of the atmosphere
surrounding the valve.

The second precaution is that
there must be no large change in
ambient temperature, particularly
if the valve is operated nearly up
to its peak reverse voltage (which
it usually is).

The type of rectifier circuit
used will depend to some extent
upon the power of the generator.
For 2 kW and below single-phase
mains supply is usual, while 3-
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tion the RMS ripple voltage will

‘be of twice supply frequency and

will be equal to 48.3 per cent. of
the DC voltage. With 3-phase
full-wave rectification, the RMS
ripple voltage will be of six times
supply frequency and will be
equal to 4.2 per cent. of the DC
voltage.

The output from a single-phase
rectifier must be smoothed before
being applied to the generator,
but in the case of 3-phase full-
wave rectification this is not vital.
However, if smoothing is em-
ployed the choke required will be
of comparatively small induct-
ance, as the frequency of the
ripple voltage is six times that of
the mains supply.

A circuit diagram of a three-
phase full-wave rectifier is given
in Fig. 1. The transformer has
delta primary and star secondary
connections, the secondary RMS
voltage per leg being 0.428 of the
rectified DC voltage, the second-
ary RMS current being 0.816 of
the DC current and the average
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Fig. 2. System of control and safety switches in a high-powered RF
generator.

phase mains supply is customary
for larger equipments. The supply
to most industrial undertakings,
excepting the very smallest, is 3-
phase, and if a heavy load were
Iinposed on one phase serious un-
balancing would result.

An advantage obtained by the
use of 3-phase rectification is a
large reduction in the AC ripple
imposed on the rectified DC. With
single-phase full-wave rectifica-

valve current o.577 of the DC
current. The peak reverse volt-
age will be 1.05 times the DC
rectified output.

With all equipments having a
high-tension supply voltage which
would be dangerous to the user,
safety devices must be incorpor-
ated. No portion of the equip-
ment must be accessible when in
operation, and on any door or
sliding panel switches must be
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fitted. Where mercury vapour
rectifiers are employed it is also
essential to include a device which
will not permit the application of
anode voltage until their cathodes
are up to full mean temperature.

The magnetic contactor, oper-
ated by push buttons and the
contacts of relays associated with
various safety devices, forms a
satisfactory method of control,
particularly on large equipments.
A circuit diagram of such an

‘arrangement is given in Fig. 2,

which should be studied in con-
junction with Fig. 1. The con-
trol circuit operates at mains
voltage supplied by a single-
phase or between lines of a three-
phase supply.

Start-button controls are nor-
mally on open-circuit and, when
pressed, contact is made. Stop-
button controls are normally on
closed-circuit and, when pressed,
the circuit is opened. Magnetic-
ally operated contactors are nor-
mally open-circuited and connect
the mains supply to the trans-
former when the contactor coil is
energised. There is in a magnetic-

ally operated contactor an
auxiliary contact, called the
maintaining contact, and this

closes when the contactor oper-
ating coil is energised.

The maintaining contact is
wired in parallel with the start-
button, and, when this is oper-
ated with all the switches and
relay contacts in the control cir-
cuit clésed, the contactor coil is
energised and the start-button cir-
cuit is completed by the main-
taining contact, after the finger
has been removed from the
button. If a stop-button is oper-
ated or any relay contact in the
circuit opens, the contactor coil
will be no longer energised, and
the mains connection to the trans-
former broken.

It will be noted in Fig. 2 that

“there are two separate control cir-

cuits, one for the LT trans-
formers that supply filament cur-
rent for the oscillator and recti-
fier, and the other for the HT
transformer. A small trans-
former, the primary of which is
across the LT contactor coil,
energises a thermal delay switch,
and on operation this will trans-
fer the AC to the bridge metal
rectifier, the output of which
energises relays 1 and 2. Relay 1
has two contacts, one normally
open and the other normally
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closed. These will, on operation,
disconnect the thermal delay
switch winding, while still main-
taining the supply to the metal
rectifier. The contact of relay 2
is in the HT control circuit, and
will close when the thermal delay
switch has operated and permit
the operation of the HT con-
tactor.

Included in the LT control cir-
cuit are the contacts of a relay
which is controlled by a water
flow switch, incorporated in the
supply pipes to water-cooled
valves. Until cooling water is
flowing it will not be possible to
start the equipment. Where
forced air cooling is employed, the
air flow is made to operate a
switch which controls this relay.

Door switches and DC and AC
overload relay contacts are in-
cluded in the HT control circuit,
as are any contacts associated
with process timing controls
which switch off the equipment
after a stipulated interval. This
arrangement enables the HT to
the generator to be disconnected
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without affecting the LT supply,
and at the same time ensures that
the anode voltage shall not be ap-
plied to the mercury vapour recti-
fiers before full cathode emission
is achieved.

Process timing controls which
are capable of being varied over
a wide range are advantageous for
repetition production purposes.
For most eddy current heating
applications, particularly that of
surface hardening, the process
times required will be fairly short,
ranging from about 3 to 3o
seconds. With dielectric heating
the process times will be some-
what longer, and may extend up
to four or five minutes.

The process timing control
must be precise in operation, for
the tolerance which can be
allowed on, say, a 10-second heat-
ing time must obviously be small.
Switches operated mechanically
by a synchronous motor may be
used, but it is also possible to de-
vise satisfactory electronic
methods, using relays controlled
by discharge tubes in resistance-
capacity circuits.
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