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TOINDUSTRY

. Callender’s have branch offices in each of the principal
cities of Great Britain  Staffed by specialists they are fully
equipped to meet the needs of the electrical industry

Our National Sales and Technical Advisory Service 1is
available through the branch offices to all electrical engineers.
This service commands the resources of the World’s largest
manutacturing, marketing and contracting group concerned with
electrical transmission and distribution, radio and telecommuni-
cation equipment

"BRITISH INSULATED CALLENDER’S CABLES LIMITED |

NORFOLK HOUSE, NORFOLK STREET, LONDON W.C2
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The 50-range Modei / Universal
AvoMeter, the pioneer of the compre-
hensive range of *Avo’’ Precision
Instruments, is the world’s most widely
used combination electrical testing
instrument. Fully descriptive pamphlet
available from the Sole Proprietors and
Manufacturers :—

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO, LTD.

WINDER HOUSE «- DOUGLAS STREET - LONDON - S-w-1I TELEPHONE : VICTORIAI$04/9

1
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Owing to high R.F. rating and smé dimensions, U.1.C. Ceramic Pot Capacitors are eminently
suitable for working at high loads and high voltages. Full technical data furnished on request.

UNITED INSULATOR CO. LTD. OAKCROFT RD. TOLWORTH, SURBITON, SURREY

Telephone: ELMbridge 5241 (6 lines). Telegrams: Calanel, Surbiton.

dan
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A Superb Instrument for the Perfect

Reproduction of Gramophone Records

Here at last is an instrument which will
give you the perfect record reproduction

of which you have dreamed . . . the full
beauty of the quiet passages . . . the
excitement of the finale . . . the vigour

of the bass . .. the trill of the soprano.
And the Collaro Microgram is completely
self contained . . . completely portable.
Just plug in ... and hear your records
as they were meant to be heard. Ask to
hear the Microgram at your usual dealer’s

. or write to address below
for Illustrated  Brochure.

The < De Luxe” Model illustrated
is complete with 6} inch Speaker,
and lightweight Crystal Pick-up,
neatly fitted into a handsome
im’tation lizard-skin case.

e @BLILARD

PRICES :
— De Luxe Model £19 19

l L. l.a q l.a m Plus Purchase Tax £4 8 8
Standard Model £16 16

W& %cu‘c QWW Plus Purchase Tax £3 14 8

Trade Enquiries to :—
Telephone :

COLLARO LTD., RIPPLE WORKS, BY.PASS RD., BARKING, ESSEX Rippleway 3333

—
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* A.F. ATTENUATOR, TYPE 1358
Frequency Range, zero to 20Kcs. Input Impedance,
600 ohms. Attenuation, 0-110 dB in steps of | dB,

195 nominal voltage ratio.
Internal Termination of 600
ohmsatoption.
Dissipation, 2

watts.

|

|

!

| Y% DIODE

‘ VOLTMETER,
TYPE 281

¢/s. to 250 Mc/s.
4+ 29, of F.S.D. Stable zero setting. Alternative

PERTRIX RADIO BATTERIES, model having additional d.c. voltage ranges available.

in the red and yellow pack, arc now ) - 5

‘ 0.1-150 volts, 50

firmly established in the post-war
market. One reason—a Pertrix battery
supplies power and nothing else. No '

mush or crackle to interfere with '
. . % HIGH DISSIPATION
good listening — the result of a ] RESISTANCE BOX, TYPE 1752

. . i 3 . i . 0-1 meg. in 5 decades. 6 watts per resistor, 60 watts
battery d01ng its work qumd}’ effici- ' per decade, except last decade which is 20 watts.

ently and unobtrusively. What’s Accuracy 4 59,. Voltage limit 1,000 volts.
) . PRICES ON APPLICATION
more it goes on doing it for a long | ”/
time. Stick to Pertrix. .
e to Tettix u%gelz//monuonlzs LTD.

HOLSUN BATTERIES LTD nonuuuwooo.unn@

137 Victoria Street, London, S.W.I. Py
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NEW
RANGE

/@ WESTINGHOUSEI®)

ESTALIT
H.T. RECTIFIERS

These new units are the latest development in rec-
tifier engineering and, while only a fraction of the
size, weight and price of the earlier designs which
made Westinghouse metal rectifiers world-famous,
are more efficient and, if possible, even more
reliable. A wide range of outputs is available,
suitable for AC and AC/DC receivers, battery
-~ o eliminators and for speaker field excitation.

A
i
AL + -

INPUT QUTPUT

SEi
“TERMINALS OF
TRANSFORMER

|

Voltage-doubler circuit Half-wave circuit

Details are given in leaflet. MR. |4 Suppt. |, a copy of which
will be sent on request to Dept. W.W.

WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 82, York Way, King’s Cross, London, N.1
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The better they are made
the more outstanding the results

MADE IN THREE PRINCIPAL MATERIALS.
FREQUELEX. An insulating material of low Dielectric
Loss, for Coil Formers, Aerial Insulators, Valve Holders, etc.

PERMALEX. A High Permittivity Material. For the
construction of Condensers of the smallest possible
dimensions.

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

Bullers See.

"telé,e VY

BULLERS LOW LOSS CERAMICS

BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. Phone : Mansion House 9971 (3 lines)
Telegrams : * Bullers, Cannon, London."’ :

Radio

Frequency
Bridge

15 Ke/s. to 5 Me/s.

) This instrument measures a wide range
of capacity, resistance, and inductance,
as well as impedances, such as lines, which
may be floating, unbalanced or balanced

=" with the centre point earthed. It is capable
of selectmg the capacity between any pair of electrodes in a
three-elecirode condenser. Capacity and resistance are examined asa
parallel combination and, as the C and R multipliers are selected by

R.F. BRIDGE B 601.

Capacity : 0.01 pf. to 20,000 pf. in five ranges.
Resistance: |0 ohms to 10 megohms — 6 ranges.

Inductance values which will resonate the above separate switches, the loss factor for coils and condensers can be de-
Crprain B (BRGB encl oy, - Pheasees: termined over a wide range. The circuit is a development by Wayne
ing accuracy is constant to within | per cent. up .. .

to 3 Mc/s. and may fall to 2% at 5 Mc/s. Kerr of an original design by the B.B.C. Research Department.

Wayne Kerr

WAYNE KERR LABORATORIES, LIMITED, NEW MALDEN, SURREY * * TELEPHONF MALDEN 2202
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E

DUBILIE

DNDENSER CO. (1925) LTD.

Al D 1 4 A Tm \ ANGEAR A m
WHERE HIGH STABILITY IS ESSENTIAL

For operation in certain special conditions, a high degree of stability is the chief characteristic required of fixed
resistors. For example, in television, electronic and instrument applications where maintenance of maximum
stability is desired over long periods of continuous use, high stability in resistors must be the primary qualification.
The particular process of manufacture to which Dubilier High Stability Resistors are subjected ensures this
great stability of resistance value, coupled with a low temperature coefficient of resistance, a negligible
voltage-coefficient and a low *“ noise level ’'.

In all conditions where high stability is vital, a selection from this specially designed range of Dubilier High
Stability Resistors type R should be made. Full technical details and prices will be sent upon receipt of your enquiry.

DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3
'Phone : Acorn 2241. 'Grams : Hivoltcon, Phone, London. Cables : Hivoltcon, London. Marconi lmemat:onal Code.

DIl
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ALL-IN- ONE

 RADIOMETER

\

tests everything electrical, Radio and
P.A. Equipments, Household appli-___J
ances of all kinds, Car Lighting Systems,
Bell and Teleprinter Circuits. May
be used on AC or DC mains.

Still in short supply but ask your Local Dealer
to put your name down on his waiting list.

<The SHERLOCK HOLMES OF RADIO SINCE 1930

Stabilisedﬁr lnsulatiron
BY MODERN IMPREGNATION METHODS

resistance as well as for the considerably reduced

HIGH-SPEED PRODUCTION S e

Now, special methods of continuous conveyor impregnation and buking developed with the use of HYMEG have still
further reduced processing times to a fraction of those previously believed necessary.

Often faster than infra-red baking with none of the defects, reduced handling, absence of special jigs, with complete
freedom from blistering, bubbling and porosity, are some of the advantages claimed and substantiated for HYMEG
High Speed Production methods.

HYMEG Synthetic [nsulating Varnishes are
recognised and widely used for their mechanical
rigidity, improvement of electrical properties of
windings ; heat, moisture, oil, acid and alkali

After much research in our laboratories and in
conjunction with many well - known specialist
manufacturers, we have now evolved the Hymeglas
system of Insulation which comprises modifications
of Hymeg as used for coil impregnation to meet

the varying conditions applying to each field

GLASS FIBRE INSULATION SYSTEM
of manufacture.

This integrated system of developmerit is!successful in enabling machines to be designed and operated without weak links

in the chain of insulation below 200°C. Thus the fullest advantage is taken of modern glass fibre insulation by providing

a degree of bonding and insulation at every point in which the uniting of Hymeg impregnation with the Hymeg as uscd

{g; sul}a]sidiary insulations gives a solid homogeneous winding of equally efficient characteristics and heat resistance
oughout.

Hymeglas therefore virtually eliminates any risk of insulation failure and enables motors and the like to operate under
abnormal conditions for long periods without risk of electrical breakdown.

Due to the excellent space factor of glass fibre as compared with the more usual asbestos and mica Class B insulations, it
is often possible in redesigning with the Hymeglas system to employ larger copper sections with well-known advantages.

The Berger Technical Service—the research work of which produced ‘“ HYMEG *’ and ‘* HYMEGLAS >’
is available to advisc manufacturers on all problems of insulation. Get in touch now with—

LEWIS BERGER & SONS LTD. (Est. 1760)
35, BERKELEY SQUARE, LONDON, W.1.
Telephone : MAY/fair 917i.

MANUFACTURERS OF HIGH-PERFORMANCE INSULATING VARNISHES AND ENAMELS
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AERIAL INSTALLATION ACCESSORIES

I. Pyrex D°"}? Bowl Insualtors -+ each 14 13, Telcon 150 ohm Twin Line e ..peryd. 06
2. Pyrex ‘* Egg '’ Aerial Insulators ... 00 @ 1/3 (Also available in 300 ohm, same price.)
3. Porcelain **Egg '’ Aerial Insulators ... ,, 0/5s (4. Belling-Lee Twin 80 ohm ** Television "’

4. Pyrex ‘* Aerial *’ Insulators oo m 1/- Cable LTI 074
5. Eddystone No. 999 Aerial Insulators ... ,, 26 I5. Webb's Car Aerlal available for either

6. S.P.D.T. Knife Switch 16 buffer or scuttle fixing ... .. each 23/6
0 @ 16. Screened Leads and Connectors for Car

7. 2in. Ceramic Spreaders ... oo o 0/8 Aerial . . " 3/6
8. 6in. Ceramic Spreaders ... . 1/6 17. Londex AECOI5  Aerial Relay.
9. Webb’s 600-ohm Feeder, ready bullt in D.P.D.T. changeover, rated for |5

35ft. lengths, with Polythene Spreaders amps R.F. Coil operation é volts A.C. ,, 10/-
securely moulded into wire every 20in. (8. Londex AECO4 Aerial Retay.
Supplied on drums ready for winding D.P.D.T. changeover. rated for 4 amps

off and immediate use ... per 35ft. drum 26/3 R.F. Coil operation 6 volts A.C. ® 57/6
(0. Co-axial Cable 80 ohm (fin. dia) ...peryd. 1 19 Belling-Lee Adjustable Plug and Socket

1 40 ohm (7 in. dia.) 16 for Co-axial Cable . 0 3/-
y ” oo 18 1. e oo 20. Eddystone  Feed- through lnsulator.

12, 00 +» 80 ohm (}in. dia.) e 13 No. 1018, 2}in. long e e 2/6

Now available for immediate delivery

EDDYSTONE '640’

COMMUNICATIONS RECEIVER

Specifically designed for Amateur Band Communi-

cations Coverage 31—[.7Mc/s. *The first British
design worthy of the British amateur.” Vide *S.W.
Magazine,"’

See it in our showrooms or write for full specification.
PRICE £42 -0 0 PLUS £9 -0 "7 PURCHASE TAX

14, SOHO STREET, OXFORD STREET, LONDON, w.l|

Telephone : GERrard 2039.  Shop hours: 9 a.m.—5.30 p.m. Sats., 9 a.m.—I p.m.
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A new and improved edition of this popular publica-
tion that possesses such an intimate appeal for every
‘“Ham '’ and short-wave constructor has just been
published and is available at all Eddystone Registered
Dealers. This new Eddystone Manual is larger than
the last and contains, in even greater detail, highly
interesting constructional articles on how to build
a Short Wave Battery Receiver, detailed instructions
to make a one-valve V.H.F. Pre-selector, all informa-
tion to construct a 3-valve V.H.F. Straight Receiver,
precise data to produce a 60 Megacycle Crystal
Controlled Transmitter, Heterodyne Frequency Meter,
notes on aerial systems, etc.—in short, a mine of
information you will find most helpful. Contact
your Eddystone Retailer and secure YOUR copy

now.
(If you do nat know your local Eddystone Dealer, we will,
if ycu desire, send you his address, Please send prstage.
We do NOT suppiv direct.)

Published by
STRATTON & Co., Ltd., Eddystone Works, Alvechurch Road, West Heath, B’ham 31)

L0 S f NATIONAL

RADIO SERVICEMAN
DEALER AND OWNER EMERGENCY
A well equipped and versatile firm

The man who enrols for an I.C.S.

RadioCourse learnsradiothoroughly,

completely, practically. When he .

earns his Diploma, he will KNOW (light engineering) wishes to increase

radio. We are not content mereiy to :

teach the principles of radio, we want 3 [PIRSSENE RIS (R 1k We are

to show our students how to apply specialists in metal pressings, drawn
tubes, injection mouldings, and
components for the electrical and
radio trades. We could make
available for sub-contract work

that training in practical, every-day
radio service work. We train them

power presses from 6 tons to 70
tons.

to be successful !
Write to the 1.C.8. Advisory Dept. stating your
requirements. Our advice is free.

anssssansnan==.YOU may use this coOUpPON-a=casacunaa

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

Please explain fully about your instruction in the subject marked X
Complete Radio Engineering Radio Segice Engine;rig.g
Radio Service and Sales ementary Radio I . )

And the following Radis Examinations:— Your enql‘”nes will be welcome and

British Institution of Radio Engineers receive our energetic attention.
P.M.G. Certificates for Wireless Operators
City and Guilds Telecommunications |

Wirsleas'Operatars and Wirstsas Mactaslcs. L& JARRETT, RAINSFORD & LAUGHTON LTD.,

1:C.S.  students for Examinations are

Nome,.= Age — | LOWER ESSEX STREET,
| BIRMINGHAM, 5

Quantity runs would be required.

Addr
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RANGE
Capacr iy Peak Working Re‘ail
MFDS Yol s Price
.‘gNGLE SECTIONS
(600v Surge)
32 450 2.
(550v, Surge)
100 250 13/6
250 100 136
500 50 13/6
1000 25 13/6
2000 12 13/6
DUAL SECTIONS
88 500 12/6
(600v, Surge)
16-16 450 13/6
(550v. Surge)
32-24 350v. 13/6
TRIPLE SECTIONS
8-8-4 500 i15/-
(600v. Surge)
16-16-8 450 15/6
(550v, Surge)
20-20-20 350v. 14/6

We show above the rcnze at present standard-
ised in an aluminium can m2asuring 33" < 11",
fitted with 5-pin valve base. This list will be ad-
ded to frcm time to time, cccording to demand.

World

From being the wayward child,
the Electrolytie Capacitor, as a
result of continuous research
and the rigours of hard usage
under years of active service
conditions, has beeome the

model offspring in the matter of

reliability and efficieney.

Even so, accidents must and will
happen, and particularly at
publie mectings and functions it

CAPACITORS

Advertisements 11

Plug-in Electrolytics

is vital to be able to loeate and
correct a cause of breakdown
instantly . . . or even before it
happens.

It ean be more than a mere in-
convenience to have to loeate by
test a defaulting eapacitor,
disconnect from the wiring and
replace with a new one. The
advent of the T.C.C. Plug-in
lectrolytic reduces such
anxieties to almost nil and the
replacement time to a matter of
sceonds. It now takes no longer
to replace than a valve.

Although the present-day de-
pendability of T.C.C. produe-
tions is such that you may never
have to do this, you should be
prepared for the time. . . .

WHEN SECONDS COUNT.

NSER CO.LTD.

Telephone, ACORN 006l
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:]5_5’_ eal;a, lo hake Pok-ups

you Know :

The know-how in the manufacture of

exing fon

MOVING COIL 'PICK-UPS

7 -‘_7_ ; is the result of
- long  experience
land precision
watch - making
standards  which
| give a finely con-
’structed instru-
- | ment the details
of which are shown
; \ in the sectional
diagram.

DE LUXE MODEL @ Robust design. Accidental dropping on record
will not damage Pick-up @ Extremely low moment of inertia (80 milli-
grams total weight of movement) @ Pure sine wave with no harmonic
distortion @ Automatic needle or sapphire changing opens new fidelity
field to the amateur @ Can be used with normal record changer without
fear of damage. Price (without sapphire) £5.10.0. plus 24/6 P.T.
PLUG-IN HEADS
Available in both
iunior and De Luxe
types to fit Collaro
and Garrard arms, thus
providing easy
change-over from
Magnetic types. Input conversion may be required. (See our Technical
Brochure.) Price 49/6, plus | 1/- P.T. Separate Ejector for De Luxe type,
30/10, plus 6/10 P.T.

Sapphire Needle with specially tapered shan', 15/3 (incl. P.T.)
PRE-AMPLIFIERS having an inverse of the recording characteristic
incorporated are available for use with pick-ups. These are necessary

w‘it:\aome amplifiers. Price complete with valve and input Transformer,
€6.1.0.

Announcing The NEW LEXINGTON

IS-WATT HIGH FIDELITY

AMPLIFIER

Designed in our laboratories for
use with our own Pick-ups, also
as an Audio-channel for high
quality local station radio feeder
units.

The amplifier is available
completely constructed or the
necessary circuit diagrams and

technical details can be supplied
to technical amateurs who prefer
to do their own construction.
In addition techoical details and circuit
are also available showing the construction
of a high quality RADIO FEEDER UNIT
incorporating local stations and television sound bands for use with the
above amplifier, making a perfect combination for the co i b
Prices and details of the above will be sent upon request.

This service is introduced at the request of the many satisfied users of
our Pick-ups.
Illustrated Technical Brochure upon request.
Export and Trade Enquiries invited.

COOPER

Hanway WORKS  |nEanesT station
5 o | FOTTENMAM coURT
I $3 o °| MANUFACTURING CO.
T ) £ EPomon | HANWAY WORKS,
"o HANWAYST., LONDON,W.1

OXFORD STREET NEW OXFORD STREET

TN

Telephone ; MUSeum 9779
SALES OFFICES—Top Floor

Wircless World November, 1947

@o r/{('ﬁj o/
& 50 4-@/,@,

Delephone - WOOLWICH 1422
CAMBRIDGE ROW - WOOLWICH S-E'18

RAYTHEON CONTRIBUTIONS to development of Hearing Aids

Pictured above is the latest Raytheon Flat Hearing Aid Tube . . .

the CK512AX . .. and a group of the earliest Raytheon Hearing
Aid tubes.

Apart from the improvement in hearing qualities, just look at
the differenze in size ! Though less in height and of much smaller
cross section, the present Raytheon Flat Valve provides five times the life.

This is but one of many developments which have made Raytheon
the leading Hearing Aid Valve . . outnumbering all other makes
combined by nine to one !

Ask for complete information. Address your inquiry to Submarine
Signal Company (London) Ltd., Artillery
House, Artillery Row, London, S.W.I,
England, or to :

RAYTHEON MANUFACTURING COMPANY
INTERNATIONAL DIVISION
60 EAST 42nd STREET
NEW YORK 17, N. Y, U.S. A,

Execellonce in loctionies

o
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Special Offer of Ex-Govt. Receivers, etc.

Model *AN/APA-1. Ex-U.S.A.
10-VALVE COMMUNICATION FRACTIONAL H.P. A.C. MOTORS | \\epicAN AIRGRAFT RADAR UNIT
RECEIVER—Type R1155 Converted trom ex-Govt. Generators |

Brush type 220-
230 v. 30 eyeles
approx, 5,000 |
r.pan, Overall
diam, 10 x din.
lin. rpindle ex-
tends lin. both |

nds, Post
; § .extra.37 6 |

A new
delivery! AIRBORNE G.P. TRANSMITTERS
These vets are equal to new, need only & power pach for I Typﬁ 1154. A few only to clear. i
immediate uce (see * W.W.” July, 1'46). Freq. range Complete with 4 valves. Frequency coverage, 500 ke/s,
7.3 mie 8. 0r 1,300 ke's., complete with 10 valves, including | 59¢ ke s, 10 me/s, 3 mc/s, 2.35 mc/a, 8 mie/s., 2.5 me's.
magle cye. Hnclosed in rong wetal box ... @48 | Power input 1,200 v., 200 mfa. H.T. 6 v. 4 Ampe LT,
Each receiver s aerial tested. [ Chasais slze, ldin. x 13in. x 8in. In metal cabinet. | 150 500 oveten. Complete with 3in. Cathode Ray Tube

Carriage and packing 76 extra. No C.0.D. Supplied in strong wood case, with metal bound corners 11 valv P ch, etc. In black crackle metal
POWER-PACK 220-250 v. A.C. for above | 3 carrsing handles, enily adapted for BB 47 6| cue.  timnd new ani bores, weith Tou © £4.10.0
is available to CALLERS ONLY GIITEME C:;rrlaze ami Packing 10 .~”e.xtra. | instructions, Carr. paid .............. . .
o Ex-R.A.F. CAMERA MOTORS |
Type Demolition Mk. 1. W Dimensions 37 x2° x 14" 12v. and 24v, 8/6 ‘ 4-VALvE su:::&g RECEIVER
Ex-ARMY TEST SET— NE — - - —
PULSE MODULATOR AND MIXER Type 18 Mk. 111
| w6331

-8 o Vaiven: two 6J5, three VR66, one VRE5, one EB34, and l
Rectifier 5U4. Transformers, resistances, con. 47 /6
densers, atc. /

POLARISED RELAYS

115 ohms + 115 ohms. 6in. x Jin, 6!-
ROTARY CONVERTERS

24 v. D.C. Input, 230 v, 50~~A.C., 75 watts Output.

Complete with voltmeter and contruls. Silent runbing.
Useful for bungalowa and yachts, Housed £I 2.10.0

in metal cabinet. Kor callers onlv.

RADAR VIEWING UNITS
Consi: of 6in. di El fc C.R. Tube, 7
valves including four EF50, potentiometers, resistances
and other asaociated components. In metal cabinet

Pur eireuit continuity and 1 testi ) ; 108 XBZr‘z‘:l'n ({53 aonoacccacoceanca £3-7-6 | Ranze 6-9 me’s, Complete with valves, 465 37 6
l';wh;:;::x:’omﬁhz &.uegﬁiagl’:ﬁ £3_|o_o p— — = ——————— | KC. IF. Carr.paid  ..ooviivivnnnnnn...
|Super Quality Heavy Duty TWIN-| o
Type R1147B ',,Ehﬁxiﬂ- .SI_'ID'NG RESISTANG?G 6-VALVE SHORT-WAVE RECEIVER
7-VALVE U.M.F. RECEIVER e L -+ 398]  Precision-built Communication Type
BAMP. weriiiiniiiis 136 Type R208

Range approx. 200 megacycles Sinile Element 14 ahin at oon . 138
: ELECTRO MAGNETIC COUNTERS

Ex-G.P.O. every one perfect, electro-magnetic, 500 ohm
eoil, countlng to 9,499, operated from 25v.-50v. 5 /6
b.C.. many industrial and domestic applications
— A I |
| TELEPHONE LINE or UNISELECTOR
SWITCHES

P S <ty @

i« or t6-Lauk, 26
comstants, Have
various applications
inchiding  autoe

e ) ange :
m‘f'h, tuning, cir 10-60 me.s
enit zelection, ctr
Uperates on 25-50v. | Buitable for AC 100-230 v, or 6-v. battery operation. Metul
28,6 | rectifiers, B.F.0, Built-ln Speaker, Super Slow motion

! dial. Provisiap for pbints, etc, A real super job in grey

A Real Opportunity !

Beautifully constructed and fitted with miero-condenser 1 3
30 - | metal cabinet. Complete with Valves and

drive. Valve type two EF50, two EF36, oue each EBC33, 18 o o
RL7, RL16. In black metal case 8 x 7 x £2 7 6 S T B — — | Vibratorready touse .................. O
6in, Bet, complete, with valves .......... LD ® We do not issue lists or catalogues Carriageand packing 12/8 extra.

LONDON CENTRAL RADIO STORES, 23, LISLE ST. (GERrard 2969) LONDON, W.C.2

Closed Thursday 1 p.m. Open all day Saturday.
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YOUR CHOICE
for QUALITY

Manufacturers of high quality Broad-
cast Receivers and Radiograms de-
signed for Home and the Export
Market. The Export Models have : ;
fully  tropicalised  components, i
achieving unsurpassed short-wave CHAIRSIDE MODEL. 2450

performance. The housing o! this Receiver .5 \mhiuo in that it is contained in =
bevelled piate-glass mirrnr cabinet, fitted to a wrought iron trame-
work finished In Cream ename!. It embodies all the latest technica!

Special dials supplied for any country developments for easy handiing, range »nd clarity of reception, and
provideﬁ n':vt onty a first-clags radio put an attancuve plece of luir‘n}-
PRICES AND FULL PART]CULARS ON REQUEST ;\:‘;es:lvr:unga:\g;:eplace a Chairside Table and wili harmonise with

SYMPHONY MODEL A420

This new Receiver em! adles the very Iatest techn’que in construction. The
cabinet is richly veneered in Walnut with a cross banding of Macassar
fbony. Ciearly readable edge-|it dial with an 81in traveise magic eye and
2-gear control,” Instant unerring selection of the required frequency range.
Antnmatic volunie control and an I F trap are incorporated in the clrcuit.
Sockets are provided for gramophone pick up and exteng'un speaker,

Allander Radio Receivers were chosen by the Councit of Industrial

Deign for “ENTERPRISE SCOTLAND" Exhibition, 1947.

ALLANDER

UNRBREPEATABLE!!!
TRIPLETT

LATEST
MULTI-RANGE

METER

The Finest * Ham ' Meter made

Designed exclusively for Amateur use.
Supplied Complete with black hide
carrying case, at less than to-day’s
price for a meter without any of the
following features :—
(1) The Metar is 1,000 ohms per

volt.

{2) itsself-contained batteries allow
of accurate measuring from as
fow as } ohm to } megohm
Even higher ranges can be With this Meter there is no meter-

.

ALLANDER INDUSTRIES LTD.
48, Avenue St. Bridgeton, Glasgow, Scotland.

SOUND

»

SYSTEMS USED

obtained with the use of ing problem that you cannot tackle

external batteries. on the spot and with one instru-
(3) Current ranges are 10,100 and ment.

500 m/A.

It is complete with test leads, fine
(4) Volt ranges are 10, 50, 250,  black hide carrying case, and in its
1,000 and 5,000 volts at makers’ original carton. Supplies
1,000 ohms per volt, both A.C. are limited.
] NS, OUR PRICE WHILE THEY LAST IS
Many other brand new bargains
are given in our LIST No. §. ONLY 9 GUINEAS
Price 2}d., post free, b
CALLERS should watch our windows :g:’;y up, there cannot be any |
for many lines, such as QTubular ! BIRMINGHAM SOUND REPRODUCERS I-TD.
Steel U.S.A. Masts, etc. uantity
available does not justify our in- E ADIOMART CLAREMONT W\ ORKS, OLD HILL, STAFFS, TEL: CRADLEY HEATH 6212 3
(Swami _ivo. ]

cluding them in our current fist.

48 HOLLOWAY HEAD BIRMING HAM, | | LONCON OFFICE: 115 GOWER STREET, W.C.I.  TEL: EUSTON 75i5
[ ’ o 11

M-W.84
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There’s a size

for every job in

-

METALLISED
the S.P. range

BUSHES
of metallised

bushes

Please write for Catalogue No. 25.

STEATITE & PORCELAIN PRODUCTS LTD.@

STOURPORT ON SEVERN, WORCS. Telephone: Stourport lll. Telegrams: Steatain, Stourport

S.P.so
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DNERS RADIO LTD

wd‘we

0w LIPS

IN(REAS!NG THE STANDARD
RANGE TDO 66 POWER
TRANSFORMERS AVAILABLE
FOR PROMPT DELIVERY

A

BRITAINS FOREMOST
LREPRODUCERS-

@

Type Price |
No. Specification Retaif
R.I72 Secondary 250—0—250 v. 250 mA 75-
0—4—5 v. 3.5 amps.
0—4—6.3v. 4.0 amps.
0—4—6.3 v. 4.0 amps. |
R.I17S Secondary 300—0—300 v. 120 mA oo oo 51 |
0—4—S5 v, 2.5 amps. |
0—4—6.3v. 5 amps,
R.178 S=condary 300—0—300 v. 250 mA 796
0—4—5 v, 3.5 amps. l
0—4—6.3 v. 4.0 amps.
0—4—56.3 v. 4.0 amps. '
R.180 Secondary 350—0—350 v. 25? mA . 8l
—5 v. .5 amps, 2 )
0—4—63v.  40amps ' ﬂ/m m(drfﬂgﬂ/zﬁwﬁ?{..
0—4—6.3 v. 4.0 amps. s [
R.183 Secondary 400—350—0—350—400v. (20 mA ... 87,6 i NOLVERHAMP-TON’
0—4—5 v 3.5 amps. €ENGLAND.
0—4—6. 3 v. 4.0 amps. ‘
0—4—6.3 v. 3.0 amps.
R.187 Secondary 425—0—42S v. 180 mA 78/6
Sv. 3.5 amps.
0—4——6.3 v. 4,0 amps.
0—4——6.3 v. 3.0 amps.
R.190 Secondary 450—400—0—400—4SO0v. (80 mA ... 91/-
0—4—S v. 3.5 amps. B
0—4—6; v gg amps.
0—4—6.3 v .0 amps. ’ "
0—4—63v 2.0 amps. SEND TO VAI.I.ANCE S FOR Q'MAX Y e—
/ VHF (SCEMICHET. caco0oen00000006000000000 . £19 19 O
R.193 Secondary 35_4_0—420—0—\[ 400—43'552"\:55'250 mA ... 107/6 |l ASW6  Superhet Shor .
0—4-—6.3 v 4.0 amps. [Pk concoononononoa . £34 16 |
0—4—6.3 v 4.0 amps. | | Ab+ All Dry SW4 (e
0—4—6.3 v 3.0 amps. cluding P.T. ......... £1519 5
ADC Set of Coils for AD4 £2 5 6
R.19S Secondary S00—400—0-—400—S00v. 180 mA ... 89/ SMDA  Slow Motion Dial .. 15 6
0—4—S v. 3.5 amps. SMDAS Scale for SMDA ... 30
0—4—56.3 v. 3.0 amps. SMDAB Bali Drive for SMDA 3 3
0—4—6.3 v 3.0 amps. gnggs guﬁer‘Slo;ngouon Dlal £3 6 O
R.188 S dary 50)—0—S00 250 mA 127/6 cale for B . 6 6
G/ 0—4—S v. v 3_5";,“95' SMDBL SMDB less Slow Motion Drive . £1 9 6
0—4—6.3 v, 4.0 amps. C7960  Metal Cabinet ... £4 14 6
0—4—6.3 v. 4.0 amps. C6760  Meral Cabinet . £313 6
0—4—6.3 v. 3.0 amps. ::'949: ::strument zlal... = . per td!cz. z
strument Name Plates ............ . per doz.
R.1S7 Secondary S00—1250—0—1250—IS00v. 180 mA 165 BD27S Engraved instrument diat and knob .......c..eevnnens 4 3
R.1S9 1S00—12S0—0—1250—1S00 v. 250 mA 225 B27S [EFN Rl aonooocencocconogooommaomogoencoan 23
R.(62 2000—1750~0—17S0—2000 v. 250 mA ns. | | pO400  Engraved instrument dial and knob HIH
al e e s s ele et e e el s el
L.41S 0—4—S—63v. 3.5 amps. 318 BDV400 Vernier for BD400 [N
L.416 0—4—S—6.3v. 6.0 amps. 34/- ECIB Chassis Cutter | Jin. Ig 6
L.460 4v. 10 amps. C.T. 34/6 Cl4 Chassis Cutter [}in, 12 6
CCl2 Chassis Cutter 1}in. .. 12 6
L 63v. 8amps. C.T. 36/- FDSS  Fiexible Driving Shaft Siin. 6 0
L.466 7.S5v. Samps.C.T. 33/6 FDS8 Flexible Driving Shaft e}m 6 6
L.470 0—4—6.3v. 2amps. C.T. 35,. TC) Tank Coil Unit, Mk, 1 .. £3 9 6
0—4——6.3 v. 2amps. C.T. 2(7:“ Téan:(‘Co.l‘l' U:lb Mk. 7l| . £6 E 2
oil for Tank Unit, 7 m/cs .
s 2830 IR s (R8T L, 40- || Ci4  Coil for Tank Unic, 14 m/cs. 14 6
A.402 4v. 6amps, C.T. (2kV wkg.) 40.- c28 Coil for ?nk Unit, ga mics. . :g 6
i H A CSé Coil for Tank Unit, $6 m/cs. 6
Prices now subject to |0 per cent. increase. | cL Coil Links I, 2, or 3 turns . 3 0
CN Neutralising Condenser .... 1t 6
@ THE COMPLETE NEW RANGE OF 66 SOMERFORD POWER i AW Absorption Wavemeter £1 15 0
TRANSFORMERS (S DESCRIBED IN OUR REVISED LIST L.M.T.4, AWR2 7 m/cs. inductance for AW, | 39
WHICH WILL BE GLADLY SENT ON REQUEST AWR4 14 m/cs, Inductance for AW . 39
AWRS 28 m/cs.Inductance for AW 3 9
Meter for ARSS £2 19 6
Please send your orders and enquiries for our prompt attention. All
R A D l 0 goods well packed and despatched C.W.QO. or C.O.D. whichever
suits you better. When sending C.W.O. please include sufficient for
ll M ITED packing and postage.
. .
VALLANCE'S, 144 Briggate, Leeds 1
D * CHRISTCHURCH e HANTS | Lot _can_signs GBSX—G2HHY—G3IABD—G3AHV—G3BDD,
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PHOTO CELLS CATHODE RAY TUBES VALVES

The General Efectric Co.. Ltd , Magnet Flouse, Kingsway, W.C.2.



18 Advertisements

Wireless World November, 1947

AUTOMATIC

HE NV [COLECTRIC uicn seeep precision

COIL

Machine Type Al/l

WINDING

A few features :

Totally
headstock.

enclosed

Ease of operation and
setting.

Winding of 2 coils
simultaneously.

Clear wire guage
indicator.

Wire feed from back
of coil—ease of paper
insertion.

Hand brake wheel.

Carriage setting

WINDING.

KOLECTRIC L™

Write us for full information of this NEW DEVELOPMENT IN (OIl "™

Enclosed drive, with
pedal control.

20, Avonmore Rd..
LONDON, W.14

o

O AT

Suitable for all types of
sound measurement rang-
ing from the volume of
noise of a whisper to that
of a factory hooter. Simple
to operate ; completely
self-contained ; rugged and
portable.

WIDE RANGE—34 to 130
decibels.
NON-DIRECTIONAL
SOUND-CELL TYPE
MICROPHONE — remov-
able for special applications.
SLOW-FAST METER.
INTERNAL CALIBRA.-
TION SYSTEM.

THREE WEIGHTING NET-
WORKS

COMPLETE ABSENCE OF
INDUCTANCES in con-
struction enables accurate
readings in presence of
magnetic fields.

DAWE INSTRUMENTS LTD., HARLEQUIN AVE., GT. WEST ROAD,
BRENTFORD, MIDDX. Phone : EALING 1850

¥«
"FOR

W)

X

)

((dcded

77

MEN ONLY /nrereszed in

Seamless, one-piece, metal bellows . . . formed
in one continuous operation by a process unique
in this country, with a uniformity of wall-thick-
ness unobtainable by any other method ... No
annealing, no spinning, no localised strain or
thinning ; wnone of the limitations of metallic
diaphragms.

These bellows, though no thicker than paper—
the walls range from 4/1000” to 7/1000"—are
tough, resilient, and combine the characteristics
of a coiled compression spring, a packless gland,
and a non-ferrous hermetically scaled contalner,
Every bellows is pretested during forming and
has a high degree of uniformity oflife, perform-
ance and reliability in operation. Available in
root diameters of §” to 37, outside diameters
%" to 48"

Write for the Hydroflex Brochure Y

*

Refrigeration

Temperature
Control

Air compressors
Water pumps
Paper machines
Gland seals

Thermostatic &
pressure
operated
appliances

!
T

Drayton Hydroflex METAL BELLOWS

Orayton Regulator & Instrument Co. Ltd., West Drayton, Mdx,
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MORRIS & CO. (RADIO) LTD.

ALL POST ORDERS to 167 LOWER CLAPTON RD., LONDON, E.S.
ALL CALLERS to 169 FLEET STREET, LONDON, E.C.4.

Terms of Business : Cash with order or C.0.D. over £1.

PREMIER RADIO COMPANY

Phone : Amherst 4723.
'Phone : Central 2833.

Send 2} stamp for new Nov. 1947 list.

RADIOGRAM CABINETS

Dignified appearance and good workmanship. Size
31}iu. high, 18}in. deep, 33 wide. French polished,
veneered walnut., Price £28, Also available complete
with electric motor, auto stop and magnetic pick-up.

£34 5s. 0d.
Ditto with Rothermel Crystal Pick-up. £36 2s. 1d., o
with 8 record-mixer changer, £45 7s. 6d.

SUPER OUTPUT TRANSFORMERS. By means of a
serien parallcl arrangement wherein the maximuin
winding is used for each ratio extremely high efficiency
is obtained. Any valve single or pushpull may be matched
toany voice Coil (2 to 30 ohmin) type Mo. 15.15 watts, 30,-.

§-VALVE SUPERHET RADIO. Smplly CCH35
EF39, ERC33, CL33, CY31 valves; operate on 100-
250 volta AC, DC maius, Cover 13-40, 40-100, 200-550
meters. Gram position on wave change switch. EXT
L/8 terminals, 8-inch energised Bpeaker; dial aperture
12 x 4in.: enamelled steel cabinet, 18in. high x 15in,
wide x 9in. deep.  Manufactured by Portogram Ltd.
for Navy Welfare Centres. A fortunate purchase
enables us to offer these fine sets at £12 10s., including
Purchase Tax. Packing and carriage 10'- extra. Strongly
recormmended as a Radiogram Chaxsix in conjunction with
Cahinet, illustrated ahove,

METERS. A huge purchase of military surplus meters
allows ns to offer the following hargaina, Best makes
Bakelite vases, prices ave appro. ¢ original cost,

Ranue FAt.  Basie Fitting Type Price
am. Movement.
v, 34" M A Flsh MIAC 126
500 M, A U7 —  Proj. MUDC 126
10 v, @2 3M/A PFlsh .8
24A o —  Flush 76
1A 23" —  Port 8
3KV 41" 20 M,A Flush 20.-
20A 2 23 M/A Flush M,CDC 7.8
10A 2 12} M/A Flush M'CD.C 78
254 3, 5MA Flush MCDC 7.8
254 31" 2M'A Proj, MCDC.... 78

OSCILLOGRAPH POWER UNIT KITS. Input 230 v.
juclude transformer, metal rectifiers, voltage doubling
and smoothiug condenser.
Type 409, output H0 v,

Type 410, output 1,800 v.
STANDARD OUTPUT TRANSFORMERS, Match any

puat&-pull peutodes to 3 or 15 ohms. Handles 8 watts,
17/

AIR-DIELECTRIC TRIMMERS, Super-midget variables
ceramic in{ulmion. screw-driver adjustment. 25, 50 or
100 pF -

VARIABLE CONDENSERS. Ceramic insulation. 2-
ang .0005, 8/8 ; 3-gang .0006, 10/- ; 4-gang .0005,
0/ ; 1-gang .0005, 5/- ; 2-gang .00016, B/~ ; 3-gang

00016, 10/- ; 3-gang .0003, 10, -,

GRAMOPHONE AMPLIFIER KIT, A complete kit
of parts to construct a good quality maina-driven 2j-
watt gramophone amplifier. May be used with any
pick-up. Complete with circuit, £3 5s.

MIDGET RADIO KITS

MIDGET RADIO KIT. Build your own mideet radio.
A complete set of parts, including valves, loudspeaker
and ipstructions. In fact., everything except cabinet
vevessary to buikl 4-valve Medinm and long Wave
T.R F, radio operating on 200-230 v. mainy, A Cor naoe
Valve line-up, K7, 6J7, 2346, 25V35. Wavelengths
covered 200-557 and 700-2,000,  8ize 10 x 6 x 6in. _ Com-
pletely drilled chassis. Price, Inctuding tax, £7 7. 84
SUPERHET MIDGET RADIO KIT. A complete kit of
parts for a d-valve superhet. Covers 16-50 and 200-557
metres, AC DC 200-250 v. 6K8, 6K7, 6Q7, 2548, 265,
size, 10 x 6 x6in. Completely drilled chassiv. Price
including tax, £8 5s.

An attractive lrown bakelite cabinet, as illustrated
above, can be supplied for either kit at a cost of 25 «.
MAINS TRANSFORMERS. All input, 230 v. 50 c.
Type 30, output 30 v. 4 a., 20 - ; Type 31, output 40 v.
3 a and 104 v. 1} a. (aute-wound), 21 -3 Type 32,
700 + 700 150 m/A, 1,000 v, 30 m/A (half wave), 4v. 1 a.
4v.3-5a., 40, - ; Type 33,32, 34,36, 38 v.at2a,15 -
R.A.F. 1155 Receivers. Complete with valves, £12 10s.
to callers. Packing and carriage, 30 - extra. 230v.
A,C powerpack for sanie, 50+,

CRYSTAL RECEIVER KIT. Complete with phones.
The iden] Christmar gift for the schuolboy, 10, -,
WEARITE TUNING PACK. A super job. Completely
wired with padders and trimers. Long- medinm- and
short-waves. Iron core colls, 42 -.

FERRANTI 1 MILLIAMP METERS, 3lin. exterual
diameter. flush mounting, with self-contained Westing-
house bridge rectitier. Scale marked 0-10 volts with
fifty divisions, titted in well-made wouoden box 6 x 3 x Hh

138

2.VALVE SHORT-WAVE BATTERY KIT, A complete
kit of parts for a 2-valve receiver, covering 15-600 metres,
jncluding valves, coils, dritled chassis, H.T. and L.T. dry
hatteries. to last approyimately 6 to 12 monthe. A pair
of donble headphones and full instructions. Prive
£310s. An extra coil can be supplied covering 600-1,K0
metres at 4,«,

SUPERHET TUNING PACKS.
aligned, 13-40, 40-120, bW ) metres. R.F. stage,
465 Kk c.: 9 connections ouly. Complete with 3-gauy
condenser, (alibrated, engraved Perspex dial, and 8 M.
drive. Litz wound polystyrene insulation, permeability
tuned I.F"a,7 h, c. band width. Price complete £3 17, 64,

DENCO C.T.3 COIL TURRET COVERS. .15 tu 42 m cs-
in six bands. Consists of completely wired coil pach for
communication receiver, inciuding trimimuers, padders,
seales, knobs, Mecbauical bandspread, 1.F. 1.6 n cs.
R.F. stage, iron cores, polystyrene insulation. Circuits
available at 1 6. Price €7 0s, 104.

LOUDSPEAKERS. 5in. P.M., 15 -, with trans, 20 -,
Gin. M., 17'6. with trans,, 22 6, Sin. P.M,, 20 -,
with trans., 26« 9 in, P.M. 15 €6 watt, 38 -, 10in.
P.M., 15§26 watt, 47 8. 10in, PM. 352 4 watt, 30 -,
12in, P.M. 1562 12 watt, £5, 12ib. P.M. 15 212
watt twin-cone high tidelity, £8 8s. 12in. P.M. 20
watt, £9. 6in. 1,140 Q Field with trans,, 27 6. 10iu.
2,100 §2 Field 3§26 watt, 27 6.

BABY ALARM KIT, Consists of a complete kit of parts
for a mains-driven 1ifi h and Midget
wpea'eer, to enable sound of baby's breathing or crying
to be heard in any room. Comiplete with circuit. 55,

CONDENSERS., First grade oilfilled condensers
at a ridiculous price, 1 M.F, 1,000 v.w,, 1/-; 1 M.F,
5/-; 1 M.F.5,000v.w.,7/8 ; 2M.F. 600v.w,

. 2 MF, 1,000 v.w., 2 8 ; 4 M.F. 1,000 v.w,, 5/6 :
4 MF, 750 v.w., 4, 4 M.F. 2,000 v.w, 12/8. D/C
to A/C converters, Type 1, input 12 v, D/C. Output,
230 v. 50 ¢. 15 w., £8. Type 2, input 18/24 v. D/C.
Output 230 v, 50 ¢, 100 w., £5, Type 3, input 100 v.
D,C. Output 230 v, 50 ¢, 200 watts, £8.

Campletely wired and

PREMIER
PEDESTAL PLAYING DESKS

A well made mahogany fiuished pedestal cabinet, con-
taining a quality electric grasephone motor and pick-up
in upper compartment, and record space in lower,
Height, 30in.  Width, 16in. Depth, 13in. Price £13 18s.

SHORT-WAVE CONDENSERS. High-grade ceramic
insulation, super midget type, single gangs available in
10, 20, 50, 75 (75 pi. has double spindle for ganging).
Price 2.6,

2-GANG, in 4, 8, 9.6,27.1, 30,75 p.f. Price § -,

WAVE CHANGE SWITCHES. Available with any of
following wafers : 2-pole 3-way, 3-pole 3-way, 4-pole
4-pole 4-way, 2-pole G-way, 1-pole
y: 1 gang, 4-; 2-gang, 5.6 :

)
T .

METAL RECTIFIERS

Output Volts Current Type Price
600 .. .. 40 m'a. H.W, 5-
oK% L. 40 m/a. H.W.or V.. 5/
425 .. ‘e .. B3ma. H.W.orv.b. 5/«

% .. s .. 75ma, Bridee 16
16 5a ) .. lamp. Bridge 12,8
EL] aa aa .. 1} amp. Bridge 28/
16 .. .. .. 3 amps. Bridge 30/-
moo oo .. Samps. Bridge 378

+ . oo .o lamp. HLW.
ALUMINIUM CHASSIS. ‘Substantially made of bright

alurniniumn, with four sides,

7 x 3} x 2in, 46 8l x4 x2in, ., 56
10x 8 x2hin. .. 7- 12x9x2}in. .., ki

14 x 9 x 24in. 83 16 < 8 x 2}in, .. 86
20 x 8 x 23in. 108 22x10x2)in. .. 13/8

TYPE 103 ROTARY TRANSFORMER. Normal rating
ia10 v, b, Cinput. Output, 300 volts 30 m/a and 6.5 voits
3 4. ,C. By applying between 200 and 250 volts D/C
10 the H.T. output side the two low-tensjon windings
1may be used to charge accumulators. The 19-volt aide
will charge a 6-volt accumulator at 2-3 amps. the 6.5 side
a 2-volt accumulator at 1-2 2. With a 12-volt juput to
the 19-volt side, 180 v, at 30 m’a and 4 v, at 3 a. may
be obtained. With a 6-volt juput to the 6.5 side, 160 v.
at 30 mi,a may be obtained. By extending the spindle
which ig flush with the frame and applying 200 to 230v,
D C mains to the 300 v, side, the unit becomes a powerful
high-speed electric motor, suitable for small drilling
machines, ete. Simllarly, it may be used with 6 or 12 v.
input to the 6.5 v. or 19 v. side. It employs a powerful
ring magnet and is of substautial construction, costing
originally over £5. A fartunate purchase enables us
10 ofter these fine unlts at 10;=,

TRANSFORMER CARCASES, Fxcellent for rewinding.
200 watts, 15,-. Military surplus tubes, unused and
guaranteed, EF50, @/-; FEAS50, 5/-; 6KT7, Qe
VU120, 12,8 ; 68N7, /- ; 6AG7, b/-; 6AC7, 5/-:
645, 36 ; VR150, 7.6 ; 8°4, 10/- : 2050, 10/
SPECIAL OFFER.—High-grade microammeters, ¥.8.D,
0-500, Hcele marked 0-15 and 0-600 (fifty divislons)
500 £2 Resistance,  Price 76, Worlh 40/-.
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T/Jey’ll never miss

a minute of

CHILDREN'S HOUR
oif you rely on

[fitb
i
U

i

ISSUED BY
THE CHLORIDE ELECTRICAL STORAGE COMPANY LIMITED

EDXQA

|

|
|

Wireless World November, 1947

This

Vibratorpack developed by

Specialists will enable users of battery SMALLER
sets to operate from a 6-volt car th aé'meﬂ’y HT.
accumulator, thus eliminating ex- Size:7 < 54 x 3

pensive H.T. battery replacements.
Careful design has eliminated all
Interference.  Consumption is less
than  amp.

M aslwadm

VIBRATORPACK
MASTERADIO LTD., fales Dept., 319/32(, Euston Foad, London, N.W.)

—Wharfedale-

Public Address
LOUDSPEAKER

W.12

Die Cast Non-reso-
nant Chassis with
accurate rear sus-
pension. Impedance,

15 ohms. Diameter,
12”. Weight 11} Ib. Peak input, 1§ watts.

13,000 LINES FLUX DENSITY
Price 135/-
Made and Guaranteed by
WHARFEDALE WIRELESS
WORKS

BRADFORD ROAD, IDLE, BRADFORD.
Telephone : |die 461 Telegrams : Wharfde', Idle, Bradford

—
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HE L.A.L. Unit Oscilloscope presents
an entircly original approach to

a new departure
OSCILLOSCOPE DESIGN

Advertisements

We suggest the following representative Units for
general investigation :

TYPE 15. C.R.T. unit with 6” tube and self con-
problems confronting the research tained shift supplies.
engineer and industrial user. TYPE 84. Time Base; 5—200,000 cps. with sweep
expansion ; automatic synchronizing;
Constructed on the Unit principle, we can push-pull deflection; single or triggered
supply apparatus for every need from D.C. sweep-
TYPE 84Y. Amplifier ; gain 25, (cathode follower

to radio frequencies.

Built in multiple plugs and sockets with
mechanical couples, instantaneously complete
all electrical circuits and secure a number
of Units into a rigid assembly without

the use of tools.

input) or 600; response level + |db.
[0—100,000 cps. useful at 0.5 Mc.;
push-pull deflection.

Also available :—

D.C. Amplifiers, medium and high gain.
Extra low frequency time base.
Circular or spiral heptode time base.
Voltage calibrator.

21

Fully described in our illustrated feaflets;
Your copies will be sent by return of post.

OOAG sci/oscofe

LYDIATE - ASH LABORATORIES

LYDIATE W ORCS.

ASH, NEAR BROMSGROVE,
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1817

l he I "Ob lem The directional response characteristic of single unit loud-

speakers is very pronounced at the higher audio frequencies
which aré audible only in a comparatively narrow channel directly in front of the
reproducer with a corresponding lack of intelligibility and brilliance elsewhere.
This feature is particularly troublesome when high quality sound reproduction is
required in public halls, theatres and small cinemas where the size and expense of a large
dual channel loudspeaker system is often not justified.

T @
h e so l “ t' o “ It is for such installations that the Vitavox Bitone Reproducer

has been designed. High frequency reproduction in this
instrument is handled by a small multicellular horn and moving coil pressure unit, this
assembly providing adequate coverage and at the same time because of its high efficiency, a
rising high note characteristic which is an advantage in auditorium reproduction, A 124
moving coil cone type loudspeaker operating in a vented enclosure reproduces low frequencies
and a cross-over filter network is fitted to divide the frequency spectrum correctly between
the two units. The whole assembly is mounted in a polished Walnut finished cabinet as
standard, Oak and Mahogany venecred models being available to special order, and can-be
relied upon for applications where quality of performance rather than first cost is the main

consideration.

S PECIFICATI)ION AND PRICES
Power Handling Capacity : Model 610—10 watts; Model 620—20 watts, Sise:
32"x217x20". Terminating Impedance : 1'5 ochms. Filter Attenuation : 12 d.b.
per octave. H. I, Distribution (appx): 60° x 40°.

MODEL 610 — £42 0 0

MODEL 620 — £50 0 0

VITAVOX LTD., WESTMORELAND ROAD, LONDON, N.W.9, TEL: COLINDALE 8671-3

- - - DEPENDABILITY

Reception conditions range from excel-
lent to very poor; signal strength from
strong to vary weak, and to cope suc-
cessfully with all sg_ch conditions, you
need a pair of highly sensitive and
dependable headphones.

K you want maximum reception
results you should insist that your
local dealer supplies you with a pair
of the righ:ly famous S. G. BROWN
Type 'F' h:adphones. Sea, land
and air W/T operators, servicemen.
exparimenters and radio amateurs
all vouch for their dep :ndability

N oV
THE
AMBASSADOR
4756 Chassis

% % AN ENTIRELY NEW RECEIVER WITH
* % % % % % QUALITY REPRODUCTION
SPECIFICATION: Thisis a chassis which will appeal to

TYPE ‘F’ (Featherweight)

Price 25/- per pair.
YOUR LOCAL DEALER CAN SUPPLY

the Short-Wave onthusiast who also appreciates quality .
reproduction. A 5 valve A.C. superhet with six wave bands, Descriptive Brochure " W.W." gives details of full range.
all coil ranges, with electrical bandspread on principal >. W. Prices from 2§/- up to 105/- for Moving Coil Type ‘K ".
bands. Available with or without L.W band. Brochure **W.W. * sent on request.
Immediate Delivery can be given. |
WRITE "OR FULL DETAILS TO i— | "Phone ; , '
ACOrn @]«W
LEA 4

AMBASSADOR RADIO WORKS saz1

HUTCHINSON LANE, BRIGHOUSE. YORKS. VICTORIA ROAD, NORTH ACTON, LONDON, W.3
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PRECISION

New intricate instruments and & : o/

machines, in turn create new uses
for the technique of rubber bonded
to metal. One of these uses is in
the delicate STYLUS unit of the
Decca ffrr pick-up which is carried
by two rubber parts, enabling the
steel holder with its sapphire point
to float and freely transmit to the
amplifier, the full range of
frequencies impressed on the record.

Rubber bonded to metal has been
the answer to many problems of
delicate suspension ; of vibration
and of power transmission. Have

BONDING
of RUBBER

to METAL

you a problem we might solve ?

¢ ), STYLUS UNIT of the
NEW DECCA
Cncorporaled in the
“DECOLA"de luxe
ELECTRIC RECORD REPRODUCER

ffirr pickup

RUBBER BONDERS LIMITED

ENGINEERS lz RUBBER

FLEXILANT
D UNSTABLE

e Ll PHONE HDUNSTABLE

BONDED TO METAL

W ORKS

BEDS.

8 0 315
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We believe that the only way to build a
receiver is to begin at the beginning with a sound circuit
design~—a design that’s been tested and re-tested—a design
that will stand up to the most critical examination. From
this design a prototype is constructed in which every
component receives the some rigorous testing. We leave the
experts to pass judgment on the resulting Sobell receivers.
We are confident that for ease of control and absolute
fidelity of reproduction these models will be found to
have no equals—that, in fact, you will pronounce them
i to be ‘technically outstanding’.

MODEL 516
T.G. TABLE
RADIOGRAM

Roll top gives easy access to
gramophone turntable. The receiver is a S-valve
super-het. operating from 200/250 volts, 40/100
cycles per second A.C. supply. Wave range : 16-50
metres; 193-577 metres; 800-2, 140 metres.

SOBELL
MODEL 717
7-VALVE
RECEIVER

Wirceless World

Novemoer, 1947

NEW TYPES FOR
MIDGET RECEIVERS
HEARING AIDS
METEOROLOGICAL
INSTRUMENTS
ETC.

HIVACLIMITE

THE _SCIENTIFIC
VALVE

BRITISH

D

MADE

————
————
—
-

Greenhill Crescent. Abone HARROW
Harrow on the Hill. Middx. 0895

Built with a push-pull
output stage giving 8 watts
undistorted output. Incorporates a

10

ioudspeaker. Covers long, medium and two short wave
ranges. Voltages as for 516 T.G.

TWO YEARS' FREE ALL-IN SERVICE IN THE HOME |
Advt. of Sobell Industries Led., Langley Park, near Slough, Bucks.

\.

rTransformers
aren’

pegs.

j

t clothes

Clothes pegs work just
as well on any line.
Transformers are only
completely efficient
when built for the job
they have to do. That's
why we specialise in
building transformers
for special industrial
purposes. If you want
transformers designed
and built to do a
definite job, we can
help you.

A A &
4 & & 4
| ! ]
1

‘PURPOSE~-BUILT"

U000

TRANSFORMERS JR i)

NORTHGATE STREET DEVIZES.

ava, e

Phone 536
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Keep abreast of the

The finest goods from every part of the world will be on display
in Canada in 1948. You can see them . . . compare them. You can
meet the representatives of many manufacturers, from many nations

- exchange ideas and e¢stablish contacts.

Canada’s first International Trade Fair sponsored by the Cana-
dian Government - will bring buyer and seller together on an inter-
national scale. There will be exhibits representing hundreds of
industries, from a score of countries.

Plan NOW to attend the Canadian International Trade Fair in 1948.
If you cannot attend personally, send a representative. Full details,
including information on transportation and accommodation, are
available from—

LONDON : R. P. Bower, Commercial Secretary, Office of the High Commissioner for
Canada, Canada House, Trafalgar Square, S.W 1.

LIVERPOOL : M. ¥. Vechsler, Canadian Goverment Trade Conunissioner, Martins
Bank Building, Water Streer.

GLASGOW : G. F. G. Hughes, Acting Canadian Govermment Trade Convnissioner
200, St. Vincent Street.

DEPARTMENT OF TRADE AND COMMERCE

OTTAWA CANADA
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TRANSFORMERS,
COILS AND
CHOKES

TEAM VALLEY, GATESHEAD

R.M. ELECTRIC LTD., I't, ENGLAND

“M.R.SUPPLIES Ltd.—
Nwaﬂﬁuugngxﬁzh!oEmﬁledelivSirodmltock‘ ' AT YOUR REQUEST P

prices nett.
ROTARY CONVERTERS (ex-Admiralty) Patt. Nu. 1336A.  Input 160 110 v. D.C. | THE NEW

Output 230 v, 50 ¢. A.C. Rated at 200 watts, but capable vf heavier duty. Fully

enclosed in housing 14in. long by 11}in. high by %in, dia., rigid naval spec. Weight

47 Ibs. Just right for ships and showmen, and domestic use on 100,110 v. D.C.

supplies, £8/10/- (carr. etc., 10/-),

SMALL ELECTRIC BLOWERS, 12 v. A.C./D.C. Outlet aperiure }in. sq. Length

5in., width 4}in. Remarkably ethicient, 35/-.

BATTERY CHARGING KITS for full -amps. Far better cumponents than those |
n 1ally made charg very simple construction. N.T.C. Metal { \

car Fault Tracer

i
Rectlfier for charging up to 12 v., 22 6. Mains Transformer. prim :—200 220 240 v., |
sec. tapped for 6 and 12 v. charge, finished in die-cast brackets with terminal boards, |
38/8. Rotary Rheostat, panel mtg., with 2}in. control kpob, 4 ohms 4.5 amp. (or ——

is now in production,

9 ohms 3 amps), 23/6. Panel Ammeter, 3§in., 0/5 amps., 28/6. Suitable Steel ..
Case, perforated, 7,8. The kit, from present stocks only, £5 18,6, carr. pald (or | permitting
items sold separately). | E

STAGE DIMMERS. Controlling stated load from “ full-bright " to ** blackout,” ASIER

at 220/240 v. Fitted slow motion drive, handwheel, flicker switch and *'off** Resi

position. 500-watts, £5 186 ; 1,000-watts. £7 26 : 1,500-watts, £8/126: esistance
2.500-watts, £8/15/« (carr. 3 - any one). and Capacity

P.A. SPEAKERS. The highly efticient Reslo Reflected Horn type with 10-watt
P.M. m/coil pressure unit, 15 ohms., flare 12in, long and 14in.dis. On swivel bracket
with mtg. pillar, with wheel-bolts for clamping at any angle. Only afew, all brapd
new aud perfect, £7/12 6 (des. 5/-). STEEL TRIPODS to suit these and all other
P.A. speakers, collapsing to 3ft. and extending to 12it. Perfectly rigid under all
conditions, 55 - (desp. 3/6).

@.E.C. SENTOR INDUSTRIAL SPEAKERS, in metal drum 1lin, dia., with front |
and rear grille, titted P.M. M Coil Unit bandling 8-watts, with multi-matching
transformer. These are a great success as extension speaker in kitchen, club-rooms,

Measurements
together with
MORE RAPID
Signal Tracing
from Aerial

iactories, etc., and have really excellent response. A few left at only 57 6 each
esp- 2 ) ' Socket to
MICROPHONE STANDS. Fitting }in.(26), First-quality chronijumn plateand strongly Loudspe aker

made, (,‘ollazpsible type, folding to 21t. iin. and ext. to 31t. 6in., 3-draw stem, tripod
feet. rigil, 52 6. Heavy three-claw baxe type (rec. for m coil micx.), 2-draw ext. 1o h

feet. pigid, 52 6, Hewvy hreerlan Lu i e 1t e et | || The Labgear Fault Tracer
tnaterials and platiug these are the last we 1 offer at above prices.)

SMALL UNIVERSAL L.V, MOTORS, 12 24 v. A.C./D.(". Length 3in., width 2iin., CCMBINES IN ONE CCMPREHENSIVE INSTRUMENT ALL THE

Ho. spindle. Ball-bearing. ldeal for lah, stirrers, cine, fans, and (wheu suitably CHIEF TEST GEAR REQUIRED FOR YCUR SERVICE DEPT

weared) gramo-motors,  Opportuuity at 17 6 each. R N N N

ggr RECTIFJERS. 'r‘.{é Tubular type. 1.0007\5 Tuna., 156 5 2000 v, i ma., ﬁe{_u!',nnce Bsndwle @ Signal Generator ® Capacity Bridge
o Lo 10w 3 2,000 v, 10 ma., 75 - LT, [ ) H i

MINIATURE PIEZO-CRYSTAL MICROPEONES (Rothrrial). Made for deaf-arvls, lnsulut‘;::r're‘:tpepr 3 ° gi“;:::lg"rcll:lelrtor : !v-f;;lpx‘:welzgi‘:':?:x

but suitable for zll microphone purposes, wonderfully sens , with 5 megohm

lvading {ucotporated, Model ** A" L}iu, dia., 20 6. Mudel " B,” 1.365in. dia

(mietal diaphragm), 25 -, (These are unhoused tneerty).

PIEZO-CRYSTAL PICK-UP HEADS (Kothermal). For replaciug agnetic types

on Garrard and Collaro urms, giving far better performance either 46 11.

REISTANCE BOXES (Decade type). Ry best precisjon makers. Units 0 10, tens

0/100, with addition 100 ohmns, (can be altered Into multlpller)‘l l-‘lttedl’;'umer

i coit galvo. Switchlng for Wheatstunc Bridge and vther tests. In portable casc ' b t I

16 by 7} by 6in. Exceptional opportunity for labs., colleges, ete., 85/~ (des, 2/-). J" y 0" r. "1' ‘ Py
Please include sufficient for packing despatch. Excess relunded.

M.R. SUPPLIES Ltd., 68, New Oxford Street, London, W.0.1. | | | WILLOW PLACE, rhone. 291 CAMBRIDGE

NOTE~In addition to Electronic Visual
Indication, facilities for Aural Checking
are still retained in this instrument.

— = S — —

Telephone : MUSeum 2958,
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This is an actual  size
*edge-on ' photogre ph (f
a 5" Truvox WAFER
Speaker.

Available in four sizes, 23", 31", 5" and 5} the
WAF ¢ s space probl in "*midgets,
personal receivers, car radios, television re-
ceivers and intercom systems i—
Depth less than one third of diameter
Light weight
High sensitivity
Even Response
Negligible external magnetic field

Patents pending

IRUYOA

TRUVOX ENGINEERING CO LTD
EXHIBITION GROUNDS WEMBLEY MIDDX

==yt e ——
1.X.84

XOANYL Y3IVAA XOANYL LEERZ XOANYL CEER 2 XOo ‘Nl LEEA 2V

Y3V

¥idVAA
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Another Marconi

Achievement

A NEW LIGHTWEIGHT AUTOMATIC DIRECTION
FINDER FOR AIRCRAFT (TYPE A.D.7092)

Setting a new standard in performance, this
fully automatic radio compass is the latest of
a long line of successful airborne direction-
finders developed by Marconi engineers.

Size: 124" x 8" x 5"

(31.7¢ms.x20.3cms.x12.7 cms.)

Weight : Receiver 15 lbs. (8.2kgs.)

All-up weight of typical installation :

35 lbs. (19.1 kgs.)

Frequency Coverage: 150 Kc/s-2 Mc/s. Exceptionally good

sensitivity and selectivity.

Equally suitable for use on broadcast, radio beacon or

simultaneous radio range transmissions.

Engineered to fit standard R.C.E.E.A. racking.
Automatic variable quadrantal

error corrector with single-screw

adjustment.

g v

.

=

y Sy
/.'m

-

Standard dashboard
e type of azimuth indi-

e cator (incorporating
tuning indicator)
available in two sizes
for use by pilot or

navigator.
cHlotem; Mﬂ 7con?
1807/947
/JW MARCONI'S WIRELESS TFLFGRAPH CO. LTD

(AIR DEPARTMENT) MARCON! HOUSE, CHELMSFORD
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SOUND
DESIGN

Specify

Radio Valves and
Cathode Ray Tubes

THE EDISON SWAN ELECTRIC CO. LTD., I55 CHARING CROSS ROAD, LONDON, W.C.2

R.M.52
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“WEARITE®
products embodies all your needs in Mains
Transformers, ILF. and
Minjature LF. Transformers
*‘HYPERLOY?™”
Vibrators, Coils and Ceramic
Switches. Your dealer should

time-proven

Chokes,

\‘1."*‘.‘ A W

be able t» supply from stock.
If any difficulty, write
to us giving his name.
If you haven’t yet had
our Catalogue giving full
information on
“WEARITE" Compo-
nents, write today.

2 LORD NORTH ST.. LONDON, S.W.I.

TELEPHONE ABBEY 2126, FACTORY: SOUTH SHIELDS, CO. DURHAM
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VALVES AND THEIR APPLICATIONS

By M. G. SCROGGIE, B.Sc., MILEE.
Mullard GAS TRIODE EN31

time base generation has always been the

most widely used. The main reason for its
popularity in that role is its ability to change
suddenly from zero to a heavy current at a low
voltage, and thereby to discharge a capacitor so
quickly that the flyback is accomplished in a very
small fraction .of the whole cycle. By contrast, a
hard valve requires some amplified triggering
device to speed up the discharge. and even then is
not such a low-resistance “ switch.”

O F the many applications of * soft > triodes,

The explanation, of course, is that directly any
appreciable electron current starts to flow through
low-pressure gas the molecules are ionized, or
split up into electrons and positive ions, forming
an electrically-neutral highly-conducting cloud.
It is as if the anode were suddenly brought
within a microscopic distance of the cathode,
There is therefore, negligible space charge for the
anode voltage to overcome, even when the current
is very heavy. The anode-to-cathode voltage is
constant at quite a moderate critical value,
depending on the kind of gas enclosed. Although
the 33 V drop in the EN 31 is higher than in a
mercury-vapour valve, its characteristics depend
much less on temperature.

Since the control grid is smothered by the
conducting cloud, it ceases to control, until the
discharge ends through lack of voltage to main-
tain it. Its function is then to determine, by the
negative bias applied, the anode voltage needed to
re-start the discharge, and hence the amplitude of
the time-base voltage. In the EN 31, 1 volt of
bias is needed for every 35 additional anode volts.

The circuit diagram shows a very simple form
of time base generator. It can, of course, be

modified to include one of the usual linearizing
devices, but except for precise work the stroke is
linear enough if restricted to about 30 or 40 V.
R1 controls the speed of charge, and R2 the bias.
R3is to limit the discharge to the rated maximum,
750 mA. 2  for every HT volt is well on the safe
side. R4 is another limiting resistance, to keep
the grid current within 1 mA. The total resistance
between grid and cathode should be 0.75Mg
at most; preferably less. Since the bias required
for control is only 1-35th of the anode voltage, the
heater can be joined to —HT without fear of its
voltage to cathode exceeding the rated limits of
Oto-100 V.

+ 250v

% 25Kn
l
RI 2 _ FREQUENCY
27 0'5MA MAX,
1 OSuf

0-1Mn 3 e s =
< >
i 500A%  FREQUENCY|RANGE
2

] Irql
T.T..T.

63v 0-001-|
0-Oluk 3% | T oS
3 R2. e
S
SYNC AMPLITUDE 05MnS OQUIPUT
oSMa /%’SKA MAX, b3 25-25.000¢/8
o—1 o

Mullard

A

This is the eleventh of a series written by M. G.
Scroggie, B.Sc., M.I.E.E., the well-known Consulting
Radio Engineer. Reprints for schools and technical
colleges may be obtained free of charge from the
address below. Technical Data Sheets on. the EN31
and other valves are also available.

THE MULLARD WIRELESS SERVICE CO. LTD,,
TECHNICAL PUBLICATIONS DEPARTMENT,
CENTURY HOUSE, SHAFTESBURY AVE., W.C.2

Advertisement of The Mullard Wireless Service Co. Ltd,

(M.V.M. 46)
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Reflections on Olympia

tions ; to speak of their ephemeral and value-

less glamour ; to deplore waste of man-power
and material resources at a time of crisis. With
some plausibility, one may write off the huge
attendances at the recent Show by saying that
many visitors went there merely because it- was
a show, and not because they had any real interest
in radio. One may go on to urge that radio is
now too complex for the lay public anyway.

To argue in this ‘‘ superior "’ kind of way shows
a lack of appreciation of the conditions prevailing
in our rather irrational world. Some of the
criticisms are entirely unjustified on grounds of
fact: admittedly the visitors comprised a good
sprinkling of habitual exhibition addicts, but, from
our own observation the attendance was of high
average quality. A very large proportion of those
who went to Olympia were seriously interested,
and a considerable proportion of them were users
or potential users of communication or electronic
equipment—not merely of broadcast receivers.
The inclusion of exhibits of these classes of equip-
ment has been amply justified.

Without any doubt, the exhibition has been
successful in showing that the British radio
industry has succeeded, more than most others, in
adapting itself to post-war conditions and in pro-
ducing equipment that bears few visible traces of
the prevailing austerity. This is not to say that
there is evidence of wasteful lavishness; on the
contrary, a virtue is often made of necessity, and
methods are sometimes adopted which combine
improved performance with reduced consumption
of scarcc materials. That is real engineering pro-
gress.  The industry must have convinced every-
body that it now plays a worthy part in our
national economy, not only internally but as an
important contributor of foreign exchange. On
the wider issue, the exhibition—directly and
through the wide publicity given to it—has done
much to show the general public that wireless is

IT s easy to decry the whole idea of radio exhibi-

NOVEMBER, 1947

Price 1s. 6d.

something more than a means of distributing enter-
tainment ; it is a vital service in itself and an
essential ancilliary to many other services of a
modern society.  As sich, it is something to be
fostered and encouraged.

Elsewhere in this issue we review in detail the
trend of design in the principal classes of exhibits.
In considering such matters, there is inevitably a
temptation to compare things with those shown at
the last exhibition in 1939. In spite of the strides
that have been made in electrical design, perhaps
the most striking advance is in mechanical con-
struction. Radio has since its inception been weak
on this side, but lessons have been learned from
the war, and manufacturers have found out how to
make components and assemblies both well and
cheaply. Even some of the least expensive broad-
cast sets have attained a standard of execution and
finish that was never approached before the war.

Another tendency to be commended is the pro-
vision of broadcast receivers for the discriminating
user with requirements and tastes not catered for
by standardized productions. This tendency has
naturally been restricted by present shortages but
there are indications that when conditions allow the
demand for such sets will be amply met.

The more sympathetic attitude of the Post Office
towards applications for licences for communica-
tion services is probably responsible for the fact
that so many firms have started to produce low-
power transmitters and receivers for such purposes.
Provided that effective means can be devised for
controlling the use of radio by operators of road
vehicles, port authorities, towage companies, press
correspondents and the many other new users who
are envisaged, we welcome this extension of radio.
It is intcresting and perhaps significant that the
sharp line of demarcation between makers of
broadcast receivers and communication equipment
has entirely disappeared during the war. Many of
the larger firms now produce both ; it is all to the
good that we are tending to become one family.
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Push-pull Balance

By W. T. COCKING, M.L.EE.

NE of the more important
O reasons for adopting push-

pull amplification,
especially in an output stage, lies
in the fact that under ideal con-
ditions all even-order harmonics,
introduced by curvature of the
valve characteristics, are balanced
out and do not appear in the out-
put. In addition to this, the mean
anode currents of
the valves act in
opposition in the
output trans-
former and the
core consequently
works under bet-
ter conditions. Because of this
transformer distortion is also re-
duced.

It is important to notice that
the push-pull connection only re-
duces  even-order  harmonics.
Consequently, its use is of value
only if the distortion introduced
by the valves is predominantly of
this kind. This is so with triodes
and for long no other valves were
used in push-pull.

When operated under optimum
conditions for a single output
valve, a pentode or tetrode
usually introduces more third
than second harmonic. The use
of a pair of such valves in push-
pull then gives relatively little
advantage over a pair in parallel,
but there is still some advantage,
largely because of the improved
conditions in the output trans-
former brought about by the re-
moval of the direct polarizing
current.

The distortion introduced by a
tetrode or pentode depends very
much upon the magnitude of its
load resistance, however. With
a low value of load the distortion
is predominantly second har-
monic, just as with a triode, and
this distortion tends to decrease
as the load is increased, again just
as with a triode. Unlike the
triode, however, third harmonic
distortion grows rapidly as the
load resistance is increased.
Although small when this re-
sistance is small it greatly exceeds

the second harmonic when it
becomes high.
When pentodes are used in

Effect of Minor

Imperfections

push-pull, - therefore, it usually
pays to work with an effective
load on each which is much less
than the optimum for the non-
push-pull case. The third-har-
monic distortion is reduced and
the second-harmonic distortion is
balanced out by
the push-pull
connection.

While there is
no doubt at all
about the value
of push-pull in
both theory and practice, many
people realize that the ideal con-
ditions which are usually assumed
in theoretical discussions do not
exist in practice. They realize,
for instance, that the two valves
of a push-pull stage are never
exactly alike, and they wonder
how much the performance is
affected by this. Then, again,
they know that various balancing
schemes are sometimes recom-
mended and they wonder if they
are necessary when other ampli-
fiers perform satisfactorily with-
out them.

It is not casy to find answers
to questions such as these and
very little definite information on
the subject has been published.
The simplest method of attacking
the problem is to express the
characteristics of the valves by
power series, but even if only a
few terms are taken the expres-
sions become very cumbersome,
and it is not easy to take the load
impedance into account.

The equations in the Appendix
show the second- and third-har-
monic distortion produced by
valves  having characteristics
which can be represented by cubic
equations, ignoring the effect of
the load. The distortion for a pair
of valves in either parallel or
push-pull is given. The signal
voltages are represented by e, for
one valve and e¢,+e¢, for the
other; e, and e, are in opposite
phase for push-pull and ¢, is in
phase quadrature. This last term
is included so that the case when
the input voltages to the two

valves are not exactly in opposite
phase can be considered; ¢, on
the one hand and ¢, and e, on
the other are respectively u, and
#, times the actual input voltages
E,, E, and 130

First of all, ¢, will be taken as
zero. It can be seen from the
equations in the Appendix that
both the fundamental and third-
harmonic components are the
same whether the valves are in
parallel or in push-pull. With the
latter circuit both the out-of-
balance direct current in the out-
put transformer and the second-
harmonic distortion can be re-
duced to zero by the adjustment
of the relative values of v,, v,
e, and e,.

If the two valves are exactly
alike the requirement for perfect
balance is v,=v, and ¢,=e¢, ; that
is, the two valves must have the
same grid bias and their inputs
must have the same amplitude,
and be in opposite phase.

In this case the fundamental-
frequency current in the H.T.
lead is also zero. It is given by
Equ. (4) by writing minus signs
instead of + between the pairs
of terms in brackets. Because of
this a favourite way of balancing
a push-pull amplifier is to insert
a resistance shunted by a pair of
‘phones in the H.T. lead, as
shown dotted in Fig. 1, and to
adjust the relative values of the
input voltages E, and E, for zero
fundamental tone in the ’phones.

Of course, in this particular
case, since the output stage is
assumed itself to be perfectly
balanced, all that is done is to
equalize E, and E, and so to cor-
rect for imperfections in the pre-
ceding stage.

Balancing Adjustment

When the valves are not
identical, second-harmonic dis-
tortion in the output and the out-
of-balance mean current can both
be brought to zero by adjusting
the values of ¢,/¢, and v,/v,.
With no signal the out-of-balance
current depends only on v,/v,,
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but the condition for zero second-
harmonic distortion depends on
both e,/e, and v,/v.. The out
of-balance current with a signal
depends also on hoth e, /e, and
v,/v,, so that the zero signal
balance is not necessarily main-
tained when a signal is applied.

When e,=o0, Equ. (3) shows
that the out-of-balance current
can be brought to zero even when
the valves are not alike by ad-
justing v,/ v, with no applied sig-
nal.  Equ. (5) shows that the
second harmonic in the output
can also be brought to zero even
although the valves are not alike
by adjusting e, /e,. When this is
done the signal-dependent terms
in Equ. (3) are also zero, so that
just as in the case of identical
valves the second-harmonic and
out-of-balance curremts can be
made zero for all amplitudes of
input.

However, the fundamental-fre-
quency component in the H.T.
lead (Equ. (4) with — signs be-
fore each group of terms with
subscripts 2) is no longer necces-
sarily zero. This is also obvious
on physical grounds, for if the
valves are unlike they introduce
different percentages of  second
harmonic. When adjusted for
zero total second harmonic in the
output each valve must be giving
the same amplitude of sccond-
harmonic output. But if the per-
centages are different the funda-
mental outputs must also be
different, and so they cannot
balance in the H.T. lead.

It is thus clear that in the
general case the popular method
of balancing an amplifier for zero
fundamental component in the
H.T. lead will not necessarily
give zero second harmonic in the
output. It will only do so, in fact,
if the output valves are identical.

Strictly  speaking, therefore,
the right way of adjusting e,/e,
is directly for minimum second-
harmonic distortion in the output.
This is very inconvenicnt, how-
ever, for it demands the connec-
tion of a filter in the output to
suppress the strong fundamental
component.

It has been assumed so far that
the input voltages to the two
values are precisely in opposite
phase; i.e., e;=o0. In practice,
phase errors occur towards the
two ends of the frequency range
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They occur chiefly in the phase-
splitting circuits.  They can be
represented by a voltage E, which
is 9o deg out of phase with the
input E, to one of the valves, E,
itselfl being exactly in opposité
phase to E,.

Phase Unbalance

The effect of E, is to produce
output currents in quadrature to
those caused by E; and E,, but
through interaction between them
it does also produce currents
additive to the main ones. Be-
cause of the quadrature currents
it becomes impossible to balance
second-harmonic distortion to zero
and equality of mean anode cur-
rents cannot be maintained at all
signal levels.

However, these effects are very
small in practice because it is not
difficult to keep the phase errors
small. It is by no means easy to
make them zero but in a common
type of phase-splitter they can
be such that E, does not exceed
about 3 per cent of E,.

There are so many possible
causes of unbalance in a push-
pull stage that it might be
thought that a balancing ad-
justment would
be essential.
This is not so,
however, for a
surprisingly
large amount of

unbalance can
often be toler-
ated.

In general,
balancing  ad-
justments  are
undesirable  if
their use can be

avoided, for
their correct use
demands some

degree of skill.
It is, therefore,
the usual com-
mercial practice
to dispense with
them. This is done by determin-
ing a permissible degree of un-
balance which affects the perform-
ance negligibly, and then design-
ing the equipment so that this
degree of unbalance is not ex-
ceeded with any normal variations
of components and valves,

Under such conditions neither
the out-of-balance current nor the

Fig. 1.
cuit.

The basic push-pull cir-
The dotted components in
the H.T. lead are often inserted

when talancing a stage
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second-harmonic distortion will
usually be zero, but this does not
matter provided that the result-
ing distortion is small enough.
An output stage mignt, for in-
stance, be designed for 2 per cent
third-harmonic distortion at full
output.  The second-harmonic
distortion might vary from the
ideal zero to, perhaps, 1 per cent
according to the degree of balance
achieved.  The addition of 1 per
cent second harmonic to a stage
already giving 2 per cent third-
harmonic distortion is not likely
to be noticeable to the ear. The
total distortion is increased to
1004/ [0.02* + 0.01°] = 2.25 per
cent, little over 1db. Moreover,
the ear is more tolerant of second-
than of third-harmonic distortion.
It is, therefore, almost certain
that the extra distortion would

not be aurally detectable,
However, this may be, it is
certain that there is some degree
of second-llarmonic  distortion
relative to the third harmonic
which cannot be detected in any
listening test. Provided that the
second har-

monic can be

vilh kept below this
’ l figure, there-
% fore, its pres-

ence is im-
material, and it
an amplifier can
be designed
which is inher
ently well
enough bal-
anced to keep
the distortion
below this
figure its per-
formance is as
good as one
more perfectly
balanced. It is
also much more
satisfactory in
practice.

In order to
determine how
much unbalance
is permissiblc in an amplifier it
is necessary to know how much
second-harmonic distortion can
be allowed. This can only be
settled by elaborate listening tests
with large numbers of observers.
For present purposes it will be
assumed that an amount of
second harmonic equal to the
third harmonic is unimportant.
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Push-pull Balance —

This is a 3-db increase in distor-
tion from an ‘‘ideal” level of
—34db, assuming that 2 per cent
third harmonic is the target. The
distortion level thus rises from the
‘“ideal "’ —34db to —31db and
this in itself would not be readily
detected by ear. When the
greater tolerance of the ear to
second-harmonic  distortion is
taken into account, it seems
certain that its presence in this
degree is unimportant.

At present this must be largely
a matter of opinion, and it is pos-
sible to work out the permissible
unbalances for any desired ratio
of 2nd/3rd harmonic distortion.
In the following examples, how-
cver, a figure of unity for this
ratio is taken as the maximum
permissible.

For the present assume that
there is no phase unbalance
(¢e,=0). Then Equ. (9) in the
Appendix gives the ratio of 2nd/
3rd harmonic distortion. The
ratio does not depend only on the
ratios e,/e,, v,/v,, ¢,/¢,, d,/d,,
but also on ¢,/d,, ¢, and v,. It
is not, therefore, possible to derive
a general solution applicable to all
valves, but it is necessary to work
out the permissible unbalances {r
each case.

The best that can be done,
therefore, is to pick a typical case
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correspond to a fictitious valve
having 300V H.T., —40V grid
bias, x=3 and a signal input of
40V peak. A single valve, or a

7 e . -
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input  voltages is permissible.
Curve B shows the effect, with
e,=e,, d,=d, of varying c,/c,
and curve C illustrates the effect
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PERCENTAGE UNBALANCE 1N E,/E,

Fig. 3. The effect of /varying e,fe,
/e

pair in parallel, produce 2 per cent
third-harmonic distortion and 10
per cent second harmonic. It is
required to determine how the
second-harmonic distortion of a
pair in push-pull varies with the
various out-of-balance elements.
This is done by taking the above
values for the valves and calculat-
ing the 2nd/3rd harmonic ratios
with the aid of Equ. (9). The re-
sults are shown in Fig. 2; curve A
shows how the harmonic ratio

2
E 3
=3
[
S
-
=y
o
<
3
=
k-] L 1 — a—
o }v, /4 3 = "] C
clu!
afn L= B
= il e e i
< [
® Oé ]
0 2 4 a 12 14 16 8 20

PERCENTAGE UNBALANCE AND PFRCENTAGE E,/E,

Fig. 2, The effect on the ratio of 2nd/3rd harmonic distortion of various
kinds of balance is chown here.

Curve A ¢)/¢, =d,/d, = v,/v,

efe; = d,/d, = v,/v,

Cefe, = /e, = vy,

Deje, = ¢)/e; = d,[d,

Eee, = c.fe, = d,/d,
and the following values will be
assumed : b, =2x10%, ¢, =
-3x107, d,=1.25%x10° ¢ =
120V, v,=180V. These values

= I, e, = 0, e,/e, varying.
=1, €, = 0, ¢,/c, varying.
=1, &; = o, d,/d, varying,
=1, & = 0, v,/v, varying.
= W,/v, =1, e,/e, varying.
varies as e, /e, varies for the case

when the valves are identical and
v,=v,. For unity distortion ratio
over 20 per cent unbalance of the

is shown here for the case when Vo[V, =1,
d,/d, = 1.2, and efe, — 0.03.

of varying d,/d, with c,=c,.
Even with 20 per cent difference
between either of these valve con-
stants the second harmonic does
not exceed 0.4 of the third.

The effect of varying v,fv, is
shown in curve D. This, however,
is not a grid-bias variation but one
of total voltage. It can be con-
verted to one of grid-bias varia-
tion in this instance by multiply-
ing the *‘ Percentage Unbalance *’
scale in Fig. 1 by 1.5. By using
equation (13) the effect of vary-
ing e,/e, can be computed and
is shown in curve E.

In a practical case these varia-
tions may all occur together but it
is clear from Fig. 2 that in order
of importance the various causes
of unbalance are ¢,/e,, v, /v,
e./e,, ¢, /¢, d,/d,. ~This is
rather a fortunate order, for the
valve variations arc of least im-
portance and it is these which are
least under the control of the
amplifier designer. It is well to
allow a maximum variation here
and it is not unreasonable to take
¢, /¢,=d,/d =1.2; that is, 20 per
cent unbalance between valves.

If the valves are operated in the
usual way with a common bias
resistor v,/v,=1. The out-of-
balance current in the output
transformer rarely exceeds 1omaA,
in practice, and this causes negli-
gible distortion when a well-
designed transformer having a
silicon-steel core is used.

The phase unbalance between
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the inputs is usually negligible
over the major p~-t of the audio-
frequency spectrum. At very low
and very high frequencies it be-
comes of appreciable magnitude
but with good design it is not
large. 1t occurs chiefly in the
phase-splitter and may amount to
about 3 per cent. The value of
e, /e, will, therefore, be taken as
0.03.

With thesc values as reasonable
tolerances to allow for variations
in values and for some phase un-
balance the ratio of 2nd to 3rd
harmonic distortion for various
values of e, /e, can now be calcu-
lated and the permissible input
unbalance so determined.

The result is shown by the curve
of Fig. 3 and it will be seen that
for unity distortion ratio an in-
put unbalance of as much as 13
per cent can be allowed. This is
for the worst case when the input
unbalance is in the same sense as
the others; when it is opposing, a
much bigger tolerance is permissi-
ble.

Grid-Current Effects

It will be clear from all this
that a push-pull stage is very far
from being critical and what at
first appear to be quite large
amounts of unbalance have quite
a small effect on the performance.
This is in accord with practical
experience.

In the foregoing it has been
assumed that there is no limit to
the permissible value of E,/E;
(e, ]e,) other than that set by the
appearance of excessive second-
harmonic distortion. This is not
the case, in practice, however, for
if the two input voltages are dis-
similar then one valve will run
into grid current earlier than the
other unless the valve with the
larger input has a proportionately
higher grid bias. Very serious
distortion usually occurs when grid
current starts, and if one valve
draws grid current before the
other the amplifier is overloading
Iefore the other valve is giving its
full output.

Conditions in this respect arc
likely to be at their worst when
an amplifier is carefully balanced
for zero second-harmonic and out-
of-balance currents ! The poorer
valve of the two may need the
greater input and the smaller grid
bias for balance.

The tolerance permissible on
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E,/E, is thus likely to be tighter
for the avoidance of marked dis-
parities in the grid-current over-
load points of the two valves than
for avoidance of second-harmonic
distortien. If the bias is 40V and
the maximum input is 4oV peak,
then with the 13 per cent toler-
ance found earlier, the input to
the other valve will be only 35.4V.
As the power output is propor-
tional to the square of the input
voltages it will beabout (75.4/80)*
=0.89 of that which would be ob-
tained with equal input voltages
and identical valves.

The loss is not large, but a
somewhat tighter input tolerance
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would seem desirable. It is sug-
gested that an input tolerance of
+ 5 per cent should be aimed at in
designing the preceding stages and
that there should be not more
than 3 per cent phase unbalance
at high and low frequencies
This permits rather greater toler-
ances on valves than have been
considered in the foregoing.

No attempt at balancing second-
harmonic distortion to zero should
normally be made and it is only
necessary to balance the mean
anode currents in exceptional
cases or when high-permeability
core material is used in the output
transformer.

APPENDIX.

Let the characteristics of valves 1 and 2 be expressed by

g = ay + D,)Vy + ¢,V2 4 V3

Tap = Ay + b,V, + ¢,V + d,V,?
where V,
V, Vo + Vo

- Vo + 1V + mE; sin wt = v, + e, sin w!
i/ ¥,y sin wt — pEgcos wt = v, — e, sin wl —e; €0s w!

(1)

(2)

When the values are combined in push-pull the effective current is iy, — i,

whereas when they are in parallel it is 7, + i, and \,

vy + eysin ot

Inserting the values of V', and V, in (1) and (2) and expinding, we get :—

Out-of-balance D.C. component

IDC

(ay—ay) + (byry —byvy) + {€y0y% — €053 + (v — dyrr)?)
+ (crey? —c,?) + 3 (dyer oy — doeyry) — heyes® —Fegtudy - . B R )

l'undamental frequency component -

1,

sin wt{(bye,+byes) + 26110y +0o8500) + 3(dserv* +due sty

+ F(dye,®+ dyey®) + Feg’erd,]

405 wtlbyey+ 20,650, + 3e30,%d, + §dye,%es + Fdyes? o0 0o oo (K]

Second-harmonic component = /, =

—C0s 2wt }(Ciet —Co0,?) + 3 (dye, 20y — dye205) + §eye4% 30 g7,

+-5in 2wl [ —€,8,65— 3d,0,850, + 3 e,
Third-harmonic component = I; =
— sin 3w} {de,2+ d,e,%)]

+ cos 3wit[}d,ed + §dye,%e,+ Fdsese5%] .
When e,
harmonic distortion is

i(dlel:’*‘dzeil -
(byey +b,,) + 2(c16,01 +Co0205) + 3(dyesvi* + dyey0,?) + 3 (dye* +dyey®)

(5)

. .o .. .. (0)

o, for two values in parallel or push-pull, the fractional third

/

SETWREY P, {

When e, — o, the fractional second harmonic is (4 signs for two valves in

parallel, — signs for push-pull)

tblel +b,2,) +T(‘:1"1v1 +cpe,05) + 3(d ey’

[ (cres® Czegz)_*‘_3(df121'lr _{[282"02)] - )
+dye,v,3) +dye - dyey?)

Therefore, the ratio of znd/3rd harmonic distortion is

c, e, dyv
2 62 1%
([ ___;)+3__([i
P _0n Ghe 1

dyeq

d, ¢,
1+‘7i.-—3

d, e’ vz)

=T
dy e vy

- .. .. .. N ()]

FFor zero second harmonic distortion the requirement is

(ﬁ)z LGt 3dq0y
e, ¢+ 36,0,

v (10)

For zero out of balance current it is necessary to have :—
al—a2+b1v1—b2v2+c1v12—c2v22+d1v,3—dzzv,j’

+ Hee P —Car) + 3 (dyePvy — daer®v, . ..
This can be zero for any values of e, and e, only if the last two brackets
This is the case when Equ. (10) is met.

are themselves zero

) = o0 35 .

(11)
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Crystal Pickups

Basis of Design for High-fidelity Reproduction

it should be that the piezo-

electric crystal pickup operates
on a principle fundamentally
different from that underlying the
moving coil, or other electro-mag-
netic types of pickup, and that
attempts to treat it on the samec

IT is not realized as widely as

by inspection of Fig. 1, that to
keep the velocity (i.c., slope) con-
stant, the amplitude must increase
as the frequency is decreased and
vice-versa. In the example shown,
the two sine waves have the same
velocity, but it will be seen that
there is a 2:1 ratio of amplitude
and a 1 : 2 ratio of
frequency. 1t is
clear that for
adequate ampli-
tude at the higher
frequency end of
- the spectrum, the
amplitude at the
lower frequency

AMPLITUDE
(DISPLACEMENT OF CUT TER)

Fig. 1. Illustrating the

footing are foredoomed to failure,
1t is the purpose of this article to
discuss this difference, and to
show that, combined with suitable
electrical networks, the crystal
pickup can give results at least as
good as those obtainable from the
clectro-magnetic types, together
with the advantages of high sensi-
tivity, and the possibility of dis-
pensing with coupling trans-
formers, hum pick-up and other
troubles.

Commercial  recordings are
generally made with electro-mag-
netic cutting