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The National Interest

demands Standardisation

These "Standard Values” cover every.
Resistance Value from 10 ohms to 10 Meg.

209, 109, ¥ sy 209, 10, ¥ 59 209, 109, XK 59
10 10 10 1000 1000 1000 100000 100000 100000
I 1100 110000

12 12 1200 1200 120000 120000

13 1300 130000

15 15 15 1500 1500 1500 150000 150000 150000
16 1600 160000

18 18 1800 1800 180000 180000

20 2000 200000

2 22 2 2200 2200 2200 220000 220000 220000
24 2400 240000

27 27 2700 2700 270000 270000

30 3000 300000

33 33 33 3300 3300 3300 330000 330000 330000
36 3600 360000

39 39 3900 3900 390000 350000

43 4300 430000

47 47 47 4700 4700 4700 470000 470000 470000
51 5100 510000

56 56 5600 5600 560000 560000

62 6200 620000

68 68 68 6800 6800 6800 680000 680000 680000
75 7500 750000

82 82 8200 8200 820000 820000

91 9100 910000

100 100 100 10000 10000 10000 1.0 Meg 1.0Meg  1.0Mcg
110 11000 1.1 Meg

120 120 12000 12000 1.2 Meg. 1.2 Meg

130 13000 1.3 Mcg

150 t50 150 15000 15000 15000 1.5Meg. 1.5Meg.  15Meg
160 16000 1.6 Meg

180 180 18000 18000 1.8 Meg 1.8 Meg

200 20000 2.0 Meg

220 220 220 22000 22000 22000 22Meg.  22Meg  22Meg
240 24000 24Mog

270 270 27000 27000 2.7 Meg. 27 Meg

300 30000 3.0 Meg

330 330 330 33000 33000 33000 3.3Meg. 33 Meg. 33 Mg
360 36000 36 Meg

390 390 39000 39000 39Meg 39 Meg

430 43000 43 Meg

47000 47000 47 Meg  47Meg. 47 Meg

51000 Meg

56000 56000 56Meg 56 Meg

62000 62 Mcg

680C) 68000 68Meg  €683Mecg  68Mcg

75000 75 Meg

82000 82000 €2Mcg  82Meg

91000 91 Mo,

10.0 Meg :)‘Jm..{

In the Fixed Composition Resistor Field
“STANDARD VALUES” is the Solution

For a long time now the range of values demanded in Fixed Composition Resistors has been
increasing until it has now reached an uneconomic and wasteful figurc exceeding 800. This position
has produced unavoidable delays in delivery because of the time expended in special sorting and
colour-coding, and the consequential hold-ups in the manufacture and servicing of important
equipment. In order to regularise the position the Services, the Manufacturers, their Engineers
and Laboratories have co-operated in rationalising the range to the 255 STANDARD VALUES,
listed in the accompanying table,without any loss of efficiency. Tolerance + 20", should be used
wherever possible: 110 should be used only where essential: whilst for (1) £ 5", prior authori-
sation is required and should be sought by the Development Authority through the appropriate
Supply Department Design Authority. The o
schedule applies only to new development projects,
and not to existing contracts, spares for same
or repeat orders for either. Your co-operation in
using only STANDARD VALUES of resistance
is vital if your demands are to be met on time.

“STANDARD VALUES”

Increased Produclion

dd . X

== | Quicker Delivery

bd lSpeedy Serviting ‘ .

wy [ Valuable Raw Materials : L o, iy

2 | Labour A

) l Dangerous Delays B T o i fhvin
LTI oy e e

A hmite m f " Quick Refc "' STANDARD VALUES chart: \

at v ufocture Frxed Composition @ "o s

Re to n 1 work of Ne mportance s 3 24

INTER-SERVICE COMPONENT MANUFACTURERS' COUN(IL

59, Russell Square, W.C.1. Tel: MUSeum 4031-2
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46-range Model 7
Universal AvoMeter

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

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

Sele Proprietors end Manufacturers :

WIRELESS WORLD

Advertisements 1

Regd. Trade Mark

MEANS ACCURACY

In every sphere of electrical test work . . . in the
laboratory, the workshop, the service engineer's bench
or ‘‘out on a job ' , .., the word ‘“ AVO " is synonymous
with instruments of precision.

The ¢ AVO™ range embraces instruments for every
essential electrical test. By reason of their reliability
and maintained accuracy, even under the most searching

of workshop conditions, they are frequently used as a

standard by which other Instruments are judged.

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

Telephene : ViCteria 3404/7

A



2 Advertisements

RSN BMU L RIE

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

r ‘ & WHY THEY USE CORED SOLDER

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

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

WHY THEY PREFER MULTICORE SOLDER. 3 Cores—Easier Melting
Multicore Solder wire contains 3 cores of flux to ensure ffux
continuity. In Multicore there isalwayssufficient proportionof
flux to solder. If only two
cores were filled with flux,
satisfactory joints are ob-
tained. in practice, the care
sincas come with which Multicore Sold-
P~ er is made means that there
2 3 - are always 3 cores of flux
W 5 evenly distributed over the
cross section of the solder,
so making thinner solder walls than single cored solder, thus
giving more rapid melting and speeding up soldering.
ERSIN FLUX
For soldering radio and electrical equipment non-
corrosive flux should be employed. For this reason either pure
resin is specified by Government Departments as the flux to
be used, or the flux residue must be pure resin. Resin isa com-
paratively non-active flux and gives poor results on oxidised,
dirty or “difficult ”* surfaces such as nickel. The flux in the
cores of Multicore is “Ersin’’—a pure, high-grade resin sub-
jected to chemical process to increase its fluxing action with-
out impairing its non-corrosive and protective properties. The
activating agent added by this process is dissipated during the
soldering operation and the flux residue is pure resin. Ersin
Multicore Solder is approved by A.LD., G.P.O., and other
Ministries where resin cored solder is specified.
PRACTICAL SOLDERING TEST OF FLUXES
The illustration shows the result of a practical test made
using nickel-plated spade tags and bare copper braid. The
parts were heated in air to 250° C, and to identical speci-
mens were applied }” lengths of 14 S.W.G. 40/60 solder. To
" sample A, single cored solder with resin
The solder fused only

oy flux was applied.

A dry joint resulted, having poor mechani-

cal strength and high electrical resistance.

» To sample B, Ersin Multicore Solder was

B , applied, and the solder spread evenly

over both nickel and copper surfaces, giving a sound
mechanical and electrical joint.

ECONOMY OF USING ERSIN MULTICORE SOLDER

The initial cost of Ersin Multicore Solder per |b. or per cwt.

when compared with stick solder is greater. Ordinary solder

involves only melting and casting, whereas high chemical skill

is required for the manufacture of the Ersin flux and engineer-

ing skill for the Multicore Solder incorporating the 3 cores

of Ersin Flux. However, for the majority of soldering pro-

cesses in electrical and radio equipment Multicore Solder will

WIRELESS WORLD

[ s.w.G.

at point of contact without spreading. A |

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

ALLOYS

| Soft solders are made in various alloys of tin and lead, the

tin content usually being specified first, i.e. 40/60 alloy means
an alloy containining 40%, tinand 60% lead. The need for con-
serving tin has led the Government to restrict the propor-

| tion of tin in solders of all kinds. Thus, the highest tin content

permitted for Government contracts without aspecial licence
is 45/55 alloy.  The radio and electrical industry previously
used large quantities of 60/40 alloy, and lowering of tin con-

| tent has meant that the melting point of the solder has risen.

The chart below gives approximate melting points and
recommended bit temperatures.

ALLOY  Equivalent  Solid Liquid Rec ded bit
Tin Lead 8.S. Grade G (&P Temperature C.°
45/55 | M 183 | 227° 267°
w0 | ¢C 1830 | 238° 278° [
| " 30/70 | D 183° | 257° | 297° |
185815 | N | g | ame 1L

VIRGIN METALS — AﬁTIMONY FREE

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

Ersin Multicore Solder Wire is made in gauges from 10S.W.G.
(.128"—3.25] m/ms) to 22 S.W.G. (.028"—.71| m/ms). The
choice of a suitable gauge for the majority of the soldering
undertaken by a manufacturer results in considerable saving.
Many firms previously using 14 S.W.G. have found they can
save approximately 33!/3%, or even more by using 16 S.W.G.
The table gives the approximate lengths per Ib. in feet of
Ersin Multicore Solder in a representative alloy, 40/60.

10 13 14 16 18 22
lb. 23 44.5 58.9 92.1 1635 481

{ Feet per
CORRECT SOLDERING TECHNIQUE

Ersin Multicore Soider Wire should be applied simultane-
ously with the iron, to the component. By this means maxi-
mum efficiency will be obtained from the Ersin flux contained
in the 3 cores of the Ersin Multicore Solder
Wire. It should only be applied directto the
iron to tin it. The iron should not be used
= as a means of carrying the solder to the
joints. When possible, the solder wire
should be applied to the component and
the bit placed on top, the solder should
e not be * pushed in " to the side of the bit.

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

MULTICORE SOLDERS LTD., BUSH HOUSE, W.C.2. 'Phone Temple Bar 5583/4
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(j;'om flle ][z.er_y
FURNACES. ..

. of Britain’s factories, from her
shipyards and laboratories and mines
has come many an invention, manv
a discovery that has changed the
course of history. We search for and
hold fast to whatever good we can.
We know full well that by perseverance
only shall we blot out hatred and
destruction, misery and hardship and
emerge with a fierce determination
to make the world a better, safer
place. It is our wish always to bhe
associated with that spirit of true
comradeship which shall be continued

DUBI I IER on through happier davs.

CONDENSER €O, (1925) LTD,

s 8- — ——=
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SPECIAL PURCHASE

of the entire stock of a well-known accumulator
hire service. due to premises heing taken over by
Government Department. We ofter, in -used
condition, a8 new el

C.A.V. 60 volt
H.T. ACCUMULATORS

in strong carrying case, with handle, Preewar
price over 70/- each, Unrepeatahble bargain,

95/

Secure one of these and overcome your battery
difficulties,

e ?

EVER-READY CAR STARTER BATTERIES, G volt,
new, in metal contalner, with carrying handle,
12/8 each, plus tax. .

TELSEN Illuminated Disc Drive, will it any variable
condenser, modern silver oxidised escutcheon,
1/9 each.

RADIO CABINETS, walnut veneered, attractive
design, dimn. 1%in. x 12in. x l0in. Dial aperture
Sin. x 7in., dritled for tuning, tone and volume
contrals, 38/6 each.

RADIO CABINETS, walnut veneered, suitable for
extenston loudspeaker, dim. 9in. x 7in. x 7in.
Bargain, 10/8 each.

.0003 VARIABLE CONDENSERS, i-gang, cerainic
insulation, with trimmers, copper braided con-
necting strips, baill and gear drive, 12/6 each.

0003 VARIABLE CONDENSERS, 2- and 3-gang,
ceramie insulation, " with trimmers, ball drive,
/8 and 9/8 each.

CLEAR BULBS, 2.5. 15'0 per 100, inc. tax.

OSRAM PILOT BULBS, 6.2 volt, 3 amp. MES
Tubular, 1'- each, inciuding tax.

LISSEN R.C. Intervalve Coupling Units, 186

COLVERN COIL BASES. 3- and 6-pin, @d. each.

GLASS RADIO FUSES. Spring clip, bakelite base,
1-5 amp., 1 = each.

LF. INTERVALVE TRANSFORMERS. Heavy
laminations. Exceptionally well made. Ratios
4:1, 3'6 each.

PHILIPS WIRE WOUND POTENTIOMETERS,
with switch, 1/8 each.

PHILIPS EXTENSION LOUDSPEAKER SWITCH,
mounted on metal bracket, 18 each.

TUBULAR PAPER CONDENSERS, 350-500 v.,
D.C. working. .00005, .0001, .0003, 0006 mid.,
4!~ doz.; .001, 0013, .002, .003, .004, /- doz. ;
01, .025, .03, .05 mfd., 7'« doz.} JO0R, .1 mfd.,
12/ doz.; .15, .2, .25, .3 mfd, 15/ doz.;
5 mtd., 18/ doz.; or Assorted Parcel of 50 for
27/6. Minimum orders, 1 doz. any type.

BAKELITE TUNING KNOBS. Brown and Black,
0-180°, 3° dia., 2 BA. fixing, finest quality,
9d. each.

WIRELESS WORLD

o LINAGLOW LIMITED ¢

The Directors of Linaglow Ltd.

offer their apologies for the delay in handling orders:
This is due entirely to shortage of staff. Orders are
being dealt with in strict rotation and will be delivered
as speedily as possible.

® NOTE.—POST ORDERS ONLY @

All orders C.0.D. or Cash with Order, carriage paid.
We cannot hold ourselves responsible for goods
damaged or lost in transit.

—ONLY A FEW LEFT !—

~. DE LUXE

5-V.ALL-WAVE LATEST
SUPERHET PIRBES
CHASSIS.
Complete with
VALVES & SPEAKER

Brief
Specification :
Wave Band coverage 18m. to 2,000 metres, 5 watts output.
Large 6in. Glass Dial. Beparate tone and volume controls.
Extremely good selectivity and sensitivity. Really ' Hot"
on Bhort Waves. Heavy gauge Steel Chassis. Moving Coll
Speaker. Provision for extenajon Loudspeaker and Pick-up.

£14.15.0

A;ABO SIMILAR TO ABOVE BUT T.

WITH
PARAPHASE PUSH/PULL OUTPUT
7-VALVE CIRCUIT

1D .10.0

Above prices include Purchase Tax

MARCH, 1943
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10-WATT
P.A. AMPLIFIER

pre-war manufacture, exceptionally well
built, finest quality components. 100/250
volt A.C. Amplifier in portable carrying
case with space for gramophone motor,
10" Rola Energised Loudspeaker, with long
circular rubber connecting cable and plug
in separate carrying case. Worth 30
guineas. Bargain,

£19.10.0
S —

SILVER MICA CONDENSERS. Flat Wire
End—Assorted and Useful Values, 17/6
per 100 (not more than 5 alike).

ILF. AND AERIAL TRIMMERS. 12
Assorted and Useful Values for 2/6.

L.F. CHOKES. 20 hys. 100 m.a., brand
;:7\', 16/9 ; 40 hys. 100 m.a., brand new,

LOUDSPEAKER FRETS, coppered brass,
84" x 7%, 3/6; 10° x 16%, 10/6 each.

VOLUME CONTROLS, 100,000 ohm, }, §, 1
and 2 meg. without switch, long spindle,
4/9. As above, with switch, 8/9 each.

VOLUME AND TONE CONTROLS, with
and without switch-—suitable for all
well-known makes of radio. 6 assorted
and useful values for £1 7s. 6d.

FIXED WIRE WOUND RESISTORS. Wire

. Ends. 4-watt (500, 1,000, 3,000, 4,000
and 5,000 ohm only), 110/-;
(800 ohm only), 150/~ per 100,
orders 12 of any value.

FIXED CARBON RESISTORS. Wire Ends.
Assorted and Useful Values. }-watt,
24/-; j-watt, 30/=; l-watt, 36/-;
2.watt, §5/- per 100. Minimum orders
50 assorted. Assorted parcel for £3.
Contains 25 }-watt, 50 {-watt, 50 1-watt,
25 2-watt, 10 3-watt,

HEAVY DUTY WIRE WOUND RESISTORS.
Copper Ends. 15-watt, 17,500/47,500
ohm, 3/6 each; 25-watt, 250/70,000 ohm,
.’;[6 ea(}:‘h; 50-watt, 17,500/35,000 ohm,

- each.

TAPPED WIRE WOUND RESISTANCES.
Special Offer. 25-watt, 375 ohm, tapped
125 and 250, 6/6 each.

Minimum

LINAGLOW LIMITED, ‘Phone : Mountview 9432 3, HAMPSTEAD LANE, LONDON, N.6

4

LTD

SIGNALLING EQUIPMENT

Specialists in Morse Equipment ||
also makers of Small Transformers, Coil Windings,
Small Bakelite Mouldings, Turned Parts, Light
Pressings, and other components and accessories for

the Wireless and Electrical Trades ., w=

Merit House, Southgate Road, Potters Bar ||

'Phone : Potters Bar 3133
Telegrams & Cables : SEL, POTTERS BAR

/05” / "‘/"‘”’

v

is the basic principle of

CO-AX

. LOW LOSS CABLES

Unequalled

H.F. PROPERTIES

TRANSRADIO LTD. Inc.TELEQUIPMENT (0. 16 HIGHWAY. BEACONSFIELD.
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ONE IN A THOUSAND

Ten years ago we introduced the first British-made low-loss ceramic.

Today the range of FREQUENTITE components covers more
than a thousand pieces of every shape and size.

With such a store of manufacturing experience we are able to offer
advice backed by practical knowledge on your insulation

probiem. Please consult us before you finalize your design.

STEATITE & PORCELAIN PRODUCTS LIMITED

Head Office : Stourport-on-Severn, Worcs. Telephone : Stourport 111. Telegrams : Steatain, Stourpor
SP.17
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We are glad to acknowledge
the many letters we have
received from Trade friends
appreciating the deliveries of
Condensers for Trade Service
requirements which we have
made, even though we realise
that the quantities are in-
adequate to meet the
demand.

The simplified range of
types which we intro- \:
duced has greatly as~ |
sisted in maintaining
supplies, and our efforts
will be continued as
long as circumstances
permit. |

.
7/% Condensers

/

of

Established 1901
Advt. of A.H. HUNT LTD.. LONDON, S.W. 18

WIRELESS WORLD
|

l propert;
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— R MALLORY &CO.I~c

ALLORY

Vibrators

are always
dependable

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

Mallory offers synchronous
and ‘non-synchronous
Vibrators for 6, 12 and 32
volt input, also a complete
range of *“STRATO-
SPHERE ” Vibrators plus
the world famous Malior

«“ VIBRAPACK” (Regd.

Trade Mark).
* Vlmmhh ‘P Ngln(ﬁl’:d trade mu'ki the )
y e P. R, llory & Co. Inc,, H
DT erolis, U.8.A. Units which do ot bear Mallorx engineers are at
this trade mark are not of genuine Mallory yOUr dlsposal.
manufacture,

P. R. MALLORY & CO. INC.

INDIANAPOLIS, INDIANA, U.S.A.
_  Represented exclusively in Gt. Britain by

FRANK HEAVER I-Tn., Kingsley Road, Bideford, ‘

N. Deven, Eng.
AAAAAAAAAAAAAAAAAAAAAAAAAAA‘
-

vvva‘M

I;—-t

WHARFEDALE

i THE manufacturers of the WHARFEDALE
' range of |

m TRANSFORMERS |

with regret that Orders can be
accepted for |

PRIORITY
PURPOSES ONLY
# This applies fo all INTERVALVE

and OUTPUT TRANSFORMERS

WHARFEDALE WIRELESS WORKS

(SOLE PROPRIETOR : D. E. BRIGGS)
HUTCHINSON LANE, BRIGHOUSE
'Phone : Brighouse 50 'Grams : Wharfdel
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Ever since the advent of radio Osram Valves have been closely
connected with all the progressive stages of development in radio
science. Intensive research still goes on by improvements in design
and technique to keep pace with the advancing times, and which
will ultimately be of benefit to all.

ENGLAND

Advt. of The General Electric Co. Lid., Magnet House, Kingsway, London, W.C.2
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TAYLOR
MODEL

WwOVING “
c‘oj,_ ete®

{
obust Taylormeter with a scale tength o

.20 pA
A new r ired D.C. Ranges from 0-20 p.
o Self-con:anlgeo_s Millivolts to 1,000 ‘Vc:\;se.
o 100 A s Rectifier an Thermal ty

Also available 2 \luminated
meters in a large D
dials and mirror scal

MODEL 500
is similar in appearance to Mode
scale length of 5 ins.

umber of ranges.
le optional.

| 400, but has 2

complete range of Moving Coil

a .
We manufacture r enquiries ore invited.

Meters—Yyou

TAYLOR ELECTRICAL IN

VALVES

BRITISH VALVES, See last month's advert. for lise and prices. Most of
those listed are still available. Please order C.0.D).

AMERICAN VALVES, mostly glass types, letter (G) is omitted from type
numbers.

01A 11/-, 024 15/3, 1A5 15 3, 1B5 14,6, 1C7 14/6, 1D7 15/3, 1E5 15/3,
1E7 21/~ 1F4 136, 116 15 3, 1F7 156 3, 1G5 15’3, 1H4 15 3, 145 9/2
1J5 15'3, 245 13 8, 246 13 6, 247 15/3, 2B7 153, 2E5 163 5174 1873,
5X4 18 3. 523 18 3, 5Y3 14 6, 5Y4 14.6. 6A6 14 8, 6A7 14 -, 6A814/-,

6F5 9/2, 6F6 12/10, 6F7 15'3, 6F8 15/3, 6HG 11/6, 6J7 12 10, 6J8 14/-,
6K7 12/10. 6K8 14 -, 6L7 12/10, 6X5 14/8, 6Q7 11/7, 6R7 12/10. 6347 14/-,
6SF5 9/2, 6U5 14/-, STHAG 14/-, 6P8 14'-,6V612/10,6V713/8, 6\716/6,
6X5 11-, 6Y7 16/8, 12A5 12 10, 12A8 14'-, 12Q7 11/7, 12K7 12/10, 12J7
12110, 128K7 12/10, 123Q7 11,7, 12F5 9 2,15 11/-, 24A 12110, 25A612/10,
2514 12/10, 20 14/-. 31 11/-, 32 14,6, 33 13/6, 34 146, 35 12/10, 351.612/10,
3574 11-. 38 13/-, 39/44 12 10. 40 12/10, 41 18/10. 32'12/10, 46 15/,
4712710, 48 26/-, 50 18/3, 52 22/-, 53 18,8, 55 13/6, 66 11/-, 67 13/-, 58 13/-,
59 16/6, 70L7 15/3, T1A 11/7, 75 14/6, 78 12/10, 80 14/8, 84/624 13/~
85 14/-, 89 18/3, 11726 15,3,

LEASE-LEND American valves as used in small American (midget) radios.
We have fair stocks of most types, but can only send these where required for
1 in broken-down receivers. Please order these C.0.D.

All at B.O.T. prices.

BARRETTERS, replacemente for Philips C.1. and C.I.C. and American 150A
and 150B, all at 10/-, A few aasorted other resistunce tubes aleo in stock.

RECTIFIERS, non-B.V.A. replacement types, ali at 14/8 each. Replacements
for American 80, 5Y3, 574, 5Y4; Marconi/Osram 110, U12, MU12, U50; Mullard
1W2, IW3, DW2, DW3; Cossar 442Bu, 4311u; Brimar R1, R2, R3; Philips 1821;
Mazda UU3, UUd, ete.

SPECIAL NOTE.—The abuve valves listed represent only a small proportion
of our stocks. Please mention other typea you are requiring, and we will send
them tf in stock.

70 SAVE TIME, ORDER VALVES €.0.0.

SPARES

We hope to give a falrly complete list of condensers, etc., available next month.
Most of those itemis previously announced are still available, Price of 8in. P.M.
speakers, with outpat transformer, is now 27/6.

SPECIAL.—S8 mfd. 150 volt smoothing condensers for midgets, 3/9.

TERMS : Cash with order, or C.0.D, (pay the postman). We prefer C.0.D.
Please give full address, including COUNTY. Fostage extra,

J. BULL & SONS,
246, High Street, HARLESDEN,N.W.10

WIRELESS WORLD MARCH, 1943

AR

UGH, BUCKS.
SE AVENUE, SLO h
STRUMENTS LTD., MONTRO Siough 21381 (4 fines)

LOUD

SPEAKERS

THE WORLD'S FINEST REPRODUCERS

TRANSFORMER

LAMINATIONS

Core Widths & to |5 (E’'s and I's.)
EIGHT STOCK SIZES

BriTisH RoLAa LIMITED
MINERVA ROAD - PARK ROYAL - NW.10 « WiLlesden 1322
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BAND-PASS FILTER CIRCUIT

Above is shown the fundamental circuit
similar to that employed in the Eddystone
358X receiver. When in circuit the band-
width is 300 c/s. front panel control allowing
optional use of normal |.F. selectivity, band-
width 5 Kc/s.

ATTERUATION 186 DECIBELS

P
FREQUINGY I NIOCVILES

SELECTIVITY CURVE A"

shows the steep sides and flattened top
response curve of the Band-pass Filter. Com-
pare the normal crystal gate (Curve B) with
its typical sharp peak necessitating constant
tuning adjustment with the slightest signal
{requency variation, Note the symmetrical
rejection given by Curve ‘' A ‘" as opposed
to the uneven tail effect of Curve ** B."’

In the 358X version of this famous receiver a Band- '
pass Crystal circuit is employed giving high selectivity

and complete rejection of unwanted adjacent signals.

Furthermore the double crystal circuit avoids the *

extreme '‘ peaked '’ effect of the conventional crystal

gate, aowing easier tuning and accommodating some

frequency drift of the wanted signal. These advan-

tages are readily appreciated by operators familiar
with the hair-breadth tuning of the normal filter.

The ** 358X "' may be inspected at |4, Soho Street, preferably by R A D I O

appointment.

EDDYSTONE COMMUNICATION RECEIVERS ARE Hours of Business 9 a.m.—S5 p.m. Saturdays 9 a.m.—12 noon.
AVAILABLE ON PRIORITY ORDER ONLY.

14, SOHO ST. OXFORD ST. LONDON, W.I. Telephone. GERRARD 2089
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Lassolastic Identification

Tape provides thin filmic markers
which adhere instantly by firm pres-
sure, offer no undesirable thickening
or interference with flexibility at their
point of contact and can be affixed
anywhere on a cable without necessi-
tating any disconnection.

The identifications, which take form of
any desired style of printing and col-
ouring, cannot be erased till the filmic
base, completely protecting them, is
first destroyed.

addotasiic

SELF-ADHESIVE

are

HERTS. PHARMACEUTICALS Ltd.

Lassolastic Markers
impervious to
fluids and remain per-
manent,
and always legible.

distinctive

MARCH, 1943

Affixing
a LASSOLASTIC
Marker to a Cable

weewiw eanoew omy, HERTS.

M.R. SUPPLIES

Make INSTANT DELIVERY FROM STOCK of the following brand new ELECTRICAL
AND INDUSTRIAL EQUIPMENT of our usual dependable quality. All prices
nett cash.
G.E.C. MOVING COIL MICROPHONES. Very eflicient model with rceponee level
50-9,500 c/s. Sensitivity—50 db. In superior chromjum-plated housing with
back terminals and mounting boss, Imped. 13 chinx. lLimited quantity at
£5 18 6. Fine opportunity.
ROTHERMEL-BRUSH PIEZO-CRYSTAL MICROPHONES. Continuation of our
very popular offer of these apecially housed D.104 Microphones. Fitted knuckle-
Joint for angle adjustiwent. Response level to about 8,000 ¢/a. Sensitivity—60 db.
With 6ft. screened lead, 72 8. Also special minlature model, only 13in. dia., light-
weight. Made for deaf-aid, but anitable for all purposes, having a fine frequency
response.  In aluminium housing with short screened lead, but no front grille, 27 6.
MICROPHONE FLOOR STANDS. to snit 72 6 crystal microphone. Collapsible,
5ft. 6in. to 2ft., chromiun-plated, 37 6.
G.E.C. PUBLIC ADDRESS SPEAKERS. Latest models dellvered immediately from
our stock. 10-watt PROJECTOR TYPE, comprising P.M. Unit with built-in Hne
transformer for multi-matching (details enclosed) and spun metal horn, 42in. long,
with tilting mounting bracket on cast neck, finished two coats industrial grey, With
“B* Unit, 810 6 O (fully recommeunded), With A" Unit (higher flux density),
1 0. Carriage on each aspeaker anywhere U.K., 7 8. Also INDUSTRIAL
ODEL in 9in. metal drum with front and rear grille and built-in multi-transf.,
handling 5 watta, 45/-. :
ALL-S8TEEL TOOL or AMPLIFIER RACKS. Height 30in., with three strung trays,
each 16in. x 14in., all welded, sprayed black, 30/, carr. paid. .
STEEL AMPLIFIER COVERS (G.E.C.) 15in. x 9in. x 7in., black crackle finich, 7 6
These can only be sent aa follows, owing to packing difficulty, Two Covers with one
Rack, price 46 -, carr. paid.
MEASURING INSTRUMENTS, by Weston, Ferranti, Elliott, ete. (We cannot
undertake to select particular maker.) Housing 2}in. square flange, lush panel mig.,
requiring 2in. hole, black bakelite, back terminals.
M/Coil MILLIAMMETERS, 0/150 m.a. only left, 32/6, THERMO-COUPLE AM-
METERS, same style, for any frequency and D.C., 0/2.5 amp. and 0/3.5 amp. (two
models), either, 39 8. These meters are secondhand, ex Govt., in good condition
and lab. tested. Many important buyers—all fully satistied.
HEADPHONES. New, inaker-boxed Ericeson, with adjustable headband, 2,000

ohms, 26/- pair.

POINTER ENOBS. (U.8.A.—Kurz-Kasch), black octagonal. approx. lin., with
$in. bore and grub-screw. Perfect for radio, deaf-aid and instruments, 3:11 doz. :
100 for 26/~ ; box of 200 for 50 -. We have 10,000.

SLIDING RESISTANCES. 100 watts. Fully enclosed, with fine smooth action.
In following range : 4 ohms 5 amps., 10 ohms 3 ampe., 30 ohms 1.5 amp., 200 ochms
N.7 amp., and 400 obms 0.5 amp. Any one, 21 o,

INDUSTRIAL ELECTRIC SOLDERING IRONS. Rest makes from stock. $.T.C.,
all voltages, 75 watt, with 4in. pointed bit, good all-purpose fron, 21 -, 8ame make,
150 watt, with massive flat bit, 32 6. Also ACRU, hent model with interchangeable
bit, 2878 (100 watt). Discount for quantities.

TOGGLE PRESSES (by 8.T.(.}, double-acting, accurate. exerting 1} tons pressure.
Hetght 32in., weight 130 1b. Further small supply available for immediate delivery
from our stock. Inspection invited. £30 nett. We have a large demand for this
excellent tool.

RESIN-CORED SOLDER. Mighest tin content. 40 per cent. tin, on 1 1%, reels

4? per reel. Please Include sufficient for packing and postage.

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

. MIDGET
VALVES

(]

Telephone: Harrow 0895

HIVAC LIMITED
Greenhill Crescent.
Harrow on the Hill. Middx.
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—the electronic tube —is teday one of the key weapons of battle. Eimac
tubes have assumed a rank of *high command™ in this "global" war.

Again they are "first choice in the important new developments in radio”

THE JOINT ARMY-NAVY “E" awarded September 4, 1942...
first award of this kind 10 a manufacturer of electronic tubes.

L 4

"EITEL-McCULLOUGH, INC.
3 SAN BRUNO, CALIFORNIA VALVES
Expert Ageats: Fresar & Company, Lid., 301 Cley St., Son Francisco Lalil.

wavy
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- MEMO

From : MASTERADIO LTD., WATFORD, HERTS

To: DEPARTMENTAL HEADS,
RESEARCH ENGINEERS,
LIAISON OFFICERS

Subject :

DEVELOPMENTS CCNCFRNING
VIBRATOR-OPERATED EQUIPMENT

Analysis of past design methods reveals
two essential requirements. These are :

Elimination of the ¢“D.C. minded "

planning, with which many have
strugglied.
Careful consideration of sensitivity

characteristics outside the normal
range of the basic design.

Synthesis from a nucleus thus prepared
is always successful.

We invite you to accept our co-operation

AND

PERTRIX

— the dependable
BATTERIES

FOR

RADIO, CARS
MOTOR CYCLES
COMMERCIAL
VEHICLES

ETC.

Sales Concassionasres’s

HOLSUN BATTERIES

/"/

LIMITED

137 Viesoria Strest, Londea, S.W.1
® 9e 02

WIRELESS WORLD

MARCH, 1943

ent is one of 2

incipal activiti
hof's Engine
ision. At presei
ilities are

for Priority Orders 8

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

éle ctronic éniinoetin?— <'Se‘bvicc 4.‘,[/1’:{

24 STANLEY ROAD HEATON MOOR
STOCKPORT
TELEPHONE HEATONMOOR 3107

FOR

AMERICAN EQUIPMENT

WE WELCOME ENQUIRIES FOR ANY OF THE
FOLLOWING. REASONABLY QUICK DELIVERY
AGAINST GOOD PRIORITY.

STATIONARY TRANSMITTERS: A WIDE
RANGE IS AVAILABLE, BOTH A.M. & F.M., ALSO
CAR & AIRBORNE TRANSMITTER - RECEIVERS.

INSTRUMENTS : TRANSIENT ANALYSERS,
DIRECT - INKING OSCILLOGRAPHS.

COMPONENTS: GANGED R.F. SWITCHES,
SPECIFICATICN TRANSFORMERS, SENSITIVE TYPE
RELAYS, MIDGET VALVES & PARTS.

GENERAL: THROUGH OUR AMERICAN
ORGANISATION WE CAN HELP IN LOCATING
SOURCES OF SUPPLY FOR SPECIAL REQUIRE-
MENTS UNOBTAINABLE IN THIS COUNTRY.
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|

'UNITED INSUI.ATOR C° L™
12-20 LAYSTALL ST., LONDON, E.C.1

Telephone : TERminus 7383 Telegrams : Calanel, Smith, London
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RADIO
MATERIALS

We have had a long experience in the
manufacture of all ilnds of Cables and
Wires, Static Condensers, Insulators
and lronwork, Telephone Cords and
Copper Earthing Rods, for Radio use.

U.K. Regd. Trade Mark.

BRITISH INSULATED CABLES LTD.,

Cable Makers and Electrical Engineers

Head Office : PRESCOT, LANCS. Tei. No.: PRESCOT §571

WORLD MARCH, 1943

TUNGSRAM
VALVES

Our production of Radio Valves is

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

Announcement of
BRITISH TUNGSRAM RADIO WORKS I.TD., WEST RD., TOTTENHAM, N.I?7

SPECTRUM ANALYSIS OF
GASES.

The exact composition of materials

used in manufacture of
WESTINGHOUSE METAL
RECTIFIERS is determined by
analysis of the spectrum and record-
ed spectrograms photographed
‘l}y tne apparatus shown. The gas

ischarge method of excitation is
being used in this instance.

In spite of greatly increased pro-
duction we are unable to supply
Westinghouse Reetifiers as freely as
we would wish. We hope customers will understand
and accept our assurance that the constant research
now going on in our laboratories and designing de-
partments is resulting in Rectifiers of remarkably ad-
vanced design which will be available after the war. [

Zﬂﬂzz}q@w/ Kecijtizicr l

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

CELES

T10N

VALVEHOLDERS

Manufactured under ** Amphenol ** .
Licence J

=N

Preferred by radio engineers
because of their Strength,

Efficiency and Uniform Contact 2

Send for List of English and American
types.

\/,,
] ﬂ;nsn
/ (' ‘ . MADE
i g @ f &
. CELESTION LTD.
| (Engineers

KINGSTON-UPON-THAMES, SURREY.

Telephone: KINgston 5656-7-8.
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SYMBOLS

l RADIO

'VALVES

THE EDISON SWAN ELECTRIC €0. LID. I} 155, CHARING CROSS RD., LONDON, W.2

For full particulars write to Technical Service Department
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Warlmme tnstallations show more
conclusively than ever thal

uou can

30-watt Amplifier
with Radio.

There are TRIX amplifiers
from 5-500 watts.

Send for details.

TRIX ELECTRICAL CO. LTD., 65, Bolsover St., London, W.I.
'Phons: EUS 0471/2. ‘Grams ¢ Trlzadlo. Wesdo, Londom.

'—BRIMAIN |

POWER UNITS

(Regd.)

Priority
orders
only.

AS RELIABLE Vs
AS THE MAINS e

The V.S.3 is a compact, sturdily built Petrol Electric Gen-
erator, produced specially for 16mm. film projection where
constant voltage must be maintained and light load surge
elimimated. The output of 1.25 K.V.A. is amply sufficient
for standard 16mm. projectors. Fitted with handles and
l spring bolts, the V.S.3 is instantly detachable and can be

removed in a matter of seconds from the light van in which
it would travel for mobile work.
UNITS BUILT TO SPECIAL REQUIREMENTS

Designers and constructors of
MOBILE CINEMAS for indoor and outdoor displays

BRITISH FILMS LIMITED

Head Office: 199 PICCADILLY, LONDON. Regent 2828
Works: 260 HIGH ROAD, BALHAM, LONDON. Battersea 8506

WIRELESS WORLD

MARCH, 1943

Improve your Keying!
Correct spacing and high sending speeds are
more quickly obtained by those operators who

exercise sound judgment when purchasing
their KEYS.

Scientific weight distribution, rigidity of con-
struction, extreme lightness in action, heavy
silver contacts and a high grade spring for
accurate gap adjustment ; these are the most
important features, and, they are all to be
found in the Raymart ‘““ Speed” Key. It
combines all that is best in British and
American key design.

This British-made Key is definitely
the finest value ever offered to the
public. Choose the Raymart
‘“ Speed’’ Key. it will give you
full ntlsfactlon and years of useful
service.

Price 8 / 6 Post Paid.
SPECIAL NOTE:

WIRE-WOUND POTS. Refer to our advertisement
on page 18 of the Jadlary issue, and then note that we
only have a small number of 20,000 ohm (4/- each) and
5,000 ohm (Jl- each) types still available. These are 5-watt
American C.T.5. wire-wound Yolume Controls.

Please add postage on
all orders valued 5/-
or less.

Send stamped, ad-

dressed envelof
CRAFT A CR EE'D with all enquiries. pe
Telephone : MIDLAND 3254

48 HOLLOWAY HEAD BIRMINGHAM !

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

Indelibly printed on

® Guaranteed 2/3 day delivery service.

P. P. PAYNE & SONS L

HAYDN ROAD NOTTINGHAM  Phone : 64335
BUSH HOUSE LONDON Phone: TEMple Bar 6356
et memmae - =—=0]]
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® FOR RADIO
f

BARGAINS o

\
Ac“‘““'s A.C. to D.C. S H.T. BATTERY
TLAS CONVERTERS UPREMUS ELIMINATORS

Type R.M. 80/150 Model E25A for 200-250v. A.C. 40-100~
3 . A.C. 50~ Tappiags, 40, 60, 80, SGH, 100, SGL,
g‘ft‘:)tut: 28:::‘;00?1%0,5150, 125v. These well-known H.T. Mains

m.a. at 230v. D.C. Incor- Supply Units are fitted in handsome

porating Westinghouse bakelite cases. Here is an opportunity

Metal Rectifier. In for battery set owners, who have A.C.

strong steel case well mains current available, to be inde-
,

i { the battery situation.
ventilated. peadent o i ati
B Price 5 Gns. Owing to post aud rail conditions
Post. and packing 3/6 extra.

these are available TO 70/_

CALLERS ONLY. Price
PHILIPS SCANNING & DEFLECTOR | TWIN ON-OFF SWITCHES TUNING CONDENSERS
; COILS 2 As illustrated.  Carries | 3-gang =~ 0.0005 gy

1.5 amp. at 260v. well | mAl. witbout [f
Assembled ) Btk VY tricuners, design-
complete in and strongly made, with § o4 for motor

metal frame, excellent snap drive. With large |8
as illusu'ated’ action ... Price 4/ 6 diameter driving
> . disc and reduc-

7/6 Post., etc., 3d. extra. e (s, e 12/6

Post. & pkg. 8NI;¥SC|:-BE;TT0mNb bt"EcﬂPANtlS‘M only ablcl:_ formslo \\; Pl‘:s‘},/&é
mplete wi uttons. Post., eto. motion anual pkg. 2,
11 extra. 9d. extra ’ , 4/6 drive. extra.
2ELECTRIC SOLDERING IRONS SPEAKERS PHILIPS POTENTIOMETERS
830/260 v. 75 watts.  Post., etc., 12/6 ROLA bin. P.M, less g /6 Carbon : 700,000 ohms, less switch 3/6
. extra . 000 o000 500 transformer ... cew 100,000 ohms, with 2-pole M. & B.switch &/6
0AK Post. and pkg. 1/6 extra. Wire-wound : 450 ohms and 10,000 obms 6/6
CELESTION 8in. P.M. Post. & pkg. 6d. extira.
VIBRATOR UNITS | Pentode Output. New 25/6 PHILIPS CONCENTRIC SPIRAL VANE
w Synchronous - Post., etc. on above 2/-extra. VARIABLE CONDENSLRS
These well-known Units are | PHILCO 12in. Double Cone 3-Gang 0.0005
fitted with 6-pin  American | "} g peechcoil 5 Gns. uml_fgl.merswnhoxé
bases. Input 6 volts. {5/ | Carr. 3)-, plus 5/- for packing used in Philips
case (returnable). well-known Push-

5 con & pus. S0, exiry PHILCO BLEEDER RESISTANCES | Buttonreceivers

PIEZO-CRYSTAL Hand — Table | 1y metat cans. 100, 160, 250 obms. All 6 Price 8/6  Dost. & pig. 9d. extra
MlCROPHONES See December 10 watts ... Each 2/ PHILIPS WET ELECTROLYTICS

issue for details. Post., etc., 2/- extra. 82/6 Post., etc., 3d. extra. 50 mfd. 310v. working ...
EX.-GOVT. JACKS YAXLEY Type WAVE-CHANGE Post. & pkg. 9d. extra. 9/6

SWITCHES MULLALD EA50 DIODES

4-way, 3-bank, with shielded 60 mm. X 12 mm. overall. 6.3v. 10/6

)\ ()’ oscillator section. Length | beater at 15 amp. .. Each

5 from stop plate approx. 5in., Post. & pkg. 3d. extra.

spindle gis. . 5/6h PHILIPS TRIMMFR CONDENSERS
gy 5-way, 6-bank, wit . . q o

TN Je== 3 screened scctions, hpm o Ciefls . R AN

3 air dielectric, -

’ adaptable to many | g, mmfds.,

uses. Length from stop plate | syitable for

«approx 64in., spindle 2in. 6/6 | S.W. work.

These Jacks have powerful phosphor-bronze
springs ensuring a perfect contact. Overall
length, including jin. threaded shank, 3jin.
Supplied with nut for panel mounting.

Post., etc., 3d. extra ... Each 3/6

ON-OFF TOGGLE SWITCHES '
Finest cq:lamy Post., etc,, 9d. each. Price 1/3 Plus post., 3d. extra.
Turn movement, | CHHASSIS Drilled for 9 valves, also rectangu- YAXLEY PATTEKN SWIT(HES
13in. spindle. lar hole 6} x 2}in. Size 16§ x 9% x 2in. 3/6 5-way, single-bank, with on-off mains
Post., etc., Also 11} X 84 X 2%in.and 11} x 7 x 2{in. 3/6 switch, carrving 1 amp. at 250v., 2in.
3d. extra, 2/6 12 x 9 X 3in. drilled for 10v.,transformer,etc. 5/6 spindlt; with knob e e ... B5/6
CONDENSERS with Bakolite Post., etc,, 10d. extra. 3-vl\":gbsmgle-bank, lin. spindle with 2/9
Insulated Terminals lsscreeged cablerFi"e quality, heavy duty, ""Post.. etc., 6d. extra.
2.5+ 2.5 5 A strand, 30 gauge, 5mm. rubber covering, with q PP ey R
2 m?c-!. 400-‘51-"1 ngéd vﬁ(g)v, DC v.vkg. - g/g two layers of Empire tape. ...  1/@ per yard 40::3;m(c;0;; n2l£m. spindle, comp. with knob.
4mid. 250v., D.C.wkg. ... .. .. 9/6| Rubber covered Flexible Wire | i’ connecting
Post. & pkg. 6d. extra. Tinned copper, approx. 17 strands, 9ft. lengths | block 4/6
Side Contact Valve Holders 3. pervard | ¢ .y o
8 contacts. Post., etc., 3d. extra. Each 1/6 NO C.O.D bank 3/9 P
T.C.C. Condens=rs 0.1 mfd. 5000 v., NO PRICE LISTS Fost,etc, Scextia
D.C.wkg. Post,etc, 8d. extra. Each 9/ NO PRO-FORMA INVOICES TUBULAK CONLENSERS
0,5 mid. 500 v. wke,  Post., etc.. 4d. 2/6 J

LONDON CENTRAL RADIO STORES, 23, LISLE ST. cerrard 2969 LONDON, W.C.2
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If you want PRECISION
work in
Wood or
Plastics

MANUFACTURERS OF FITTED
INSTRUMENT CASES IN WOOD
AND PLASTICS

PRECISION WORK IN BAKELITE
SHEET, DELARON, PAXOLIN
AND POLYSTYREN: etc.

LOCKWOOD & CO.

Shapers and
Moulders of .
Perspex. /.

HARROW e  MIDDLESEX

Barga ins
in radio

COMPONENTS.. =

Battery Eliminators, in strong welded all-steel cases,
60v. and 120v, at 20 m/a. For A.C. mains, 200/250v. ...
Battery Chargers, in strong all-metal case. 2, 6 and 12v.
at | amp. For A.C. mains, 200/250 ..,
Loud Speakers, 8in. P.M. (less transformer)
In beautiful de-luxe polished walnut
cabinet ... .. 35
Industrial type in cabinet, 8in. P.M. in
grey enamelled case with 2,500 ohm

~

© ©0o o

transformer .. 27 6

o0 o0 24in. Projection type, square horn, 6-
watt unit .. 517 6

Moving-coil Microphones, high quality, with chrome
case... .. 550

Table stand, black crystal-
line base and chrome stem 0 19 6

© oD Heavy chromium - plated
telescopic floor stand 215 0
Condensers, 8 mfd. Electrolytic 600v. Surge-proof 0 8 6
Sistoflex Sleeving, assorted colours, per 12 yd. length 0 2 6
Morse Keys, streamlined American type, light action 0 4 9
Resin Cored Solder, per Ib. .. 0 4 6

Transformers, Replacement type, Primary 200/250, Sec :

- 350-0-350 at 80 m/a, 5v. 2a. 6.3v. 3a.

— C.T., or with 4v, 2a, and 4v. 4a Filament
N windings ... O I ]
— »» Mains Pentode—Output transformers ..., 0 6 6
— " Class '’ B " Intervalve 070
—_—— 1 Q.P.P. Intervalve 0 7 &

—— POSTAL BRADIO,
16, KING ST., WOLVERHAMPTON.

_ % Mail Order only. Cash with order or C.0.D.

All enquiries must be accompanied by stamped |
addressed envelope.

- and it the listle things that cownt!

In the final reckoning it's the little things that count. Not only the
| tangible * little things "'—they can readily be seen and appreciated—but

the intangible as well, That extra care in the selection of raw materials
{ and components . .. that wider experience in design .. . that little
more time spent in assembly . . . that added vigilance in inspection and
test . . . these are the intangible *little things*® that, plus the tangible,
| have made many dealers glad they bought and recommended R‘S Sound
| Equipment,

st

ﬁmp/zﬁegﬁ Lmited

3.4, Highfield Rd., Shepperton, Middlesex. Tel.: Walton-on-Thames (019

WA . 3143

1 MAINS TRANSFORMERS. \
210/230/250 volts, 50 cycles. 350-0-350 v.,
70 m.a. 6.3 v., }.Samp. 4 v., 2.4 amp., 25/- each.
200/250 v., 350-0-350 75 m.a., 5 v., 2 amp,,

2, HIGHGATE H

H. H. LINTON & C° L™

Mountview 9431

o’ ROLA P.M. LOUDSPEAKERS.
With Transformer, Sin., 22/6 ; 6{in., 25/6 ;
gin., 29/6.

1IGH STREET, N.6
' Without Transformer, Sin., 17/9 ; 6§in., 19/9 ;

6.3 v., 3 amp., 28/-. 200/250 v, 350-0-350
120 m.a., 5 v., 2 amp., 6.3 v, 3 amp., 376.
210/250 v., 6.3 v., Samp., 5 v. 2 amp., 350-0-350
75 m.a, Chassis mounting. Shrouded, 39/6 ea.
200/250 v., 4 v. 3 amp,, 4 v. 6 amp., 350-0-350,
120 m.a., 39/6 each.

LOUDSPEAKER TRANSFORMERS.
SPECIAL OFFER.

Philco Pentode, 4/6 ; Heavy Duty Pentode,
7/- 3 Multi Ratio, 8/- ; Heavy Duty Multi
Ratio, 10/6.

ELECTRIC SOLDERING IRONS,
60-watt, with Flex, 200/250 volts, A.C./D.C.,
Chrome-Plated, best quality, 12/6, tax

\free .

8in,, 24/-. Only a few left,

CHROME-PLATED ELECTRIC BELLS
with Transformer, A.C. 200/250 volts, sup-
plied with instructions for fitting, 15/, tax
free, WORTH DOUBLE, Do away with
that old ** Leclanche ** cell or dry battery and
fit a reliable door bell,

ELECTRIC APPLIANCE LEADS.
6 ft. long, With connector one end for kettle,
iron, radio, tosster, etc, Light adaptor or
2-pin plug other end, 5/9 each.
Two-Way Line Cord replacement for Midget
Receivers, 7/6.

POST ORDERS ONLY

[ )
€.0.0. or Cash with Order.

Carriage Paid

CELESTION, 8tn., P.M,,with Transformer, 25/6.
ROLA, 8in., ENERGISED, 2,000 ohm, without
Transformer, 27/6.

FIRE BARS WITH ELEMENT.
Flat Type, 200/250 volt, 750 w., 3/9 each.
ROUND TYPE BAR.

With Spiral, 200/250 volt, 7SO w., 3/9 each.
BOWL FIRE ELEMENTS.

Edison screw, 600 watt, §/6 each.
SUNDRIES.

4-way Battery Leads, with wander plugs, best

quality, 1/3 each,

Immersion Kettle Elements, 230/250 v.,
1,000 watt, 22'6 each.
Iron Connectors, 1/6 each; 2-pin S amp.

plugs, 12/~ doz.; Insulating Tape (best
quality American), 3/- per Ib,
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One too many

IN these days of high endeavour the manufacturer must some- |
times feel rather like an anxious juggler, half wondering |
whether the next ticklish problem will be one too many for

him. With all his ingenuity in organization he may find it
impossible to increase output still further without some impair-

ment of quality. It is here that Simmonds can help.
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Battery Shortages

Important Aspect of Broadcast Receiver Maintenance

the shortage of dry-cell batteries of various

kinds, and it has been disclosed that much
of the scarcity from which we have suffered during
the mid-winter period. of ‘‘peak’’ demand has
been due to the exceptional requirements of our
Forces in North Africa. It would seem that wire-
less HT batteries have not been quite so scarce
as other types; that is understandable, as there is
little valid reason why the demand for them should
have increased since the outbreak of war. It is
easy to understand how the black-out and other
wartime causes are responsible for a greatly in-
creased consumption of, for example, torch and
cycle-lamp batteries. But there is no doubt that
HT batteries are scarce, particularly in some parts
of the country, and many listeners without a mains
electrical supply cannot keep their sets working.

We regard this matter as of even greater import-
ance than the maintenance of mains-fed broadcast
receivers, and consider that those dependent on
batteries for news and general wartime informa-
tion deserve special consideration. Speaking
broadly, they are country dwellers, and represent
the most isolated section of the community. They
are often cut off from other sources of information,
and the present restrictions on transport tend to
accentuate their isolation.

Standardisation and the reduction of types as
an aid to economical production is very much in
the news in wireless circles at present; and, as
reported elsewhere in this issue, it is proposed in
the U.S.A. to use this principle to ensure the con-
tinuance of civillan broadcast reception in that
country. We understand that some measure of
standardisation of HT battery types is already in
force here, and, without suggesting that it is likely
to prove a panacea for all our troubles, would
recommend that all the various possibilities be
fully examined. By reducing the present mul-
tiplicity of types and sizes, it might be possible to
increase production to a worth-while extent.

Of course, the elimination of many of the present
types and sizes of batteries would introduce diffi-

MUCH publicity has recently been given to

culties. For example, a standardised type of bat-
tery might not fit into the space available for it in
certain types of receiver. But, after 3} years of
war, it hardly seems unreasonable to subject a
few set users to the inconvenience of installing a
replacement HT battery externally when there is
not room for it inside the cabinet. To simplify
matters for those with no knowledge of these
things, suitably insulated adaptor connections
might be supplied for use in such cases. In addi-
tion to questions of physical dimensions, there are
many others, including those of voltage, inter-
mediate tappings and other matters which compli-
cate the position and make the question of
standardisation all tbe more difficult. The diffi-
culties are enhanced by the lack of skilled
service-men to make any minor adjustments
that are needed when a replacement battery is
fitted.

Foolish Extravagance

When the President of the Board of Trade spoke
recently on the battery position, he complained of
extravagance in the use of torch and cycle bat-
teries ; he might have added wireless HT batteries
as well. It is doubtful if we can now afford the
luxury of an all-day stream of broadcast entertain-
ment from mains-fed receivers; it is certain that
we cannot expect it from battery-fed sets. The
general public fails to realise that a battery has a
strictly determinate life, and that it is a foolish
extravagance, under present conditions, to allow
a battery-fed receiver to go on working unless the
owner really wants to hear the programme. That,
of course, is obvious to readers of this journal,
but not, to judge by our own observation, to the
ordinary listener. Useful work could be done in
emphasising this point, and it is hoped that no
opportunity for doing so will be lost. The B.B.C.
might broadcast reminders on the subject, and at
the same time might stress the evils of hoarding,
explaining that to buy a battery not required at
the moment is more than unfair; it is apt to be
useless from the buyer’s selfish point of view.
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AMPLITUDE MODULATION
UP TO DATE

Improving the Efficiency of Low-powered RT Transmitters

ECAUSE frequency modula-
tion is very much in the lime-
light these days it must not

be thought that technical interest in
amplitude modulation is exhausted.
In fact, many interesting develop-
ments in amplitude modulation sys-
tems of high efficiency for small-
power transmitters have taken
place recently in America and some
account of these will no doubt be
of interest to readers of this jour-
nal.

The first system is termed, the
cathode modulation system, which
shortly before the war was intro-
duced into amateur circles in
America, and appears to have been
extremely popular. This popularity
is no doubt due to the fact that it
combines the advantages of both
plate and grid modulation.

In the normal grid and suppres-
sor grid types of modulation, which
are often termed. ‘‘ efficiency modu-
lation’’ systems, the effect is
roughly that the modulated stage
runs at a lower efficiency when un-
modulated than a normal Class C
stage, and operates at a greater
efficiency on the modulation peaks,
this being obtained in practice by
reducing the radio-frequency exci-
tation and increasing the grid bias.
Compared with anode modulation,
where the radio-frequency excita.
tion may be adjusted for slight
overdrive and the plate efficiency
may be as high as 75 per cent. or
so, the grid modulated stage is not
likely to exceed an. efficiency of
40 per cent. in converting DC
power from the high tension supply
into high-frequency power. In
other words we may expect to ob-
tain about half the carrier output
for the same power input applied
to a Class C anode-modulated stage.

However, what is far more
serious, is that owing to the lowered
plate efficiency, the actual power
dissipated by the valve as heat is
increased. When running at the
limits of rated heat dissipation, the
grid modulated stage is capable of
much less actual carrier output
than an anode modulated stage.
Thus, taking the case of a valve
rated to dissipate 10 watts as heat,

By
O. J. RUSSELL,
B.Sc. (Hons.)

under normal Class C conditions at
75 per cent. efficiency, the actual
power input can be 40 watts,
with a carrier output of 30 watts of
RF energy. A grid-modulated stage
dissipating 10 watts with an etfi-
ciency of about 40 per cent. would
produce at the most about 7
watts of actual carrier output. It
should be remembered that a grid-
modulated stage dissipates most
heat when unmodulated, for then
the efficiency is lowest. An anode-
modulated stage, on the other
hand, only dissipates the maximum
power upon the relatively transient
modulation peaks. The result is
that, although a Class C stage
when anode modulated is usually
run -with slightly lower input
than is permissible for telegraphy
working, the reduction is not great,
for overload only occurs for rela-
tively transient periods. The net
result is that the actual carrier
power available from an anode
modulated stage is of the order of
four times the output to be ob-
tained with a grid modulated stage
for the same
anode heat wast-
age.

Cathode modu-
lation enables the
difficulties inher-
ent in orthodox
grid modulation
systems to be
overcome. As the

Fig. 1. Basic
circuit for
cathode
modulation

v

the chassis potential, and hence
with respect to the grid potential,
the effect is an increase in the nega-
tive grid bias with the result that
the anode current falls. However,
as the cathode swings more positive
with respect to the chassis, the
effective anode-to-cathode poten
tial is reduced, as the anode is held
at a fixed positive potential above
the chassis. This has the effect of
lowering the effective value of the
anode-to-cathode voltage, which is
equivalent to a reduction in the
total high-tension potential ap-
plied. This results also in a fall in
anode current.

When the cathode is swung more
negative by the modulating wave-
form the conditions are reversed,
and both the resulting grid and
anode voltage swings tend to in-
crease the anode current.  Thus
the modulating signal when applied
to the cathode circuit results in vol-
tages appearing on both the anode
and grid which are in phase. As
there is a certain amount of anode
modulation produced some power
is actually supplied by the modu-
lator to the anode circuit, although
this is much smaller than the
amount supplied by a normal
anode modulator. In the cathode
modulation system this is equiva-

name implies, the
low - frequency
modulating im-
pulses are injected

into the cathode
circuit of the “/‘-""-’-"O < |
Class C stage as
shown diagram- T

MODULATION

matically in Fig.
1. The cathode
circuit may be regarded as com-
mon to both the anode and grid
circuits. Thus, if the cathode is
made more positive with respect to

|||I

lent to only about 20 per cent. to
30 per cent. of actual anode modu-
lation, the remaining 70 per cent.
to 8o per cent. of the modulation
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depth is supplied by the grid modu-
lation that is also produced by the
cathode-applied modulation. Con-
sequently if we swing up to full
plate efficiency at a point that cor-
responds to 70 per cent. to 8o per
cent. modulation, our plate
efficiency when not modulating is
higher than with straight grid
modulation, and inay approach 6o
per cent. or so.

S NANY/
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with normal anode modulation.

Cathode modulation would there-
fore appear to be an ideal solu-
tion of the problem of obtaining
grid modulation having an effi-
ciency not greatly inferior to anode
modulation. It must be remem-
bered that the idea of simul-
taneously applying modulation to
both the anode and grid circuits is
not new. However, by applying

v

RF

AF

\/ a

MODULATED RF

Fig. 2. An old friend—I00 per cent. sine wave amplitude modulation

This means that employing our
hypothetical valve with a rated
dissipation of 10 watts we can for
now obtain a carrier output of
about 15 watts as compared with
the permissible 7 watts when
operating with grid modulation,
and the 30 watts obtained with
anode modulation. Owing to the
greater efficiency we are not far
short of anode modulation condi-
tions in this respect. In other
words, assuming we are limited to a
1o-watt actual power input to our
final amplifier stage, an anode
modulated stage might give about
8 watts of actual RF power, a
cathode-modulated stage "6 watts,
while the grid-modulated stage
would. give about 3 to 4 watts. .

Circuit Economies

The radio-frequency drive power
required for the cathode system is
about the same as that for a nor-
mal Class C telegraphy stage, or
rather less than the requirements
for a plate-modulated stage. Also,
the cathode-modulated amplifier
has a lower peak plate current than
with anode modulation, which re-
sults in longer valve life. The peak
plate voltages are also reduced, so
that the tank tuning condenser
need have only two-thirds of the
spacing required for a comparable
plate-modulated stage. The actual
audio power requirements are
about a quarter of the requirements
for anbde modulation. Thus, we
may use a small output pentode
giving 5 watts of audio to modu-
late an RF amplifier stage having
an input of up to 5o watts, with a
carrier output only a little less than

the modulation into the cathode
circuit an elegant solution of the
problem is obtained. It is also
claimed that by its use modulation
depths of 200 per cent. to 300 per
cent, may be obtained without
overloading the transmitter.

To see how this is achieved let
us briefly consider the process of
modulation. Fig. 2 represents the
high-frequency carrier, a sine wave
modulation signal and a resulting
carrier just modulated to a depth
of 100 per cent. As has been ex-
plained in countless writings on the
subject, for 100 per cent. modu-
lation the carrier wave is reduced
to zero on the negative peaks of the
modulating wave, and swings up
to twice its unmodulated value on
the positive peaks. If we assume
we are anode-modulating a perfect
Class C amplifier stage, where the
amplitude of the RF voltage out-
put varies directly and linearly
with the value of applied anode
potential, then our modulating
signal must swing the anode volt-
age to zero on the negative peaks,
and to double the actual DC high-
tension potential on the positive
peaks.

In practice a Class C stage is not
exactly linear, especially when the
anode approaches zero volts, and
to avoid distortion the modulation
depth is usually not carried quite
to the 100 per cent., limit. The
actual modulation depth which can
be attained without serious distor-
tion is termed the modulation
capability of the particular trans-
mitter in question. To returmn to
the perfect case of Fig. 2, it is easy
to show that for a modulation
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depth of 100 per cent., the low-
frequency power required is equal
to half the actual DC power input
to the modulated stage. The modu-
lator stage, therefore, is designed
to be capable of delivering an un-
distorted output of at least this
amount to the high-frequency am-
plifier stage. Thus, a so-watt
Class C stage requires a modula-
tion amplifier capable of supplying
25 watts of sine-wave modulating
waveform.

The actual waveforms of speech
are considerably peakier than pure
sine waves. This means that for
the same voltage swing a speech
waveform represents rather less
actual power than a sine wave. In
other words, although a complex
speech waveform and a sine wave
may have the same voltage swing,
their RMS value will be different.
The sine wave in general has a
higher RMS value than the narrow,
peaky waveform. However, from
our discussion on modulation it
would appear that to fulfil the re-
quirements of 100 per cent. modu-
lation we shall require exactly the
same voltage swing as when using
a pure sine wave. Our speech am-
plifier must still be capable of
handling this voltage swing ; we are
thus not able to use a smaller
speech amplifier, although the

actual energy in a speech wave- °

form is less. Actually, the power
in a speech waveform is only about
half that in a sine waveform of the
same peak power.

The above reasoning about
speech waveforms assumes that
even if they are peaky they are
symmetrical. It appears that this
is not really so, providing the
extreme low frequencies are attenu-
ated. The appearance of speech
waveforms under these conditions
is sketched in Fig. 3. The peaks
are all in one direction, and those
marked A may have an amplitude

~

AANN

+

Idealised asymmetrical
speech waveform

Fig. 3.

which is from two to three times the
amplitude of the peaks marked B.
If we apply such a waveform to

.
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Amplitude modulation—

modulate a transmitter, we can
obviously apply it in two ways. If
we arrange the polarity so that it
is the sharp peaks which just swing
the carrier to zero, we obviously
do not swing the carrier upwards
on the positive peaks B to anything
like the full height of twice the un-
modulated carrier. However, we
cannot increase the amplitude of
the modulating signal any further,
as otherwise we shall be cutting the
carrier off completely for consider-
able periods on the negative peaks
as we swing the anode voltage nega-
tive. This, of course, represents
considerable overmodulation and
distortion. Now if we reverse the
polarity of the wave, the sharp
peaks will swing the carrier just up
to double its unmodulated value on
the positive peaks, but the negative
peaks B will not swing the carrier
down to just zero. If we increase
the amplitude of the modulating
signals so that the blunt peaks B
swing the carrier level down to
zero, then in the positive direction
we must be able to swing up on the
sharp peaks to an amplitude which
may be two or three times as great
as the normal value of double the
carrier level necessary for modula-
tion with symmetrical waveforms.
Thiswould correspond tomodulation
- depths of the order of 200 per cent.
to 300 per cent., and corresponding
apparent increase in the loudness
of the signal on a receiver. The
reverse case would correspond to a
signal weaker than we should
expect for the depth of modulation.
Both of these conditions correspond
to 100 per cent. modulation, how-
ever, assuming our Class C ampli-
fier is capable of handling the exces-
sive peaks linearly.

A cathode ray tube connected to
show the trapezium modulation
figure would give a triangle in both
cases when we are just swinging the
carrier to zero. In the case where
we have peaks extending into the
200 per cent. to 300 per cent. posi-
tive region, however, our triangle
would be much wider than if we
were modulating 100 per cent. with
a sine wave. In the case where the
high peaks are arranged to swing
the carrier down to zero, we should
again get a triangular figure, only
it would not open out in the posi-
tive direction to the same extent as
with sine wave modulation.

These cases are illustrated in Fig.
4, together with the trapezium
figures to be expected on a cathode
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ray tube. The advantage of using
the condition where we expect to
swing the carrier into the 200 per
cent. positive modulation region is
obvious, for we should be radiat-
ing a signal of something like four
to nine times the power obtained by
using the reverse polarity. Even if
we do not expect to get as much
improvement as this, there should
evidently be considerable increase

without introducing - some distor-
tion.

As the modulating voltage swings
in a positive direction must be two
or three times that required for
normal modulation, the speech
amplifier must be capable of hand-
ling this swing, which is equivalent
to from four to nine times the
power capability required for nor-
mal anode modulation. However,

Fig. 4. Trapezium cathode ray figures corresponding to three possible
methods of applying asymmetrical modulation (a) with higher peaks
applied to swing carrier to zero. (b) with same amplitude but reversed
polarity—carrier not reduced to zero (c) modulation applied in the same:
sense as (b) but with maximum permissible amplitude showing increase

in power output.

In all cases X is the unmodulated carrier swing and Y

the maximum positive swing.

possible. . It is obvious that to use
this system successfully consider-
able care must be taken. A cathode
ray tube is essential for checking
the operation, the Class C final
amplifier requires some attention to
ensure that it can handle the ex-
tended peaks, while there is the
possibility that the detector circuits
of a receiver may not be able to
bandle the increased modulation

a Class B type modulator could
probably handle these peaks with-
out having to be quite so large as
might be expected. As the valves
in a Class B stage normally each
handle only one-half of a modula-
tion cycle, one valve would supply
the very high peaks, and the other
valve the lower rounded peaks. In
the interests of valve life, it might
be advantageous to change the two
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valves over occasionally, to equal-
ise their loads. It must also be
remembered that the valves in the
Class C amplifier stage should be
capable of handling the increased
peaks, and also the tank tuning
condenser should have increased
spacing, if necessary, in order to
avoid flashover on the modulation
peaks. However, in the case of
transmitters where the input to the
final amplifier is limited arbitrarily
to a low value, this system should
enable very effective use to be
made of limited inputs, as a 10-
watt input should give roughly the
same effect as a normal 4o-watt
transmitter with this system. It is
likely,. however, that with higher
power transmitters such a large
gain might not be achieved, owing
to the increased risk of spurious
radiation being produced by slight
errors of adjustment. The increased
cost of modulation equipment is
also to be considered.

A further point of interest
is that it is stated that only
male voices show this asym-

metric effect, while apparently if
one inhales while speaking in-
stead of exhaling the polarity of
the waveform is reversed. Nor-
mally the polarity of the waveform
is adjusted by reversing the micro-
phone connections. It does not
appear to be known whether an
American accent is advised for the
best operation of this system.

It is perhaps worth while to add
a note upon the question of the fre-
quency response for the greatest
effectiveness in a communication
transmitter, as opposed to high
fidelity requirements. In an article
published in the July, 1939, issue
of Radio, J. W. Paddon (GzIS)
discusses this point from the results
obtained from an exhaustive series
of tests. He evolved from these
tests a curve showing the response
characteristic_ for a speech amplifier
to give maximum intelligibility for
long-distance work. The curve
consists roughly of a flat portion
from about 200 cycles to 3,000
cycles, with a sharp attenuation of
frequencies above 4,000 cycles and
below 100 cycles. This is an in-
teresting and understandable result.
The frequencies above about 3,000
cycles add little if anything to the
intelligibility of a speech signal, and
consequently may very well be dis-
pensed with, especially as the
radiation of these higher frequen-
cies, when working in a crowded
band, results in considerable inter-
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ference of the sideband splutter
type. 1f only the top frequencies
are removed, however, the resulting
speech will sound boomy and low-
pitched. The boomy effect can be
largely removed, and the general
balance is easier to follow, and more
pleasant to listen to, if the low
frequencies are also attgpuated.
Other workers on the question of
the overall balance of reproduction
of a receiver have found that the
most pleasing response with a re-
stricted frequency range may be
obtained if the low-frequency cut-
off multiplied by the top cut-off fre-
quency gives a value of about
400,000.

1t is hoped that the above may
have been of interest to those in-
terested in speech transmission, and
that some of the points raised may
have cleared up some of the legends
surrounding the modulation ques-
tion. The extended peak modula-
tion, for example, may possibly
explain why some amateur trans-
mitters were able to obtain increases
on their aerial ammeters far in
excess of that to be expected on
normal modulation. I have person-
ally seen the feeder current doubled
by an amateur using Class B modu-
lation. On the other hand, the
asymmetric nature of speech no
doubt varies in different people,
and might explain also why some
people did not appear to get very
good results with some modulation
systems. Some of the old-timers,
who adopt as their motto the prin-
ciple that ‘‘ theory isn’t practical,”’
have 'informed me that the secret
of good results was to overmodu-
late, saying that this could be done
‘“without the carrier breaking,”
that is, cutting off on the negative
peaks, ‘implying by this that the
theoretical explanation of modula<
tion was wrong. However, it would
appear that while they may have
been right in practice, the theory is
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still correct, but when speech
waveforms are used it may be
slightly modified.

In these cases Class B modu-
lators were used, and I have long
had a suspicion that it might be
possible for the surges in the modu-
lator circuit, which correspond to
the modulation envelope, to be
transferred via the modulation
transformer to the Class C RF
anode circuit giving the effect of a
surge upward of the high-tension
potential at low frequency, thus
enabling slight overmodulation to
occur without cutting the carrier.
There appears to be grounds for
this, as some reports seem to indi-
cate that with a Class B modulator
some signal appears to be radiated
even when no high tension is
applied to the RF amplifier.

However, the points raised in the
foregoing should provide material
for considerable experimenting
some time in the future, and open
up possibilities of increased effi-
ciency with limited inputs. The
restricted frequency response would
appear by itself to offer some help,
as byremoving the power that would
otherwise be radiated in the fre-
quencies that are not required, the
total power is concentrated in the
limited band of frequencies for in-
telligibility, and these may be
radiated at a higher intensity than
with a full bandwidth.

“PAPER GOES TO WAR"

SOME very interesting develop-

ments in the use of paper in the
construction of wireless accessories
for the Forces were to be seen at the
recent exhibition ‘‘Paper Goes to
War’' at the Royal Exchange,
London. Sixty sheets of paper,
impregnated with synthetic resin, are
used for the laminated panels of air-
craft receivers. Visitors to the exhi-
bition saw that waste paper is indeed
a ‘‘weapon of war.” '

either by letter or telephone.

TECHNICAL INFORMATION

Suspension of Individual Service

HORTLY after the outbreak of war, it was decided to suspend the
service formerly conducted by our Technical Information Bureau.
This decision, arrived at with regret, was brought about by shortage

of technical staff due to the demands of the Services.
energies of those who remained could most usefully be employed in the
production of the journal, and not in dealing with individual queries,

Readers are reminded that this suspension is still in force, and must
remain so as long as the present conditions exist.

It was felt that the
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AUTOMATIC CIRCUIT CHECKING

Design of Apparatus for Increasing Speed and Reliability

FTER wiring, the first electrical
test applied to a radio chassis
is generally a circuit check.

This enables component values to
be checked and wiring faults to be
discovered, and so avoids the
possibility of damage when power
is applied to the receiver. This
test is usually made with an ohm-
meter, the operator making con-
nection between appropriate points
with a pair of prods, and comparing
the reading obtained with a list of
standard values. By paying careful
attention to the sequence in which
the circuit is checked, it can be
ensured that a minimum of range
changing is required on the ohm-
meter, and the test is relatively
simple. It is, however, a tedious

R3

Basic circuit of differential
amplifier,

Fig. 1.

operation in which the chance of
error or omission due to the human
element is fairly high; even with
an operator who is familiar with a
particular receiver the test takes
a long time.

If a receiver is examined, it will
be found that a large part of the
circuit can be checked by measuring
from each valve pin to earth.
Hence a certain amount of simplifi-
cation can be achieved by plugging
a connector into each valve socket
in turn and using an ordinary
““ wafer switch ”’ to select the pins.
This method reduces the chance of
points being left out, but there is
still the list of ohmmeter readings
to be compared. The necessity of
taking a long list of ohmmeter

By
H. T. G. BISSMIRE,
AM.LEE., and
S. N. DAVIES,
M.A., B.Sc.

(Murphy Radio, Ltd.)

readings is undoubtedly one of the
most tedious parts of the operation,
and if it could be eliminated a
considerable simplification would
result.

It seems, therefore, that the
ohmmeter check could be (a) made
more reliable, (b) simplified (from
the operator’s point of view), and
(c) speeded up. The apparatus to
be described is the result of an
attempt to achieve some improve-
ment on these three points.

The circuit diagram of a par-
ticular receiver was studied; it
was found by plugging into valve-
holders and other convenient
sockets, to be possible to cover the
whole circuit. The number of
impedances to be measured was
46; this enabled a single uni-
selector switch of the type used in
automatic telephone exchanges to
be used for selecting the im-
pedances. If the circuit had con-
tained over 50 impedances, more
than one uniselector would have
been required, and the test arranged
so that they followed on one after
the other.

There are now the two alter-
natives. (a) To connect up to an
ohmmeter and step
the uniselector
round by hand, this
being a refined ver-
sion of the wafer
switch and connec-
tor test. (b) To
arrange matters so
that if the imped-
ance under test was
within tolerance
the uniselector
would step on,

Uniselector switch

of the type used in

the automatic cir-
cuit tester.

while if it was outside tolerance the
uniselector would stop.

Since the tolerance on a com-
ponent can be either negative or
positive, a method of test was
required to give a result that de-
pended only on the magnitude and
not on the sign of the error. In
addition, the effect of a given per-
centage error must be constant over
a wide range of impedance values.
The circuit arrangement which
seemed to meet both these require-
ments was the differential valve
amplifier.

Circuit Principle

Consider the circuit of Fig. 1.
If R1 and Rz are equal, the AC
voltages applied to the grids of
V1 and V2 will be equal in magni-
tude but opposite in phase ; there-
fore, if V1 and V2 are matched, the
voltage appearing across R3 will
be zero. If Rr and R2 are not
equal, a voltage whose magnitude
depends on the difference between
R1/(R1 4+ Rz2) and R2/(R1 + Rz2)
will appear across R3.

The magnitude of this voltage
will be constant for a given per-
centage difference between Rr1 and
Rz, for all values of R1 and Rz2
that lie between the limits at
which (a) R1 4+ Rz is no longer
large compared with the impedance
of the source, (b) R1 and Rz are
no longer small compared with the
input impedance of V1 and V2.

It is possible to ensure that no
errors arise from (a) by making




the impedance of the source low
compared with the smallest value
of R1 4+ Rz, and, since the test
will be operating at audio-frequency
(b) can be neglected for all ordinary
values of Rr and R2. Therefore,
if it is arranged that the uniselector
connects in place of Rz each im-
pedance to be measured, and that
if at the same time it connects in
place of R1 a series of chosen
standard impedances there will
appear across R3 a series of vol-
tages proportional to the errors in
the impedances under test.

These voltages must now be
made to control the driving coil of
the uniselector. Consider the cir-
cuit of Fig. 2 and assume that the
voltage V between grid and cathode
of the gas-filled triode is zero.

OF UNISELECTOR

S

DRIVING COIL

Control circuit of wuni-

selector switch.

Fig. 2.

The condenser C will be charged

through the resistance R4 until
the P.D. across its terminals be- |
comes equal to the striking voltage |
of the gas-filled triode at zero grid |
When this point is reached |

volts.
the condenser C will discharge

through the gas-filled triode; this |

discharge will cause the relay A
to operate, opening the switch S
and interrupting the current
through the driving coil of the
uniselector. As a result the uni-
selector will be advanced one posi-
tion. When the condenser voltage
falls to the value at which the
gas-filled triode stops conducting,
the discharge ceases and the con-
denser once more charges up to the

striking voltage, the above process |

then being repeated. Hence the
uniselector will be stepped on at a
rate depending on "the time con-
stant of the R4 C circuit.

If V is made sufficiently negative
the striking voltage of the gas-
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filled triode will be raised until it
exceeds the HT line voltage; the
condenser C will be unable to dis-
charge; the relay A will not
operate and the uniselector will

()

Passing on from the oscillator,
consider Z; and Z, (Fig. 3). Z,repre-
sents the impedance under test,
while Z,, which is built into the
apparatus, represents the standard

Zs
o CONTROL
DIFFERENTIAL AMPLIFIER &
OSCILLATOR CIRCUIT OF
AMPLIFIER RECTIFIER UNISELECTOR
Zy

Fig. 3. Schematic arrangement of automatic circuit tester.

stop. Therefore, by amplifying
the voltage appearing across K3
(Fig. 1), rectifying it and applying
it between grid and cathode of the
gas-filled triode, it can be arranged
that when the uniselector is con-
nected to a pair of circuits that are
out of balance by more than a pre-
determined amount, it will not
be stepped on.

From the foregoing discussion
it can be seen that an automatic
apparatus for circuit checking can
be made; a possible schematic
diagram is shown in Fig. 3.

It now remains to discuss one
or two practical points before
passing on to the complete circuit
diagram. Referring back to the
circuit of the receiver the largest
resistance to be measured is 2
megohms, while the smallest con-
denser is 150 ppF. In order that
the reactance of 150 ppF shall be
of the same order as 2 megohms the
oscillator frequency must be 1000
c/s.

impedance with which Z, is com-
pared. ’

Let Z, be the nominal value of
Z,and T be the tolerance expressed
as a fraction. The extreme values
of Z, are then Z, (1 +T) and
Z, (1 —=T).

Now the output voltage of a
differential amplifier is proportional
to the difference between the grid
voltages.

(a) When the test impedance is
Z, (1 + T) the output voltage is
proportional to

Z,(1 + T)V z, Vv

Z,+ Z,(1 +T)

Wheré V is the constant vol-
tage applied across the test and
standard impedances.

(b) When the test impedance is
Z, (1 — T), the output voltage is
proportional to

Z,V _Z,0-T)V

Za + Zn(I - T) Zs + Zn(I_T)

Top view of chassis showing connections from uniselector switch to
impedance standards.



70

Automatic Circuit Checking—
Since these voltages are to be
equal
1+ T) — 2, Z,—2,(1—-T)
Z,+2,0+T) Z,+Z,a1~-T
Which reduces to
Z,=2Z,(1 — T3}

Thus, in order that the voltages
due to equdl positive and negative
errors shall be the same it is neces-
sary to use as standards impedances
whose values differ slightly from
tie nominal values of the im-
pedances under test.

Turning now to the complete
circuit diagram (Fig. 4), V8 is the
audio-frequency oscillator, which
is of the negative transconductance
type. The output of this valve is
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fed into a beam tetrode (Va),
which enables the required output
voltage to be developed across a
load of 1 ohm; this load is con-
nected across the secondary of a
screened transformer. VI and V2
form the differential amplifier,
which is balanced by means of a
preset control in the cathode lead
of V1. The output from this stage
is taken to an amplifier (V3 and Vy)
via a preset input control which is
used to set the tolerance. The
output of V4 is rectified by Vs and
fed via the cathode follower V6 to
the grid of the gas-filled triode V7.

It will be remembered that the
receiver which it is desired to test
has only 46 impedances while a
50-way uniselector is used. The

four ‘“ spare ' positions are there-
fore used as follows :—On position
I, Z, and Z, are resistors that differ
by slightly less than the permitted
tolerance, while on position 2 they
differ by slightly more. Therefore,
if the apparatus is working cor-
rectly the uniselector should pass
I and stop on 2. On position 3,
Z,.and Z, are equal, this position
being used for balancing VI and
V2. On position 50, Z, and Z,
differ by a very large amount, so
that the uniselector will always
stop at this point.

Receivers are tested with the
apparatus as follows :—The various
plugs are connected. (The appa-
ratus is so arranged that it is not
possible to plug into the wrong

DRIVING COIL
OF UNISELECTOR

STARTING
SWITCH

[x
-

4 POLE S0 way
UNISELECTOR

WA

~
AAAAA A

VWV

AAAA
vV

lk

ANV
|
b—AA,

Fig. 4. Complete circuit diagram of automatic circuit testing apparatus.



sockets.) The starting switch is
pressed ; the apparatus should
pass position 1 and reject position
2. (Fitted to the uniselector is a
numbered plate indicating the
switch positions.) The starting
switch is released and pressed
again, causing the uniselector to
advance one position. The uni-
selector will now continue to step
on unless a fault in the receiver is
reached, when it will stop. If this
happens a note of the position is
made, and, as before, the unise-
lector stepped on to the next place
by means of the starting switch.
At the conclusion of the test, if
the set is a reject, the operator will
have a list of numbers from which
the faults may readily be located.
The apparatus which has been
built operates at 15 tests per second
so that a complete set can be
checked in a little over 3 seconds.
This type of apparatus will, of
course, find its chief application in
dealing with long production runs.
However, it can be used in develop-
ment work to a certain extent.
To do this it would be necessary
to duplicate the system of plugs
which is used for connecting up
the receiver under test. It would
then be possible to use a known
good receiver as the standard
arm.” This would necessitate the
acceptance of a rather looser toler-
ance than that used with a specially
selected * standard arm,” since it
is unlikely that all the components
of a good receiver will lie on the
mecan of the tolerances.
In conclusion, thanks are due to
Mr. D. J. Bridges for the photo-
graphs of the apparatus, and to
Murphy Radio Ltd., for permission
to publish this article.
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Basic Blectricity and Magnetism. By
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STANDARDISATION OF FIXED
RESISTORS

Agreement on Preferred Values and Tolerances

’I‘HE demand for composition-
type resistances by the Ser-
vices and Government Supply De-
partments is a heavy one, and to
ensure prompt delivery it has been
decided to limit the number of
available values to those listed in
the table.

It will be seen that the range
from 1o ohms to ro megohms can
be covered by 255 values if three
tolerance groups of 20, *Io and
+5 per cent. are accepted. For
most positions in a circuit, resist-
ances can be selected from the first
two categories and will be near

enough to function satisfactorily.
Before resistances in the 5 percent.
group can be specified the sanction
of the appropriate Government
Department must be obtained.
The agreement is the result of
consultation between the Inter-
Service (Communications) Com-
ponents Committee and representa-
tives of the manufacturers and
departments concerned. It does
not affect existing designs and con-
tracts, but will be brought into
effect for all new developments.
Wire-wound resistances are not
affected by the present ruling.

£209 +109% £5% | £20% +10%

10 10 10 1000 1000
11

‘12 12 1200
13

15 15 1500 1500
16

18 18 1800
20

22 22 2200 2200
24

27 27 2700
30

33 33 33 | 3300 3300
36

39 39 3000
43

47 47 47 4700 4700
51

56 56 5600
82

68 68 68 6800 6800
75

82 82 8200
s 91

100 100 100 | 10000 10000
110

120 120 12000
130

15 150 150 | 15000 15000
. 160

180 180 18000
200

920 220 220 | 22000 22000
240

270 270 27000
300

33 330 330 | 33000 33000
360

30 390 30000
430

470 470 470 | 47000 47000
510

560 560 56000
620

680 680 680 | 68000 68000
750

820 820 82000
910

+5% +20% +10% +5%
1000 100000 100000 100000
1100 . 110000
1200 120000 120000
1300 130000
1500 150000 150000 150000
1600 160000
1800 180000 180000
2000 200000
2200 220000 220000 220000
2400 240000
2700 270000 270000
3000 300000
3300 330000 330000 330000
3600 360000
3900 390000 390000
4300 430000
4700 470000 470000 470000
5100 510000
5600 560000 560000
6200 620000
6800 680000 680000 680000
7500 750000
8200 820000 820000
9100 910000
10000 1.0 Meg. 1.0 Meg. 1.0 Meg.
11000 1.1 Meg.
12000 1.2 Meg. 1.2 Meg.
13000 1.3 Meg.
15000 1.5 Meg. 1.5 Meg. 1.5 Meg.
16000 1.8 Meg.
18000 1.8 Meg. 1.8 Meg.
20000 2.0 Meg.
22000 2.2 Meg. 2.2 Meg. 2.2 Meg.
24000 2.4 Meg.
27000 2.7 Meg. 2.7 Meg.
30000 3.0 Meg.
‘33000 3.3 Meg. 3.3 Meg. 3.3 Meg
36000 3.6 Meg
38000 3.9 Meg. 3.9 Meg
43000 | 4.3 Meg
47000 4.7 Meg. 4.7 Meg. 4.7 Meg.
51000 51 Meg.
56000 5.6 Meg. 5.8 Meg
62000 | 6.2 Meg
68000 6.8 Meg. 6.8 Meg. 6.8 Meg
75000 7.5 Meg
82000 8.2 Meg. 8.2 Meg
91000 9.1 Meg
| 10.0 Meg. 10.0 Mog. 10.0 Meg.
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‘Q" of Quarter-wavelength Resonant Line

OW that very high fre-
quencies are coming into
general use, the breakdown
of ordinary circuit technique is
becoming more and more apparent.
Perhaps this breakdown is most
apparent in the design of the
ordinary tuned circuit, since at
these very short wavelengths the
required capacities and inductances
become so small that their physical
realisation becomes very difficult.
For these reasons, the use of trans-
mission line sections as tuned
circuits is coming into wider use.
For those unfamiliar with this
technique, it may be helpful to
recapitulate the line of reasoning
which led to its adoption. If, as
is nearly true at high frequencies,
wl. is large compared with R,
and «C is large compared with G
(where L, R, C, and G are respec-
tively inductance, resistance,
capacitance, and conductance per
unit length of line), then it can
be shown! that the sending end
impedance (Z) of a loaded line is
7_7 Z,cos Bl + jZ, sin Bl
? Z, cos Bl + §Z, sin pI

* See, for instance, ‘° Mathematics Applied to

By
J. McG. SOWERBY,
B.A., Grad. IL.E.E.

(By Permission of the Ministry of Supply)
Where Z,,

characteristic imped-
ance

terminating impedance
length of line

B = wyLC.

B is the imaginary part of the propa-
gation constant y used in abac
No. 4. If the line is one-quarter
of a wavelength long, and the trans-
mission velocity is that of light (or
radio waves in free space), then
Bl = =/2, and the sending-end im-
pedance becomes

] 2

2 7% _ 1
iz,  Z,

Short circuit the receiving end of
the line (Z, = o) and the sending
end impedance becomes infinity.
Open circuit the receiving-end of
the line (Z, = o) and the sending-
end impedance becomes zero. Thus
the quarter-wavelength shorted line
behaves almost exactly like the
familiar parallel tuned circuit, and
its tuned wavelength is, of course,

Z, =

r

!l =

Electrical Engineering,” by A. G, Warren, p. 280. four times its actual length.

0

ol A e —

ot V1

al y /7 2

L o7 /// (1) D=o-25"
5./ (2) «osr
2°° / / (3) =o7s"
w 5
=g A (¢) < 1o”
° e’// (s) = 8"
=
o 7} (8) =20"
g 8 (7) =2:s" -
© o3 (8) w=30"

||

CO-AXIAL LINE Zo=76-8 0
o
-] 20 40 (1] 80 100 cms
- u:{'n: uzrzn:s
WAVELENGTH= A
Fig. 1. Correction curves for ‘“end effect *’ Fig. 2. “Tapping

giving correction factor F for different wave-
lengths and values of D for a 76.8-ohm co-axial

line.

down ’’ to reduce damp-
ing introduced by the
valve input impedance.

Similarly the open-circuited section
corresponds to the series tuned
circuit.

It should be pointed out at once
that the impedance of the shorted
section will not be infinity—this
being an ideal value due to the
assumed absence of resistance—
but merely large, and the line will
yield a selectivity curve of the
usual shape. Like the ordinary
tuned circuit the line will have a
finite * Q" which—in the case of
the co-axial line—is given by? :—
o-kp L __ los.Did

p 1+Dj/d+42D/llog, D/d
Where f = frequency
p = resistivity of line ma-
terial (here assumed to
be copper throughout)
! = length (}A)
D = diameter of outer
d = diameter of inner
K = constant.

The D/l term at the right of the
formula represents end effects (loss
by radiation) tending to reduce the
Q, and for normal lines and wave-
lengths of upwards of one metre is
not of much importance. Since its
incorporation would make the abac
unwieldy this term has been neg-
lected. HoweVver, if great accuracy
is required the appropriate correc-
tion factor, F, may be calculated
from the formula

1+ D/d
1-+Djid+T’

0.338 DZ,

A
(D in inches, A in cms.).

A is the wavelength and D/d can
be found from the characteristic
impedance abac (Wireless World,
Jan,, 1943). Calculation shows that
the maximum “ Q"' for a quarter-
wavelength co-axial line of given
dimensions will be attained when
Z, = 76.8 ohms, and this is the
line which is most commonly used.
In Fig. 1 a family of curves has
been drawn showing the correction
factor F for different values of D
as a function of wavelength for this
optimum 76.8 ohm line. The reader
should have no difficulty in inter-
polating where necessary. Thus
the actual “ Q" will be the value

(Concluded on page 74)

where T

’

! Wave Guides,” by R. L. Lamont, p. 81.
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given by the abac multiplied by
the™ factor F (less than 1) deter-
mined either from the curves or
from the formula. However, since
the line is inevitably damped when
put to any useful purpose, the abac
value of “ Q" will be sufficiently
accurate for the vast majority of
cases if the wavelength is one metre
or more. There is little point in
performing similar calculations to
correct for the radiation loss of the
two-wire quarter-wavelength line,
since adjacent metal would pro-
bably have an equal effect.

What has been found by the
abac (with or without the correction
factor) is the ** Q ”’ of the line alone,
and coupling this, say, to the grid
of a valve will, of course, damp the
circuit. This damping may be
reduced by employing the old prin-
ciple of *‘ tapping down,” and a
shorted line in the grid of a triode
might well be connected as shown
in Fig. 2.

ROYAL SICNALS

apparatus.

In the above picture an instructor is seen tracing the
18 transmitter-receiver,
whioh is one of the standard infantry pack sets.

The power supply unit of a No. 11 transmitter-
receiver, which although obsolescent, is still widely used
in army trucks, is seen being tested in the lower picture.
The universal test set employed is of American manufac-
ture and combines output meter, multi-range meter,

circuit of a dismantled No.

valve test panel, etc.

IN PALESTINE

GREEK soldiers are among the men being trained at
the Royal Corps of Signals School recently estab-
lished in Palestine. The trainee signalmen acquire a first-
hand knowledge of the equipment they will be using
by locating faults and executing minor repairs in typical
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By-suitable choice of dimensions,
the “ Q" of a line section can be
made comparable .to that of a
crystal at frequencies above 10
Mc/s or so. In order to achieve
the same stability as a crystal it is
necessary to load the line very
lightly (e.g. by tapping down) and
to ensure the constancy of the line
length. To this end it should be
rigidly constructed and, in the best
apparatus, thermostatically con-
trolled.

The mode of operation of the
abac should be quite clear from the
key, but an exainple may be helpful
by way of illustration.

Example : It is desired to tune
a receiver to 50 Mc/s using a co-
axial quarter-wavelength shorted
line of characteristic impedance 75
ohms and sheath diameter fin.;
what is the *“ Q" of the line? Set
the ruler on the gauge point Z,
and join this to 75 ohms on the
co-axial Z, scale; a point of inter-
section is found on the frequency

scale. Join this point to o.7sin.
on the D scale and a point is found
on the reference line at the right;
join this point to 50 Mc/s on the
frequency scale, and the “ Q" of
the line is read off on the appro-
priate scale at the centre. It is
566. In this case F = 0.994 so
the corrected value of ““ Q *’ is 562.
The quarter-wavelength line used
in this way can obviously only be
tuned to one frequency. If it is
desired to cover a band of fre-
quencies it is necessary to load the
line with a- variable condenser ;
this point will be discussed later.

“ENGINEER SCIENTISTS

NTERESTING views in the higher
training of telecommunication
engineers were expressed in a paper
read before the Wireless Section of
the I.E.E. on February 3rd by Prof,
Willis Jackson, of Manchester Uni-
versity., The author, whose paper
dealt with university education and
industrial training, pleaded for more
effective co-ordination of engineering
and physics training at the under-
graduate stage; also that these
studies, as well as the full-time post-
graduate courses which were advo-
cated, should both be preceded dy
practical experience in industrial or
engineering work. The science of tele-
communications requires a steady flow
into its ranks of both pure and applied
scientists, and those whose training
Prof. Willis Jackson was discussing
were described as  ‘‘Engineer-
Scientists ’~—men capable of inter-
preting scientific progress in relation
to industrial possibilities, The author
pleaded for closer co-operation be-
tween the universities and industry.

-
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Electromagnetic Fields in Radio=Il.

PHYSICAL MEANING OF SOME
MATHEMATICAL NOTATIONS

N the previous article we derived
properties of electromagnetic
fields from the observed de-

flection of the beam in a cathode-
ray tube as used in radio. The
strcam of electrons experiences a
force perpendicular to its velocity
and to any magnetic field through
which it passes, the force being
proportional to velocity, field, and
charge. When we recognised the
equivalence of moving either charge
while magnet was stationary or
magnet while charge was stationary,
in turn, it was seen that an electric
charge can * feel ” a moving mag-
netic field as an electric field, and
a magnetic pole can “feel” a
moving electric field as a magnetic
field. By rewrit- A
ing our laws of
force and velo-
city in electro- 20
static and again
in electromag-
netic units, it
was found that
under certain

Fig. 1, Illustrating the
principle of vector addi-
tion.

conditions the electric and magnetic
fields can be considered as mutually
generating one another. This
special case occurs if both fields
move forward together with a speed
which is equal to the ratio between
those two systems of units,

This forward motion of alternat-
ing electric and magnetic fields
through space is, of course, what
we mean by the transmission of a
radio wave. But the reason for
there being a wave motion could
not be seen in the first equations
when the electromagnetic laws
emerged from the simple facts of
the electron stream upon which our
view has been based. We reached
Faraday’s law connecting line-
integral of electric field with rate
of change of magnetic flux, and
Maxwell’s law connecting line-
integral of magnetic field with rate

A thorough grasp of the physical

basis of electromagnetism, without

which the practical problems of wave generation and propagation cannot
be tackled with assurance, calls for a certain amount of hard mental effort

on the part of the reader.

If he can assimilate the contents of this

instalment, in which the essential mathematies are reduced to their simplest

form, he will have made the most difficult stride towards the mastery of the

subject and will be equipped to understand the practical aspects which
will form the basis of later articles in the series.

By MARTIN JOHNSON pisc.

of change of electric flux, but to
extract a radio wave these integral
forms must be replaced by the
equivalent differential forms known
as Maxwell’s equations. -
Accordingly, the present article
is given up to providing physical
meaning for the several expressions
in vector notation which lead to the
Maxwell equations. The latter
can then be seen as the translation
of the electromagnetic laws into
the new form required in discussing
radio waves. In particular, the
intimidating abbreviations ** div,”
" grad,” and ‘ curl” which close
the text-books against the un-
initiated, must be shorn of their
strangeness and made to act as
useful shorthand for physical opera-
tions of practical importance.

Line and Area Vectors, Through-
out any science capable of exact
treatment, it is useful to distin-
guish vector from scalar quantities.
Scalars are specified completely by
their size, while vectors require for
their specification not only their
magnitude but also their direction
and their “ sense "’ or sign of plus
or minus. In radio an electric
charge is a scalar quantity, and so
is a potential, but electric field-
strength is a vector since it denotes
a certain magnitude in a certain
direction. In diagrams a vector
may be represented by an arrow
whose length measures the magni-
tude and whose orientation with
respect to any fixed direction
represents the vectorial property
of being directional. Reversing the
arrow-head denotes reversing the
sense or sign from plus to minus,

The notion need be no more
complex if we are only interested
in lines or one-dimensional quan-
tities. Avea wvectors extend the
principle : we utilised surface areas
in the previous article, for instance,
when an electric flux was defined as
product of field with an element of
area, and it is often convenient to
represent some function of an area
by a line perpendicular to the area
and ‘to treat this line as a vector.
Length of the line, and its direction
and its arrowhead, may suitably
denote the size of the area and the
direction towards which it is to be
considered facing. .

Vectors are added, or ‘‘com-
pounded ”’ by the commonsense
principle which is self-evident in
the particular case of any vector
which represents displacement : to
move 20 yards southwards, then
another 40 yards south-east, is
equivalent to moving along the
dotted line of Fig. 1, which is 56}
yards south-south-east, as may be
verified on squared paper. This is
expressed by saying that AC in
the diagramjis the wvector sum of
AB and BC, and that the latter are
two possible components of AC.

——»>C

Fig. 2, Simple trigonometrical
relations exist when the components
of a vector are at right angles.

In the particular case where the
components are mutually perpen-
dicular (Fig. 2) they are simply
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calculable since AB = AC sin 8 and
BC = ACcos 6.

Products of Vectors and Scalars.
The expressions for electromotive
force used in the previous article,
as field and path and work done,
raise the question of what happens
if vectors are multiplied, either by
other vectors or by scalars. Such
manipulation of the kinds of quan-
tity described in the discussion of
radio introduces the following dis-
tinctions.

(a) Scalar product of two vectors:
this is the product of one vector’s
length by the other vector’s length,
multiplied by the cosine of the
angle between their two directions.
‘The net result becomes zero if the
two vectors are mutually per-
pendicular, but becomes an ordinary
multiplication of their magnitudes
if they are both in the same direc-
tion. For the cosine is a minimum
and a maximum for these two con-
ditions respectively. This scalar
product is often called the ‘‘dot
product ”’ and written with a dot
between the components

A'B=abcos 8

if a and b are the magnitudes of
the vectors A and B. The opera-
tion is equivalent to multiplying
either vector by the projection
upon it of the other. It may be
noticed that a scalar product of
two vectors is a scalar.

(b) Vector product of two vectors:
this is the product of the two
magnitudes but multiplied in this
case by the sine of the angle be-
tween them. This kind of product
is itself a vector, and may be re-
garded as the area of the parallelo-
gram contained by the two com-
ponents; according to our con-
vention of area vectors it may
therefore be seecn as a line per-
pendicular to the plane of the
original two. In contrast to the
dot product, it is zero when the
constituent vectors are parallel,
and a maximum when they are
perpendicular to each other. This
is called, and written, the ‘' cross
product,” A X B = absin 6.

(c) In distinction to these pro-
ducts, to multiply a vector by a
scalar gives another vector of n
times the size but with direction
unchanged.

It will be noticed that the line-
integrals employed in our previous
article are scalar products; this
fits the fact that field (vector)
multiplied by path (vector) gives
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work (scalar). Our definitions of
flux in that article may also be
regarded in the light of vector
theory.

The distinction between dot and
cross multiplication must next be
extended to a wider range of
‘ operations ”’ to be performed on
electrical quantities.

Derivatives and Operators. In
the earlier article we had occasion
to obtain the ‘‘ derivative,” or to
“ differentiate ’ some quantity of
importance to radio, meaning that
we needed to know the rate of
change of that quantity as it
varied in dependence upon some
other quantity. In electricity,
field is thus a derivative of potential
with respect to distance, for instance
in volts per centimetre. ‘‘ Scalar
differentiation >’ studies the rate of
change of any vector, say V, as it
varies in dependence upon a scalar,
say ¢; if, for example, V is a dis-
placement D and ¢ is a time, dD/d¢
is a velocity or rate of change of
displacement, and the ‘' second
derivative ”” d?D/d#? is an accelera-
tion or rate of change of velocity.

4 P
A
1
1
]
. i
y
i
o -7 x
3
y
Fig. 3. Projection of a vector on

three perpendicular axes.

If the vector V is a function of,
that is to say depends on, three
variables which can be represented
as lengths in three mutually per-
pendicular directions #, y, z, the
further notion of * partial deriva-
tive” becomes important. This
contains three possibilities : if the
conditions represented along y and
z remain fixed while variations
along x alone exert control over
the situation, the partial derivative
is OV /d#, while for each of the other
possibilities dV/dy and dV/[dz are the
partials while the other pairs of
variables in turn remain fixed.
The total change of V if all vary
together is

dV = M dx 4

Pk

oV oV
—d —d
by Y + oz z

0 P 0
= [adx + by«dy - gdz:|V

This illustrates how it is possible
to account for the dependence
of some electrical quantity upon
more than one controlling factor.
The conventional distinction in
shape of symbol, D instead of d,
usually denotes partial differentia-
tion when keeping in mind the
constancy of the remaining con-
trols.

It is often useful to emplo¥
““unit vectors” ; if ¢, 4, k, are line
vectors of unit length in the x, v, 2,
directions, OP in Fig. 3 is the
vector sum of its projections OX,
XQ, QP, which are themselves
scalar multiples of 7, j, k, so that
the total vector

V =\ -+ V5 + Vi
where V,, V,, V., are scalar com-
ponents of the vector V. The
notion can be further extended
until ¢, 4, k,-represent areas instead
of lines only.

We must now extend the methods
of multiplication of a vector to
other ‘‘ operations,” and we define
an operator p often called “* del”
as meaning in terms of our recent
notations,

L0, .0 0
v be +]by w kbz
Next consider how this operation
can be performed upon scalars
and vectors somewhat as multipli-
cation can; for potentials and
fields treated thus are a common
shorthand in radio literature.

The Operator “ Grad’’ or Grad-
ient of a Scalar. Ve have already
spoken in general of derivatives
as representing the rate of change
of a quantity when varying under
some control: but there is one
particular rate of change which is
important in electromagnetism,
known as the *‘ gradient.”” Actually
it is the maximum of all possible
rates of change for a scalar. For
instance, temperature and potential
are scalars; the potential due to a
distribution of static charges .will
show rates of change in different
directions, but the electric force at
any point is in the direction of
steepest rate of decrease of poten-
tial, perpendicular to the equi-
potential surfaces, and has a magni-
tude which is called the *‘ gradient ”’
of potential. Of a scalar S, “ grad
$' is therefore a vector field
quantity. This gradient can be
shown to be equivalent to the
operator ‘‘ del” applied to such a
scalar expressing the properties
of space at a given point. So in
terms of the unit vectors which



we used before,.
S, S S
= — —fj+—k= S
rS bx‘t + by] + > grad

This is the briefest shorthand for
expressing that the acting force is
in the direction of greatest rate of
fall of potential; for example, the
motion of electrons in valves.
Corresponding application might be
made to the flow of heat across
temperature * isothermals ™ or to
the fall of bodies across the equi-
potentials of gravitation.

The Operator “ Div*>’ or Diver-
gence of a Veetor. This in turn
is the application of **del” to a
vector instead of to a scalar, but
it is of a kind analogous to the
“ dot product ”’ discussed above.
W, W, W,
hi3 oy 0z
The dot notation is in accord with
a view that *‘ div >’ behaves some-
what as a scalar product of del and
the vector, and the ‘‘ divergence *
itself has scalar properties. The
name arises from the fact that it
represents the extent to which
lines of force in a field converge or
diverge, becoming denser or less
densely packed. For instance, in a
fluid the amount of * div”

p.V=divV =

ex-
presses the rate at which material
spreads from any point: if div
is not zero, either the fluid is ex-
panding or contracting or the
region is a source at which material
is entering or a sink into which it
is disappearing. In the electric
field non-zero div implies the
presence of charges: in the study
of heat it means there is a source
of heat or a spot Where temperature
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The Operator “Curl” or Rota-
tion of a Veetor. There remains
the possibility of a ** cross product ™
or p x V=ocurl V. It is equal,
in our previous notations, to

WV, av,,>, W, AV, .
(by dz 1+<bz—-bx>

(EVZ _ be>k
0¥ oy
The term * rotation ’ or ‘‘curl”

is due to the fact that it expresses
“ vortex ”’ or whirlpool properties
in a fluid, and if all spin in the fluid
vanishes the curl becomes zero.
For example, in the left-hand side
of Fig. 4 a small element of fluid
changes its orien-
tation in such a

B —
way as to have an A
axis of rotation, -
while in the right-

hand side the
orientation stays (2)
constant and .
whatever motion Tig. 5

the fluid is under- f, 50 o
X 8 . curl ”’;
going is irrota-
tional. In a case
of interest to radio, it will be found
that the curl of a magnetic field is
an essential way of denoting a
current density. Another useful
pictorial distinction (Fig. 5) be-
tween two of these operators
occurs in Hague’s book on vectors,
to which the reader seeking a full
and clear treatment may be
referred.*

Theorem of Gauss on Flux. The
remaining items required from the
mathematician’s tool-box are the
theorems of Gauss, Green, and
Stokes. With these the laws of
electromagnetism reach a form
Draw

is falling. The important case showing radio propagation.
N 3 any closed sur-
)Y N face S in a field
A F\Z\‘ represented by a
AXIS / \ AXIS ~ \ vector V. We
/ e \ / ~ i discussed the flux
| =~ . v . e through such
(a) () a su.rface in our
Fig. 4. Element of volume of a fluid during motion of Errf; li?luiur a:et(l;?:{

the fluid about an
and (b) of no “curl.”’

div V = O means that flow lines
are closed curves (as in the mag-
netic field of a current) or terminate
at the bounding surface (the electric
field of a condenser) or extend to
infinity. A vector satisfying this
condition is called * solenoidal”
or “ source-free” or ‘' tubular”
since the lines neither converge nor
diverge.

axis. (a) Shows condition of * curl "

dot notation it
may be rewritten
V-dS. The notation of the earlier
article gave the total flux or integral
over the whole area as ff VdS, where
we had used the double integral sign
to denote the two dimensions of
area. Now look at the same idea
in the light of our recent discussion
of ““div ”’: If there is an element

 «Vector Analysis for Physicists and Engineers "
by B. Hague. Methuen, 1939.

- —

(b)

Vectors illustrating the motion of fluid particles :
a) No *div'’ and no curl ’ ;
(c) “curl’’ but no div’’; (d) “div’’ and
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of volume dv enclosed by this
surface, the flux emerging can be
measured by div V dv. So it is this
quantity which can then be equated
to /fV dS. We shall usc the triple
integral gjgn to remind that three
dimensions are included in a volume,
and write fff div Vdv or in the del
notation fff p . Vdu.

This throws upon the definitions
of vectors and of flux the onus of
the theorem of Gauss, only one of
whose many forms is provided by
this equivalence between certain
volume and surface integrals.

For electric fields obeying the
inverse square law, Gauss’ theorem

f N
S
\

(d)

(<)

(b) ¢div’’ but no
¢ curl.”’

is convincingly demonstrated, since
the vector V is here E, the in-
tensity efr®. Hence the flux
JSEdS = 4me, the r* cancelling by
the definition of solid angle which
we explained in the previous article.
One or other form of the Gauss
theorem is the basis of all electro-
statics, for example, in treating
the fields in condensers.

Poisson and Laplace Conditions
in Space and in Material. We can
now put together several results
already reached to obtain the
static portion of the radio field.
The Gauss theorem is applied to a
vector, here the electric intensity E
perpendicular to a conducting sur-
face of aerial, resonator, etc. If e
is the total charge inside it is
equivalent to fff pdv which is the
volume integral of charge per unit
volume or charge density p. But
the flux emerging from the element
of volume was found to be fff div.
Edv so that the complete set of
equivalents is

J/EdS = 4me = 4n/]f pdv
— [ff div Edv

Since E was a *“ grad ”’ of potential
we have the effect of a double
operation, ** div grad *’ of potential,
equal to 4mp. Recalling what these
operators meant, div E p . E

= (-2—;-{—-%—4—;) intensity = 47p
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div. grad P = p?P
2 2 2
(ot +
ox% " oyt D22
The operator div can thus act upon
any vector denoting the sum of the
results of the action of th& operator
grad on each of the components.
This is the famous Poisson's
equation. For empty space p = o
and the equation becomes zero and
is then called Laplace’s equation.
The design of many types of
apparatus depends ultimately upon
deciding where certain conditions
are fulfilled near electrodes, aerials,
etc, and those expressed by the
Poisson and Laplace equations are
the first.

The Maxwell Equations of Elee-
tromagnetic Field in Free Space.
We have already utilised relation-
ships between volume and surface
and line integrals. The mathe-

) poterrtial = 4mp

matics has been much associated g

with the names of Green and of
Stokes. Green’s theorem is a purely
geometrical way of expressing a
volume integral throughout an
enclosed space in terms of surface
integrals over the boundaries of
the space. It can therefore be used
to derive the electrostatic work
connected with Poisson’s equation
which we evolved from first prin-
ciples. But the more important of
the relations for the radio field is
that of Stokes, connecting line and
surface integrals. It may be ex-
pressed : ‘‘ Line integral of vector
taken round circuit is equivalent
to surface integral of its curl taken
over any surface bounded by this
circuit.”
S Vds = ffcurl VdS

We recall that p X V=curl V

- (%2

dy o0 )
panying terms for each of the other
pairs of variables.

By this relation we now rewrite
the fundamental laws of electro-
magnetism. In the earlier article
they were derived from experiments
with an electron beam, and in
association with the names of
Faraday, Maxwell and Ampere we
wrote them:

. with accom-

/ Eds —— x rate of change of
o g magnetic flux
Hds =i>< rate of change of
o ¢ electric flux

/ Hds = 47ifc = 4nj
Jo .
Replace the left-hand side by each
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“curl” according to Stokes’
theorem :
%E, E, 1,
W 2 ¢t
9E, E, 1H,
2w ¢ ot
%E, E, 1 dH,
% ¢ ot
dH, H, 1 E,
d oz ¢ o
dH, H, 12E,
2 ¢ o
0H, 0H, 1 JE,
W@y

The first set, or curl E =—2 DD—I;I gives

the distribution of electric field
due to a change of magnetic
field. The second set, or curl

E
=% bb_t gives the distribution of

magnetic field due to electric
phenomena. In the case of current-
density written in the previous
notation, the additional term is
needed, curl H = 47j. We have
throughout omitted complications
due to negative sign.

[

These are Maxwell’s equations :
with that of Poisson they sum up
the whole of electrical theory. As
we have seen in the two treatments
of this and our previous article,
Maxwell’s equations do not express
the way in which we arrive at field
properties from experiment; from
experiment we only reach the
integral forms of the earlier article.
But those forms provide no reason
why the field should manifest itself
as radio waves in space, and we
propose next to see, as Maxwell
first did, that combining the “ curl ”
equations at once proves that radio
waves are an inescapable character
of the electromagnetic field, and
also proves many of their properties.

BAN LIFTED

IN response to many requests from
oversea, the ban on the export of the
Bell Systemn Technical Journal, which
was imposed nearly a year ago, has been
lifted.  The publishers, the American
Telephone and Telegraph Company, state
that the only issue published since the
ban was imposed was dated June, 1942,
and this has now been cleared by the
U.S. Board of Economic Warfare and
has been despatched to subscribers. The
first issue to be published since the lift-
ing of the ban is dated January, 1943.

APPEAL TO THE INDUSTRY
Wireless Contributions to the Red Cross

THERE are already indications
that the wireless industry is re-
plying generously to the appeal for
the Electrical Industries Red Cross
Fund, which was announced in our
last issue. A preliminary list of
covenanted subscriptions and dona-
tions, issued just before we went to
press, contains the names of many
wireless firms or of firms with wire-
less interests. Among those included
in the long list, which covers the
whole electrical industry, are:—

COVENANTED SUBSCRIPTIONS.

£ s
General Electric Co., Ltd., London .. 2,000 0
Murphy Radio, Ltd., Welwyn Garden

Citi'2 .............. e 210 0
Decca Radio & Television, Lt

don 200 0
Wireless & Electrical Trader 100 0
Wireless World and Wireless Enginee 100 0
Everett Edgcumbe & Co., Ltd.,

London ........................ 21 0
British Tungsram Radio Works, Ltd.,

London ........................ 20 0
Mycalex Parent Co., Ltd., Cirencester 10 0
Young (Glasgow), Ltd., Glasgow .... 10 0
R. E. & C. Marshall, Ltd., Chelten-

ham ... 4 4
Bideford Radio Service, Bideford .... 22

. DONATIONS.
Chloride Electrical Storage Co., Ltd.,
ndon 250 0
Falk, Stadelmann
ondon . ...................... 100 0
Telegraph _Construction & Mainten-
ance Co., Ltd.,, London ........ 50 0

Telegraph Condenser Co., Ltd., Lon-

L T,
Wingrove & Rogers, Ltd., Liverpool
Radio & Elec. Equip. Renters, London
Scottish Radio Retailers Assn. ......
London Electric Firm, Croydon ....
Wholesale Fittings Co., Ltd., Londen
ames Robertson, Glasgow
ames & Co., Ltd. (Raslio), London..

As stated last month, contributions
should be sent to the Electrical In-
dustries Red Cross Fund, $t. James's
Palace, London, S.W.1, and other
correspondence to the Joint Secre-
taries of the Fund, ¢/o The E.D.A.,
2, Savoy Hill, London, W.C.2.
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“WIRELESS ENGINEER "

’I‘HE problem of designing the in-
ductively coupled input circuit
of a receiver for optimum signal-to-
noise ratio is discussed in an article
in the February issue of Wireless
Engineer. Another article deals with
the calculation of the high-frequency
resistance of plated conductors.

The issue also includes some 350
abstracts and references.

Published on the first of the
month, Wireless Engineer is obtain-
able to order through newsagents or
direct from our Publishers, price
2s. 8d. (including postage).
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HE stem of a valve carries the
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the stem to make the necessary V S
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STANDARDISED COMPONENTS

THE recent announcement by the

U.S. War Production Board that
replacement parts for receivers are to
be standardised to such a degree as
to ensure the maintenance ot more
than go per cent. of the civilian re-
ceivers in use, falsifies the rumour
that due to a shortage of components
sets in America would go out of com-
mission at the rate of thousands a day.

It is stated that the plan will be
sufficiently comprehensive to ensure
the supply of replacemeats for all re-
ceivers manufactured during tle past
twelve years.

Production of valves has been sus-
pended by the Board to exhaust the
existing stocks before introducing the
scheme, which reduces the number of
types from 350 to 11o. It will be
recalled that an earlier Order reduced
the 700 pre-war types to 350.

Valves are the first components to
be dealt with under this plan. There
is also to be a reduction in the num-
ber of transformers and chokes from
155 to fourteen—including six power
transformers.

1t is also learned from Broadcasting
that there are to be nine varicties of
dry electrolytic condensers and eleven
types of paper tubular condensers.

The threatened shortage of trans-
mitting apparatus has resulted in an
issue of a questionnaire by the
Federal Communications Commission
to all transmitting stations—includ-
ing broadcasting—asking for details
of surplus apparatus; it is proposed
to form a pool.

RECORD SALVAGE

HE major gramophone record
manufacturers in this country
have recently issued a statement that
the further maintenance of adequate
supplies of records is dependent upon
the willingness of the public to return
old and unwanted records for re-use.
The Government ha® found it
necessary to conserve for more urgent
war needs the shellac and other raw
materials essential for manufacture.
Provided they were not issued prior
to the introduction of the solid stock
system of manufacture in about 1932,
and discs issued by the E.M.IL. and
Decca groups, irrespective of condi-
tion—if not actually broken—will be
gladly received by record dealers,
who will make an allowance for them.
It has been noticed that in some cases
dealers are paying as much as 4d. for
12in. and 2}d. for 10in. records.

“THERMAL” RADIO
N his usual end-of-the-year review
of radio in America, David
Sarnoff, president of the Radio Cor-
poration of America, laid consider-
able stress on the application of
radio-frequency heating. This appli-
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cation of radio technique is pre-war,
but in its war role it has assumed
greater importance and made remark-
able advances.

Among the applications of ‘' ther-
mal’’ radio enumerated by Mr. Sar-
noff are glueing, annealing, welding,

riveting, and even deactivating
enzymes. It is also claimed that
rubber may now be ‘‘radio-

cemented ”’ to wood or plastics.

Refeorring to television, Mr. Sarnoll
stated that its laboratory status is a
war secret, but those confident
of the success that marks wartime
developments expect ' television to
emerge from this war to make a great
post-war industry.

AMERICAN FM STATIONS

RECENT survey of FM stations

in the United States revealed
that there are at present 37 commer-
cial stations and eight experimental
transmitters in use. Some of them
are radiating a 24-hour service. In
addition to these transmitters there
are a further seventeen ’‘under con-
struction,”’ the building of many of
them, however, is delayed because of
the shortage of equipment.

AN APPLICATION of radio
technique has successfully been
employed by our Middle East Forces
for the location of mines in landing
grounds, etc., captured from the
enemy, The sapper hears a signal
as soon as the detecting frame
passes over a mine,
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HIRE PURCHASE

UNDER a new Order, which comes
into force on March 1st, the hire
purchase of many price-controlled
goods, including wireless receivers, is
prohibited.

The Order will not affect hire-pur-
chase agreements entered into before
the above date, nor will it prevent
the making of a new agreement in
order to readjust the terms of aun
existing contract made at the hirer's
request, provided that no additional
goods are included therein. ‘The Order
also provides that a new hire-purchase
agreement may be made, if the hirer
so requests, in respect of goods which
have sustained war damage, subject
to certain conditions specified in the
Order.

Copies of the Order, the title of
which is the Hire Purchase (Control)
Order, 1943 (S.R. & O., 1943,
No. 157), will be obtainable in due
course, price 1d., through any book-
seller or newsagent or direct .from
H.M. Stationery Office, Kingsway,
l.ondon, W.C.2.

LATE LORD HIRST
T is with regret we record the death
of Lord Hirst, chairman and
managing director of the General
Electric Co., on January 22nd, after
a short illness. lle was seventy-nine
years of age, and until early this year
had been in regular attendance at his
office.

Lord Hirst, who was one of the
founders of the G.E.C. over fifty years
ago, became managing director in
1900 and chairman in 1910. l.i; was
quick to realise the potentialities of
broadcasting, and played a prominent
part in the formation of the British
Broadcasting Co. It was in Magnet
House, Kingsway, the head office of
the G.E.C., that the B.B.C. had its
original offices.

Lord Ilirst, who was created a
baronet in 1925, and raised to the
peerage in 1934, Has been president of
the Radio Manufacturers’ Association
since 1938. He was one of the few
honorary members of the Institution
of Electrical Engineers.

PLANNING OF SCIENCE
ITH a view to contributing
towards the full mobilisation
of science and scientists for the
speediest winning of the war and for
the engendering of a rational ap-
proach to the problems of the peace,
ihe Association of Scientific Workers
recently organised an open conference
at the Caxton Hall, London, S.\W.r.
Sir Stafford Cripps, Minister of Air-
craft Production ; Sir Robert \Yatson-
\Watt, pioneer of radiolocation, who is
chairman of the Association; Sir
Lawrence Bragg, head of the Caven-
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dish Laboratery, Cambridge; and Sir
Philip Joubert, were among the many
speakers. Sir Philip referred to the
importance of the creation in 1939 of
a team of scientists at an Operational
Research Section to look after and
analyse the new radio aids to air war-
fare. The activities of the O.R.S.
have gradually increased, and they
now cover a wide field in all three
Services. He pointed out that the
creation of these sections has resulted
in scientist and soldier working side
by side.
ELECTRO-ENCEPHALOGRAPHY
AT the next meeting of the Wire-
less Section of the Institution of
Electrical Engineers at 5.30 on March
3rd, G. Parr, Editor of Electronic
Engineering, and W. Grey Walter,
M.A.(Camb.), a physiologist, will de-
liver a ‘paper on ‘* Amplifying and Re-
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cording Technique in Electro-Bio-
logy.”” The paper will make special
reference to the electro-encephalo-
graph which has been developed by
Mr. Grey Walter for the detection of
cerebral abnormalities and was briefly
described in Wirelsss World in 1938.
The lecture will include a demonstra-
tion on a human subject.

ELECTROLYTIC CONDENSERS
SKED in the House of Commons
whether he was aware of the
shortage of electrolytic condensers,
the President of the Board of Trade
stated that the shortage was due to
the ever-increasing demands of the
Fighting Services for radio equip-
ment. Recognising the importance of
keeping civilian receivers in use, how-
ever, steps had already been taken to

increase production of electrolytics.
He hoped that the increased out-
put of electrolytic condensers would

mean that by the end of March *‘ the
gaps in the 1942 maintenance pro-
gramme will have been filled up.”

It was stated by Mr. Dugdale, the
questioner, that he understood that
25 per cent. of all repairs to receivers
are due to breakdowns in electrolytic
condensers.

BRIT.LR.E.
RECORD attendance of nearly
250 members and visitors was

registered at the meeting of the
Brit.I.R.E. on January 23rd, when
. H. Cozens, B.Sc., A.M.I.LE.E.,
delivered a paper on ‘‘Modern Con-
denser Technique.’’ Mr. Cozens dealt
at length with methods adopted by
manufacturers to reduce the inductive
component in paper condensers. He
stated that there was no such thing
as a ‘‘ non-inductive '’ condenser, and
suggested that these should be styled
‘“low-inductance.’’

The next meeting of the Institution

NEWS IN ENGLISH FROM ABROAD

REGULAR SHORT-WAVE TRANSMISSIONS

Country : Station Mc/s | Metres | Daily Bulletins (BST) Country : S8tation Mc/s lMetresl Daily Bulletins (BST)
America Australia
WRUW (Boston) 6.040 | 49.67 | 08.00. ) VLQ6 (Sydney) 9.580 [ 31.32 | 07.00.
WLWO (Mason) 6.080 | 49.34 | 06.00, 07.00, 08.00, VLQ5 (Sydney) .| 9.680 | 30.99 [ 08.00.
09.00, 10.00. VLG3 (Melbourne) .. |11.710 | 25.62 | 08.00.
WBOS (Hull) .. | 6.140 | 48.86 | 09.00, 10.00. Brazil
WCRC (Brentwood) 6.170 | 48.62 | 06.00. PRLS (Rio de Janeiro)| 11.720 | 25.60 | 21.30.
WGEA (Schenectady) | 6.190 | 48.47 | 06.00. China
WBS 6o .. | 7.355 | 40.79 066%060 07.00, 08.00,] XGOY (Chungking) 11.900 | 25.21 | 14.00, 16.00, 17.13,
. .00. 21.30.
wDJ 7.565 | 39.66 | 01.00, 02.00, 03.00,|(French Equatorial Africa
gg%, 07.00, 08.00,{| FZI (Brazzaville) 11.970 | 25.06 | 20.45.
WwWJP oo .. | 8.810 { 34.06 | 01.60, 02.00, 03.00. india
WGEO (Schenectady) | 9.530 | 31.48 | 21.00, 22.00. VUD3 (Delhi) 7.290 | 41.15 | 08.00, 13.00, 15.50.
WCBX (Brentwood) 9.650 | 31.09 | 05.00, 06.00. VUD4 .. 9.690 | 31.28 | 08.00, 13.00, 15.50.
WNBI (Bound Brook) | 9.670 | 31.02 | 00.00. VUD3 15.290 | 19.62 | 13.00.
WRUW (Boston) 9.700 | 30.93 | 21.00, 23.00.
WDL 0o 9.750 | 30.77 | 10.00. pain
WHILS 9.897 | 30.32 | 10.00, 11.00, 23.00. EAQ (Aranjuez) 9.860 | 30.43 | 18.15.
WRX 0o 9.905 | 30.28 | 06.00, 08.00, 09.00.
WLWO (Mason) 11.710 | 25.62 | 19.00, 20.00, 21.00,||Sweden
22.00. SBU (Motala) 9.535 | 31.46 | 22.20%.
WRUL (Boston) . [11.790 | 25.45 | 21.00, 23.00.
WCDA (New York) 11.830 | 25.36 | 11.00, 12.00, = 13.00,/[Turkey
1253;3301, 17.30, 21.00,|| TAD (Ankara) 9.465 | 31°70 | 19.50.
WGEA (Schenectady) | 11.847 | 25.33 | 13.00, 14.00, 15.00,/|U.8.8.R.
16.00, 17.00, 18.00,|| Moscow - 5.890 | 50.93 | 23.00.
19.00. 6.980 | 42.98 | 17.00, 23.00, 23.47.
WBOS (Hull) 11.870 | 25.27 | 12.00, 19.00, 21.00, 7.300 | 41.10 | 18.00, 20.00, 21.00,
22.00%. 22.00, 23.00.
WHL6 13.442 | 22.32 | 12.00, 13.00, 14.00, 7.360 | 40.76 | 23.00.
15.00, 16.00, 17.00, 7.560 | 39.68 | 23.00.
18.00, 19.00, 20.00, 9.860 | 30.43 | 01.00, 12.40, 23.47.
21.00. 11.830 | 25.36 | 16.00.
WwWDO 14.470 | 20.73 | 14.00, 17.00, 18.00, 12,190 | 24.61 | 01.00, 23.47.
. p 20.00. 15.230 | 19.70 | 12.40, 23.47.
WBOS (Huil) 15.210 | 19.72 | 14.00, 17.00. Kuibyshev 8.050 | 37.27 | 20.30.
\\:CBX(Brentwood) 15.270 | 19.65 | 15.30%, 17.30, 21.00. 11.700 | 25.64 | 06.00, 14.00, 14.45.
\\GEO (Schenectady) | 15.330 | 19.57 | 14.00, 17.00. 13.010 | 23.06 | 06.00, 14.00, 14.45.
WRUL (Boston) 15.350 | 19.54 | 11.00, 12.00, 13.00, Vatican City
14,00, 15.00. HVJ .| 5.970 | 50.25 | 19.15.
WCW (New York) .. | 15.850 | 18.92 | 19.00.
WLWO (Mason) . 117.800 | 16.85 | 15.00, 16.00, 17.00. MEDIUM-WAVE TRANSMISSIONS
WCRC (Brentwood) |17.830 | 16.83 | 11.00, 12.00, 13.00, ||ireland ke/s | Metres |
. 15.30t, 17.30, 21.00.[ Radio Eireann 565 531 | 13.40%, 18.45. 22.10.

It should be noted that the times are BST—one hour ahead of GMT. The times of the transmission of news in English in the
B.B.C. Short-wave Service are given on the next page.
1 Sundays excepted.



will be held on March 26th at the
Institution of Structural Engineers,
11, Upper Belgrave Street, London,
S.\W.1, when E, L. Gardiner, B.Sc.,
will deliver a paper on ‘‘Selective
Methods in Radio Reception.”

500 kW ON SHORT WAVES

SOME ‘“night owls’’ will have
heard the transmissions from
the 500-kW medium-wave American
station \WB8XO, the experimental
adjunct of the Crossley Corporation’s
stations WLW and WLWO at Cin-
cinnati, Ohio, which had an experi-
mental licence for transmissions be-
tween midnight and 6 a.m. Eastern
Standard Time. This licence has
now been cancelled
by the U.S. Federal
Communica-
tions Commission,
and it is rumoured
that the station
may be adapted for
short-wave trans-
missions and em-
ployed by the Office

INDIAN AIR
FORCE Signals
School recruits are
trained by European
instructors as ground
and air-crew opera-
tors. The course at
the School, which is
in the Bombay Presi-
dency, lasts nearly six
months. Wing Com-
mander J. S. Smith,
M.B.E., Commanding
Officer, is seen with
a group of recruits
who come from all

parts of India—
there are no caste
distinctions.
of War Information for oversea
broadcasts.

It is stated by our American con-
temporary Broadcasting, that in
addition ~ to the leasing of the
fourteen international short-wave
stations mentioned last month, a

plan is under way for the construc-
tion of twenty-two more transmitters.

CHINESE AMATEURS’ DAY
\WORLD-WIDE amateur conven-
tion is to be held in Chungking,
the bomb-scarred war capital of
China, on May 5th, which is now
known as Chinese Amateurs’ Day.
The China Amateur Radio League
has asked for the co-operation of
allied countries in providing items of
interest in connection with amateur
activities. It is understood the
Radio Society of Great Britain is
sending a collection of books.
In pre-war days many British
amateurs have contacted XUOA, the
headquarters’ station of the League.

Wireless World
IN BRIEF

More Sets.—It was recently stated by
the President of the Board of Trade, in
reply to a question in the House of Com-
mons, that arrangements had been made
to supply components for the completion
of over 100,000 civilian wirsless sets now
in process of manufacture.

Propaganda.—Recent statements from
America regarding the co-ordinated use
of wireless during the landing of the U.S.
Forces in North Africa revealed that
powerful portable transmitters were
erected by the Army Signal Corps for
the purpose of disseminating information
to the inhabitants.

Oversea News Bulletins.—The follow-
ing is the latest schedule of the times
(BST) of short-wave transmissions of

news in English in the B.B.C.’s various

oversea services, Some transmissions are
radiated on two or three frequencies in
the waveband shown.

0200 49, 31

0345 49

0530 49, 41

0715 41, 31

0900 41, 31, 25
1000 49, 41, 31
1200 25, 19

1400 25, 19

1600 31, 25, 19, 16
1700 31, 25, 19, 16
1900 25, 19

2045 31, 25, 19
2245 49, 41, 31, 25*
345 49, 31

* Sundays excepted,

There are also the morse transmissions
of news in English, French and German
at 0230, 0300 and 0330 (BST) respectively.
These are radiated in the 4g-metre band
and on 261 metres.

Let the Blind Hear.—The Christmas
Day broadcast appeal for the British
* Wireless for the Blind ** Fund has so
far resulted in the receipt of over
£15,000 from nearly 25,000 donors.
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¢ Jairminy Calling.”’—According to
details recently published in the German
journal Rundfunkarchiv, a total of 56
European broadcasting stations are now
being used by the Nazis. Of this number
six opesate in the long-wave band, thirty
on medium waves and twenty on short
waves, It is also stated that one
hundred foreign-language news bulletins
are broadcast each day by these stations.

Radio Relay Statistics.—An increase of
15,858 subscribers to radio relay ex-
changes in this country during the third
quarter of last year is revealed by the
figures now made available. There were
414,843 subscribers to 278 exchanges at
the end of September, 1942 e in-
crease during the previous three months
was 11,751,

South African Television.—A recent
report of the South African Broadcasting
Corporation mentions the possibility of
introducing television with an expansion
programme costing  £250,000. It is
pointed out that owing to war conditions
it is inadvisable to give details of the
proposed expansion.

Women Radio Operators are to bt em-
ployed by the Trans-Canada Air Lines
for  point - to - point communications.
Twenty girls from all parts of the
Dominion, some of whom already possess
Government Radio Certificates, began
training in Winnipeg early in the year.

Spanish Stations.—Two new broadcast-
ing stations are being constructed at
Arganda, about twelve miles south-east
of Madrid. One will operate in the
medium-wave band with a power of
120 kW, and the other, which will have
a power of about 40 kW, on short waves.
It is also learned that a new station is
to be erected at Palina, Majorca.

“ Handle with Care.””—This notice
appears on equipment in use in Canadian
broadcasting stations as a reminder to
the users that much of the apparatus
cannot be replaced. One notice adds,
“* the cord on this mike is mostly copper
and rubber. Can you'think of any other
two materials as precious as these are
to-day? Please be careful to avoid kink-
imzzj twisting or crushing any microphone
cord.”

A. F. Bulgin, governing director of
Bulgin and Co., who has been associated
with the Air Training Corps since its
inception, has been promoted to the rank
of Squadron Leader, R.A.F.V.R.

Obituary.—Only two months ago we
reported the death of Walter L. Fill-
more, director of Jackson Brothers, the
condenser manufacturers. It is with
great regret that we now have to
announce the death of his son, Louis E.

Fillmore, managing director of the
company.
Institution of Electronics.—At the

Annual General Meeting of the Institu-
tion on January 16th it was decided to
set up a North-Western Committee to
deal with the increasing activities of the
Institution in that area. Enquiries
regarding membership of the North-
Western Section, which will hold its
meetings in the Manchester district at
regular intervals, should be addressed to
L. F. Berry, Honorary Secretary, The
Institution of Electronics, 14, Heywood
Avenue, Austerlands, Oldham. Follow-
ing the annual meeting, Dr. F. J. G. van
den Bosch delivered a paper on
* Secondary Emission Tubes: Their
Manufacture and Applications.”
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Frequency Modulation-1II

INTERFERENCE SUPPRESSION, THE LIMITER,
AND THE CAPTURE EFFECT

HE fidelity of the pre-war
Alexandra Palace television
sound channel would not

have been improved by the mere
substitution of frequency modula-
tion in place of amplitude modula-
tion. As perfect reproduction is
theoretically an inherent property
of all methods of modulation, FM
does not in itself result in any im-
provement in quality. Frequency
modulation should not be credited
with improvements which have
been made possible by transmission
on the ultra short waves.

On the broadcast band, where
stations are g kc/s apart, the aver-
age radio manufacturer, regards
second station break-through and
interstation heterodynes as faults
which must be eradicated at all
costs. In the majority of cases this
has resulted in an overall response
curve which drops sharply some-
where between 2,000 and 5,000
cycles. On the ultra-high frequen-
cies, where it is possible to separate
stations by 100 kc /s or more, there
is no great difficulty in producing
a response which is level up to
15,000 cycles, the generally
accepted upper limit of audibility
of the human ear.

It should therefore be kept in
mind when enumerating the sys-
tem’s advantages that its improved
quality results, among other things,
from the use of far greater channel
widths than are possible on the
broadcast band, and not simply
from the use of frequency modu-
lation.

The Limiter

It was pointed out in a previous
instalment that the FM receiver is
similar to the receiver for ampli-
tude modulation up to the limiter
stage. Under normal working con-
ditions the valve in this stage is
supplied with a signal large enough
to ensure that it is overdriven,
therefore effectively limiting the
signal amplitude. This results in
the suppression of all amplitude
modulation, and, regardless of
variations in the carrier voltage,

This article shows that F M results in

a greatly improved signal - to - noise

ratio, and deals with the mechanism
by which this is effected

By

CHRISTOPHER TIBBS,
Grad.l.E.E.

reduces the incoming signal to a
constant level.

The circuit of a typical limiter
stage is shown in Fig. 1. The out-
put from the last IF stage is ap-
plied to its grid through the small
condenser C1. The voltages on both
anode and screen of the limiter
valve are well below its normal
operating values. This results in a
very short grid base, the valve
being frequently in the cut-off
region, with only 24 or 3 volts nega-
tive on its grid. As there is no bias,
and the resistance R1 is high, grid
leak rectification will take place as
soon as a signal is applied.

Fig. 1.

most American FM broadcast receivers.

Grid leak rectification takes place,

being the feed condenser and R1 the grid

leak.

Typical limiter stage found in

unable to exceed the earth poten-
tial, and the larger the applied
signal the further negative its mean
is depressed.

If the time constant formed by
C1 and Ri1 is too long, it is possible
for the slow recovery, after grid
rectification of a burst of interfer-
ence, to momentarily allow the
peaks of the signal to fall below
earth potential. To take a prac-
tical example, the last IF valve
may supply the limiter with a 16-
volt peak-to-peak signal. The mean
would normally lie at —8 volts, all
but, say, 3 volts of the positive
peaks being below the limiter’s cut-
off level. A burst of impulsive in-
terference, after rectification, might
depress the mean from —8 volts to,
say, —10 volts. If the grid time
constant is too long, then during
the instant immediately following
these conditions there will only be
1 volt of the carrier above the
limiter valve’s cut-off level, with
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AVC APPLIED TO -
EARLIER IF STAGES

voltage to anode current character-
istic is shown in Fig. 2. The
mechanism by which a burst of im-
pulsive interference is limited is also
illustrated by this diagram. It will
be noted that, due to ‘grid rectifi-
cation, the upper carrier peaks are

Thegrid the result that the output would
- +HT
% PRIMARY OF
DISCRIMINATOR
S TRANSFORMER
Cr
:
< ;-2
IF TRTANS. =3
=== =F
] <
LRI § -
TO ANODE OF J ] % .
LAST IF VALVE T
M = —HT
pe
OT = TUNING
T INDICATOR
be down to one-third. From

cathode-ray oscillograph studies it
is apparent that this time constant
should be 2.5 microseconds or less
if this fault is to be avoided. Fig. 3
shows the overall characteristic of
the limiter stage; it will be noted



that there is a slight drop in the

output with increasing input, due

to the larger harmonic content.
As shown in the circuit of Fig. 1

1
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Wireless World

amplitude and impulsive inter-
ference, had completely eliminated
them. On closer investigation this
is found to be far from the truth.
Fig. 4 (a) shows how the
carrier and interference
combine*to form a single
complex wave. In this
manner they are amplified
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INTERFERENCE RANGE OF VOLTAGE
OVER WHICH LIMITER
PASSES ANODE CURRENT
Fig. 2. Grid voltage/anode current
characteristic of limiter valve

showing the mechanism by which
a burst of impulsive interference is
limited.

a small amount of AVC is applied
to stop overloading in the stages
ahead of the limiter. The amount
of AVC used is kept small in order
that the signal applied to the
limiter may be as large and as far
up its characteristic as possible.
This tapping down of the AVC feed
is also desirable to eliminate any
delay in the limiter operation re-
sulting from the AVC circuit time
constants.

If a tuning indicator is used it
can either be operated from the
limiter grid voltage as shown or
from the voltage developed across
the discriminator load. The latter
gives more accurate control.

Interference Suppression

At first sight it would appear
that the limiter, in suppressing all

s
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Fig. 3. Characteristic of a typical
limiter stage.

and applied to the limiter.
In passing through this
stage all variations in amplitude
are suppressed. The elimination of
amplitude changes does not, how-
ever, remove the spurious carrier
phase shifts which result from the
combination of the interference
with the carrier wave, and the sub-
sequent amplitude limiting.

Although a phase shift of the
carrier may not cause audio noise,
the ‘‘by-product’ frequency
modulation accompanying it will.
The deviation amplitude of the
spurious frequency modulation will
depend first on the interference
amplitude, and secondly on the
frequency at which it occurs in
relation to the carrier. The actual
deviation frequency resulting from
any form of interference therefore
depends on the following two
factors:—

(1) The original interference am-
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(2) The frequency spacing be-
tween the carrier and the inter-
ference.  The interference will
heterodyne the carrier, with the
result that the larger the frequency
difference between carrier and
interference the higher the hetero-
dyne frequency. After passing
through the limiter this heterodyne
appears as a phase modulation
superimposed on the carrier. The
deviation of the FM ‘* by-product ™’
of this phase modulation is deter-
mined by the following equation : —

Fa=PmnXxM;.

Where Fis=deviation of the by-
product frequency modu-
lation.

P.=the phase modulation
_expressed in cycles. (De-
" termined by the inter
ference amplitude.)
M;=modulating frequency.
(In this case the difference
frequency between the in-
terference and the carrier.)
From the above it will be seen
that if the interference is close to
the carrier, the resulting frequency
modulation will be small, while if
the difference frequency is large
the spurious frequency modulation,
will also be large.

COMBINED WAVE APPLIED

n TO LIMITER GRID

CARRIER H

INTERFERENCE

SIGNAL APPLIED TO LIMITER GRID

v
PHASE MODULATION RESULTING
FROM LIMITING OF COMBINED WAVEFORM
AN N\
- I\ i/
va /\ /\Y\\\ [\\ I
zg ] \\ 7\ /I \/
AAVANY;

CARRIER AS TRANSMITTED

(b)

Fig. 4. Showing how the carrier and interference merge into a single wave-
form. The amplitude changes are absent in the limiter output, but the
interference remains as a spurious frequency modulation of the carrier.

plitude. The larger it is the
greater will be the spurious carrier
phase shift which results.

The position is illustrated graphic-
ally in Fig. 5, and in addition a
comparison is made with an equiva-
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Frequency Modulation—

lent amplitude modulation system.
This diagram is commonly referred
to as the FM ‘“ noise triangle,”” and
assumes that the carrier and the
interference are held at the same

Wireless World

Fig. 4 that interference, after
passing through the limiter, ap-
pears in the form of superimposed
frequency modulation of the ear-
rier, and that this modulation has
a frequency equal to the difference
between ‘the carrier and
the interference. If, how-
ever, this separation is
greater than the highest
audio frequency, then the
resulting frequency modu-
lation will be above the
highest audio frequency.
In an FM receiver, imme-
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FREQUENCY OIFFERENCE BETWEEN CARRIER & NOISE IN kCIS

Fig. 5. Illustrating the FM™“‘noise triangle.”’
The noise spectra for two different FM devia-
tions are compared with that of an equivalent
AM system. The vertical scale represents
the amplitude at which interference is re-
produced expressed as a percentage of
(a) Maximum noise out-
put from amplitude modulation receiver over
(b) Noise output from FM

maximum output.

whole band.

receiver designed for 15 kc/s. deviation.
and (d) Output and demodulated noise re-
spectively from FM receiver designed for

75 kc/s. deviation.

relative amplitudes, only their fre-

quencies being varied. As an
example assume that a burst
of impulsive interference occurs

15 kc/s away from the carrier,
then deviation of the resultant
carrier frequency modulation will
be ten times as great as that which
would occur if the interference had
been only 1,500 cycles from the
carrier.

The FM noise spectrum shown in
Fig. 5 indicates that an FM system
(b) only reproduces half the noise
which would be reproduced by a
comparable amplitude modulation
system (a). In other words, FM
shows a 2 to 1 improvement in
signal-to-noise with a deviation
ratio of unity (i.e., when the maxi-
mum frequency deviation is the
same as the highest audio fre-
quency). In actual practice this
improvement is only realised with
certain types of interference, such
as that due to motor car ignition,
etc. Armstrong has given a figure
of 1.7 to 1 as an improvement ratio
covering all types of noise, includ-
ing that prodmced in the early
stages of a receiver.

Before considecing the position
with a deviation ratio other than
unity, it is necessary to consider
the effect of interference occurring
at a frequency separation farther
from the carrier than the highest
audio frequency.

diately following the dis-
criminator, there is a filter
which eliminates all fre-
quencies above the re-
réquired audio band. This
has the effect of wiping
out the demodulated re-
sultant of all noise occur-
ring at a frequency separ-
ated from the carrier by
more than the highest
audio frequency. The case
of a system with a 75 kc/s
deviation is shown in
Fig. 5. The only inter-
ference which will be reproduced
is that indicated by the small
triangle.

The improvement over an ampli-

-

{c)

ment figure). Improvement in the
signal to noise ratio=
1.7 X deviation frequency
Maximum audio frequency
or 1.7 x deviation ratio.

Taking the example of a 75 kc/s
deviation as shown in Fig. s, the
1.7x75 ke /s

15kc/s
8.5 to 1 (in voltage) or 72 to 1 in
power. (18.5 db.)

Armstrong claims that improve-
ments calculated in this way are
realised in practice, providing that
the noise does not exceed some 10
per cent. of the signal immediately
prior to the limiter stage. It
should be noted that the figures
obtained in this way do mot take
into account the further substantial
improvements, which, as will be
explained later, are affected by pre-
emphasis.

The Capture Effect

In the second article in this series
mention was made of the way in
which a strong signal suppresses a
weaker one. It is now possible to
examine this phenomenon in greater
detail. Fig. 6 shows a strong
station A which is frequency modu-
lated with a sinusoidal waveform.

#mprovement will be

AUDIO WAVEFORM

STRONGER <
&l
STATION A

WEAKER

o

STATION B

STATIONS
Bt e

ARB

AT LIM
QUTPUT

NOTE PHASE MOD, RESULTING FROM HETERODYNE BETWEEN STATIONS

DEMODULATED M\A
L 4 Ay

SIGNA

SUPERSONIC HETERODYNE IS SUPPRESSED ~ ONLY DOTTED WAVE REPRODUCED
Fig. 6. The weaker station is demodulated as a heterodyne superimposed

on the stronger station’s modulation.
instantaneous difference between the two stations.
this difference is largely supersonic

The heterodyne frequency is the
With wide-band FM
and the heterodyne is therefore

inaudible.

tude modulation system can be

The weaker station B is working on

summed up as follows (taking a nearby frequency and for sim-

It was shown in Armstrong’s conservative improve- plicity is assumed to be unmodu-



lated. The combined waveform,
after the limiter has suppressed all
amplitude variations, is shown in
the third diagram. When this
signal is demodulated the weaker
station appears as a superimposed
heterodyne on the stronger station’s
demodulated intelligence.  This
heterodyne has a frequency equal to
the instantaneous frequency differ-
ence between the two stations. If
station B is also frequency modu-
lated, the superimposed heterodyne
frequency will still be the difference
between the two stations, although
naturally its form will be complex.

As both stations are assumed to
-be wide-band frequency modulated,
their instantaneous difference fre-
quency will vary between zere and
150 kc /s or more, depending on the
maximum deviation employed. If
the two stations are, say, 25 kc/s
apart the best note will, on the law
of averages, be almost entirely
supersonic, and therefore inaudible
and for all practical purposes sup-
pressed. Even with both stations
on the same frequency the hetero-
dyne will, for some 40 to 60 per
cent, or more of the time, be above
the audio band. For the temainder
it will take the form of a back-
ground rustle conveying no intelli-
gence whatsoever.

This suppression of a weaker
station by a stronger one is an im-
portant characteristic of wide-band
FM transmission, and is sometimes
referred to as the *‘ capture effect.”

Within the zone in which two FM

Wireless World

stations, operating om the same
channel, are received at the same
strength, neither station will have
any programme value, This situa-
tion is normally overcome by the
erection of a directive aerial system
which favours either one or other
station. A movement of only a few
miles towards either station is nor-
mally sufficient to ensure that the
weaker one is suppressed.

The capture effect is of very great
importance when planning any net-
work of FM stations. It would be
possible to erect an FM network
covering a whole continent, pro-
viding two alternative programmes
and employing only three different
carrier frequencies. The capture
effect also makes any attempt at
jamming extremely difficult. Unless
the signal from the jamming station
approaches the strength of the de-
sired station it will be suppressed.
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OF OUR ABILITIES
AND FAGILITIES

WE GIVE GLADLY

ARAMOUNT above all else is

the necessity of meeting urgent
and immediate demands for the
protection of cherished liberty.

Astatic’s engineering and manufac-
turing facilities are first, therefore
at the disposal of Allied
Governments.

Astatic will be ready to serve

you again with high quality piezo-
electric devices when the ¢All-

Clear’ of Victory sounds.

Register your nome with our Representative
for your future benefit,

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

Exclusively Represented by
Kingsiey Road,
Fl'allk HEHVEI‘ I.m.‘Bldeford, N. Devon
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VARIABLE CONDENSERS
—DRIVES—
AUTOMATIC TUNERS

WE are designing and building even
better equipment with our enlarged
and extended facilities and these improve-
ments will be available for your use when
the present struggle is over,

For the time belng domestic recelver
design and production has ceased but
your radio receiver manufacturers will be
ready to equlp their sets with General
Instrument variable condensers, auto-
matic tuners and other G.l. devices as
soon as conditions permit.

Always remember General Instruments

VARIABLE CONDENSERS — DRIVES—
AUTOMATIC TUNERS

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

THE GENERAL INSTRUMENT
CORPORATION

ELIZABETH, N.J., U.S.A.
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TRANSITRON  OSCILLATORS

Wide Range and High Frequency Stability with

OST readers of this journal
are familiar with Hull’s
famous Dynatron oscillator.

A similar circuit, not so well
known, is the negative transcon-
ductance oscillator discovered by
Herold' in 1935, and later de-
veloped and renamed the ‘‘ Transit-
ron,”’ by Brunetti? in 1939,

This oscillator possesses essenti-
ally the same type of negative-
resistance characteristic as the
Dynatron, having all its advan-
tages without its disadvantages.
Its characteristic is independent of
secondary emission, and remains
practically constant for the life of
the valve. Like the Dynatron, it
is a low-powered oscillator, and will
oscillate from 600 c/s to 60 Mc/s
by changing the value of the asso-
ciated LC circuit.

Brunetti reports that when
properly designed, changes in fre-

cal

L
Rl
Ci
I-J!——-—l -
Fig. 1. 'Basic circuit of _the

Transitron oscillator.

quency resulting from a 33 per cent.
change in screen volts may be kept
within 10 parts in 10%, and that its
stability may be compared with
that of a crystal oscillator. Another
great advantage is that no centre
tap is required as in other types of
oscillators. All that is necessary to
switch from 160 to 5 metres is to
change the coil!

The writer first built up a battery
model on a bread board. The cir-
cuit, which is extremely simple, is
shown in Fig. 1, the action being
as follows: Negative voltage ap-

! “Negative Resistance * by E. W. Herold,
Proc. I.R.E., Oct. 1935. -

* “The Transitron Oscillator” by C. Brunetti,
Proc. I.R.E., Feb. 1939.

Untapped Coils

By
A. G. CHAMBERS (G5NO)

plied to the suppressor causes elec-
trons that have passed through the
screen to be returned. Over a cer-
tain range, a positive increment of
suppressor voltage allows more
electrons to go to the anode, and
thus decreases the screen current,
which means that the suppressor-
screen transconductance is nega-
tive. When this negative re-
sistance becomes equal to the
equivalent resistance of the tuned
circuit (R, in Fig. 1), oscillation re-
sults. Fig. 2 shows the screen
current /screen voltage characteris-
tic, O being the operating point.

The relative values of C, and R,
are important; if they are so small
that the reactance of C, is appre-
ciable in comparison with R, at the
desired frequency of oscillation,
then the voltage-dividing action of
C, and R, causes the change of sup-
pressor volts to be less than that
of the screen, and the system stops
oscillating.

As with the Dynatron, it is de-
sirable to keep the amplitude of
oscillation small so as to keep the
waveform and frequency stability
good. If a small negative bias is
applied to the control grid, the
total current flowing to the screen
may be controlled and the negative
slope  of the current/voltage
characteristic may be wvaried.
Hence a flexible means is available

.
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SCREEN VOLTAGE

Fig. 2. Screen - current [ screen-
vcltage characteristic of the
Transitron. The operating point

is at O.

for varying the magnitude of the
negative resistance, and thus the
amplitude of oscillation. By
arranging for the oscillation volt-
age to regulate the bias on the con-
trol grid, additional amplitude
control may be obtained.

Having obtained good osciliation
down to 30 Mc/s, the layout was
altered, a small metal chassis was
obtained, a one-point earthing
system adopted, and a Mullard
EFs50 valve placed in the circuit.
After these alterations had been
made, an inductance consisting of
five }in. diameter turns of silver-
plated 16 SWG copper was placed

+ 300V
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Fig. 3. Practical circuit for

frequencies up to nearly 100 Mc/s.

in the circuit ; the system was still
found to oscillate. A half-wave
Lecher wire system was coupled
up, and the wavelength measured
was 3} metres.

The 3 Mc/s coil was then put
back to make certain that it was
still correct at this frequency, also

.the output was connected to an

oscilloscope to observe the wave
form. It was seen to be a pure sine
wave.

Fig. 3 shows the circuit used. It
will be noted that suppressor bias
has been omitted, as it was found
unnecessary with this type of
valve. For those who are inter-
ested in this particular circuit, the
following operating conditions are
included. In an oscillating condi-
tion, at approximately 3 Mc/s,
with the values shown, anode cur-
rent i3 4.5 mA and screen current



7.6 mA ; in a non-oscillating condi-
tion anode current is 10 mA, and
that of the screen 3 mA.

Although it did not occur to the
writer at the time, it is felt that if
the metal screen covering the valve
had been removed, it might have
been possible to go higher still.

Other suitable pentodes Brunetti
suggests are the American 57, 58,
59, 6C6, 6]7 and 6K7. The Osram
ZAz acorn pentode was tried, but
could not be made to oscillate.

The enormous scope for this
oscillatoer will be seen from the fol-
lowing list of advantages: —

(a) Stability.

(b) Simplicity.

(¢) Ease with which output can
be controlled.

(d) Purity of waveform.

(e) Ease in band changing (i.e.,
only one inductance required).

(f) Almost any pentode valve
will suffice.

The only disadvantage seems to
be that only low outputs can be
expected if (a) and (d) are to be
satisfied.

Putting the above advantages to
practice, the writer has the follow-
ing applications in mind:-——

As a General Purpose RF and AF
Oscillator.—An oscillator that will
cover from 600 cycles to 60 Mc/s
with a variable amplitude control,
in place of the usual attenuator, is
an attractive proposition for the
amateur. Previously a Dynatron
has been used with a specially se-
lected valve which is dependent
upon secondary emission, a pro-
perty which is extremely variable
with age, and which varies widely
in valves of the same type.

As a Local Oscillator.—The local
oscillator in a superhet receiver, with
its inherent drift and large number

Wireless World

of coil connections for band switch-
ing, has always been a source of
trouble to the designer. It is felt
that this oscillator could be utilised
with advantage on account of its
excellent stability and simplicity.

As a Frequency Meter.—In the
past, the electron-coupled oscillator,
with its inevitable cathode tap, has
been used for this purpose. Here,
now, is an oscillator which is more
stable and only requires a coil with
two connections.

As a Crystal Oscillator.—The
output from a Transitron must be
kept low if used in place of a crystal
oscillator, in which case it would
have to be followed by a stage of
RF amplification, but, incidentally,
this also applies to the electron-
coupled oscillator, so widely used
by amateurs in the past. The vari-
able output control could be util-
ised with advantage as a control for
varying the amount of drive re-
quired for the following stage.
Agam there is the advantage of two-
pin coils for easy band changing.
It is suggested that link coupling
be used to avoid any undue loading
which might spoil the stability of
the oscillator.

(It is hoped later to describe a practical test
oscillator using the Transitron principle.)

“FLIGHT ” HANDBOOK

IssuEp by our associated journal
Flight, this well-known guide to flying
has just appeared in a third edition.
There are chapters on the first principles
of aviation, as well as on the more
specnahsed aspects of the subject. The
aim of the book is, without recourse to
mathematics, to help the reader to under-
stand the more important aerodynamic
and structural principles.

Flight Handbook is issued by Flight
Publishing Company, Ltd., Dorset House,
Stamford Street, London, S.E.1, at 6s.

FOUNDATIONS OF WIRELESS, by A.
Edition revised by M. G. Scroggie

Second Edition ...
Edition

TELEGRAPHISTS, by H.
Seventh Edition ...

M.

RADIO INTERFERENCE SUPPRESSI
LEARNING MORSE. 335th thousand
INTRODUCTION TO VALVES, by F.

VALVE REPLACEMENT MANUAL
A. Woffenden

Books issued in conjunction with ¢ Wireless World "’

RADIO LABORATORY HANDBOOK, by M. G Scroggle
WIRELESS SERVICING '\IANUAL b) Ww. T Cocklng Slxth

HANDBOOK OF TECHNICAL INSTRUCTION FOR WIRELESS
Dowsett and L.

WIRELESS DIRECTION FINDING. by R. Keen Thlrd Edltlon 27/6
RADIO DATA CHARTS, by R. T. Beatty. Second Edition Revised 6/-

Obtainable from leadlng booksellers or by post Irom
ILIFFE & SONS LTD., Dorset House,

net; by post, 6s. s5d.
Net By
Price Post
L. M. Sowerby Thlrd
. 6/- 6/4
. 12/6  12/11
7/10
. Q. Walker
. 27/6 281
28/2
6/4
ON, by G. W. Ingram .. 8/- 5/4
- 6d. 74d.
E. Henderson 4/6 4/10
by A. C. Farnell nnd
6/- 6/3
Stamford Street, London, S.E.1
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CROWE

[RADIO COMPONENTS

ESCUTCHEONS
TUNING CONTROLS
DIALS—REMOTE CONTROLS
POINTERS, ETC.

FOR BOTH HOME AND
COMMUNICATION EQUIPMENT

THE Crowe organisation is known to
radio manufacturers throughout the
world for dependable service and excel-
lent quality of its many products.

Now devoted exclusively to production
for Victory, with some items assisting
directly in your Country's great efforts,
we look forward to the time when our
expanded facilities will be available for
continuing our pleasant relationship with
the British Radio manufacturing industry.

Register your name now with our
British Representative for details as
soon as available of Crowe Products.

CROWE NAME PLATE &
MANUFACTURING CO.

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

Exclusively Represented in Great Britain by

Frank Heaver Ltd. §insiey foas:

Bidetord, N. Devon
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INCE the curtailment of Civilian
radio production, RAYTHEON
engineers and scientists are devoting
all their energies to designing and build-
ing special tubes for to-day's important
electronic developments. This new
challenge for special tubes of intricate
design to meet rapidly expanding use of
electronic devices is being met by our
engineers in the same manner with
which we, in the past, produced tubes
for Civilian use. Raytheon is supplying
replacement tubes under Lease-lend
arrangements, and you will benefit by
the priceless electronic experience now
being gained when final victory is won.

WORLD'S LARGEST
EXCLUSIVE TUBE
MANUFACTURERS

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

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

e Exclusively Repres.ented by.
Frank Heaver Ltd. Bicrisrd ™. oevs

Bidetord, N. Devon
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Radio to the Rescue

UST lately I have been studying an
American work dealing with the
speed of reactions between certain
brain centres and the different groups
of muscles they control. At first sight
this doesn’t seem to bear much rela-
tionship to radio technique, but this
is far from being the case, as in a
series of experiments carried out by
three eminent research workers, and
recorded in the book, there lies a
whole heap of post-war troubles for
the radio service man.

It appears that a big insurance
combine across the herring pond had
invited the three learned authors to
investigate scientifically the cause of
certain types of automobile accidents.
| will just endeavour to summarise
their work for you without the prolific
medical jargon with which the book
is filled. In brief, then, when a pedes-
trian steps off the kerb in front of an
oncoming car, a large percentage of
accidents could be avoided if the
brakes were applied a split second
sooner than is usually the case. The
investigators have found that this all-
important split second is thrown away
by the relative slowness with which
the vital message to jam on the
brakes travels from the driver’s brain
to the muscles of his limbs.

For some reason which it is needless
for me to discuss, this delay is very
considerably less in the case of mes-
sages travelling from the brain
centres to the muscles controlling the
vocal chords, a fact which the in-
vestigators elicited by complicated
measuring and recording apparatus
involving many valves and much
cathode-ray gear, thus confirming the
evidence of most eye-witnesses of
accidents who report that a car
driver usually gives an almightly yell
just before hitting his victim.

Eminent research workers.

It is just at this point that | find,
to my amazement, that the learned
investigators bring their Dbook to
what they imagine is a triumphant
ending and seem unable to appreciate
either the necessity or the opportunity
of crowning their work by giving
their mathematical and experimental

UNBIASED

By
FREE GRID

®
data a practical and commercial
application; evidently they expect

me to play Marconi to their Clerk-
Maxwell and Hertz. Needless to say,
I intend to do so by taking the neces-
sary action in the applications depart-
ment of the Patent Office.

It must surely be as obvious to you
as it is to me that as a result of these
investigations all that is needed is a
sort of ““vogad '’ apparatus, such as
is used in the transatlantic telephone
for causing the human voice to actu-
ate a relay. In this case, of course,
by means of suitable banks of valve
relays and other radio-associated
apanratus, the controls of the car will
be operated by the human voice in-
stead of by the limbs, and the result
will be the saving of the vital split
second which will make all the dif-
ference in the world to the dividends
of the insurance companies which
SO philanthropically  and dis-
interestedly financed these investiga-
tions.

Anybody desiring to confirm the
authors’ neuro-muscular-reaction find-
ings need only substitute his hand-
operated motor horn by a simple PA
system, and note how much more
quickly he is able to make a pedes-
trian skip for safety, in addition to
removing one job entirely from the
all-too-many duties imposed on a
driver’s limbs.

Wooltonised Radio

UST lately I have been glancing
through several of the astrological
almanacs which reached me round
about the New Year and I am rather
alarmed to notice that while the re-
doubtable ** Old Moore "’ confidently
prophesies victory and peace in 1943,
another of his ilk who is entitled to
equal credence seems to think that
Japan will have no difficulty in keep-
ing the ball rolling until 1949.

The reason for my alarm is the
present state of the civilian valve
cupboard to which the Editor so
justly drew attention in January. A
hastv calculation by means of the
Iireless World Abac book tells me
that by 1949, unless something is
done about it, the size of the
B.B.C.’s audience will have fallen to
1922 proportions, consisting only of
what Adolf calls ‘‘ the haves,”” or, in
other words, those people who in war
or in peace seem to possess the happy
knack of wangling whatever they
need in the way of goods and services.

No doubt, before that state of

affairs is reached, something will have
been done about it, as not only will
many of the B.B.C.’s blatantly self-
advertising artistes have woken up to
the dwindling numbers of their
audience, but the B.B.C. itself will
be sharply reminded of the fact by
the falling off in the revenue from its
periodicals, for, after all, nobody is
going to buy a professedly ‘‘pro-
gramme paper’’ unless he can listen
to the programmes therein dealt
with, and no national advertiser is
going to pay for valuable ‘‘ goodwill **
space in a journal which nobody
would have any reason to buy.

The result of all this will be a suf-
ficiently loud howl of indignation to
penetrate the closed doors of White-
hall and compel the authorities to
‘“wooltonise*’ the supply of valves
and other necessities, not forgetting
a few good service-men, and to supply
both the service and civilian needs
without approaching the danger line
of semi-starvation in either case, just
as has been done in the matter of
food.

‘“ Inundated with correspondence.’’

In the meantime I am being inun-
dated with correspondence from
owners of silent sets asking me if they
have any right of action against the
P.M.G. to recover that proportion of
their licence fee corresponding to the
period that their set has been forcibly
out of action. Much as it goes against
the grain for me to say it, the answer
is “No.”" The licence fee is a tax and
not payment for entertainment and is
no more recoverable than would be
your dog licence fee were Bonzo to be
unlucky enough to be commandeered
by the sausage controller on the day
after you had bought his licence. To
those who would argue that if you lay
up your car before the expiry of its
licence you can get part of the fee
back, I would point out that this is
not a parallel case, as such repayment
is, I believe, an act of grace, and
nobody who has had any dealings
through the iron bars of the Post-
master-General’s counter could pos-
sibly associate grace with his depart-
ment.
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Rationalised Broadcast Receivers

Question No. 10. — In the Octo-
ber [Editorial you stressed the
advantages of competition in the con-
duct of a broadcast service from the
point of view of programmes. Argu-
ing on parallel lines, surely free pre-
war competition among broadcast
receiver manufacturers should have
produced a wide diversity of sets for
all tastes, pockets and requirements.
Actually the opposite was the case:
what we had was, with few excep-
tions, a standardised superheterodyne
circuit, with a few ‘‘ frills’’ and ex-
pensive cabinet work for those who
liked to pay for such things. Where,
then, are the advantages of competi-
tion? Would not the public have
been better served by the ‘‘ rational-
ised *’ production of a standard set?
And, after the war . . .?

‘* RADIOPHARE.”

“ RADIATOR* draws a com-
parison between . the broadcast
receiver industries of this country
and of the U.S.A. He writes :—

THINK ** Radiophare” would
agree that his requirements as
to a wide diversity of set types (in=

cluding car sets, ‘'‘communica-
tions "’ sets. ultra-simple, ultra-
cheap, and other ‘‘ultra’’ sets)

were, in pre-war days, more coin-
pletely met in the U.S.A. than in
any other country in the world.
Yet in the U.S.A. strong competi-
tion among the radio manufac-
turers did exist, probably to a
greater degree than in any other
country.

Judging, then, from conditions
prevailing in the U.S.A., the only
conclusion one can come to is that
competition does tend to produce a
wide diversity of types, such as
will meet all possible requirements.
If the same conditions did not pro-
duce the same result in this coun-
try—and it is true that they did
not—then there must have been
some other cause operating which
was strong enough to override the
tendency towards diversity of types
provided by the competitive condi-
tion.

That cause was, I contend, the
conservative outlook and complete
lack of imagination of the British
manufacturer, who was unwilling
to venture into fields where he
could not see an immediate and
safe return. The situation as to
‘‘ communication’’ receivers and

amateur  equipments generally
should prove this point.

Can it be that the technical staffs
of the manufacturers were also, in
some degree, responsible for the
paucity of types in this country?
Personally, 1 do not think so. It
was simply a case of technical
brains and initiative Being wasted
by commercial conservatism and
lack of foresight. The result was
that the British manufacturer
turned out, year by year, a few
more or less standardised types,
generally based on American de-
signs of the previous year.

If anyone doubts that the British
manufacturer was, in fact, so lack-
ing in initiative and foresight, he
should consider for a moment the
way in which the industry catered
for the vast market that was open-
ing up in the British Colonies and
Dominions. That market was his
for the taking, yet he completely
failed to deliver the goods, with the
result that the American and
Dutch manufacturers stepped in,
studied the requirements, and very
soon had the market in their own
hands.

As to the situation after the war,
one is inclined—like ‘‘ Radio-
phare "’—to trail off into an inter-
rogative. At this stage too many
‘““unknowns’’ exist to warrant a
reasonable forecast. One can only
hope that, whatever economic and
commercial system then exists, it
will be imbued, in some measure
at least, with an ideal of service
to the community, which should
result in the consumer getting what
he wants, or at least, what is really
the best for him.

‘“ T.J.R.,” in his reply, questions
whether true competition did in
fact exist in the pre-war wireless
industry :—

BOOKS have been written—and

banned—that deal with smaller
issues than those raised in this
question. So some allowance must
be made for any inadequacy in my
reply.

As an engineer, I sympathise
with the querist. The pre-war use
of our technicians for duplicating
someone else’s results and saving
farthings in production was often

*“ What's thié, a new kind of dance,

Or has Ol got ants in his pants ? ™
** A short circuit " | yelled EE,
* Give the FLUXITE to me,

We can’t leave this wiring to chance.”

See that FLUXITE is always by you—
in the house — garage — workshop —
wherever speedy soldering is ded
Used for 30 years in Government works
and by leading engineers and mahu-
facturers. Of Ironmongers—in tins,
8d., 1/4 and 2/8.

Ask to see the FLUXITE SMALL-SPACE
SOLDERING SET—compact but sub-
stantial —complete with full instructions,
7/6.

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

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

THE FLUXITE GUN

puts Fluxite where you want it hy a
simple pressure.

Price 1/6, or filled 2/6.

FLUXITE LTD.

(Dept. W.W.),
BERMONDSERY
STREET, S.E.1.

ALL MECHANICS

FLUX

m
wasteful and insulting to the intel- um
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ligence. But it is a mistake to
blamne ‘' free competition.’”” That
expression conjures up a picture of
rivals competing on both technical
and economic planes, and with
equal resources at their disposal.
Such conditions never existed.
With a few exceptions—mostly in-
significant—we had about two
groups of giant and medium-sized
concerns. Even when there was no
financial book-up, the basic uni-
formity of their .products was
assured by membership of various
manufacturers’ associations and
common sources of component sup-
plies, especially of valves.

Given some measure of planned
co-ordination, our technicians could
produce, after the war, all the re-
ceiver types wanted by the public,
including ‘‘ communications’’ sets
and the like. But, in speaking of
rationalisation, let us engineers re-
member that it has already been
applied in a certain country, where
it led to the production of a
‘“People’s Set,'’ selling at the equi-
valent of 45s., which allowed the
user to hear just as much as he was
intended to hear. Rationalisation,
if we are to have it here, must be
in the hands of those who would
use it to satisfy the consumers’ real
needs.

RANDOM RADIATIONS

Standard Resistors

'TIS curious to notice how the range
of so many wireless com-
ponents, however small it may be at
first, tends to grow and grow, until
at length it contains a preposterous
number of types and values. Valves
are, of course, the classic example. In
1919 and the very early twenties
there was, believe me or not, only
one type of valve in general use in
receiving sets. This was the old
“*R.” A few other valves existed,
but they weren’t often seen. Not so
many years passed before valve types
in this country reached four figures.
And now I see in the Wireless Trader
that the composition type of fixed
resistor—a component you'd never
have suspected of such conduct—has
got out of hand. It was found
recently that over 8oo kinds and
values were being demanded from
manufacturers. Well, that's pretty
surprising expansion. One would have
thought off-hand that detector grid
leaks running from one to ten meg-
ohms, ranges of § watt, 1 watt, 2
watt and 5 watt resistors from 1,000
and 250,000 ohms and of higher
wattage from 50 to 1,000 ohms would
have met the requirements of most
receiver .designers.  But there are
many things besides receivers involved
and the position is complicated by the
question of tolerances. Resistors of
the highest grade have a tolerance of
5 per cent. of the stated value; next
came those with a tolerance of 10 per
cent.. and lastly those (most used of
all) whose tolerance is 20 per cent.
So you can see how the numbers begin
to mount up. Recently, I'm glad to
see, an agreement has been reached
by which composition fixed resistors
are standardised in 255 types. Even
that is a largish number, but no

By “DIALLIST

further cutting down is possible. And
that refers to the composition types
only: there are still the wire-wound
resistors.

Can't We Go Farther ?

There’s no doubt that lack of
standardisation has been in the past
a brake on the wheels of our radio in-
dustry. One reason why valves are
so costly is that makers have to install
the machinery for turning out a vast
number of types in comparatively
small quantities. And the same
wastefulness is to be found in the
making of other components. Take
fixed condensers, for instance. How
many different kinds are employed by
receiving set designers? The number
must run into many hundreds when
you come to think of the big ranges
of paper - dielectric, mica - dielectric,
electrolytic and ceramic condensers.
And there again the tolerance question
comes in. HT batteries, too, are
startling in the multiplicity of their
shapes, sizes and tapping arrange-
ments. A big saving in manufactur-
ing costs could be effected were the
types of HTB available reduced to
a much smaller figure. And they
could, I believe, be brought down to
a total of three without in any way
affecting the efficiency of battery sets.
Only three? Yes; here’s how it
would work out. Most batteries are
already made up from three sizes of
cell : the standard-capacity cell (about
$in. x 2in.—I haven’t the figures by
me. There is an intermediate type
measuring about r}in. x 24in., and the
biggest measures about rin. x 34in.
My suggestion is a 4o-cell battery for
each cell size, the cells being arranged
in eight rows of five, and there being
only two terminals, or spring clips,
marked o and 60 volts.

HTBs

The average battery set works on
120 or 180 volts: two or three of the
suggested units in series. And there's
no need for tappings if bleeder resist-
ance networks are used, as they are to
some extent in this country and in
all battery sets in America. Besides
eliminating tappings, the bleeder net-
work has the great advantage of
putting an equal load on all parts ol
the battery; tappings mean that the
sections of the battery nearest the
negative end do the most work, since
they are common to all HT circuits.
Set designers would not find that the
lack of HTB's in anything but 6o-
volt block units cramped their style,
once they got used to the idea. As
things are, they can call on the unfor-
tunate battery manufacturer to turn
out batteries of odd shapes and sizes
and with fantastic numbers of tap-
pings to fit their cabinets and fit in
with their circuits. Under the new
order the bleeder network would be
made to suit the circuits and layout
and cabinet design would have to be
suitable for batteries of fixed shapes
and sizes. The reduction of HTBs
to three standard types couldn't be
done in a moment; but after the war
we shall have a grand opportunity of
cleaning up and of getting rid of obso-
lete types of valves, batteries and
other components since the majority
of the old sets, already on their last
legs, will be scrapped at the carliest
possible moment.

OO0 0O
Wireless Isn’t Standing Still

IN peacetime improvements in wire-
less receiving sets were continu-
ally being announced. All through
the year we heard of new valves, new
circuits, new methods of tuning, new
ways of alleviating man-made inter-
ference, and so on. Then at the
Radio Exhibition there were nearly
always ‘‘surprises’’ which makers
had kept up their sleeves until their
new models were launched. Because
in wartime we hear little about such
things many people believe that wire-
less has more or less stood still since
September, 1939. 1t certainly hasn’t.
I am sure that when peace returns we
shall find more surprises waiting for
us than any Radio Exhibition ever
produced.  Developments may have
been made with warlike purposes in
view, but no one can doubt that
heaps of them will have direct
applications to peacetime transmis-
sion and reception. Don't forget
what happened in the last war; when
it started, wireless telephony was in
its infancy. Huge strides were made
while hostilities lasted; the old
general-purpose valve, for instance,
was developed and many special types
as well. When that war came to an
end the stage was very nearly set for
the entry of broadcasting into the life
of nations. As soon as the restrictions



on the use of wireless equipment
whioh had been in force for some five
years could be removed, the number
of amateurs increased by leaps and
bounds.

Post-war Paradise

Wireless components of many kinds
were horribly expensive when the
wireless ’'twenties began, but the re-
lease of Government surplus stocks
soon made a vast difference to that,
and those of us who were in the game
in those early days were able to buy
for the proverbial old song apparatus
that we couldn’t possibly have
afforded otherwise. I expect that it
will be much the same this time—but
probably niore so; such vast use of
wireless has been made by all the
Services that there should be huge
amounts of surplus stocks for disposal
when the time comes. Experimenters,
whether serious or of the dabbler
type, can look forward to a glorious
time.

Progress All Round

Then, we musn’t lose sight of the
fact that it isn’t only our side that
has been working hard to make im-
provements in wireless. Germans,
italians and Japs have all produced
important developments in the past,
and though their present doings were
shrouded in miystery, we can feel sure
that they’re not letting the grass grow
under their feet. You can’t call to
mind any Japs who have made a
mark in radio? Well, what about
Nagoyaka? And there’s Yagi, the
aerial man, as well, to mention just a
couple. Until the United States came
into the war wireless was going ahead
untroubled on the other side of the
Atlantic, and many new things were
announced in Wireless World. No one
can doubt that the American General
Electric and others have made tre-
mendous progress both in the applica-
tion of {requency modulation to
broadcasting and in television. In
this country J. L. Baird has been far
from idle in the television field;
Wireless World has been able to pub-
lish accounts of some of his achieve-
ments in stereoscopic and colour re-
production.

M

Personally, ['ve always been a
staunch believer in frequency modula-
tion as the coming thing in broadcast-
ing. Luckily, its forward march in
the United States at any rate has not
been a wartime secret.  IWireless
World has kept its readers pretty

well informed of what is being
done. 1 have little doubt that
the B.B.C. will go ahead with

FM broadcasting as soon as they
are free to start construction and de-
velopment again. I don’t mean that
there is any likelihood that it will
immediately begin to replace ampli-
tude modulation. That would never
do; amplitude modulation must con-

tipue for many years to be the
metbod mainly in use. But | do fore-
see the erection of rapidly increasing
numbers of FM transmitting stations,
relaying the studio programmes and
giving those who install FM receivers
the chance of obtaining reproduction
of high quality with almost entire
freedom from interference. 1 doubt
whether AM transmissions will ever
be entirely supeiseded, for so far as
our present knowledge goes M is
essentially a system adapted for short
ranges and, therefore, small service
areas only. There will always be large
tracts of thinly populated country
where (unless and until something on
quite new lines is invented) AM is
the only method which can deliver
the goods.
oono

Names for Frequency Bands

A DORSETSHIRE reader is kind
enough to send me useful sug-

gestions for names for the frequency

bands used in wireless. You may re-

mmember that those put forward by

the C.C.I.R. are:—

Below 30 ke/s. Very low.
30—300 kefs. Low.
300—3,000 kc/s. Intermediate.
3,000—30,000 kc/s. High.
30,000—300,000 kcfs. Very High.
300,000—3,000,000 ke/s.

3,000,000—30,000,000 ke/s. Super High.

I didn’t like Intermediate or the
Very, Ultra and Super Highs, suggest-
ing in their stead Medium, Medium
High, High, Very IHigh and Ultra |
High. But 1 wasn’t satisfied with |
these and asked for ideas on the sub- |

Ultra High. ‘
|
[
|

ject. Here is one of them:—
Bottom ; Low; Medium Low ; Intermediate ;
Medium High ; High; op.

There are not the same objections
to Intermediate here, for it comes
right in the middle of the list. I don’t
like the name though, for we are sure
to go on speaking of the IF stages of
superhets, and it is undesirable that
one and the same name should be used
for frequencies of quite different
orders. 1f we start the list with
Bottom and work up to Top, why not
speak of the 3,000-30,000 kc/s
range as Middle. I'm not quite happy
though about Top. True, it takes us
to wavelengths of only one centimetre,
but can we be sure that that is the
radio top in frequencies or bottom in
wavelengths? Not so very long ago
it was held that wavelengths below
100 metres could never be of any use
to wireless. Can anyone be sure that
we shan’t one day measure our wave-
lengths in millimeters and our fre-
quencies in hundreds of thousands of
megacycles?

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
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The Improved

VORTEXION

50 WATT
AMPLIFIER CHASSIS

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

valves of the 6L6 type. Every
part of the circuit has been care-
fully developed, with the result
that 50 watts is obtained after
the output transformer at ap-
proximately 47, total distortion.
Some idea of the efficiency of the
output valves can be obtained
from the fact that they draw only
60 ma. per pair no load, and 160
ma. full load anode current.
Separate rectifiers are employed
for anode and screen and a
Westinghouse for bias.

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

A tone control Is fitted, and the large
eight-section outgut transformer Is avallable
in three types: 2-8-15-30 ohms ; 4-15-30-60
ohms or 15-60-125-250 ohms. These output
lines can be matched using all sectlons of
windings and will deliver the full response to
the loud speakers with extremely low overall
harmonic distortion.

PRICE (with 807 etc. type vaives) £18.10.0
Plus 26%, War Increass

MANY HUNDREDS ALREADY IN USE
Supplicd only against Government Contracts
&

VORTEXION LTD.

257, The Broadway, Wimbledon, 8.W.19
‘Phone : UBerty 2814
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Letters to the Editor

G.P.O. Control - Battery Socket Markings -

G.P.O. Control of Wireless

I WOULD like to express my

almost complete agreement
with  your ‘‘Brains Trustee,”
‘“ Radiator’’ (February issue), as to
the desirability of an independent
body to control the nation’s wireless
services. The only point on which
I am in disagreement with him is
the representation of amateur trans-
mitters on the proposed Commis-
sion. He states that as there is
no representative organisation of
listeners in this country, the
listeners’ representative should be
an M.P., etc., but then, apparently
as an afterthought, adds: ‘' He
might also represent the amateur
transmitters.”” Now, with all due
reverence to the average M.P., can
you see him arguing about fre-
quency bands, band occupancy, and
the like, with any hope of success?
Would the claims of five thousand
or so amateur transmitters stand
much chance against those of ten
million ““BCL’s "’ if the same man

had to represent both? By all
means have a listeners’ repre-
sentative, but let the amateur

transmitters have their own Com-
missioner.  The amateurs have a
representative  organisation, the
R.S.G.B., to which over go per
cent. of amateurs with radiating
licences belong. It might be as well
to remind ‘‘ Radiator’’ of the fact
that amateur stations in peacetime
exceeded in number stations of
all other classes combined; also,
that although the percentage of
amateurs per thousand of the
population in this country was only
a small fraction of the percentage
in the United States, if the relative
areas of the two countries are con-
sidered, England and Wales had
more than twice the amateurs per
hundred square miles. ‘
In the past, the G.P.O.’s attitude
towards amateurs has been ‘“don’t
allow amateurs to use high power,
or the 56-Mc/s band, etc., without
putsing them to a lot of trouble and
delay (and charging unjustified
‘ registration fees’ in addition to
the yearly fee), just in case they
may cause interference to important
(Post Office) services.”’ However,
whether the proposed National

Volume Expansion

Radio Commission ever comes into
being or not, and it is to be hoped
sincerely that it does, we may hope
for a more liberal treatment of
amateur  transmitters by the
authorities apres la guerre finie.
‘“SIGNALMAN.”

Battery Socket Markings
THERE has appeared recently a
type of HT battery the mark-
ings upon which are very misleading
to the average user. The battery
is tapped at 1}-volt intervals for GB

purposes, but the voltages are
positive with respect to HT
negative. It has been standard

practice for years for these tappings
to read negative, and as a result of
the change I have found several
receivers connected up with positive
bias applied to the valves.

It should be clearly indicated on
these batteries that, in the case of
receivers using the combined type
of battery, the HT negative lead
should be inserted in the socket
giving the amount of bias required ;
the GB leads being then tapped
back towards the HT negative
socket on the battery.

K. CHANDLER.

Mintlaw Station, Aberdeenshire.

Transmitter Volume
Compression

I WOULD like to add some comn-

ments to the recent letters on the
use of volume compression and ex-
pansion based upon my experience
in the design, demonstration and
operation of several hundred equip-
ments of these types. There can
be no doubt that volume compres-
sion and expansion will be a major
post-war development, but I feel
that the remarks of Mr. J. R.
Hughes (your January issue) are
based either upon experience with
an unsatisfactory volume expander
or solely upon theorising about the
question. While there cannot be
any doubt that volume expansion
alone is theoretically incorrect, the
advantages gained in practice far
outweigh the small theoretical dis-
advantages. As Mr. Hughes points
out, the volume expander used
alone must either degrade the

transient response and/or increase
the non-linear distortion at low
frequencies. The advantages of in
creased realism and decreased back-
ground noise, however, vastly out
weigh the disadvantages. In con-
firmation of this, I can say that
after demonstrating volume ex-
pander circuits to several hundred
engineers and musicians, most of
whom would be expected to adopt
a critical attitude towards the sub-
ject, T found that favourable com-
ment was almost unanimous. No
one ever commented on an increase
in the non-linear distortion, and
on only one occasion did one en-
gineer comment upon the degraded
transient response, and on this
occasion the particular record had
to be replayed about half a dozen
times before he was able to pick
out any portion in which he
thought that this degradation was
in any way noticeable. No further
support for his opinion was forth-
coming from any of the remaining
200 people present at that particu-
lar demonstration. On the other
hand, there have been many occa-
sions on which it has been difficult
to persuade members of the audi-
ence that the same record was
being used during the ‘‘ expanded *’
performance as was used during the
ordinary run.

My experience so far is mainly
confined to the reproduction of
gramophone records, and I would
like to stress that every gramo-
phone record is not suitable for use
with a  volume expander. In
general, dance records in which the
volume level remains substantially
constant throughout the whole per-
formance are unsuitable, but there
is a notable exception in ‘* Exhibi
tion Swing '’ (Par. 1235) in which
the string bass is enormously en
hanced by the use of a properly
adjusted expander. Other records
of a different nature which I have
found favourable are ‘“La Bou-
tique Fantasque'' (C2846) and
““ Three Men Suite "' (C2723).

Like Mr. Hughes, my ideas on
the subject of expansion were very
unfavourable before 1 starter the
actual development, because of the
large number of theoretical objec-
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tions ; but after some practical ex- COMMUN'CAT'ONS DEPEND.” .

perience I have become a most

enthusiastic supporter of
system as an interim measure be- |
fore fully automatic compression
and expansion are adopted.

Rugby. J. MOIR.

Stereoscopic and Colour ‘

Television

HE article in your February

issue on ‘‘Colour Television
Development '’ refers to publication
in February, 1942, of an account of
the anaglyphic method of produc-
ing stereoscopic television, but a
glance at the article in question
shows that it did not describe a
system in which the viewer wears
spectacles with red and blue filters,*
but a system in which the viewer
must hold his head in the right
place for each eye to receive
alternately ‘\images projected in
slightly different positions from the
receiving apparatus—in fact, an
adaptation of the hand stereoscope
-used for viewing pairs of photo-
graphs, but with the two images

produced alternately instead of
simultaneously.

The method wusing coloured
spectacles was developed some

years ago as a cinema novelty, and
its application to television follows
quite naturally from this. There is,
however, a refinement which would
now be possible. Instead of using
coloured light, one colour for each
eye, one could use polarised light,
with the two images for the two
eves projected in light which is
polarised horizontally and vertically
respectively and viewed through
Polaroid spectacles with the two
eye-pieces set for these two planes.
This would have two advantages:
one could then apply colour to the
television image, so as to have
coloured stereoscopic television for

a number of viewers, and the
viewer’s surroundings would look
more normal through Polaroid than |
through coloured spectacles.

I think Baird’s method of using
separate images for colour, with
stationary filters, is good if one can

obtain accurate ‘‘ register,”” though |

one might anticipate trouble from
variations of tube deflecting
voltages ; but I would like to see

a more detailed description of the |

way in which a ‘*converging lens "’
brings the two images together.
D. A, BELL.
Winchmore Hill, N.21.

* [This miethod has, however, been demonstrated |

by Mr. Baird.—Ed.]
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BULGIN
JACKS

A Large and comprehensive
range of Jacks, standard to
B.S.S. 666, fixing with single
£” hole to panels 0.036—0.250”
thick; single-, double-, and triple-
pole, with and without switching.
Only 2}” max. rear depth. ‘ Panel-
area ' taken up=1y4" X }” average.
Best bakelite insulation, nickel-
sitver leaves, silver switching-
contacts.

PARTS...

‘ IN countless instances quite

intricate pieces of appar-
atus are wholly dependent on
the proved reputation and
reliability of their component
parts.

All products from the House
of Bulgin are pre-eminent for
superior design and workman-
ship and every article bearing
our Trade Mark has to pass
exacting and exhaustive tests
during the course of its
production.

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

“The Choice of Critics”

REGISTERED

e TRADE »

MARK

A. F. BULGIN & CO.LTD., BY-PASS RD., BARKING,

TEL. : RIPPLEWAY 3474 (4 lines).

ESSE X.
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PIEZO-ELECTRIC OSCILLATORS

F a piezo crystal, coupled to an am-

plifier, is used as a ‘‘motor’’ to
drive, say, a recorder or loud-speaker,
some distortion may be produced by
piezo-electric hysteresis and other causes,
including the varying impedance of the
crystal at different frequencies.

To offset this, the crystal is regarded
as a " generator’’ as well as a ‘' motor.”
Auxiliary electrodes are fitted to the
crystal, from which an out-of-phase
voltage is applied to the input of the
amplifier, so as to give a negative feed-
back which compensates for the initial
distortion,

Electrical Research  Products, Inc.
Convention date (U.S.A.) March 3o0th,
1940. No. 546,182,

PHOTOELECTRIC RELAYS

’I‘HE comparatively low grid insulation
of a high-slope pentode renders this
otherwise suitable type of valve un-
rellilable when coupled to a photoelectric
cell.

The circuit shows an arrangement in
which a pair of valves, one operating as
a *‘ cathode-follower,” offers a satisfactory
substitute. It will be seen that the grid
of Vz is coupled to the cathode load
resistance R of the valve V1. The anode
of the PE cell C is directly connected
to the grid of Vi, and is then taken

Photoelectric cell amplifier.

through a high resistance R1, of the order
of 50 megohins, to the negative end of
the supply. Both the valves Vi, V2
are initially biased to cut-off so that
there is no potential drop across the
coupling resistance R.

When the cell is illuminated, the cur-
rent taken by the resistance R raises
the potential of the grid of Vi and causes
that valve to conduct. This valve does
not amplify, but the potential of its
cathode automatically * follows '’ the
yrid potentiat. This, in turn, causes the
valve V2 to conduct and amplifv, and
50 operates an alarm OD or other relay.
The initial bias on the valve V1 can be

A Selection
of the More Interesting
Radio Developments

adjusted to regulate the intensity of the
incident light required to operate the
relay.

Vacuumm-Science Products, Ltd., and
H. S. Molyneux-Ffennell. Application
date February 7th, 1941. No. 547,010.

TIME BASES ¢

FUR a time-base circuit, the deflecting
voltage applied to the electron
stream should vary linearly with time.
In practice, however, it is usual to
charge a condenser through a high re-
sistance, and to discharge it suddenly
through a triggered valve. The result
is a voltage which varies exponentially
and not linearly with tme, though if
only the lower part of the saw-toothed
wave is used it gives a fair approxima-
tion to the desired straight-line law. On
the other hand, it calls for an unneces-
sarily high charging voltage.

There are various other methods of
securing the ideal response. One can,
for instance, inject a supplementary
voltage which is designed to correct
or straighten the inherent curvature.
According to the invention the charging
condenser is connected to the grid -of
the first of two valves which are
coupled through a commmon cathode re-
sistance. The grid of the second valve
is anchored to a fixed potential, and
the charging resistance is tapped to the
anode resistance of that valve This
injects a voltage which is at all times
equal to that across the condenser, and
so keeps the charging current constant
throughout the whole of the sweep.

Marconi’'s  Wireless Telegraph Co.,
Lid., and N. L. Yates-Fish. ~Applica-
tion date March 13th, 1931. No. 547,949.

FREQUENCY MODULATION

SINGLE multi-grid valve is arranged
to generate oscillations at constant
amplitude, but at a frequency that is
controlled by the voltage applied to one
of the grids. To secure this result the
anode and screen-grid are both coupled
to the control-grid through a branched
path, the two separate arms of which
are substantially free from, reactance at
the .oscillation frequencies. In  one
application of the device the frequency
control voltage is applied to the second
grid, the resulting output being a fre-
quency-modulated signal. If negative
back-coupling is applied through
cathode load resistance the range of fre-
quency modulation can be extended.
A. C. Cossor, Ltd., and O. H. Davie.
Aplication date March 25th, 1941. No.
545,148,

t

| The British abstracts published here
s are prepared with the permission
| of the Controller of H.M Stationery
{ Office, from specifications obtainable
| at the Patent Office, 25, Southampton
l Buildings, L.ondon, W.C.2, price 1/-
Il each.

RECENT INVENTIONS—

TELEVISION RECEIVERS

HE fluorescent screen of a cathode-
ray tube is replaced by a thin film
or layer of a substance, such as paraffin
wax which tends to become liquid and
more transparent under the action of
heat. The effect is used to modulate
the light from an external lamp, thereby
reproducing the picture.

The figure shows the bulb end of a
cathode-ray tube which is provided with
the usual clectrodes for scanning, and
for modulating the clectron streams in
accordance with the received signals.
The wax film or screen S is enclosed
between two glass walls, the inner of
which carries a thin backing B of silver.

Television picture projector.

TO ANODE
OF TUBE

Light from a lamp K is focused by a
condensing lens L on to the bulb. The
light reflected back from the silver coat-
ing B is controlled by the varying trans-
parency of the intervening film of wax,
as it is heated from point to point by
the impact of the modulated electron
stream. It is collected by the centre
lenses L1 and is projected by a prisin 1’
on to an external viewing screen M. The
inside film of silver B is preferably kept
at the same potential as the anode.
Farnsworth  Television and Radio
Corporation.  Convention datle (U.5.4)
September 7th, 1940. No. 547,075.

SUPERREGENERATIVE SETS

LTHOUGH the characteristic  hiss **

: of a superregenerator is usually

completely submerged by an incoming

signdl, its persistance during the inter-

vals between and in the absence of the
desired signal is irritating.

One way to get rid of it is to block

the receiving channel whenever the
desired signal is absent For this pur-
pose the superregenerative stage s

coupled (a) to a low-frequency amplifier
which feeds a pair of headphones, and
(b) to a high-pass filfer arranged in
parallel with the amplifier when there
iIs no incoming signal, the filter passes
the " hiss ' frequencies, which are recti-
fied and produce a paralysing bias
which is applied to the grid of the LIF
amplifier so that no sound can be heard
in the phones. When signals are being
received, they cannot pass through the
filter, any residue of hiss being insnffi-
cient to affect normal operation.

Lhilips  Lamps, Ltd. (communicated
by N. VL Philips’ Glocilampenfabrieken).
Application date April 23rd, 1940. No.
547,698,
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The accurate timing of watches and clocks is normally
a lengthy procedure and involves keeping the instrument under
observation for a considerable period.

The development of the Thermionic Valve and Cathode Ray
Tube have made possible the design of special apparatus by
means of which any timepiece can be regulated with great
precision 1n a matter of minutes.

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

which arise in almost every industry.

MULLARD

THE MASTER VALVE

A Valve for Every Purpose

THE MULLARD WIRELESS SBRVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 47
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PROFESSIONAL ENGINEERS
and TECHNICIANS

An abbreviated version of the
original thesis by Dr. Norman
Partridge on

HARMONIC DISTORTION IN AUDIO
FREQUENCY TRANSFORMERS

is now available in booklet
form. This has been reprinted
from the September, October
and November issues of ** The
Wireless Engineer.””  The
subject is treated technically
at length, and from an essen-
tially practical viewpoint.

Copies can be obtained free
of charge by professional en-
gineers and technicians upon
request. The shortage of
paper prohibits distribution
to interested amateurs:

N.Pontiidye

Ph.D,, B.Sc., M.I.E.E., M.Brit.l.R.E.,

Kings Buildings, Dean Stanley Street,
LONDON, S.W.i. Vic. 5038.

ARMSTRONG
SERVICE

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

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

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

ARMSTRONG MANUFACTURING CO.

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

WIRELESS WORLD

NEW RECEIVERS AND AMPLIFIERS

I, IGH Fidelity A.C./D.C. Amplifiers, 18

watts, U.D.O. mixing input channels,
bass and treble controls, input and output
transformers, Octa] base valves, complete chas.
«is, 18gns,—Below,
DANCE and Stage Transportable Amplify-

ing Equipment, comprising amplifier as
above, M/ microphone, adj. stand, 2 audi-
torium speakers, ‘cables; 36gns.—Broadcast and

Acoustic  Equipwment Co., Ltd.,, Broadcast
House, 'Tombland, Norwich, (1528
22/10 Ouly. — New 7-valve ' Wireless
World ”* Quality Amplifier, with tone

control stage, 8 watts push-pull triode output
with tome control stage; price includes Super
Quality triple cone 12in. permanent magnet
speaker with large matched output trans-
former and all valves. Limited number avail-
able.—Rakers Selhurst Radio, 75, Sussex Rd.,
South Croydon. (1559

RECEIVERS, AMPLIFIERS -SECOND-HAND
NA'I'I_OZ\'.-\L N€34 Communications Re-
ceiver, seven valves, frequencies 540 to
30,000 kilocycles.- Box 2822, Wireless MWorld.
CMICHAEL .Al-wave Model 137, with
stand, list price; Gambrell 7-valve com-
munication receiver, £30; few valves.—Box
2834, c/o Wireless World. (1581
OLUMBIA  Radiogram, 200-250v D.C.,
good condition (owner now on A.C,
mains), carringe paid; £14.—Feltham, 32
Cooperage Rd., Redfield, Bristol, 5. [1580
MARL‘ON] Autoradiogram, 7-2,000 metres,
5 bands, Garrard changer, special burr
walnut bureau cabinct, perfect; £90; collected.
—Benson, Bush Barn, Robertsbridge, [1536
WO Thrce-way Microphone Mixing Panels,
having four volume controls, each three

gang, wire wound, £3/15 each; three mains
transformers, input 200-250, « output 40.50
volts, 125 wutts, £2/10 each; 36 Mazda
UU6 rectifiers, £19/16.-Box 2830, c/o
Wireless World. [1569
Wanted
ANTED, A.C. communication receiver.—
Box 2833, c¢/o Wireless World. (1579
El)l)\'S’l‘ONE "All-World 2."—J. K. R.,
* Windward,” Kings Rd., Alton, Hants,

ATIONAL H.R.O. and Voigt Speaker.—
Offers to Benson, Bush Barn, Roberts-
bridge. 1537
I IGIHL Fidelity " Straight ™ Set, W.W. Qual.

amp., Qual. output transformer.—Box
2828, ¢, 0 W.reless World. (1547
“ W." Quality Rec. and Ampl, gram.

preferred; full details and price.—41,
Eltisley Av., Cambridge. (1566
E Offer Cash for Good Modern Communi-
cation and All-wave Receivers.—\.C.8.
Radio. 44, Widmore Rd., Bromley, (1541
.W. Quality Receiver, A.C., for ra(hogram
cabinet; Universal am lifier and gramo.
motor.—Box 2817, c/o W.reless World, [1515
ANTED, by ' Comforts Organisation.” a
5-20-watt amplifier.—Particulars to J. R.
Walmsley, 46, Devonshire Rd., Burnley. [1546
H.F. National 1-10, Skyrider 5-10 or
similar receiver wanted; state frequency
range; top price for first class set.—~BM /DAL,
London, &.C.l. . [1565
ATIONAL H.R.O. Communications Receiver
Required. 230 volts A.C.; must be late
model, in good condition; state lowest cash
price.—Box 285a, 75-79, Farringdon St., Lon-
don. E.C.4. 1557
LONDON CENTRAL RADIO STORES Will
Pay Good Prices for Receivers, Radio-
grams, Amplifiers, Dynamos, Converters, Test
Equipment, Electric Gramophone Motors, and
all Radio and Electrical Accessories.—London
Central Radio Stores, 23, Lisle 8t., London,
W.C.2. Gerrard 2969. (9836
NEW MAINS EQUIPMENT
ORTEXION Mains Transformers, chokes,
are supplied to G.P.0., B.B.C,,
L. . why not vou? [Imitated but un-
equalled Orders can only be accepted against
Government contracts,
ORTEXION, Ltd., 257,
Wimbledon, London, 8.W.19.
Lib. 2814,

The Broadway,
"Phone :
{9942
NEW LOUDSPEAKERS .
£3/15 Only.—Brand new Super Quality
triple cone permanent magnet speaker,
gelhurst Radio, the pioneer
manufacturers of moving-coil speakers since
1925; wide frequency range, even _response,
ideal for quality reproduction. Limited num-
ber available under list price. 8end 2lid.
stamp for leaflet describing above and giving
constructional details of infinite baffle cabinet.
Every music lover interested in realistic repro-
duction should write for leaflet now.—Bakers
8elhurst Radio, 75, Bussex Rd., 8. Croydon.

SECOND-HAND LOUDSPEAKERS
VOIGT Speaker Unit, 100-200v, tapped fleld,

£14; Wright De Costa auditorium
; Webson speaker, 6v.
b others, smaller.—IHarris,
8trouds, Bradfield, Berks. (1556

made by Bakers
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Advertisers and buyers are reminded that under
Defence Regulations 1939, Statutory Rules and
Orders 1940, Number 1689, a permit (T 99 G)
must be obtained before sale or purchase of
certain electrical and wireless apparatus, par-
ticularly such valves and apparatus as are ap-
plicable to wireless transmission.

SEXTON'SZr SERVICE

AMERICAN LEASE-LEND RADIO VALVES
for immediate delivery. Orders can only be accepted
for these valves conditionally that they are for imme-
diate replacements in actual users’ radio recetvers,
and are sold subject to Board of Trade Radio Valves
Price Control Order of 1942, No. 1934. Types and
prices as under, inclusive of Purchase Tax.

Types 1A5GT, IC5GT, 1T5GT, 5Y3GT, 128ZGT,
25Z8GT, 36Z4GT, 35Z5GT, 11/- en. Types 1HSGT,
OFSGT, 6J6GT, 12F6GT, §/2 es. Types GABGT,
6F7GT, 12A8GT, 128A7GT, 6K8GT, 68A7GT, 14
Types 6F6GT, 12K7GT, 128J7GT, 128K

25L6GT, 35L6GT, S50LGGT, 6J7GT, 6KTGT, 36, 42,
47, 12,10 ea. Types 12A7G, 32L7GT, 70L7GT,
83, 15/3 ea. Types 6Q7GT 12Q7GT, 128Q7GT,
11/7 ea. Postage 4d. extra.

Other types will be available shortly, so study our
advertisementa in the ** Wireleas World."

EXTENSION LOUDSPEAKERS.
“Rola’ 3 ohms voice coil less Trans, Sizes 5in..
17/9ea; 6}in., 19/9 ea. ; 8in., 24/ ea Postage 1, -,
Celestion Model CT 104, with Universal Transformer
Power handling cap, 3 watta, 8in. chassis nudel, 36 -
ea. Postage 1/s, Model CT 108, with Universal
Transformer Power handling cap, 5 watts, 8in. chassis
model, 48/- ea. Postage 1
LINE CORDS. best quality heavily braided 3-way
23/36 conductors, 360 ohns, €,6 ea.; 550 ohms, 9 6 ea.
Yostage Bd. extra.

ELECTRIC SOLDERING IRONS n: used by
leading radlo manufacturers. Element can be repla-
ced when necessary In 30 seconds, jnterchangeable
copper bit, 230,250 volt, with 5t. flex, 12 @ ea.
Postage 9d.
ELECTRIC IRONS, super quality, 5} lbs. weight
complete with 3 wire heavy flex 6 ft. long, and 3-pin
5 amp. plug, 31/3 ea., including tax. Postage f—,
TERMS.
Cash with order only. Owing to shortage of staff
we are unable to despatch orders C.G.D. or send
pro-forma invoices,

J.E.SEXTON & CO.LTD.

164, GRAYS INN ROAD,
LONDON, W.C.1.
Telephone : TER. 1304, 4842.

=

LESIP CTUART PUMPS

As supplied to Gowt. Depts. & Counly Couneils

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

No. 10. 100 pals. per howr. Carr.2/-extra 25 2 6

No. 11. 280 gals. per howr. Corr.2/-extra £6 6 O

No. 12. 560 gals. per hour. Carr. 3/-esiva 27 13 0
Please send Aid. stamp for specification.

The STUART AUTOMATIC FLOAT SWITCH
is the best method of controlling water- Post Peid
level. Price complete with all Sttings .28 6 0

LONDON RADI?2 SUPPLY CO.
5

Eat. 1
Ardingly Road, Balcombe, Sussex,
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WAR-TIME ‘ECONOMY’
CONSTRUCTORS" KITS

Supplied with B.V.A, valves, blue prints,
metal chassis, all necessary components,
wire, etc., and provided with pick-up sockets.
A.C. STRAIGHT THREE. VM. H.F. pen.,
triode, L.F. pen. (not a superhet), energised
speaker. £7 158,
BATTERY THREE. V.M.
detector and output tetrode.
£5 123, 6d.

@ CALL FORDEMONSTRATION ¢
Delivery approx. one month

H.F. pen., triode
P.)M. speaker.

NOW IN STOCK

A. and H.F, COILS, with reaction, coloured
wires for identification, brand new, unscreened.
7/6 per pair.

DUAL RANGE COILS, small, simple, with
reaction, connections given. 5/- each.
COIL, medium wave and primary windings
on Paxolin former, no reaction, size 1§ x 23.

2/-.

TRIPLE RANGE COILS, screencd, long,
medium and short waves, iron cored except
on S.W., trimmers pernicability and ceramic
on S.W., wiring diagram. 7/6 each.

S8ET OF 4 SHORT-WAVE COILS on low-loss

formers, covering 5-41 mctres. 6/6.
SPECIAL LOW-LOSS COIL FORMERS,
lin. x 2in, 1/« each.

SMALL 0.0005 2-GANG CONDENSERS,
ceramic insulation, with trimmers, slow motion
drive and dial. 7/6.

‘“ MIDGET *’ 2-GANG 0.0005 CONDENSERS,
slow motion drive and dial, new. 10/-,
STANDARD 2-GANG 0.0005 CONDENSERS,
ceramic insulated, with trimmers. 5/6.
STANDARD 3-GANG 0.0005 CONDENSERS,
with trimmers. 7/6.

SLOW MOTION DRIVE, 3-wave band, with
coloured glass scale, station named. 7/8.
MICA CONDENSERS, 30 mmfd., 8d. 0.0001,
0.0005, 8d. each. 0.0075, 0.01, 1/- each.
TUBULAR CONDENSERS, 0.0002 mid.,
0.0003, 0.0005, 0.001, 0.005, 0.02. 6d. each.
0.003, 8d,

ALL-WAVE H.F. CHOKES, shiclded. 4/6.
PARALLEL FEED L.F. TRANSFORMERS,
screened midget, 6/-.

465 Kc. |.F. TRANSFORMERS, screcned, with
trimmers. §/-,

FILAT/%NT CHOKES, double wound, S.W.,
etc. o

WAVE-CHANGE SWITCHES, 3-pole, 3-way.
Can be altered to 4-way. 3/6.
PRESS-BUTTON SWITCHES, 8-way, minus
buttons, 2/6.

FREQUENTITE VALVE HOLDERS, 7-pin
only. 1/8.

OCTAL CABLE PLUGS AND SOCKETS.
1/8 each.

DRILLED STEEL CHAS8I8, 10} < 8§ x 2fin.
7/6. 8 x 6 x 2{in. 4/8.

RESISTORS, different values, }-watt, 4d. ;
j-watt, 6d. ; I-watt, 1/-.
VALVE HOLDERS, American U.X.
4-, 5-, and 7-pin, 6d.

AERIAL SERIES CONDENSERS. 2/6.

Speakers and Mains Transtormers will
shortly be available in small quantities.
Please send us your enquiries.
HOURS : 0-5 p.m., Saturdays, 1 p.m. C.0.D.
orders accepted. Prices subject to alteration
without notice. Special terms to members of
H.M. Forces and Civil Defence workers.
Licence to export to Northern Ireland and
Irish Free State. Please add postage for
enquiries and mail orders.

type,

51-52 CHANCERY LANE.
LONDON . W.C.2.. Telephone HOLBORN 453!

| Wanted
I{AR'_I‘LEY TURNER or Similar Speaker.-
Price, speech coil, field impedence; Little,
22, West Parade, Rhyl. {1523

MORSE EQUIPMENT

FULL Ranlfe of Transmitting Keys, practice
sets and equipment for Morse training.—
Webb's Radio, 14, Soho
‘Phone : Gerrard 2089. 553

. Wanted
REQI IRED, Wheatstone Automatic Morse
Transmitter (weight driven).—Please for-
ward details to Wright and Weaire, 740,
High Rd., Tottenham, N.17. [151

TEST EQUIPMENT
UNIVERSAI, Avominor, abeolutely new;
offers.—Box 2826 Wireless World. (1542
ERRANTI Multi-Range A.C./D.C. Test Set,
as new; offers.—L. H., 70, Whitecross,

54

Abingdon. 15
TE TOSCOPE, used everywhere by radio
service engineers, makes 20 important
tests. Bend for interesting leaflet ' R1."'—
Runbaken, Manchester, 1. (1074
S'I‘OCKS of our Test Equipment in Kit Form
are now very limited, and cannot be re-
placed (Oscillators, bridges, multimeters, V,V.
meters, etc.); s.a.e, (fcp.) for 8-page lists—
MacLachlan and Co., Strathyre. (1551
VOMINOR, 40/-; 80 T.C.C. 0.1 ml
- 4,000v. D.C. working, 6/- each; 2,000
1%4in. cartridge fuses, 33/- gross; quantity
Rota patt. 4 laminations in Armco quality,
4/- gross pra. E and I.; 0.1 mf. T
D.C. working tubulars, 6/- 60,000
tinned eyeletted tags, 8/- 1,000; 1,000 2lin.
and 20in.x2Yin.x%mm. bakelised paper in-
sulating pieces, 4/- doz.; 12in.x1 11/32in.x
omm. pressphan strips, 2/6 doz.; offers in
bulk entertained, no remittances, s.a.e, pleasc.
—Crawlord Electric and Radio Manf. Co.,
** Hiniadi,”” Chartridge Lane, Chesham, Bucks.

Wanted
ANTED lor Es:entinl Work, Douglas No,
1, Macadie S.C.P.1 or Macadie auto-
matic coil winding machines, any condition,
Cossor 3343 oscillator.—Box 2831, c/o W ire-
less World. [1570

GCRAMOPHONE EQUIPMENT
ECORDING Equipment.—For sale, M.8.S.
recorder, complete with motor, tracker,

head and monnting bracket; £50; this equip-
ment requires slight adjustment of driving
gears, and until recently was in daily use in
our own studio; can be seen by appointment
only.—Star Sound Studios, 17, Cavendish Sq.,
London, W.1. Telephone: Langham 2201.
ELECTRIC Record Player for use with Wire-
less; Collaro mixed size record changer,
in heavy cabinet, 24in, by 22in. by 4lin.
(height), containing cupboards for about 400
records. Also about 245 records, many only
played once, and 75% little used; as guide,
minimum values, without question; mechan-
ism and cabinet, £24; records, £30; inspec-
tion at Welling, Kent; best ofier(s) secure(s).
—Wingfield, Hampton IIouse, Minsterworth,
Gloucester. (1549
MPORTANT Notice re Southern Sound
Studios.—We have recently taken over new
premises and our works and office addresses will
in future be: Office, 4, Bittacy Park Avenue,
Mill Hill, N.W.7; works and service dept., 13a,
Bittacy Hill, Mill Hill, N.W.7. All future en-
quiries should be sent to latter address. In
addition to equipment prevously advertised we
now have available 2-stage push-pnll gramo-
phone amplifiers with 10-watt beam tetrode
output stage, price inciuding one 10-inch encr-
gised speaker, £15. Enquiries are invted for
all types of sound equpment Please make a
note of our after-the-war address, which will be
‘“The Elms,”” Warham Road, S8outh (roydon,
Surrey, where large studios with every modern
facility for high quality recording will be avail-
able.  We would like to take this opportunity
to apologise for any delay in the dispatch of
tquipment owing to our present shortage of
staff and the large amount of priority work
which we have in hand. (1576

Wanted
A..(’. ‘Turntable, Collaro preferred.—Stephen.
- 99, Greengate St., Oldham.

1550

YRAMOPHONE Turntable and Motor,

X 230v. A.C.—Hulley, 10, Anthony Drive,

Alvaston. Derby. N [1525

ELECTRIC Gramo. Motor Wanted (induc-
tion type); your price paid.—Details,
Ilarrison, 34, Corrie Rd., Clifton, Manchester.
WANTED. A.C. gram. motor; also Good-

man's inf. baffle speaker.—Write, stating

nrice and condition, Box 2819, cf/o Wireless
World. {1520
ANTED, Saja motor with

recordlnf

Grawor cutting head, also 8impson re-
cording motor. in gond condition.--Box 2824,
/o Wireless World, (1533

St., London, W.I. |
(9

mounting plate, and specially adjusted D.T.7 |

'ELECTRADIX BARGAINS

DIMMERS or RHEQOSTATS with “off™ 0 to
1 ohm and will carry up to 8 ampa., for regula-
tion on € to 12 volts, dimming or bank alrcult
battery charge model control, etc. One hole
fixing for panels with bracket for other fixing.
Hollow knob has socket for min. bulb, glowing
when circuit alive. New U.8.A. Atena make,
| in carton, 2/8. Worth 5/-. Large 40 amp.
| ironclad grid Rheos with heavy 10 stud switch

to drop 220 voltato 45 volta. Hize 33in. x 16in.

7 | x 14in, £6 10, 0d. 110 volt ditto. 16in. x 14in. x 16in.
| £210s. 0d.

| CIRCUIT BREAKERS, 25/-~. MOTOR STARTERS, 220v .
| D.C, § h.p. to § h.p., with no-velt and overload release.
Tronclad, 13in. x 12in. x 7in., 45/-,
TRANSFORMERS, 220 volts, 50 cycles, to 4,000 volts, C.T.
150 m.a., with L.T. winding, approx. 7} volta. 4 ampa., 70/=,
FOOT SWITCHES, 5 amp., enclosed ' on-off * for motor
control, ete, 5/8. 8-way Lucas-Rotax wainut ewitch-
boxes with brass top, 8 levers and fuses, 12/50 volts, 3/8,
6-way ditto, 3/=. 6-way Push Button R.A.F. 8witches, 2/8.
Knife Switches, 100 amp., upen type on slate panel, 24in. »
18in., with porcelain handle fuses, 42/6 pair. Three D.P.
Knife 8witches, 200 amps., and Fuses, and one 60 amps.,
all on one panel, £8. Automatic Trip 8witches, 10 amps.,
25/-. 250 amp. on 13in. x 12in. panel, £4. 1,000 amp.,
£6. 8.stud 100 amp. Battery Switches on panel,
10-point Instrument Bwitches, 4/6. R.I.7 Btud Switch
Boxes, 10/6.
MAGNETS. Massive h hoe pe t steel 't
Varivus sizes, 3/@ and 4/@ each. Wonder midget 2 ozs.
Disc Alni P.M. Magnets as last advert., 2/ each.
A.C./D.C. MAINS MAGNETS, 2-pole, 110 volts or 220 volts.
5/6. Small 12-volt solonoids with 2in. x }in. plunger, 6/6.
LIGHT RAY CELLS, Selenium Bridge, in bakelite case.
Raycraft Model, 21/=. Electro-cell, self generating, light
meter type, 35/-. Raycraft Ray 8et, with relay, 42/-.
Qasa-filled Photo Cells, W.E. type, for sound on film, 70/-.
Relay enclosed 10,000 ohm tele-type, 22/6. For other
Relays see special leaflet, 2d. .
VEE PULLEYS for }in. belt, turned steel, 4in. and 4}in,
outside bore, 4/ each.
COUPLINGS, For motor or dynamo to § h.p., 8/=.
FANS. Exhaust wall type, 12in. to 24in.
ROTARIES. Latest American radio type, fitted filter and
smoother, 75 watts, 6 volts, D.C. to 100 volts, 50/60 cycles
£12. 110 watts, 110 volts D.C. to 110 volts, 50/60 cycles,
| £4 10s. 150 watts, 220 volts D.C. to 110 volts A.C.,
£16 10s. Other sizes in stock.
PETROL ENGINES. Almost new; twin cyl. Douglas.
fan-cooled, governed, mag. ignition, light weight, 2| h.p.,
£15.

50-volt Petrol-Electric Lighting, secondhand, Pelapone.
§ kW, Sets, water cooled.
WATER TANKS for engines, storage, etc., § kW. galv,
iron, 5ft. high, l4in. dia., with pipe unious, 36/=.
TANES. Small oil or suds tanks, 64in. x 3in. x 1{in.,
[ 1/6, post 6d.
Welded steel high press containers for liquid gas or refrig.,
1 int size, 8}in. x 2}in., new. Make good model bolier,
| 5/6. post 6d.
| HEADPHONES. 120 ohms, 10/-. H.R., 2,000 ohms and
4,000 ohms, 15/-, Deskphone, G.P.0., pedestal and ear-
l piece, 10/=. Wall Phone Bets from 30/-.

HANDCOMS. Government all-metal Fleld
Hand Mi 1lenh or Trans-
Gy celvers, for portable or fixed telephones.
« The famous No. 16 Handcom useed in so
many fleld eets. Sturdily built with mike
finger awitch. Brand new, with 4-way cord,
15/-. Limited number available. 8imilar
Handcom, leas switch and no cord, 7/8,
4-way cord, 2/86. A Home Guard can make
a complete pocket telephone with these, a
mike, transformer,buzzer and a torch battery.

TURNTABLES. Ball-bearing, for table sets

etc., bakelite body, 4}in. dia., 2/ each.
CABINETS. Suitable for test set apparatus, mike amplifier,
oscillator, portables, etc. 9in, x 9in. x 64in.,, with
double doors. A very fine ex. W.D. job, in mahogany.
canvas covered, Chassis, papel, 4 transformers, a 5-tap
switch and rheostat is included. All-ln price, 45/-.
WAVEMETERS AND RADIOGONOMETERS. We have
some ex. W.D. Wavemeters, Buzzer and Heterodyne, lesa
calibration chart, 45/= and 70/-. Radio Direction-Finders
in mahoy. cases, 90/-.
USEFUL PRECISION.-MADE SPARE PARTS, NEW.
Chart Drum and clips, 5/6. Magnetic Clutch, 6 volt.,
complete, 25/-. 9in. Traverse 8haft, 4in. Threaded 120 to
inch, with bearings, 12/8. Btylus, with carriage, rods and
brackets, 7/6. 5-pln plugs, with panel socket and cords,
midget type, 4/6 pair. 14-way Plug and Bocket, with
cord, 7/6. iin. Alumninium Panel, drilled 13in. » 6§in.,
Bakelite ditto, 7}in. x 6lin., 2/3.
“ LAB. GEAR. Mirror Galvos. Sulllvan Marine Reflecting

vertical M.C. suepen., £0 10s. Tinsley Ballistic ditto,

£ . Mahog. Stand Scales for Spot use,, £2 10s.

Wheatstone Bridges and 142M Resistance boxes quoted for.
| A number of ex. W.D, Wheatstone Bridges, less coils, cheap.

Circuit testing G.P.O. Vertical Galvos, 35/-. Mag. Ringer
| and A.C. Bell, 26/e.

Il‘l«uf add postage for ol mail orders. Send Stamped
envelopes for replics to all enquiries.

ELECTRADIX RADIOS,

| 19, Broughton Street, Battersea, London, s.w._a
| s Telephone : Macaulay 2150 ———
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GALPINS

ELEGTRICAL STORE

21, WILLIAM S8T., SLOUGH, BUCKS.
‘Phone ; SLOUGH 20855
TERMS: Cash with order

Regret Orders from Eire and Northern Ireland
cannot be accepted.

SHEET EBONITE, size 12in. by 1lin. by 1/32in,,
best quality. Price 4/- per doz., post free.
ELECTRIC LIGHT CHECK METERS, well-known
makers, first-class condition, electrically guaran-
teed, for A.C. mains, 200{250 volts 50 cy. 1 phase
5 amp. load, 10/- each; 10 amp. load, 12/6,
varriage 1/-.

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

POWER PACKS for smoothing, etc., consisting of
two 300 ohm chokes and 2 M.F. condeusers.
Price 7/6, post free.

LOUD RINGING BELLS, working on 110 volts

D.C., 8in. dia. gong (bell metal), plated; water-
proof, new. 32/8 each, post free.
1 KW TRANSFORMER, input 100 volts at

100 cycles, single phase, output 10,500 volts,
centre tapped to earth. DPrice £4 10s., carriage
forward.

HEAVY DUTY CABLE, V.I.R., and braided, in
first-class condition, size 37/13, lengths 30 to
40 vyards. Price hy the length, 5§/~ per vard,
carriage forward, or 7/- per vard for short lengtbs,
carriage paid.

200 AMP. SWITCH FUSE, three-way, Ironclad,
unused, 400 volt, size overall 30in. x 12in. x 12in.
maker E. N. Bray, Ltd. DPrice £6, carriage
forward. -

ROTARY CONVERTER, D.C. to D.C. Input
12 volts ; output 1,100 volts at 30 M/A, ex R.AF.,
can also be used as double output generator.
Price 50/-, carriage paid.

HEAVY DUTY knife switches, D.D..
break, 100 amp., in tirst-class condition.
20/=, carriage paid.

X-RAY TRANSFORMER, in oil-filled tank, medium
size, input 120 volts, 5() cvcles, 1 ph. output
15,000 volts at 2kW, mtermm.em rating, in perfect
order. Price £20, carriage paid.

ROTARY CONVERTER, D.C. to D.C., input
18 volts, output 2,500 volts at 1 kW, condition
as new and in p(-rfect order. Price £10, carriage
paid. 0

TWO 2} H.P. PORTABLE PETROL ENGINES by
Douglas, flat twin, both incomplete, no carbu-
rettor, some oil pipes missing, _mags., petrol tanks,
etc., mcludul The two engines together would
make one good one. DPrice for the pair £7 10s.,
carriage paid.

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

EPOOH SUPER CINEMA SPEAKER, 20 watt, 15in,
cone, 15 ohm speech coil, 6 volt field (no ener-
zising), in first-class condition. Weight 65 1bs.
Price £7 10s., carriage paid.

150,000 VOLT X-RAY transformer, large size,
“.mght 12 cwt., input 120 volt, 50 cyclc, single
phase ; output 150,000 volts at 10 KV4, inter-
mittent rating, moun!e(l in stecl tank, oil filled,
in good working order. Price £45, carriage paid.
DYNAMO, output 20 volt, 15 amp.. shunt wound,
interpole, slow speed, ball bearing, condition as
new. Price £310s., carriage paid.

STALLOY TRANSFORMER SHEET, sizes 10in.
and 18in. long, with 1{in., 2}in. and 3in., wostly
din. gauge 26 S.W.G., weight approx. 1 cwt.,
condition clean as new.  Price the lot £3, carriag('
paid.

SOLID BRASS LAMPS (wing type). one hole
mounting, fitted double contact S.B.C. holder,
and 12 volt 16 watt hulb. Price 3/6 each, post
free, or 30/= per doz., carriage paid.

30 DUD MOVING OOIL meters, 2in. and 24in.,
all modern, mostly with cases intact. These
meters are not guaranteed and beyond repair ;
lhe} are offered for the magnets, bearmg and
springs only, Price the lot £4, carriage paid.

D.T., quick
Price

COMPONENTS—SECOND-HAND, SURPLUS
. A. RYALL, ‘“Arneburst,” Marsh ILane,
Taplow, Bucks, offers radio components.
R1E Resistors, l%-watt type, actual valves

as used in many well-known sets, 680,
3,300, 27,000, 33,000 1ly-meg., 3/- dozen,
new goods; Erie resistors, 2-watt type, 150,

560, 820, 3,000, 3.900, 7,500, 140,000, 220,000,
560,000, 1-meg., three for 1/6, new goods
Frie resislors, 3.watt type, 70, 1,500, 3,300,
6,800, 8,200, two for 1/6; T.C.C. 0.1 tubular
non-inductive condensers, 350v. working, in
Paxolin tubes and waxed, 6,6 doz.. 75, gross.
LOW Motion (Epicyelic) Drives, fit Yin,
shafts, long lin. spindles, well made in
brass, with ball bearings ratio 8-1; 1/3 each.
P.\XOII\ Strip, 2lin. wide, as used for
group boards, etc., three 12in. lengths for
1/6; alnd, ft. for 150 lengths.
ROUP Boards, undrilled; 1/3.

TUR.\'TABI.ES, as used for rotating port-
ables, ball bearing, 1/'6 each, soiled;
post 9d. extra on sgingle items.

THI\!BIP Top Caps; 36 for 1/3.

six for

INSIIJILsA'l‘IZ\'(} ‘'ape, 20z. reels; eight for

WITCHES, Wearite, long type, silver plated
») contacts. ebonite barrel, will switch band
pass, HF, and dial lights; 1/3 each.
ONE Units, heavy circular, less reeds, bob-
bins, mostly O.K., two 1/6, postage 9d.;
Yaxley switch screens, 33,x35%, with fixing
flange, 4 for 1/3.
K.B. Wave Traps, iron core, 1/3 each, 12/6

qPFAKERS damaged cones, otherwise O.K.,
resistance 750 ohms, 325 ohms, 8,600
ohms, carry 120 m.a., oval or round type,
6/9 ea(h, pots only 5,9 60 m.a. pots, 600,
7.500, 3/9, or complete 5/9.
DIAI Plates, 3-band, size approx. 6x5, scale
4x 2!, white ground 2 1/3; Burgoyne
dial plate, 3band brown ground, 6x4, scale
3x 2, station list prlnted on, 2 1/3; dial plate

ex Berners 4-band, .in green, red, blue,

orange, transparent, brass stiffened edges 1/6

each; dial and scale, 63x4; 9-pin v. holders,

4d. each.

OCTAL V. Holders, 5-pin, 6d. each.

l-l\iEG. Tone Controls (2 tags only); 1/6
each.

We now confine our busi-
> ness to Mail Order.—(i. A, Ryall, "Arne-
hurst,”” Marsh Lane, Taplow, Bucks. [1558

COULPHONE Radio, New Longton, nr.
Preston.—Brand new goods only; mains
350-350, 120ma., 6.3v. 3a., 5v. 3a.,
. speakers with transf., 8in. Celes-
; 5in. Rola, 21/-: Tungsram Valves;
Cored Solder, 4/6 1h.; Barretter Resistors.
6/-; Line Cord Replacement Resistors, 800
ohm, 2 adjust. taps, 6'9; electrolytics, 50mid,
50-volt, 3/3; Erie 1- watt resistors, all values,
9d. each; pushbark wire, 100ft. coil, 6/-'
switch cIeaner, 2/3  bottle; powe_r-penmde
transformers, 6/9; S.A.E. for stock list. [1409
1\ ETAL Rectifiers.—LT. metal rectifiers for

battery charging., with instructions, 12v.
3 amp., 34/6; 6v. 3 amp,, 17/6, post 7d:
6v. 0.5 amp.,- 5/9, post 4d.; mstmment type
rectifiers for meters, bridge type, bakelite
moulded, very good make, 15/6, post 3d.; trans-
former and rectifier for 2v. 0.5 amp. trickle

JPECIAL Note.

transfs
28/6;
tion, 24/

vharger, 13/6, postage 7d.; few only, complete
chargers, 6v,, 12v. 1 amp., very gooxl make,
69/6; Rothermel '* Bullet™” crystal micro-

phones for stand mounting, black crackle finish,
tilting mount, £3; D104 type. with aluminium
diaphragm, 95/-; Rothermel bakelite pick-ups,
latest. type, 67/6; milliammeter, 1 milliamp,
full scale 2% -inch, flush mounnng, second-hand
but perfect, 72/6——Chammon 42, lowitt Rd..
I.A_mdon, N.W.3, [1572
OUTHERN RADIO'S Wireless Bargains.—
[ 9/-, gross assorted screws and nuts com-
plete, 9} 6/-. gross soldering tags, including
epade ends, 6/-; 7/6, Philco 3-point car
aerials, make excellent short wave and home
aenals complete with fixing bolts, etc.. 7/6;
P.O. microphones, eomplete with trans-
former. ready for use, 7/-; Goodman's 8in.
P.M. speakers, with transformers, 21/- each,
pondi 1/-; tungsram IH.R.210 general pur-
poqe attery valves, 4/9; wireless crystals (Dr,

Cecil}, 6d. each, 5/6 dnzen, with catswhisker,
9d. each, 8/- dozen complete crystal detectors.
2/6 each; feet’ covered wire for aerials,

ete., 2/6 per coﬂ push back connecting wire,
75 feet, 5/-; smull povuertul circular magnets,
Hgin dlameter 34in, thick. 1/6 each, 15/-
er dozen combined Morse practice equipment
lor hnzzmg and flashing complete with bulb
and battery mounted on metal base 22/6
each; smgle Morse keys (bakelite), each;
buzzers, /- each; many other bargams for
callers; postage extm, all (gnnda guaranteed -—
Southern Radio Supply 0. Lisle St.,
London, W.C. Gerrard 6653 [1 508

HINEERIN(
PORTUNITIES

A This unique Handbook
shows the easy way to
lecm-‘el AML

C.E,

A
?w’ '
A

Book ,9;3 G Al RB.
sent /”" eimilar quumanmu. WE
post free o NO PASS—
A NO PEE 2 Deuns are given of
over 150 Diploma Courses in all
bnnd:es of cm!. Mech., moo uoﬂ;.
., Radio and Pr MAgm hin:
{great s ), HATR!CULATION R.AF, ., etc.
8end xz?" your copy at once—FREE., Men  with

Radio knewlsdge can obtain afiractive posts in the Services.

BRITISH IKSTITUTE OF ENGINEERING TECHNOLOGY,

387, Shakespeare House, 17, 18. 18, Stratford Place,
London, W.1

HILL awo GHURCHILL

BOOKSELLERS
SWANAGE DORSET

ENGLISH & AMERICAN
BOOKS IN STOCK ON

RADIO AND
TELECOMMUNICATION

L
CATALOGUE ON APPLICATION

ESSLGR /lo/za’op} I:?

For TURNING and MACHINING of
PLASTIC MATERIAL
SIGNAL LAMP CAPS

SCREW CUTTING N BAK. FABRIC

Albion House, 201-3, Church 8t., London, N.18

Tel. : Clissold 6247

Salford Electrical Instruments Ltd.
PEEL WORKS SILK STREET, SALFORD, 3

lephonaes © BLAckIr .uoe-!! (6 lines)
Propriecars: The Genarsl tiecirt Co. L1, of Ex
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Look

to your
future...

Trained men get good jobs. Hundreds of our
students write to thank us for their successes
and increased earnings. Now, more than ever
before, men with a good knowledge of radio
or mathematics are urgently needed.

Even If you are already in the Forces, or engaged
on work of National importance, you should
think of your future. A sound technical training
is the best insurance against the risks of
unemployment.

Our simplified method of Home-Studying is a
proved success. Even if you know nothing
about radio or mathematics, you can master
these subjects, and you will really enjoy studying.

Post coupon now for free details of our Home-
Study Courses in Mathematics, Radio C culations,
Radio Reception, Servicing, Transmi¥slon and
Television.

T. & C. RADIO COLLEGE
29, Market Place, READING

(Post in unsealed envelope, Id. stomp.)

Please send me free details of your Home-
Study Mathematics and Radio Courses.

NAME e o

T IV T T G

"The Colonel’s
Lady — and
Judy O’Grady”

T'hese two charming persons may have
been ** sisters under the skin™; but
whilst the more deadly are possibly
all soul-tnates it would not be wise
to take it for granted that this generalis-
ation applies equally to —trans.
formers, for instance. Undoubtedly
many of them superficially look equal
to a Gardner, but beneath their metal
¢gkin® they are worlds apart. This
telass  distinetion” s . noticeably
marked in the ease of Gardners’ Small
Power Transformers up to 4 kva.
May we ask you' then to consult with
us when next you need this type of
component and  the specification
stresses * The Colonels Lady  aspeet ?

We regret that at present Small Power
Transformers are available for highest
priority orders only.

Qi aaih® T“’\NSFURMERS

GARDNERS RADIO LIMITED
SOMERFORD - CHRISTCHURCH ' HANTS |

INSULATED Telephone Wire on Drums, 1%
mile, £7/7.—Duncan, Morwenstow, [l1532
ARLEY 3-liry. Choke, Ferranti O.P.M.I(C}),
A.F.5; ofters.—153, Ince Ave., Liver-
pool, 4. {1548
KYROD Aerial, unused, 70/-; Baird in-
cendiary bomb detector, unused, £5;
Baker's 2RF tuning unit, £4/10; Radiolab
valve tester, £10/10.—Particularg, Box 2835,
c/o Wireless World. [1583
ASKY'S RADIO, 370, Harrow Rd., Pad-

4 dington, W.9., offer for sale the follow-

ing components: Rola 5in. speakers, with
transformer, 21/-; Rola 5in. speakers, less
transformer, 19/-; Rola 8in. speakers, with
transformer, 26/6; speaker output trans
formers, 6/6 each. (‘ondensers: .1 mfd., 350v,
5/6 doz.; 50 mfd., 12v, 16/- doz.; 25 mid,

25v, 18/- doz.; 2 mid., 400v, cans, 4/3 each;

8 inid, 150v, tubular. 2/3 each; .23 mid.,
600v, tubular, 1/3 each; .02, mid, 600v,
tubular, 1/- each; .15 mfd.,, 2,000 v, 1/6
each; .05 mid, 2,000v, 1/- each; .02 mid.,
2,000 v, 9d. each; 10 mid., 25v, 1/6 each;
assorted volume control less switch, 2/9 each.
Mains transformers: 350/0/350, 4v, 18/6
each; 350/0/350, 6.3v, 26/- each. Cash with
order or C.0.D [1578
Wanted
NFINITE Baffle Speaker, A.C. record

player, gramotor, cash waiting. BM/DCA,
W.C.1. [1568,
OMPONENTS, valves, receivers, test gear,
meters, ete., wanted.—R. J. W, 7, Elm
Grove Rd., Ealing, lLondon, W.5.
ANTED, pair of Brown's ' A" type
headphones, in good condition.—Box 370,
Gordon llouse, 75-79, Farringdon 8t., E.C.4,
DYNAMOS, MOTORS, ETC.
ALL Types of Rotary Converters, electric
motors, battery chargers, petrol-electric
generator sets, ete., in stock, new and second-

hand.
ARD, 37, White Post Lane, Hackney
Wick, E.9. Tel.: Amherst 1393. {0518
OTARY Convertor Bargains. — Electro
Dynamic Co.’s motor-generator type, in
various inputs from 50v. D.C. to 230 D.C..
suit radio or talkie, cost £27/10 each; from

£10 to £17/10 each.—Penrose (Cine). Ltd..
69, Streatham Hill, Logdon, S.W.2. 'Ph[(i!;e:
64

Tulse Hill 6756.
OR Sale, Rotary Converter, 50-volt D.C. to
230-v. A.C., 18 months old; also 50-v. D.C.
Seafarer Radio, with extension speaker; both
in excellent condition.—Apgly W. Farley, 129,
Longford Rd. West, Reddish, Stockport. [1524
TARY Converters by E.D.C.,, Crompton,
Crypto, and others, all voltages to 3kw.—

Below.
DYNAMOS and Battery Chargers, A.C. and
S D.C. to 5kw.; switchgear and meters for
same.—Below.
IGHTING Sets by Stuart Turner, Kohler,
4 Delco, Lister, Petter. etc., all voltages

to 10kw., with or without batteries.—Harris,
Strouds, Bradfield, Berks. [1555
ANFOTOR-ALTERNATOR, 110 or 220v. D.C.

v input, 230v, 50 cycle 300 watts output,
with starter, all on base, by Croydon Eng..Co.;
£12/10.—1larris, Strouds, Bradfield, Berks.
L.T. Dynamos for Charging or Windmill,

T.ucas-Rotax, 6-12 volts 8 amps. .
3rd brush, weight 111b., size 8in.x4lhkin., un-
used ex W.D.. cost £10., to clear 17/- each,
carr, paid; H.T. and I.T. G.E.C. double-end
6 volts and 600 volts, 17lb. ditto. 27/6 carr.
ga‘i‘g.—l!leclrndix. 19, Broughton S8t., London.
S.w.s.

[9993
VALVES

ARIOUS Unused Valves and Electrolytic
Condensers; list on application.—Duncan,
Morwenstow. [1531
ALVES.-Thousands in stock: send require
ments s.a.e.—Davies, 28, Mount Vernon
Cres. Rarnsley. [1073
MERICAN TLease-l.end Valves, mast popu-
lar types, speakers, line cords, etc.; see

our other advertisement.—8exton & Co., Ltd.,
164, Gravs Inn Rd., London, W.C.1.
A MERICAN  Universal  Valves,
£Y  2516GT, 50L6GT, 2575, etc.. ete. for
replacement in radio receivers only; British
and American types in large quantities always

available; su.e. please.—The Dale Electric

Co., 13. Tretawn Gardens, London, N.W.7,

1 00 Valves in 8tock, 8.AE. for
) printed list at 1d. UUS5 11/-

PEN.A4 12/10, 354V, 9/2, TH41 14/., VP4l
12/10, TP1340 18/3, Cl.4 12/10, ECH3 14/-
6Q7G 11/7, 36 12/10, 45 11/7, 47 12/10
Post 6d. -Ransom, 34, Bond St.. Brighton.
LASKY RADIO, 370, Harrow Rd., Padding
ton, W.9, have a large stock of B.V.A
mains and battery valves, we 2lso have for im-
mediate delivery a select'on of Amerfean valves
for midget receivers replacements as follows:
1ASGT, 10SGT, 1H5GT. 573GT, 6A8GT, 616,
6.J7, 6K7. 6Q7. 128Q7GT. 128J7, 32L7GT
35L.6GT, 3524, 35Z5GT, 70L7GT, 117Z6GT.
S8end us vour requirements. All at controlled
Board of Trade prices, plus postage. [1577

PREMIER RADIO

Premier 1-Vaive de Lnxe Battery Model 5.W.

ver, 8bmplete with 2-volt valve, 4 colls
covering 12-170 metres. Built on steel chassis
and panel, §5/-, including tax.

PREMIER MICROPHONES
Transverse Current Mike. High-grade large output

unit. Response 45-7.500 cycles. - Low hiss
level, 23/-. X i
Premier Snper-Moving Coil Mike. Fermanent

Magnet model requiring no energising. Hensi-
tivity 56db. Impedance 15 ohms. Excellent
reproduction of speech and music, £5'5/-.
Microphone Transformers, 10 8 each.

i ible Type Mi
52'6.

NEW PREMIER S.W. COILS
4- and 6-pin types now have octal pin sparing
and will it International Octal é:\l;e holders.

8tand,

IN TYPE IN TYPE
Type Range Price Type Range Price
04 9-15 m. 26 06 9-15m. 2/8
04A  1226m. 286 06A 12:26m. 2/6
04B 22-47 m. 26 08B 22-47 m. 2/6
04C 41-94 m. 28 06C <94 m. 2/
04D  76-170m. 2/8 06D 76-170 m. 2/8
04K 150-850 m. 3~ CHASSIS
04F  235-550 m.  3/- MOUNTING
4G 490-1,000 1. 4/- OCTAL HOLDERS
04H 1,000-2,000 ;. 4/- 10}d. each.
New Premier 3-Band 8.W. Coil, 11-25, 25-38,
38-86 m., 4'9.

Rotary Wave Change 8witch, to sult above, 1/6.
Premier 2-Gang 8.W. Condenser, 2 x 00015 mfd.,
with integral slow mution, complete with polnter,
lénob and Aqlle, 10/6.

2'0 each

g 0005 mt.
2 v 2/11 each

Difterential

H.F. CHOKES
8.W. H.F, Choke, 10-100m. ............
Standard B.F. Choke
Binocnlar H.F. Choke

SHORT WAVE CONDENSERS
Trolitul Insulation. Certified superlor to ceramic.
All-brass construction. Easily ganged.
15mmid. ...... 2/4 100 m.mfd.. ... 3=
25 mamfd. ...... 2.2 160 munfd.. ... 317
40 m.mfd. ...... 2/8 250 m.nfd..... 4/-
Brass Shalt Conplers, } in. hore........ 74
Flexible Conplers. } in. bore 114d. each
7-pin Ceramic Chassis mtg. English fitting alve
Holders, 1/6 each.

*“LEARNING MORSE? "
Then purchase one of the new pract ice Oscillators,
Supplied complete with valve, on steel chassis,
27/8. Practice key 3,3, _TX key. 5/8. Super
model on wooden hase, 11/6.
Brown's Headphones, 19/8 pair.
3-Henry Chokes, 10/-.
Good Quality Buzzer, 3'-.

ELECTROLYTIC CONDENSERS
Tubular wire end type, 25 mt, 25v., 1/8 each;
50 mt., 12v., 1/8 each; 50 mf., 50v., 3/- each.

RESISTANCES

Malns Resistances, 660 ohms .3A Tapped. 360 x
180 x 60 x 60 ohms, 5/@ each.
1,000 ohms .24 Tapped. 900, 800, 700, 600,
500 ohms, 4/8 each.
Valve Screens for International and U.S.A. types,

/& each.
Push-Back Connecting Wire, 2d. per yard.
Resin-Cored Solder, 74d. per coil.
Bystoflex Sleeving, 2 mm.. 2  per doz. yards.
Waterprool Covered Cable, 3-way, 1/3 per yard;
5-way, 1/@ per yard.
Screened Braided Cabie, Single, 1/3 per yard;
Twin, 1/6 per yard. Maximum lengthe 6 yards
ApPProx.

MOVING COIL SPEAKERS
Celestion 8 in. P.M. Speaker, 25/-.
Plessey 8in. 2,000 ohms Field, 25/~
Above speakers are complete with vutput trans-
formef.
Rola Bin. P.M. Bpeaker, 3 ohms voice coil, 21/-.
Rola 8}in. P.M. Speaker, 3 ohms voice coil, 25/-.
Rols 8in. P.M. Speaker, 3 ohms voice cuil, 25/-.

Send for details of our Mains Transformers,
Smoothing Chokes and Valves available.

0003 mf. ......26 0005 mf. ....
0003 mf.

ALL ENQUIRIES MUST BE ACCOMPANIED
BY A 24d. STAMP.

PREMIER RADIO CO.

ALL POST ORDERS TO :

JUBILEE WORKS, 167, LOWER CLAPTON
ROAD, LONDON, E.b. (Amherst 4723.)

CALLERS to :

JUBILEE WORKS or
169, FLEET STREET, E.C.4. (Central 2433.)
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MORSE CODE

TRAINING

1t yon wish to become a proficient W/T Operator, or, if you
are already an Operator and desire to increase yonr present
sending and receiving speeds as well as to improve yonr
techniqne, then apply for a copy of the Candler ** Book of
Facts.”

Nomerous stndents trained by the Candler system are now
WI/T Operators in the ARMY, NAVY, AIR FORCE and
MERCHANT SERVICE, whilst many others are doing
W/T work of national importance,

® Read these extracts from letters sent in by Candler students
The ARMY.—" I have derived immense benefit from the
lessons . , . I am highly satisfled with the Course. Part 4
1 find eapecially stimulating and helpful.”
Ref. No. 8640. H.T.S.

The NAVY.—* Thanks to your Course I passed my Morse
exam. in the Navy with 97 per cent.,and at a speed varying
from 18 to 20 w.p.m. I am certain [ would uot have done
%0 had it not been for your Course."

Ref. No. 4214. R. L.

The AIR FORCE.—'I am pleased to state that I have
aiready found a marked improvement in both sending and
recelving, and all my former difficulties have become less
and less . . . I can now send 5 w.p.m. faster and receive
two or three letters behind." Ref. No.9248. T. C.

The MERCHANT SERVICE.—'I am now spending my
leave at the above address. . . . What has surprised me
most Is the remarkable difference your Course has made in
my recefving of Visual Morse signals. . . . I can now
receive long messages in ‘ my head ’ and write therm down
afterwards, so doing away with the necessity of a * Writer *
each time a message Is received. I do not know what my
* Top Bpeed ' ia in V/8, but I Imagine it 1 over the 25 Ww.p.m.
mark, as I can read the fastest Naval signals without diffi-
culty. My V/8 speed before taking the Course was about
10/12 w.p.n., and very erratic at that. Iam very pleased
with the results I have achieved so far both in W/T and
vig." Ref. No.7209. I F. R

A GRAND COURSE,— -

' I am pleased to report further progress both in my
rending and receiving speed.

“* My sending speed has increased by A further 2 words
per minute, thus making an increase of about 5 w.p.m.,
since I commenced your Course. More satisfactory than
that is the fact, however, that my Morse is much criaper,
better spaced and formed than before. Also, the old
sending trouble which 1| rcported to you now seems to
have disappeared altogether, which is to me the most
satisfactory thing of all.

** My receiving speed is also two or three words per minute
better than when I last wrote you. I can now copy behind
better, too, though {f I get more than one word behind,
1 tend to ’lose out’ verlodically, particularly when un-
familiar names of persons or places come through. Still,
I'm definitely improving and realire it 1s now mainly a
matter of practice.

‘*“ Your's ts8 a grand Course, and makes me realise the
{eficiencies of my tel rafning in the old days,
even though I was a student at one of the beat wireless
colleges in this country.

‘“I'm thoroughly enjoying the Course, and am so glad
that I took it up.” Ref. No.7849. A. L, 8.
The P.M.G. * SPECIAL.'—" I thought you may be inter-
ested to know that I have now passed my P.M.G. ' Specia)’
Radiotelegraphy examination . . . even though I have
not yet completed the Candler course.”

Ref. No.7480. R. D. H.
The originals of these letters, and many similar ones, can be
fnapected at the London office.
Full details of the following Courser are given in the
Caudler ** Book of Facts."
The JUNIOR Scientific Code Conrse for beginners, teaches
all the necessary code fundamentals scient!fically.

The ADVANCED and High-Speed Telegraphing Course
or operators who want to increase their w.p.m. Apeed and
mprove their technique,
The TELEGRAPH Tonch-Typewriting Course.

Courses supplied on Cash or Monthly Payment termn,
Fill In the Coupon and learn more about this highly efficient
Candler method of Morse Code training in your own home.

COUPON"""""

Please send me a Free Copy of Candler ** Book
of Facts.""

ADDRESS ...................0... 8

CANDLER SYSTEM CO.
(Room 55), 121, Kingsway, London, W.C.2
Candler System Co., Denver, Colorado, U.S.A.

(343)

Wanted
MULLARD P.M.13 Valve.—Day, 20, Mount-
fleld Rd.,, N.3. (1539
ALVES Wanted, any quantity from one
upwards; also test equipment, service
sheets and_spares.—J. Bull, 246, High 8t.,
Harlesden, N.W.10. 9732
REPAIRS AND SERVICE
L.T.P. Repair All Mains Transformers and
Chokes. Prompt delivery.
LONDON TRANSFORME PRODUCTS.
Ltd., Wilesden, N.W.10. Wil. 6486 (3
lines). (9552
MIDWEBT, etc., we are the American ex-
perts.—Bennett's, 4, Humberstone Drive,
Leicester. (1552
RANSFORMERS, motor rewinds, repairs of
all descriptions to the wireless trade.—
Marshall, 137, Windmill Lane, Nottingham.
OLTMETERS, Ammeters and Multi-range
Instruments repaired; prompt service.—
Davies, 16, Greencroft Gardens, Hampstead,
N.W.6. [1543
CCURATE Radio Rewinds, mains trans-
formers, Fields O.P. transformers, etc.,
and all loudspeaker repairs.—Southern Trade
Services, 75a, George St., Croydon. (1039
AINS Transformers Service, repairs, re-
winds, or construction to specification of
any type, competitive prices and prompt_ser-
vice.—Sturdy Electric Co., Ltd., Dipton, New-
castle-npon-Tyne, 9651
MBTROPOLITAN RADIO SERVICE Co.
Guarantee Repairs to American and
British Receivers.—1,021, Finch}ey Rd..
N.W.11. Spe. 3000. A [9641
" QERVICE with a Smile.””—Repairers of all
types of British and American receivers;

coil rewinds; American valves, spares, line
cords.—F.R.I., Ltd., 22, Howland 8t., 1.
Museum 5675. (1575

EGALLIER'S, Ltd.— ' Service with a Guar-
N

antee. you have an English or
American receiver that needs servicing, let
American specialists (o the job; any set

handled from a T.R.F. Midget to a 30-valve
Scott; first-class workmanship only; when for-
warding, chassis and valves needed only. Send
S.A.E. with all enquiries—l)egallzier's, Lid., 9,

Westbourne Court, London, W.2. [1468
MISCELLANEOUS
APACITY Will Be Available at Well-

established Engineers for Production and
Assembly, or part assemblies, of light electri-
cal equipment and aps)ara.tus: Essential Work
only.—Box 2823, Wireless World.
AKE (and Sell) Your Own Torch Battery
Cigarette, pipe and gas lighters; no awk-
ward wheels, wicks, etc., to fix; well tested;
lasts 6-7 months; diagram and clear instruc-
tions for easy home construction; 3/-, element
included free.~Wm. Barham, * Hilltop,” Brad-
more Green, Coulsdon, Surrey. X (1522
CARDBOARD Containers, packing cases for
sale, diHerent sizes; regular quantities
available.—Particulars, write Peter Goede,
Bridze Arcade, Borough Market, London,
PATENT NOTICES .
T}IE Proprietors of British Patents Nos.
516110, dated May 17, 1938 (Conven-
tion date May 28, 1937); No. 516111, dated
May 17, 1938 (Convention date Feb, 5
1938); No. 516167, drted May 17, 1938 (Con-
vention date Feh. 8, 1938); No. 516168,
dated May 17, 1938; all relating to Improve-
ments in Electron Discharge Tubes; and No.
516169, dated May 17, 1938 (éonvennon
date May 28, 1937), re]ati%g to Improvements
in Bases or Caps for Electron Discharge
Tubes; are desirous of entering into arrange-
ments by way of a licence or otherwise on
reasonable terms for the purpose of exploiting
the above patents and ensuring their practical
working in Great Britain.—Enquiries-to Smger,
Ehlert, Stern and Carlberg, Chrysler Bldg..
New York City, N.Y., U.8.A. [1561
TUITION

RADIO Training.—P.M.G. exams. and LE.E.
Diploma. prospectus free. — Technical
College. Hull. {0611
EARN Morse Code the Candler Way. See
advertisement on this page. (1292
A POSTAL Training in Electrical Engineer.
ing-power or radio; individual correspond-
erce tuition by highly qualified engineers with
wide teaching andy technical experience.
Elementary or advanced courses. Preparation
for recognised examinations. Pre-service train-
ing specially arranged.—18, Springtield Mount,
Kingsbury, N.W.9,
THE Tuitionary Board of the Institute of
Practical Radio Engineers Have Avail-
able Home Study Courses Covering Elemen-
tary, theoretical, mathematical, practical, and
laboratory tuition in radioc and television
engineering; the text is suitable coaching
matter for 1.1 R.E., Berviceentry and pro-
gressive exams.; tuitionary fees—at pre-war
rates—are moderate.—The Syllabus of Instruc-
tionn] Text mav be obtained post free from

the 8ecretary, Bush House, Walton Avenue,
Henley-on-Thames, Oxon. [1462

V ALVES rree oF tax

British Types equivalent to Mullard PMILF, PMIBF,
PM2, 8P4, VP20, TDD13C, 2D1SC, BP2220, TDD13,
CI and CIC barretters.
merican 1A4, 1B4, 2101, 24, 35/51, 58, 68, 714,
27,50,01A, 1F4, 6B6, 6H6G, 26L.6GT, 26, 1F6G. Barrettars
4-and 6-pin. All tax free.

Also Tungsram P215, 8P220, HL4 +, 8P4B, 8P4, VME4,
DD§, DDT4, DDT138, VP4, DDT13, FCl3, VP13B,
HP13, 6V6G, TX21,  TH29, 6B7, 6US, 6G5, GBSG,
6K7G, 6USG, 33, 35/51, 58. National Union 6Y5V,
6H6G, 1A6, 15, 6A8, 7Y4, 7C6, 6J8G, 6L7G, 6F6GT, at
list, plus tax.

Fixed Resistances, § watt, 3/6 doz.; 1 watt, 5/8 doz.;
2 watt, 9/~ doz. Connecting Wire, 3/~ doz. yards,
Fixed Condensers, .00005 to . 006, mica, 4/6 doz.; wire

ended, 6/ doz.

Speaker Transformers, 5/- each. Volume Controls, 30/-
dos., assorted. Philco IF, HF and Aerial transformers,
fixed d and other repl parts, at list price.

Parcels of assorted components, £1, No lists, pleass send
stamp with enquiries. Terms : Cash with order, post extra.

E. H. ROBINS TRADING CO. LTD.
44, Kyle Crescont South, Whitchurch, Glam.

LONDEX for RELAY

for A.C.and D.C.

TWO STEP RELAY LF/FS
(Heavy Siiver Contacts)

First Impulse
‘*ON,"”" Second
pulse ** OFF,”

Also Aerial
Change-over
Retays.

Ask for
leafler 88A/WW

nEws

A Owe

W. BRYAN SAVAGE

LTD.

Expert assistance in the solution of

problems relating to
@ TRANSFORMERS, CH OKES

@ AMPLIFIERS
@ POWER UNITS
and Specialised Equipment
embodying
ELECTRONIC CONTROL

WESTMORELAND RD., N.W.9,
COLINDALE 7131

For high quality
loud speakers when
the''good times
come again.

The Courts, Silverdale, London,8.8.26
‘Phone: 8YD 6668

ROTARY

WAR D CONVERTERS

Petrol Electric Generating Plants, H.T.
Generators, D.C. Motors, Frequency
Changers, etc., up to 25 K.V.A.

CHAS. F. WARD

37, WHITE POST LANE, HACKNEY WIOK, E.9
'Phone : Amherst 1393
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Whatever your age, you can now study
for the all-important Matriculation
Examination at home on ‘“ NO PASS—

NO FEE" terms. **MATRIC” is the
accepted passport to all careers, and
opens up opportunities which would
otherwise be completely closed to you.
Ensure the future success and security
of you and yours by writing for our
valuable * Guide to Matriculation’’
immediately—FREE.

B.T.X. (Depi. 114)

356, Oxtord Street, London, W.1.

Radio Service

Mains and  Output
REWINDS‘ Transformer , Fields,
Coils, Chokes, Pickups.
VALVES Good selection, we may

have the one you want.
S.A.E. to:

A.D.S.Co. 25135, Licntad  Roat,

T

ESTOSCOPE.
g e =

i\

= Makes 30 im-
. _portant tests, 100

to 750 volts, A.C. or
D.C.Used everywhere by
Electriciaris, Wiremen, etc. From
Wholesalers or direct. Send for leaflet**R. 14."*

RUNBAKEN -- MANCHESTER - - |

e
f.DR THE
RADIO SERVICE

MAN, DEALER
AND OWNER

The man who enrolls for an 1. C. 8. Radio
Course learns radio thoroughly, com-
pletely, practically. When he earns his
diploma, he will KNOW radio. We are
not content merely to teach the principles
of radio, we want to show our students
how to apply that training in practical,
every-day, radio service work. Woe train
them to be successful!

INTERNATIONAL CORRESPONDENCE SCHOOLS

Dept. 38, International Buildings,
Kingsway, London, W.C.2
Please explain fu:lg about your Instruction in
the subject marked X.
Complete Radio Engineering
Radio 8ervice Engineers
Elementary Radio Television
And the following Radio examinations:
British Institution of Radio Engineers
P.M.Q. Cortificate for Wirsless Operators
Provisional Certificate in Radie Telephony and

Tolo;r?n for Aircraft
City and Guilds Telecommunications

Wireless Operator & Wirsless Mechanic, R.A.F.

WIRELESS, WORLD

RADIO Engineering—Television and Wire-
less Telegraphy, comprehensive postal
courses of instruotion. Apply British School
of Tele&raph . Ltd., 179, Clapham Rd., Lon-

don, §.W.9 (Estd. 1906.) Also insirnetion at
sohool in wirelese for H.M. Merchant Navy
and R.A.F (9249

TECHNICAL TRAINING
REAT Possibilities Exist for Technically
Qualified Engineers, key men in wartime

and afterwards. Through the home-study
courses of The T.1.G.B. take a revognised engi-
such as A.M.I.Mech. ‘Zj,

neenngh gualiﬁcalion,
AMIEE., AF.R.AeS., AMIl.Chem.E,,

and G., etc,, in which examinations the
T.1.G.B. students have gained 25 FIRST
PLACES and Hundreds of Passes. Write to-

day for " The Engineer's Guide to Success "—

Free—containing the world's widest choice of

engineering courses roverinﬁ all branches, in-
a

.4.
SITUATIONS VACANT

ERVICE Manager Required for Valve Deaf
Aids, London, W.1; exempt; sound know-
ledge of L.F. amplification, capai)le correspon-
dent.—Write, age, experience, salary required,
Box 2818, c/o Wireless World. 151
“HRELESS Telegra‘phy Instructor Re-
quired, holder of firstclass certificate
preferred, but not essential.—Write, giving full
particulars, to Principal, Wireless College, 6.
Princes Rd., Liverpool, 8. 1530
HIEF Designer (Mechanical) required for
development department of a firm of
Communication Engineers. Good experience
in the design of electrical instruments and
apparatus essential.—Write, giving full
tails, to Box 2832, Wireless World.
IRECTOR of Research and Development,
to take complete charge of these depart-
ments, required by a London firm of Electri-
cal Cngineers manufacturing  radio fre-
%uency. acoustic and electrical instruments.
irst-class qualifications in Physics or Klec-
trical Engineering essential, coupled with
wide industrial experience.—Write stating full

perticulars, to Box 2821, Wireless World,
ELL-KNOWN Nautical Instrument Firm
has One or Two Vacancies for High-grade
Service Represcntatives for Travelling or Resi-
dent Marine Echo Sounder Maintenance imn
Major British Ports; radio and mechanical
experience essential; suitable arrangements

cluding Aeronautical, Mechanical, Electrical,
Wireless, Chemical, etc.
HE TECHNOI.OGICAL INSTITUTE OF |
GREAT BRITAIN, 82, Temple Bar
House, London, E.C (1403

Details of this
and other models
sent on request.

Advertisements 31

65-watt
SOLON

for general use

This 65-watt Industrial type
SOLON Electric Soldering
Iron is fitted with an oval
tapered bit—a shape which
issuitable for most general
work., For specialised
work the pencil bit
model is recommended,
whilst bigger jobs call
for the 125-watt or
240-watt models.

Supplies of these
various models are
only available for
essential war
work, of course,
and due to heavy
demandsitisnec-
essary to order
wellinadvance te
avoiddisappoint-
mentindelivery

MADE FOR
USUAL

STANDARD

VOLTAGES

W, T. HENLEY'S TELEGRAPH WORKS CO. LTD.
Engineering Dept., Milton Court, Westoott, Dorking, Burrey

made for training; high degree of resp
bility required, since work essential to war at

sea.—Box 2820. c/o W'releas World. {1521
S8ITUATIONS WANTED
ECHNICIAN, wide experience in radio,

sound on film, and other electro-mechani-
cal equipment; priority work.—24, Clarke's
Rd., Hatfield. (1584
ADIO Frequency Engineer Desires Change.
executive position preferred but not
essential; approachable from Ilford, Essex.—
W., 63, 1lford Lane, llford, Essex. (1582
YOUNG Radio Engineer, exempt, technical
training of degree standard, varied prac-
tical experience, some original techn. work,
seeks progr. post.—Box 2827, Wireless World.
ADIO and Television Engineer, long ex-
perience with several well-known firms,
seeks change; experienced in research and
roduction; good orianiser, capable of hand-
{’ing labour; can take charge of department
if required; good references; minimum salary
required, £650 per snnum.—Box 2825, Wire.
less World. (1535
BOOKS, INSTRUCTIONS, ETC.
EBB'8 Radio Map of the World Locates
any Station Heard. Bize 40x30in.. 4/6,
ost GdY: on linen, 10/6, post 6d.—Webb's
adio, 14, Soho St., London, W.1. 'Phone:
Gerrard 2089. X ) . (9947
" SYSTEMATIC Radio Servicing,” & practi-
cal metbod explained by J. Bull. Alsoa
catalogne of the various Radio Bervice Aids
produced by V.ES. Price 1/7, post free.—
V.E.S., Radio House, Melthorne Drive, Ruislip.
Middx. (1545

We will buy——
——at your price

USED Radios, Television, Test-
meters, Amplifiers, Converters, Radio
and Electrical Accessories, etc.
Write or *phone
WE WILL CALL!

UNIVERSITY RADIO LIMITED
238, Euston Road, London, N.W.|

EUSwn 1908 od €BRrard 4447

RADIO SERVICE SUPPLIES i

MAINS

8.
X

AUTO

up to 2,
merclal

Volume

Type A.
B.

Z.

(Postage on Tyi)ea

60 watts, 100-150/200-250v,, step up or down.. 22/6
EAKER SFORMERS.

Standard xings.
(45ma.) Pentode ratio only, 5/8. Power/Pent/PP, 7/6

LARGE OUTPUT TRANSFORMERS,
For Amplifiers, Primariea CT.............v..- 30/~

BOBBINS ONLY.

Wound bobbins to fit standard Rola, or Good-
mans, etc., speaker transformers. Wound
for Pentode ............c0cavuenne each  2/6
SPEAI

Rola. PM
Rola, PM.
Goodmans PM.

SUNDRIES.
Bias Condensers, 25mfds., 25v., 1/6 ; Bias Resistors,

Dropper Resistors, 360
750 ohmi, with slider, 6/=,
five 50 0. taps and 750, with slider, 8/6. Tuning Coils,
MW, and LW,, on formers, 2§in. x lin., 1/3 each.

popular
SERVICE COMPONENTS OF EVERY DESCRIPTION
IN STOCK.—Resistors, Condensers, Sleeving, Wires,
etc. Valve Holders, Mica "Condensers, etc. Large
stocks of valves of all types.

acoompanled by 3d. stamps for lists.  Prices quoted
nott cash, add estimated

RADIO INSTRUMENT SERVICE CO.

TRANSFORMERS. ‘
Pritnaries tapped 200/230/260v.
360-0-350v, 80/100ma., 4v. 2a.
4v. 4a. C

and
22/8

. 22/8
25/8
. 30~

7a, CT. ....,
500-0-600v. 120ma , 4v. 2.5a.

A D e T e e et 36
A, B, 8,9d.; Xand %, 1/-)
TRANSFORMERS.

size n.unplnu'! and fixings.

{60ma.),

12/15 watts. Secondaries, 3,5, 8,15 ohm

23/8

w Ono,, o,
(Postage on larger sizes 9d. each.)

,000 ohms, 5-watt, 1/9 ; 10-watt, 2/3. Com-
Droppers, 40-watt, from 3/- each, Line Cord
ohm., 5/, Three-way type,
Universal type, 950 ohm,

Controls, less sw., 3/-. With switch, 4,9,

sizes.

All enquiries must be

postage where not stated.
with order or C.0.D.
MAIL ORDERS ONLY.

, Littieheath Rd., Boxleyheath, Kent.
Brith 2814
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Amplifiers &
available for [§
work offH
National
importance,

Answers all QOHM'S LAW problems—for example *

What will be the voltage when current I flows through
resistance R P

What will be the voltage with watts value W and I
ocurrent flowing P

What is the current flowing where watts value is W
and voltage is E P

What current will flow through R resistance where
voltage is E P

What will be the resistance where current I flows at
voltage E P

What will be the resistance where watts W is at
voltage E

What will be the resistance where watts_ W is at
current I P

What is the wattage at voltage E through resistance R P

What is the wattage of curgent I through resistance R ?

What will be the wattagé#®! I current at E voltage ?

The scales read from 1 millivolt to 1,000 volts. From

1 ohm to 1,000,000 ohms, From 1 milllamp to 10

amperes. From one-tenth of a milliwatt to 10,000

watts.
FULL INSTRUCTIONS WITH EACH INSTRUMENT
PRICE 4/6 Postage 3d.

Order at once whilstdeliveries are good

IONIC LABORATORIES
8,Cranbourne Terrace, 8alt Hill, SLOUGH, BUCKS, ENG.

JIM!\‘ONUS DEVELOPMENT LORPORATIDN LTD
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WIRELESS WORLD

Standard Amplifiers

Switch Assemblies @

HUNT

B

KURZ-KASCH
RADIO KNOBS—DIALS
INSTRUMENT KNOBS

NOT only are modern plastics

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

4
<
<
<
<
4
4
4
4
1

We patiently await the time when
we shall once again be able to
help equip your radio receivers
and instruments with those well
designed and good looking
mouldings and, no doubt, with
other items resulting from plant
expansion and new developments.
Register your name with our Representative
now. He will forward you information on our
products as soon as they become available.
KURZ-KASCH INC.
Moulders of Plastics,
DAYTON, OHIO, US.A,
e X Clusiively Represented by

Frank Heaver Ltd. Kingsiey,

Industrial Applications
Winding @ Sheet Metal Work and Stampings @

| Length 39”.
| Handles

DDA AAAAAAAAAAALAAANAAAAANMADNAAAAAMAAAAANAANAADAASLA
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and SUB-ASSEMBLIES

® Special Amplifiers for
® Transformers and Coil

Microphones, etc.

LVUSTILZAL

MANUFACTURING COMPANY LI?

INGDON TEL: 36/

DIRECTIONAL HORN
"LOUDSPEAKERS

Used extensively in general purpose
P.A. Designed for maximum efficiency
for Outdoor or Indoor use. Overall
Flare Opening 26" x 12”.

10 watts. Price £8-18-6,

INDUSTRIAL AMPLIFIER
& TELEPHONE

CoO.

TOWER WORKS, OLD TOWN,
CLAPHAM, SW.4

| Teleph No. - - - -« MACaulay 3200

AAAAAAAANAAAAANAANAAAA

-,

We invite new inventions which, guided

" by the technical knowledge, manufactur-

ing facilities and world-wide marketing

organisation of the Simmonds Group,

may be developed to play vital parts in
modern industry.

S‘IMMOND
GROUP

LONDON
MELBOURNE
S

BUSH HOUSE - W.C.2

Printed in bncb\nd for the Publichers, JuiFrR axp Soxa Lrn., Doruet House, Stamford Street, London, 8.E.1, by Tik Corswais l’m a3 LTp., Parls Ganden. Stamford Street,

Lundun, 3.E.1.

‘ The Wireless World ™ can he ubtained abroad from the fotlowing :
aNava ¢ Imperial News Cu. ; Gordon & Gotch, Ltd. Sov T A1R1ca

AlSTRALIA And N&EW ZKALAND

Central News Agency, Ltd.; Wi Dawson & Sons

INprv: AL H. Wheeler x ¢
UxiTen STATE : The Internatis ma) Newso

Gondon & Goteh, Ltd.
15,40, 1ad
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It was just a coil of wire. ..

>4

... now it is an inductance coil which has to meet the stern demands of a
communication system that goes on day and night. One more example

of Rediffusion products used in Rediffusion communication equipment.

WD TEITS TN e
1 1 SERVICE LIMITED

DESIGNERS AND MANUFACTURERS OF COMMUNICATION EQUIPMENT

VICTORIA STATION HOUSE « VICTORIA STREET « LONDON + S-W-| (PHONE VICTORIA 88131)
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