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@ Low rate floating spring.
@ Convrolled contact pressure.
@ Unsurpassed reliability.
olarising achieved without removal of contacts
@ Hard gold plated to 0 0002 inch minimum.

% Gold Flashed and Silver Plated contacts supplied on
request.

@ Constant contact performance with different board
thicknesses.

At present available'in‘8, 16, 24, 32, & 40 Pole sizes

FERRANTL.........

DS/ T140 Full getails avalable from: FERRANTI LTD - KINGS CROSS RD - DUNDEE - Telcphone: Dundge 82141
WW—00! FOR FURTHER DETAILS.
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Avometer
Model 8 Mk.3

Thanks to greatly increased production at our new Dover
factory the Model 8 Mk. 3 Avometer—renowned for its

exceptional performances and reliability—is now available N
for prompt delivery. Why wait? There's no better moment s

than now to get in touch with one of the addresses below.

G

o

Where to get your Avometer

. FARNELL INSTRUMENTS LTO.

SANDBECK WAY, WETHERBY, YORKS.
Tetephone. Wetherby 2691/2(3(4

Anglesey, Caernarvonshire, Cheshire, County
Durham, Cumberland, Denbi ire, Derbyshir
Flintshire, L ire, Li ire, Staff e,
Westmoriand, Yorkshire.

yshire,

WIRELESS ELECTRIC LTD.

ST. THOMAS STREET, BRISTOL f.
Telephone: 2/6434

Cornwall, Devon, Dorset, Gloucestershire,
Hampshire, Hertfordshire, Somersel, South Wales,
Wiltshire, Worcestershire.

liisis

©xrzro>

{or any other Avo instrument)

ELESCO ELECTRONICS LTD.
1103 ARGYLE STREET, GLASGOW, C.3.
Telephone: CENtral 5656

All parts of Scoifand.

For Avo stockists in all other ¢ounties please
contact the Home Sales Department at the
address below.

For details of Avo representation OVERSEAS
contact the Export Sales Department at the
address befow.

AVOCET HOUSE - 92-86 VAUXHALL BRIDGE ROAOD - LONBON S.W.1 Tefepone: viCtoria 340+

AT

WWwW—004 FOR FURTHER DETAILS.
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the experts’ é}—gﬂlﬂfl’ﬂ”

choice R

Tecl iroy
Tupe Recording and
Hi-Fi Magazing

e
JOHN GILBERT

Technical Editor
“Music

MODEL HF. 1016 'MAJOR’

This unit makes use of the high flux density available in the magnet system
of the previous H.F.1016 unit. A curved diaphragm is used with a rigid
centre section coupled to the voice coil. The rigid coupting and the design
of the cone termination give a balanced response over the whole audio

AUDIO
FAIR

range. The unit is specially suitable for usc in the smaller type of enclosure
STAND 46 having a volume of approximately 1% cubic feet.
Demonstration' Specification:
Room 204 i DONALD ALDOUS Chassis—die cast aluminium; Cone—graded puip cambric surround;
Teehnical Editor Cone dia.—I0in.; Pole dia.—lin.: Flux density—I16,000 gauss; Total
Record Reviere® flux—64,000 maxwells; Impedance-—15 ohms.
Record Review'
Price: £10. 7. 6 (inc. tax)
Type Flux Density  Price Type Fiux Densityl Price
Other Stentorian Speakers P 107 H.F.1012% 12,006 gauss €5 | 3 T359tweeter 9,000 gauss  £1 15 6
8" H.F.81&* 16,000 gauss | £6 18 6 T8I6 16,000 gauss  £6 11 3
CROSSOVER ' i
NETWORKS: 8” H.F.812" | 12,000 gauss €4 4 3  TI2 tweeter 16,000 gauss |£I5 5 6
CX3,000 £1/13/3 s A
CX1.500 £2/2f- 8” H.F.810 10,000 gauss 1 £3 2 9 TIO tweeter 14,800 gauss €5 2 0
CX500 £1/8/9 | :

“These three Speakers incorporate a universal impedance speech coil.

WHITELEY ELECTRICAL RADIO CO. LTD.
MANSFIELD - NOTTS - ENGLAND - Telephone: MANSFIELD 1762-5
London Cffice: 109 Kingsway, London W.C.2.

WAW—005 FOR FURTHER DETAILS.
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Digital rev. counter

Deck switches
interlocked®-

Large, dynamically
balanced, fiywheel

Units interconnected with
plugs and sockets ——»

WIRELESS WORLD

All decks fitted to tape-recorders are hinged for easy access

3 Papst outer rotor motors
(Capstan motor

hysteresis synchronous)
Low wow and flutter content
(below 0.05% at 15 ips, 0.10% at 74 ips,
0.15% at 3% ips, 0.25% at 13 ips)

— Fast rewind
{1200 ft. in 60 secs)

Unique,-reliable
braking system

4 tape speeds
1%, 3%, 74 and 15 ips

Reel accommodation-
8% in. dia.

We have been accused ...

of hiding our light under a bushel, the light being our superb 4 speed tape deck, so we have taken the hint
and given you a large illustration pointing out some of its principle features. This deck is used on all Brenell
models and there are versions available to take 107" NAB reels. Also we supply, tape decks and matching

amplifiers separately for building into your own equipment cabinet. Write for details of the Brenell range.

: SERIES 3
MONO —HALF TRACK—TWO HEADS—
MAGIC EYE

(Available wilh recording level meler at extra
cost.}

2% watts r.m.s. and a frequency response of
40—20,000 ¢/s—can be used independently of
tape recarder —narrow gapped record/play-
back head for extended frequency response—
doublvgapped ferrite erase head to minimise
erase noise—headphone monitoring.

High quality amplifier with power output of

MARK 5
TYPE M SERIES 3

MONO — HALF TRACK— THREE HEADS —
RECORDING LEVEL METER

Separate record and playback heads —sepa-
rate record and playback amplifiers — ampli-
fier frequency response 25-26,000 cfs +3dB—
power cutput 2 watts r.m.s. — separaic bass
and treble controls — mixing of input slgnais
— speaker moniloning whilst recording.

5TB2

MONO/STEREQ ~HALF TRACK (Record/
playback)— QUARTER TRACK (playback)
FOUR HEADS — TWO EDGEWISE METERS
Designed for use with high fidelity stereo
i i i on all
input channels to ensure perfect matching
with all auxiliary equipment — dual concen-
tric recording level and playback level con-
trols—cathode follower output—four channel
MIXing 0N MONO ProGramme sources — twin
recarding and twin playback pre-amplifiers—
comparison of original and recorded signal—

bias level—recording facihities for
1/2 and 2/2 track—playback facilities for 1/2,
2/2, 1/4 and 2/4 tracks — sound-on-sound

BRENELL ENGINEERING CO. LTD.
231/5 Liverpool Road, London, N.1.
Teiephone: NORth 8271 (5 lines)

WW . 006 FOR FURTHER DETAILS.

facilities —two edgewise meters for record-
ing level, tape output level and bias level.
Optional extra: stereo power amplifiers
and monitoring speakers.
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More of the music and
less of the distortion!

' The processing and production of discs produces a wave-
form in which distortion rises extremely rapidly as the
upper frequency limit is approached. To obtain the best
quality under such conditions the very high harmonics
must be attenuated at a rate which is a function of the rate
of rise of distortion.

The QUAD filters -provide both switched adjustment for
frequency and continuously variable adjustment for rate of
attenuation. The degree of attenuation need therefore
never be greater than necessary to clean up the programme
but is always adequate even for very bad cases.

AP

For the closest approach to the original sound

Our slogan for fifteen years and our design objective for
twice that long. Ask your dealer for details of the QUAD
range of high fidelity units or write direct to

Ref. W.W. Acoustical Manufacturing Co. Lid.,
Huntingdon. Huntingdon 361.

QUAD

WWw—007 FOR FURTHER DETAILS,
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The hard-to-find man
Is the man with
advanced technical

knowledge

In the field of Electronics today the greatest demand is for
men to fill the positions of skilled technicians and support
engineers. These are the ‘hard-to-find’ men for whom the
way ahead to rewarding and interesting jobs lies wide open.

CREI HOME STUDY COURSES offer advanced technical
education to the man who realises that technical knowledge

must be current and up-to-date if progress is to be made
in a world in which new ideas, new techniques and new
applications develop almost overnight.

CREI COURSES ARE AVAILABLE IN:-

Electronic Engineering Technology
Automation & Industrial Electronic Engineering
Nuclear Engineering

Communications Engineering |
Aeronautical & Navigational Engineering
Television Engineering l

H WALPOLE HOUSE, 173/176 SLOANE STREET, S.W.1

PLEASE SEND ME (FOR MY INFORMATION AND ENTIRELY !

WITHOUT OBLIGATION) FULL DETAILS OF THE CITY & GUILDS

PROGRAMME.  (C. & G. SUBJECT 43}

7 tstyr. 0 2nd yr. [ 3dyr [T athyr.
[ SUPPLEMENTARY STUDIES {SUBJECT 300)

NAME .o
ADDRESS. .

C.A.EL (LONDON) (DEPT, WWET)

Servomechanisms & Computer Engineering

Space Data Systems

Radar & Servo Engineering

Mathematics for Electronic Engineers

City & Guilds of London Institute: Subject 49 and
Supplementary Studies Subject 300.

For further information write (o :

C.R.E.l. (London) (Dept. WW67)

WALPOLE HOUSE, 173/176 SLOANE STREET, LONDON, S.W.1
Telephone : BELgravia 8662

PLEASE SEND ME (FOR MY INFORMATION AND ENTIRELY
WITHOUT OBLIGATION) FULL DETAILS OF THE EOUCATIONAL
PROGRAMMES OFFERED BY YOUR INSTITUTE
NAME

ADDRESS.

ELECTRONICS EXPERIENCE ...

C.RE.L {LONDON) (DEPT. WWE7)
WALPOLE HOUSE. 173/176 SLOANE STREET, S.W.1

{INTERNATIONAL DIVISION GF CAPITOL RADIC ENGINEERING INSTITUTE, WASHINGTON, D.C.}

WW-—008 FOR FURTHER DETAILS.
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JUST

y LI

LIKE

THE OTHER 800 MILLION-

UNIQU

Erie have made approximately 800 million
of the Type 9 insulated carbon composi-
tion resistor since they were first put into
production as far back as the early thirties.
Every one is identical, yet every one is
unique.

The care and attention to detail in their
manufacture, and the rigorous inspection
checks at every stage, ensure that not only
does every componentoperate efficiently,
butis in itself an example of Erie’s unique
manufacturing skill.

The same care and attention that goes

Write for catalogue to:

into quality control applies throughout all
the company’s activities; your orders and
enquiriesforinstance.Everyorder,whether
it be for a million, or for a strictly limited
number for a highly specialist purpose,
receives the same quiet efficient attention.
Every enquiry, too, no matter how appar-
ently simple or difficult receives the same
enthusiastic attention from our technical
and sales staff.

Erietake aprideinperformance

ERIE RESISTOR LIMITED,

Great Yarmouth, Norfolk, England.
Telephone: Great Yarmouth 4911,
Cables: Resistor Great Yarmouth Telex: 97421

WW-—-009 FOR FURTHER DETAILS.
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b, v
h 4 to measure a megacycle

Six big digits, clear and unambiguous, to measure frequency and
time up to one megacycle and down to one microsecond—clearly,
without flicker.

Six into one only just goes

Not much spare space on the panel of this instrument—the digits
are big and the unit is small, compact, portable. Makes for con-
venience and easy reading, with an adjustable support that holds

STOP PRESS

% Variable sensitivity controf firm at any convenient angle.
on A.C. input.
Smaller and smaller!
Variable display timer Design of the Venner TSA 3436 Mark 2 is based on solid experience
(0.5-5 secs). of applying transistorised digital techniques to measuring instru-
Period measurement over ments, Small as itis, the TSA 3436-Mark 2 will give precise readings
1,10 & 100 cycles up to a megacycle and down to.a microsecond.

ONLY  £215 (price sppticoste to UK. oty

Laboratories and technical colleges welcome the compactness,
Binary coded decimal output strength and simplicity-in-use of the TSA 3436 Mark 2. In industry,
(optional extra). its dependability, and the clarity of its disptay, make it uniquely
suitable for inspection and quality control applications,

Full technical details will be sent on request.

VENNER TSA 3436 MARK 2 TIME/FREQUENCY METER

VENNER ELECTRONICS LIMITED

KINGSTON BY-PASS - NEW MALDEN - SURREY. MALden 2442

Overseas subsidiarles

VENNERA.G. WEG 16:3005 TZERLAND-VENNERN. V. HELMSTRAAT3-DEM HAAG-HOLLAND
WW-—010 FOR FURTHER DETAILS,

Provision for external ref.
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[RjA[C[A]L} Digital counters

combine versatility
with economy

Racal SA.550 100 Mc/s
Digital Frequency Meter

Direct Frequency Measuremenis
from signa! levels as low as 100 mV
are possible without tuning or inter-
polation. Measurement capability
can be extended by the use of the
active probe unit type SA.544.

O All Solid-State Design

U1 8 Digit Inline Display

1 0-55°C. operating Ambient

0O D.C. Logic Switching

1 Digital Printout Facilities

O Intemal or External Standard

The SA540 Universal Counter
Timer illustrated below is for time,

period and frequency measurement
up to 11 Mcfs.

SA.550 U.K. Price £1,100
SA.550 NAT.0. Codification 6625-99-971-8519 SA.540 U.K. Price £795

Write for fulfer details 10!
Racal Instruments Lid.,
Dukes Ride, Crowtharne, Berks
Tel: Crowthorne 2272/3 or

Bracknell 941 Telex

RIfA64

SA.540

Ww—0il FOR FURTHER DETAILS.
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LTERS

% ADVANTAGES Curye below shows response

Fantastic space saving of our ladder filter type TL 10

Excellent stability with time and temperature thaLiAf.aggr’e ithefosiingng
Single or multiple resonant units

a0

TYPICAL SPECIFICATION w ,{
Centre Frequency 300 to 600 kefs-: 2 kefs 8 - \ / o,
Bandwidth 2to45kefsatfdb § A [ |
Insertion Loss 11015 db (dependent on B/W) =
Impadance Either 1200 or 1500 ohms in and - \

out, dependent on B/W &
Case Size & mm diameter E

38 min long g
Operating —40°C to }-85°C & ‘ |
Temperature Range 5 } l 3

o e
Shape Factor 60/6 dbs 1.3:11026: 1 Dependent on B/W e
%6 56 w30 540 450 Sea 470 aEo A%0

FREQUENCY IN KILOCYCLES/SEC

%_._f .

e i

SIZE
3 This illustrates the lypical dimensions 2200
§ ) o T for a Jadder filter. The case is a plaled GO 2.2k
;2 o brass cylinder with q/ass endeesislanc]
LS Atiinchler

U a
KEE]] your E)'e m Brush :;/Z;zi::zlva umeloglveﬁ(?dbslapbmd

sc) BRUSH CLEVITE...... ..

HYTHE SOUTHAMPTON PHONE HYTHE 3031 GRAMS BRUDEV HYTHE SOUTHAMPTON TELEX 47687
WW—012 FOR FURTIER DETAILS.
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REED

ELAYS
REED UNISELECTOR

Designed for those special switching applications which % Higher speed of operation

are beyond the capabilities of conventional uniselectors % Fully sealed contacts requiring no adjustments or
and stepping switches. Any number of ways up to 100 maintenance

can be supplied with up to 6 banks. Reverse operation % Instantaneous re-set without going through all
can ‘be provided and automatic homing to any pre- oatacty

selected number. Y Changeover or normally closed contacts can be

supplied if required
Independent *“ make " contacts are employed instead
of a common wiper circuit

Send for the provisional data sheet today. Y Low contact resistance

ALMA COMPORNENTS LIMITED

Park Road - Diss . Norfolk - Telephone: Diss 2287 . Telex 18162

WiW—013 FOR FURTHER DETAILS.
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All Advance Transistorised Timer Counters offer more
facilities than other makes at comparable prices. The
current comprehensive range will be further extended
during 1966 with the introduction of several new
counters,

Advance Timer Counters provide frequency measure-
ment up to 100 Mc/s, timing in micro-seconds and
counting of random pulses up to 107 pulses per
second. Accurate timing pulses variable from migro-
seconds to seconds are obtainable with accuracies up
to 2 parts in 10% which by using optional external
frequency standards can be increased to parts in 10°
Frequency Measurement: 0-10 Mc/s, extended by
Frequency Dividers to 100 Mc/s.

Gate Time: A wide range from 10 seconds to 1
millisecond.

Period Measurements: Multi period measurements
from 10 to 10° periods.

Time Measurements: From micro-seconds to
hundreds of hours (99999990 seconds).

Counting: 1-9999998 regular or random pulses.

5 MC/s TIMER COUNTER TC4A

Frequency Measurement. Range : O to at least
5 Mc/s. Gate Times: 0.001, 0.01, 01, 1, 105.
Decimal point autamatically positioned for disptay
inKefs. Sensitivity: NORMAL input 10¢/s 105 Mc/s,
sinusoidal signal frem 100 mV RMS. Maximum
input 250V RMS up to 10 Ke/s and 10V RMS up to
5 Mc/s.

Period Measurement. Single and Multiple
Single period with variable time units or multiple
periods up to 108 with u$ units.

Time Measurement, Unjt time pulses: 1uS to
10S in decade steps. Maximum period displayed
105S (approx. 28 hours).

Output Timing Pulses. Decade divisions: 108
pulses per second to one pulse per 10 seconds.
Counting. Range. 110 8993, regular or random
pulses.

Frequency Standard. /nternal: 1 Mcfs crystal
oscillator, oven controiled at 465°C. Accurate 1o
1 part 106.

PRICE £20S5 ex Works

If you would like to know more about the
Advance range of Timer Counters, please write
for details or telephone for further information.

ADVANCE ELECTRONICS TLIMITED

| A Instrument Division, Roebuck Road, Hainault, liford, Essex. Tel : Hainault 4444

WW—015 FOR FURTHER DETAILS.
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?

The
Goldring-Lenco
6168

The many proved features of Goldring-
Lenco transcription units such as in-
finitely variable speed adjustment, pick-
up lowering device. automatic idler
wheel disengagement are retained on
the GL 68, which is the first unit to
incorporate the new G.65 arm. This is of
low mass tubular construction with
stylus pressure adjustment by sliding
counterweight, and provision for height
adjustment to suit any chosen cartridge.
The interchangeable head slide (taking ail
cartridges with standard 3 fixing centres)
makes use of self-cleaning wiper contacts.
Swiss precision motor. Coniinuously
variable speed adjustment. Less than 1%
speed variation for 13% mains voltage
variation. Adjustable click-in positions
for the four standard record speeds.
Pick-up raising/lowering device coupled
to on/off switch. Automaiic disengage-
ment of idler wheel. Full 127 diameter
turntabte. Wired for stereo.

GL 68 Transcription Unit £16.16.0d.--
£2.147PT,

Recommended cartridges for the GL68
are: Pickering V15 (AM1 and AME1)
Pickering 380A, Goldring CS90 & CS91E.

Pickering V15 AM1 and AME1
Magnetic Cartridge
Weighing only § gm.. these high output. high
i i are pertoct
for low mass arms. 15° tracking angle gives
minimum  distortion. Hermetically scaled. Re-
placeable push-in diamand stylus assembly, with re-
traciing stylus arm for added protection to records.
{0.0007" tip radius for V15/AM1 and elliptical,
with even higher compliance, for V15/AME1).
V15/AM1 £9.9.0d. + {£1.10.9d. .7,
VI6/AMET £13.15.0d. + £2.4.5d. PT.

Sy ./'/”;\

#

Micro-

Pickering 380A Cartridge
Moving-magnet for exceptional mono or sterco
repraduction. Features the exclusive V-guard
push-in diamond stylus unit which prevents
damage through accidental dropping of arm on
record. The Pickering 380A ensures high channet

WW-—015 FOR FURTHER DETAILS.

separation and virtually eliminates needle talk, hiss
or distortion. Hermetically déaled, it tracks at 2 gm.,
faultlessly reproduces the most exacting records.
£12.12.0d. + £20.11d. P.T.

Goldring CS80 and CS91E Cartridges

These are stereo ceramic cartridges with excellent
frequency response and cross-talk separation.
Low tip mass, replaceable diamiond stylus (CS30
—0.0005” or 0.0007° tip radivs: CSHIE—
elliptical)  coupled with high compliance enables
these cartridges to be played at light tracking
weights. CS 980 £4.4.0d. + £0.13.8d. P.T.
CS91E £6.6.0d. -~ £1.0.6d. P.T.

C68 Cabinet and Cover for GL68.
Elegant sapele mahogany cabinet with
removable, clear Perspex dust cover,
Size: 14" x 177 x 7",

£8.19.6d. - £1,12.0d. P.T,

Goldring Manufacturing Company {G.B.) Lid.,
486-488 High Road, Leytonstone. London, £.11
Tetephone: Leytenstone 8343
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Continuous Frequency

Coverage from

15 ¢/s to 150 kc/s

in 5 Ranges

at Decade Intervals

D I
TRANSISTOR SPECIFICATION:

R.C. 0SCILLATORS FREQUENCY
TYPES T150, TG150M e s
761500 & TG150DM im?i'&,"m, —

<0.3°, drift for 307 4 'Elg.'rummon RC. OSCLATOR TYPE TG (50K
fall of supply voltage. HEKC 125
<0.059, drift perC at 1 kefs. BOCTeD / 1 ¥

DISTO RTIO N

<0.1% at | kefs

<03¢6 fram 50 s o 15 kefs;
159 below 50'c/s

and above 13 Kefs.

SINE WAVE OUTPUT
Variable up to 2.5V

into 600L)

< 1°, variation with frequency
<0.5%, change for

309, fall of supply voleage.

SEE US AT THE LE.A. SHOW SQUARE WAVE
OUTPUT
STAND N.815 Variable up to 2.5Y.
FIRST FLOOR NATIONAL Rise ¢ime |9 of period +0.25:5

GALLERY MAY 23-28

ATTENUATOR
2048, 40dB and 60dB; 600(}

SUPPLY

Sclf-cantained PP

bacterics, life 400 hours,

or, 200/250v A.C. when Power
Supply Unit is fitted.

SIZE

10in. high x 6in. wide x 4in. deep.

WEIGHT

6 pounds.

TYPE - TGT50 TGTSOM TG156D | TGT5000

Output Wavelorms: Sine only Sine only Sine and Square | Sine and Square
Output Meter: None 0-2.5V and dB None | 025V and dB
Price with batcerics: £32 £42 { £35 | £45

Mains Power Supply Unit £7.10.0

LEVELL

Leather carrying case £3.10.0

Fully detailed leoflets are available on our complete range of portable instruments

LEVELL ELECTRONICS LIMITED
PARK ROAD, HIGH BARNET, HERTS——————Telephone: BARnet 5028

WW—016 FOR FURTHER DETAILS,
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SUPERIOR PERFORMANCE

Celesti_on il LOUDSPEAKERS

The Ditton 10

The Ditton 10 is a compact. high fidelity reproducer
measuring only 123" x 63" x 8%". We, along with many
thousands of satisfied users throughout the world,
consider it to be the finest loudspeaker in it's class—
sales certainly substantiate this.

If you are in doubt ask your audio dealer to demonstrate
the Ditton 10 against any other comparable system.

Brief Specification

Power handling capacity 10 watis R.M.S.
Overall frequency response 35-15,000 c¢/s
Impedance 15 ohms

Size 122" x 63" x 83" (323mm x 171mm x 203mm)
Price £19.6.0. inc. P.T.

CX2012

When installed in a suitably
designed enclosure the CX
2012 12" Co-axial loud-
speaker provides truly pro-
fessional sound guality.

A highly compliant cane
surround allows maximum
linear movement and mini-
mises harmonic distortion.
Sensitivity of the co-axially
mounted, horn-loaded, com-
pression high nate unit may :
be adjusted by means of the L7 pfrafessnonal users.
“Brilliance" control provided. Price £12.5.0.

Brief Specification Brief Specification

Pri Power handling capacity 20 watts R.M.S. Power handling capacity 15 watts R.M.S,

rice Overall frequency response 30-18,000 ¢/s Overall frequency response 30-15,000 c/s
Y

£17.10.0. Impedance 15/16 ohms Impedanca 15/16 ohms

CX1512

A lower pawered alter-
native to Model CX 2012,
Model CX 1512 provides
the high standards of
performance demanded

SMALLER ENCLOSURES

Celestion research engineers have now evolved two new enclosure designs of only 2.5 cu. ft. to
accommodate the above co-axial loudspeakers. Their external dimensions (using 3 timber) are
only 30" x 173" x 11%". Full details are given on the colour brochure.

1 Cetestion Ltd,, Ferry Works, Thames Ditton, Surrey.
Please send me full details of the Studia Series range
of foudspeakers.

Celestion @8 CELESTION LTD

Address.
A7

- e =

I
1
| Name -
I
I

Ferry Works, Thames Ditton, Surrey. Tel: EMBerbrook 3402/6

5D408
WW-—017 FOR FURTHER DETAILS.
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can assist
all electronic valve users

ECC83/12AX7: 2D21/EN91: 6AKSW/M8100: ECF82/6U8 &

We supply many thousands of these and similar everyday %
valves to both small and large equipment manufacturers. 4
&

GAWSA: GDKGIBISG 5642: 12BY7A

Users of American Instrumentation rely upon us to provide
a speedy replacement service in valves not easily obtainable
in tnis country,

CV4010: CY2578: CV2134

The special needs of Government Establishments and Depart-
ments are regularly catered for by us. Our stocking policy
ensures positive ability to supply even obscure types.

A.R.B.: M.0.A. ]
We maintain stocks of valves approved by the Air Registration i
Board and Ministry of Aviation making available an * off-the-
shelf " service in released items for the first time. :

TONRLITREEER

OUR ORGANISATION draws upon the resources of electronic valve manufacturers
all over the world. It responds Immediately to your requirements. A catalogue
of over 1,000 specific types is available to bona-fide users through the Wireless World
reader service.

[PINNACGLE ELECTRONICS LTD

ACHILLLES STREET - NEW CROSS * LONDON S.E.14
Tel: Tideway 7285

Pinnacle

WW—018 FOR FURTHER DETAILS.
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The DALESMAN two speaker slimline system is a big step forward in This type of enclosure. After much research an  intensive

listening tests the mid

Ci
sound enthusiast and at the
The Ddlusmdn f

Fre

ange coloration. usually associated with slimline cabinets js now reduced to a minimum. Designed by

association with consultant designer Robert Gutmann F.S.L A, the Dalesman meets the demands of the quality conscious

AIRTIGHT FIBRE DOME TO
ISOLATE TWEETER

5% HIGH EFFICIENCY TWEETER
CROSSOVER NETWORK

BRACING STRUT TO
REDUCE PANEL
RESONANCE

BONDED ACETATE FIBRE
WADDING

127 BASS UNIT WITH
FLEXIPRENE SUSPENSION
AIRTIGHT ENCLOSURE
OF MAN MADE TiMBER

tecimical folicr on the Dalesman from Dept. WS

me time it occupu..s only a small amount of spacc and is a most attractive piece of sound equipment.
tures a newly developed 127 bass unit litted with a Flexiprene surround to handle the frcquency range from 35 ¢/s

to 1,700 ¢fs. The magnet assembly w 4" pole diameter has

et
! 'dLnSlly of 11,000 ocrsteds. The 5” treble unit has becn speeially designed

for this pdrtxcuhr enclosure. Where a free standing, compact. cleap
looking enclosure is required the Dalesman should certainly be heard
Freguency range 35 ¢/s—15,000 c/s.

Impedance 8{15 ohms

Power. med[mg Capacity 15 watts (?0 walts peak)

Size 257 x 20" x 68" - Weiglht 31}
i T £25.10.0

Finish zebrano, mahogany,
walnut or teak veneers.

ESRANK WHARFEDALE LIMITED
IDLE, BRADFORD, YORKSHIRE

Telephone Bradford 612552(3  Telegrams *Wharfdel' Bradford

WwW-—0}9 FOR FURTHER DETAILS.
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AF. Microvolimeler Type 705

&= &

 Lotal functional chanoe lnslamlul .

Wideband
Hilivalmelor

True RM.S.
Mllhvallmeler

V. H, F. Miltivoltmeler
Type 711
D C. Ki/ol/ollme(el

Two on,
A F S:gnnl Generalor

Nmse Faclor Meter
Type 761

AF. Wave Analyzer
Type 771

Distortion Factor Meler Type 765

See these instruments on
STAND E3i6
LE.A. EXHIBITION

—that's the Dymar System—a system of plug-in instruments offering
flexibility and considerable capital saving. The basis of the system is
the Type 70 Meter Unif which will accept any of a series of plug-ins. A
change of function occurs with each combination because it produces
adifferent instrument. Just release the retaining rod, withdraw the plug-
in and insert another. It's as simple as that and ‘Pluginability’ sums it
up in one word.

Full details from :

Type 70 Meler Unit wilh Plug-in-
AF, Signal Generalor Type 741.

BYMAR ELECTRONICS LTD. REMBRANDT HOUSE WHIPPENDELL ROAD WATFORD HERTS.

Telephone: Watford 21207

WW-—022 FOR FURTHER DETAILS.
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when stringing wires is hard—

It's just not economic or practical in many parts of
the world to have normal wire and cable operating
telephones. That's where ATE Radio Telephone
Systems come in. In areas where difficulties of terrain
would make the cost of installation and maintenance
of telephone wires unrealistic, ATE—the pioneers of
line-integrated radio telephones-—can provide fully
automatic systems which offer three important
benefits: LOWER INSTALLATION COSTS: LOWER
MAINTENANCE COSTS: GREATER RELIABILITY.

ATE Radio Telephones cut out the costly business of
constant line-checking and repair. They are designed
for unattended operation under arduous conditions

and they give absolute reliability in all ¢limates.
WW-—023 FOR FURTHER DETAILS.
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putting in ATE radio telephones is easy

Normal telephone facilities

In remote areas, ATE Radio Telephone Systems provide vital links
between wire-telephone exchanges, as well as connectingremote
subscribers and creating self-contained, non-public systems. Uscrs
will find that there is absolutely no difference in the use of radio
telephones compared with normal wire systems. They provide the
same supervisory and metering facilities that are used on manual
and automatic, public or private-wire metallic circuit networks.
Wide range of ATE equipment

The range of ATE Radio Telephone Equipment covers needs
from those of the remote subscriber on a battery-operated
single-channel system, to a 12-channel system which is ideal
for spur routes from main routes, economical relief of open-wire
and cable routes, open-wire repiacement, emergency service
and military applications, order wire and alarm circuits for
microwave applications, and short-term seasonal traffic.
Renmote control and telephone facilities

ATE Radio Telephone Equipment can also provide many remote
control and telegraph facilities. The equipment, which operates

completely unattended, transmits speech and enables pressures
10 be monitored, data telemetered, and a great vaiiety of
electronic signals transmitted in clear or in code. In combination
with appropriate ATE clectronic signalling units, it can activate
alarms and switch power circuits on or off.

World-wide organisation

ATE-has a comprehensive systems planning and surveying
service. Associated companies, representatives and agents are
located in 75 countries throughout the world.

Rural Radio Catalogue

For complete technical details of ATE Radio Telephone Systems
and ancillary equipment, send for the fully illustrated Rural
Radio Catalogue from AT & £ (Bridgnorth) Limited, Bridgnorth,
Shropshire, England. Telex: 33373

PLESSEY

Electronics

Ww—u24 FOR FURTHER DETAILS.
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SOLDERING
EQUIPMENT

FOR FULL INFORMATION
Apply Direct to:
ADCOLA PRODUCTS LTD.
ADCGLA HOUSE
GAUDEN ROAD
LONDON, S.W .4 Telephone:
MACaulay 0291/3

Telegrams:
SOLJOINT LONDON S.W.4

CLARK

LOW PRICED i

ELECTRICALLY OPERATED
TELESCOPIC MAST

In introducing this new SUPER E Series i
Telescopic Mast Clark takes a stride
forward. This is the equipment for
which the World of Mobile VHF has i 4
been waiting. Based on the well tried {3
QT and ST series, an entirely new
concept of operation revolutionises the
field of application. These telescopic
masts provide the simple improvement
in communication reliability for which §
Radio Telephone wusers have been 3
searching. The power source is the F
vehicle battery. The control is a small
penel easily attached to the dashboard. I
An  electrical interlock makes it K

impossible for the. mast to remain

il &
extended if the vehicle ignition is L
switched on—a great salety feature. %_

extended heights from
t6 to 40 feet and head-
load capacity up to 101b.
There is, of course, also
the full range of Clark
Accessories.  Send for
more details today.

Masts are available with l

Clark SUPER E Series Af
§
i
t
]
§

B e

1
i

for further details write to:

A.N. CLARK (ENGINEERS) LIMITED
BINSTEAD — SLE OF WIGHT

Telephone: RYDE 3691 Telegrams: TELEMAST RYDE
WW—025 FOR FURTHER DETAILS.
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GOODMANS HIGH FIDELITY

GOODMANS HIGH FIDELITY Loudspeakers are world famous.

WIRELESS WORLD 23

D FOR MODERN LIVING

Now GOODMANS proudly present their

fully transistorised High Fidelity Amplifier— "mm@@

To sacrifice looks for quality is nolonger necessary. The smoothness in styling together with amazing compactness
is obvious—the accuracy of its High Fidelity sound reproduction and ease of operation is something only a

demonstration will prove,

MAXAMP 30 is a fully transistorised stereophonic High Fidelity
Amplifier using Silicon Transistors throughout. it is préecision engin-
eered and fullest use is made of printed circuits. It-will deliver
continuously up to 15 watts of power on each channel and it fooks
as good as it is. Its polished wood cabinet with ‘Danish Siver’
scratchgrain control panel biends with any decor. £49.10s.0d.

MAXIM. The ORIGINAL and unequalled High Fidelity Loudspeaker
mini-system. Complete full-range Hi-Fi reproduction (45-20,000 c/s)
—yet within shoe-box size and handiing 8 watts. Meticulously finished
enclosure in hand rubbed Teak or Walnut. 1047 x 54" x 74"

£17.10s.6d. inc. P.T.

Maxim, Mezzo or Magnum-K the Maxamp 30 will
handle them all—the choice is yours.

GOODMANS INDUSTRIES

AXIOM WORKS - WEMBLEY - MIDDLESEX Tel: WEM 1200

A Division of Recic Rentasel Products Lid.

MEZZO. The Loudspeaker to Live With. 15 walts of power yei only
103" x 183" x 8” deep—ii really will go on your bockshelf. Range—a
clear and ¢lean 40-20.000 ¢/s. Two specizlly developed loudspeakers,
crossover 2,200 ¢fs. £26.5s.0d. inz. P.T.

MAGNUM-K. Originally designed for professicnal purposes, the
MAGNUM-K is the system for the connoisseur. A full 25 wa¥t 3 way
High Fidelity Loudspeaker Syslem within only 15” x 247 x 1137 127
Bass unit gives minimal distortion down to 20 ¢fs, the mid-range and
high frequency direct radialor units are controlled by constant
impedance attenuators for individual balancing. Although it will
handle 25 walts, for domestic use Hi-Fi amplifiers from 6—12 walls
are quite adequate. £36.15s.0d.

I Picase send MAXAMP 30 booklet and 1986 Hi-Fl Manoal ]
I together with name and address of my nearost Goodmans '
l dealer, l
l NAME v e - s l
I Address...... " I

WWS J

Ww—026 YOR FURTHER DETAILS.
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The best pick-up arm in the world

Either arm is now available fitted with the Shurc M3SE
cartridge and light weight shell 5.2 as illustrated. This
sembination provides highest quality reproduction from
all records. Standard elliptical stylus for stereo and
mono L.P.s and an interchangeable stylus assembly
N 4.3 For 78s.

Only S.M.E. Precision Pick-up Arms offer all these features - Choice of arm length Model 3009 (9 in.) or Model 3012 (12in.) for still lower
tracking error—of special importance with efliptical styli - Lowinertia . High precision bali races and knife-edge bearings for minimum
pivot friction - Linear offset chosen for lowest distortion - Automatic slow-descent with hydraulic control - Bias adjuster calibrated
for tracking force - Exact overhang adjustment with alignment protractor - Precise tracking force from -5 grams applied without a
gauge - Shielded outputsocket . Low capacity 4ft. connecting cable with quality plugs - Light-weightshell - Camera finish in satin-
chrome, gun-black and anodised alloy - Comprehensive instructions - Rational development—all improvements can be incorporated

in any existing Series Il arm. For sales and service ring Steyning 2228.

S.M.E. LIMITED - STEYNING - SUSSEX :+ ENGLAND

WW-—027 FOR FURTHER DETAILS.

70 AMBITIOUS ENGINEERS

THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you sent for your copy? L  INCLUDING
ENGINEERING OPPORTUNITIES "‘é’é}c?l,{,sjgguvk g&ﬁm&hﬂ" TOOLS!

n 6-page guide to
is u highly informative 156-pag id Mechanical Eng..

the best paid engineering posts. It tells Electrical Lng.,

you how you can quickly prepare at home Givil Engineering, BASaPrnu’:nl :nd Theore-

for a recognised enginecring qualification Radio Engineering, tic Courses for beginners in

and Ou[]ingcs a wondgcl:[ul range of modern A‘:‘;zﬂ,’;‘:h‘ggfg‘fi Rfd'f‘_T_v _E'.“g(”;‘:zfl‘,‘;; v 3 :
Home Study Courses in all branches of Production Eng., Radm Amateurs’ Exam. ;”“"{’-" .7‘””}”{. "; | !
Engincering. This unique book also gives Bultding, Plastlcs. T.EB. Cortificate t’"{""ﬂ‘”f‘f”,’l’ orecice b 9;/,
full details of the Practical Radio & Elec- n'ﬂ‘,‘gﬂ'ﬂg:‘a"ﬂ"’ ",,,m,ﬁﬁ.",;';f,m T for docais. | .J')::
wonics Courses, administered by our Radio & Television Servicing B |, E T L W
Specialist Eluctmmcs Training Division— GET SOME EannI EElmremu E L i
the B.ILE. 1. School of Electronics, L\plams LETTERS AFTER ‘““'Z(‘,L?m"r‘f;?f‘""“ SCHOOL OF 1
the benefits of our Emplovment D d ELECTRONICS

1
shows yvou how to qualify for five ears’ YOUR NAME!
promotion in one year. A.;IIPI'{IY(%:E.E.

SATISFACTION OR
REFUND OF FEE

Whatever your age or experience, you cannot atford City & Gullds

1o miss reading this ﬁnmous b. k n vou are | Gea, Cert. of Education
earming less than £30.a_ we for_your Etc.. etc.
Gl\LERl\LxOPl’OR l'b.\l TIES”

Plcase send me your FREE 156-page
*'ENGINEERING OPPORTURITIES”
(Write if you prefer nat to cut page)

NAME
ADDRESS...

BRITISH INSTITUTE
OF ENGINEERING TECHNOLOGY
(Dept 3038B), 29 erght’s Lane, London, W.8

SUBIECT OR EXAM,
THAT INTERESTS ME

Elerusennenn

“THE WORLD,

Ww-—028 FOR FURTHER DETAILS.
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EEV Vacuum Variable Capacitors

English Electric Vacuum Variable Capacitors offer outstanding advantages over air dielectric
counterparts for all transmitter applications at frequencies up to 27 Mc/s. These advantages
include: mCompactnessm Low self inductance and stray capacitance m Direct or remote control
m Low inertia and torque for servo tuning mFreedom from adverse dust and moisture effecis
m Self-healing properties mLinearrelation between shaft turns and capacitance m Any mounting
position mVoltage rating maintained under adverse ambient conditions® Minimal main-
tenance costs, :

The standard range employs shaft tuning but most types can be modified for axial pull tuning.
LEEV will also consider other special design features and alternative capacitance values to suit
individual requirements not covered by the standard range. EEV capacitors, as well as being
the ideal choice for new equipments, are particularly suitable for the modernisation of older
transmitters. For full information on all EEV vacuum capacitors, including fixed eapacitance
types contact the Sales Office at the address below.

ENGLISH ELECTRIC VALVE CO LTD Ackx+s THROUGHOUT THF WORLD EEV

CHELMSFORD ENGLAND - TELEPHONE: CHELMSFORD 53491 EXTENSION: 318 TELEX: 99103

WW--029 FOR FURTHER DETAILS.
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ADAMIN

Micro Soldering Instruments

@ HIGH PERFORMANCE. Normal temperatures 360/375°C.  Some models
450 C and 500°C.

@ MINIATURE SIZE Overall lengths 64in. to 73in.

& LOW WEIGHT. From j oz. to | oz., less flex.
The ADAMIN has jts element

& RAPID HEATING 30 seconds to 2 minutes. INSIDE THE BIT, so using all the heat
produced, and avoiding excessive heat radiation.
@ ABSOLUTE SAFETY

A & B types low voltage

This means that less power is required and results
in an unusually compact design.

C types fully earthed and ADAMIN instruments have a far higher performance for their size
flash tested. than all other types. Some ADAMIN models have the higher bit temperatures
now needed to cope with POLYURETHANE COVERED WIRES and HIGH MELTING-
POINT SOLDERS.

The ADAMIN handle is injection-moulded in NYLON, and is absolutely un-breakable.

Free details in brochure SP.5.

LIGHT SOLDERING DEVELOPMENTS LTD., 28, Sydenham Road, Croydon, Surrey.
Telephone: CRO 8589

WW—030 FOR FURTHER DETAILS.

this coupon --I INDUSTRIAL INSTRUMENTS LTD
. g oulline requiremenis
is s0 important STANLEY ROAD BROMLEY KENT .
. NAME i Vin..
to you that we've compANY Vout
put it at the top. . FREQ..
ADDRESS, . POWE

WAVEFORM..

1f you have a ..
STATIC INVERTER design problem—forget it!

TRANSIPACK.

designers have probably already solved it. ..

And if they haven't already created a static inverter to meet
your specific requirements, you can be sure they'll come up
with the right answer in the shortest time and in the most
economical way. Sine or square wave, 5 V.A—40 K.V.A.

We also manufacture Ultrasonic Cleaning Equipment, Accum-
ufator Eliminators, Elapsed Time Indicators.

INSTRUMENTS |Troahome
LIMITED RAVensbourne 9212/3.

, Telegraphic Address:
| TRANSIPACK BROMLEY

NOW GO BACK TO THE BEGINNING AND FILL IN THE COUPON-Y i e

..I INOWUSTRIAL STANLEY ROAD

Ww—031 FOR FURTHER DETAILS.
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BEARINGS
MOUNTINGS COUPLINGS 2R TEUER. | o BN 1es

. E 3 H
SILENTBLOC LIMITE + MANOR ROYAL . CRAWLEY . SUSSEX

Telephone: Crawley 27733 Telegrams : Sdenlbloc Crawley Telex: 87177
Andve Rubber Co. Ltd. is anather Sifenthloc Company Sifenthloc products are-also by Silenthloc ia) Pty. Lid., &

Broadiwoy|S507

WW-—032 FOR FURTHER DETAILS.
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First things first:

‘ARKLONE' is a pure liquid,
boiling point 47°C,

chemical nomenclature

1.1.2. trichlorotrifluoroethane;
non-flammable, non-toxic.

Now for the graph. Well, there was this customer who converted his BEFORE
cleaning process from hand cleaning, using isopropy! alcobol and a team Hand cleaning, by girls using alcohol:
of girls, to a total immersion process using "ARKLONE’ ultrasonically £ S
irradiated in a suitably designed plant. Capital cost and depreciation nil
s o Labour charges 2083 |
Solvent consumption |
(4 gals. per week at 3/6 per gal.) 3% |8
Services nil
Total/year 2113 | 8
AFTER
Immersion cleaning with 'ARKLONE’,
cleaning in batches in an ultrasonic plant
operated by one man :
i s
Capital cost {plant written off
in one year) 800
Labour charges 500

Solvent consumption
(1 galion/week at

| £4.13.9 per galion) 234

1 i il ] 4 | L Services (electricity and water) 17
20000] 0000 | angoo 50,000 soo00) | | |

" Numbey of prnted circun basrds cleaned [ e2sn0ienr | Total/year 1551

A 1

This customer saved £570 on the first year's working after deducting capital cost. And, in fact, probably rather more
than this, because the number of rejects formerly produced by harsh solvent action and handling was not known,
nor the cost of insurance premiums (isopropyl alcohoel is highly flammable and toxic—'ARKLONE' is neither, and
makes working conditions safer and more pleasant). His operations are concerned with cleaning printed circuit
boards, and "ARKLONE’ is particularly good at that, because it does not attack the metals, plastics, resins and
elastomers normally used in this kind of construction.

‘ARKLONE' is also first-class at cleaning computer core memories, tape recording and play-back heads, and
other components consisting wholly or partly of plastics materials, or containing resins or elastomers—spectacle
frames, for instance.

We'll say it again: 'ARKLONE’ is a costly cleaning solvent that would be cheap at twenty times the price !

If you want to work out the cost of changing your cleaning process to ‘“ARKLONE'—get in touch with [Cl. One

of our representatives will be giad to assist you.

‘ARKLONE is the ICI registered
IMPERIAL CHEMICAL [INDUSTRIES LIMITED, LONDON SW.1 trade name for ‘ARCTON’ 113 ARSS

WW—034 FOR FURTHER DETAILS.
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A 30-watl amplifier
housed in top
compartment,

B Dynamic
microphone
fitted in foan-
lined metal casa.

© Pauch holds
microphone
stand clip.
jack-plug ete.

D Microphene
stand.

E Clips for
microghong
cable.

F Power supply
unit,

G Pawer supply
lead.

PORTABLE SOUND

FORALL EVENTS

THE WHARFEDALE Soornire sttt rumpostmenic

open the accessory compartment
—take out the microphone —plug
in — switch on and speak; it's the
greatest public address idea in
years.

Anyone can operate the PA30 —
no technical ability required.

This completely portable sound system is housed
in a single durable tan leatherette covered carrying
case with vinyl grille cloth, A special loudspeaker
system comprising six Wharfedale speakers is built
in the front section of the case. The robust and
powerful transistor -amplifier operates from self
contained batteries or mains at the turn of a switch.

Everything packs away neatly in sixty seconds —
ready for use again at a moments notice.

Size 362" x 73" deep x 93" plus ¢ handle.
Weight 42 1b.  £69.10.0.
= B || L 1§ 0 ] |
FOR FULLY ILLUSTRATED B
RANK WHARFEDALE LTD

LEAFLET AND DETAILS OF
q
BRADFORD - YORKSHIRE .

PA30 DEMONSTRATIONS *
WRITE TO (DeptWs ) IDLE .
TELEPHONE BRADFORD 612552/ ..
TELEGRAMS '"WHARFDEL" BRADFORD l
V V5
ADDRESS - H
TOWN l
WHARFEDALE courv j
| L i f R i1

—035 FOR FURTHER DETAILS.
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PRECISION '
PRESSINGS |

Accurate
components at
competitive

prices

produced
by progressive
tooling and
multiform
methods

JOHN SMITH L1'D.”

209 SPON_LANE - WEST BROMWIGH - STAFFS
TELEPHONE: WES 2516 (3 lines)
WOODSLANE-CRADLEY HEATH:-STAFFS. TELEPHONE: CR 69283 (3lines)
WW—036 FOR FURTHER DETAILS.

gives Variable

IMPEDANCE
MATCHED

OUTPUT from
100-2,0000

This high performance, reli-
able and robust R.F. gencrator
is specifically designed to meet
the popular need for a lower
power R.F. source with a vari-
able output impedance. Three
models are available, viz: 10~
120 watts_ {output), 102
watts and 20-250 watts. The
OLEC is finding considerable
application for laboratary use
{to operate discharge tubes,
etc.), in induscry, Nuclear
Physics, Universitics and Col-
n be coupled up to any cquipment requiring
an R.F, input with 3 low distorcion sinc-wave. Crysal controlled singls frequcncy
r vaciable frequency (with a hish stabilicy tuner) covers the bands 13:18 Mfcs,
25/30 M'cs and 140/150 /cs The output can be modulated as required. Power
supply {200/250¥ A.C.) using Silicon Recuficrs (fully smoothed). Every WOLEC
is tripie tested before despatch and has been designed to ensure casy maintcnance.
It is suitable for continuous use in temperatures up to 50°C. Circuit modification
<o suit customers’ requirements can be incorporate
Dimensions: 214" wide % 104" decp X 22" high. Weight: approx. B0 ibs.
For Full write to the , DEPT. WH.

WOLFENDALE ELECTRONICS
36A KIMBERLEY ROAD - BOURNEMOUTH - Tel:48792
WW-—037 FOR FURTHER DETAILS.

leges. This excremely versatile uni




May, 1966

Permacon
edge connectors

35

These inexpensive edge connectors feature polypropylene
mouldings and brass or phosphor bronze contacts with
a standard tinned finish. Silver plate, gold flash, or gold
plate finishes are available to special order. .100" contact
pitches provide a maximum of 40 positions whilst the
150" contact pitch range provides for a maximum
of 26 positions. Contact tail variations (shown above)
include solder slot tails projecting either vertically
downwards or at 90° to the moulding, or tails for
direct mounting to a “mother” printed cirenit board.
Mounting brackets provide “closed” or *“open-ended”
connectors or include contacts for direct earthing from
the mating P.C. Board.
Electrical Ratings
Working voltage: 500 Volts D.C. or A.C. Peak (.150” mtch)

350 Volts D.C. or A.€. Penk (.100* pitch)
Current capacify: 5 amps max. per contact

CARR FASTENER @0 LD

the firm with the best connections

Stapteford. Nottingham. Telephone- Sandiacre 2661, l CARR FASTENER ' @/‘,/L
Sates Offices: Wembley, Sele. =

WW--038 FOR FURT! ﬂER DETAILS.
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EDDYSTONE COMMUNICATION RECEIVERS

For the professionnl or Amoteur user who likas the Best.

Comnumication receiver at a moderate price.  MANUFACTURING
STANDARDS OF THE HIGHI! Sl ORDER, 8 B8A valves Superhetero-
dyue cireuit. FREQUENCY RANGES:

Range 1 4+—302Me/s.  Ranged ...... 1.12—2.58 Me/s
Range 2 . 200Mc/s  Range ... . 480 1,150 kejs
Renge 3 . 1 Mefs
Ranges 4 :nd 5 mclude the International Distress Frequencies.
Todel No Cash Price Model No Gash Price
ECI10 . £8 0 0 EB35 .. £50 7 6

CLULI a3 0 0

fire Purchase T'erms yludiy wyranged.  Owing to {requent changea in the

ar rqm!uhmn e are obliged to discontinne adeertising these.

Please write current rates, A hl stamp will bring you these and

o Full ratigo of Fddyaione Jireratu
Carrings yrid per passeaker trat. mmu\m 10X GUAL

SEND TOR LIT.
The Eddystone

Specialists

SERVIGES LTD.
4951 COUNTY ROAD
LIVERPOOL, 4

Telephone: AINTREE 1445 ESTAB. 1935

WW—039 FOR FURTHER DETAILS.

JONES TYPE CO-AXIAL
CONNECTORS

Low cost miniature co-axial with
brass shells, screw thread coupling.
e e

CANNON
. PLUGS

Reais ered Trademars

CANRON,

Cannon Electric
(Great Britain) Ltd.,
Lister Road,
Basingstoke, Hants.

Tel: Basingstoke 3171

WW—040 FOR FURTHER DETAILS.
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YOU CARN

NOW BUY THE
WORLD'S FINEST
SPEAKER VALUE
DIRECT FROM

fith

The 700 Mark V Range

Specially designed to provide outstanding range,
smoothness and uniformity of frequency response
with freedom from self generated forms of distortion

The speakers in this range all have a highly developed
dual radiating system with optimum termination of
both cones — vaoice coil impedence 15 ohms.

Power handling capacity in appropriate enclosures :—

780 Mk. V Price £3.18.
8 1n. 6 watts rm.s. 12 watts peak. (inc,10/6P.T. and P.&P.)
7100 Mk. V Price £4 .13,
10 in. 8 watts rm.s. 15 watts peak. (inc.12/6 P.T. andP &P.)
7120 Mk, V Price £4 .18 .

12in..10 watts .m.s. 18 watts peak. (No P.T. butinc, P ErP)
Send for full technical data sheet with
suggestions for enclosures to:

REPRODUCERS AND AMPLIFIERS LTD.
Fraderick Street, Wolverhampton England

LOUD SPEAKER MANUFACTURERS TO THE
RADIO INDUSTRY $INCE 1930

up to levels more than adequate for domestic listening.

Wi—041 FOR FURTHLER DETAILS.

ROTARY SWITGHES FOR
THE HOME CORSTRUCTOR

Writers of constructional articles for Wireless
World are reminded that readers often have
difficulty in obtaining rotary switches of special
type and contact arrangements. Consult us
before deciding upon the switches you incorpor-
ate in your designs and be assured that a switch
to any desired specification will then be immed-
iately available to your readers.

Design charts and details

(for writers and readers) from:
Specialist Switches Ltd.
23 Radnor Mews, London W.2.
PADdington 8866—7

WW—042 FOR FURTHER DETAILS,

TRANSVERTERS
(TRANSISTORISED D.C. CONVERTERS)

the D.C. conversion
specialists
since 1935

2 KW. Peak Starting.
750 W. Continuous.
50-60-400 cfs. or D.C.
from 12-24-50v. Battery.
Up to 939, Efficiency. Polarity Reversal Pro-
tection. Square or Sinewave. Up to 3009,

Instant Overioad Capacity. Manually Controlled

frequency. Reed Type Indicator. Remote
Control Facilities.

Applications: Static * No-Break ™ Standby
Power Supplies: For Vitl System(s) Protec-
tion, eg. V.H.F. Transmitzers: Industriai
Processes; Control-Alarm-Warning Systems:
Mobile Use of Counters: Sig./Gen Recorders—
UJV Sound. Oscilloscopes and Lab. Gear in
Marine and Aircraft (Kii4).

Please write to debarument

Range of models aveilable
C.10 for transverter leafiet

with prices from £11-£94.10.0
VALRADIO LIMITED

BROWELLS LANE . FELTHAM . MIDDLESEX

ENGLAND . Telephone: FELTHAM 4837-4242

Valradio aad Stereosonoscope are the registered trade
arks of Yalradio Ltd.

WW-—043 FOR FURTHER DETAILS.
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There's
more to
Bradley's
than...

lasers. In fact we make a wide range of electronic
instruments, co-axial components, solid state micro-
wave sub-systems, as well as lasers. All combine
advanced design with precision reliability and rugged
construction. A continuous development pro-
gramme serves both Research and industry, seeking
not only new design concepts but also more efficient
manufacturing techniques. Below are just two
examples from the Bradley range:

Parametiic Amplifiers

A range of advanced design, developed
tofmprove noise performance of receivers
in such applications as radio astronomy,
miccowave link. systems, U.HF. and
microwave radar systems, sateliite track-
ing and communications. These are
available for operation up to 10 Ge/s with
bandwidths from 1%—10%, depending
on the application.

Solid State Sources and
Frequency Multipliers
The Bradley range of advanced solids
state sources and frequency multiplier
modules will pravide output powers from
100 wans at 60 Mc/s to 10 milliwatts at
75 G,
Typlcal auphcalmns are—

ocal il
Solid-state communication lLink trans-
mitter sources.

Solid-state parametric amplificr pump
courses.

G.&E.BRADLEY
LIMITED

ELECTRALHOUSE, NEASDEN LANE, LONDON, N.W.10. TELEPHONE: DOLLIS KILL 7811,
TELEGRAMS: BRADELEC LONDON N.W.10, TELEX: 25583

WW-—044 FOR FURTHER DETAILS.

VARIABLE D.C. POWER UNIT WITH
ACCUMULATOR PERFORMANCE FROM
A.G. MAINS

TYPE
250VRU/30/20
250VRU/60/10

PRICE

€131-5-0

EFFECTIVE

RESISTANCE

LESS THAN
-1 ohm.

FEATURES
0-30 YOLTS Variable up to 20 AMPS.
0-60 VOLTS Variabic up to 10 AMPS atso available.
RIFPLE CONTENT negligible, IMPEDANCE and REG ULA-
10N _cquivalent to accumulator  performance.  SILICON
RECTIFIERS. Inadvercent * SHORT ” procection,
OVERLOAD CAPACITY 2007, for short periods.
APPLICATIONS
Operating and Servicing transistorised equipment. 12v. Mobile
radiofte!. operatien, D.C. Motors, relays, induserial power, etc.,
from any point of AC., WITHOUT USE' OF
ACCUMULATORS.
12v. or 24v. FIXED QUTPUTS up to 24 Amps also available.
AVOID THE EXTRA EXPENSE OF SUPER REGULA-
L';?';‘oYOU MAY NEVER NEED. Prices £14-160 to

LIMITED
Please write 10 department C 3b.
for current litetature. .
Tel.: FEL 48374242

VALRADIO and STEREOSONOSCOPE are the registered trade
marks of VALRADIO LTD.

BROWELLS LANE
FELTHAM, MID;
ENGLAND

WW—045 FOR FURTHER DETAILS.

MICRO-D PLUGS

Versatile, highly reliable microminiature connectors
designed for space and weight saving applications.

Cannon Electric
(Great Britain) Ltd.,
Lister Road,
Basingstoke, Hants.
Tel: Basingstoke 3171

Registered Trademark

CANNON

WW-—046 FOR FURTHER DETAILS.



34

WIRELESS WORLD

SEE TOMORROW'S
TECHNOLOGY—TODAY

= @
% %

— P

SIXTH INTERNATIONAL

NSTRUMENTS
ELEGTRONIG
AUTOMATION

EXHIBITION
OLYMPIA LONDON

23-28 MAY 1966€

The International Instruments, Electronics & Automa-
tion Exhibition is the technological show of the future
—today. The most significant exhibition of the year,
IEA focuses at Qlympia the achievements of 800
international firms in the vanguard of scientific
industrialisation.

Catholic in scope, IEA ranges the whole field of
instrumentation, electronics and automation,

Times: 10 a.m.—86 p.m. daily
Admission: 5/-, Season Ticket 10/-,
or by ticket obtainable only from exhibitors,

INDUSTRIAL EXHIBITIONS LIMITED 9 ARGYLL STREET LONDON W1

WHARFEDALE

May, 1966

\nusﬁl/",/\ MUSIGAL
INSTRUMENTS
AND AUDIO

A NEW BOOK BY
G. A. BRIGGS

Published October 1965
0 puges 212 fllustrations. TFine art paper.
o brad 32,6 (34)- post free)

In this book, the sixteenth to be produced by the Briggs-

Wharcfedale set-up, arzention has been turned to musical

instruments as the basis of audio.

Chapters include:

GENERAL PRINCIPLES. VARIOUS SOUNDS-CAUSE AND

EFFECT, CHARACTERISTICS OF INSTRUMENTS.

FORMANTS, DISTORTION IN SOUNDS, DISTORTION IN

REPRODUCTION, ORGANS, ELECTRONIC ORGANS.

PIANOS, TUNING. MUSIC IN SCHOOLS.

Music Industry (Nov.) concludes its review:— Mr,

Briggs comments that this book, his sixteenth for the Wharfe-

dale company, has taken a ycar and a half to complete

It is a year and a half well spent for it must surely become o

standard introductory work to the sounds thar result from

the workings of the music industry.”

v v Sold by radio dealers and bookshops, or. in
' case of difficulty, direct from e publishers.

RANK WHARFEDALE LTD.
IDLE, BRADFORD, YORKS.
Telephone: 6125523

Telegrims: “Wharfdel " Bradford.

V\ W-—048 FOR FURTHER DETAILS.

Eddystone

SLOW MOTION DIALS

Catalogue No. 598 epicyclic dial

This full vision dial incorporates
an epicyciie,
mechanism of improved design

and giving a reduclion ratio of
approximately 10 to 1. The move-
ment is smooth and free from
Dial G
measures 6" long by 43" wide,
finished ripple black. Four lines
are provided on the semi-circular
scale for individual calibrations,
the outer line being marked from
0 to 100 over 180°. Supplied
complete with black instrument
knob 2¢” diameter.

ball-bearing drive

Catalogue No. 898 gear driven dial

A high grade assembly for preci-
sion instrument applications. Gear
driven, flywheel-I mech-

instrument knob. Complete with
fixing screws and mounting

anism, with a reduction ratic of
110 to 1, giving smooth, positive
control.

Pointer travel is 7°. A circular
vernier scale, marked 0 to 100, is
read in conjunction with the lowest
line on the main scale, which has

five lines for individual ealibration.
Overall dimensions 91" by 5i".
Diccast  escutcheon  finished
glossy biack ta maich 2{” diameter

wr

Eddystone Radio Limited

Eddystone Works, Alvechurch Road,

WWw—047 FOR FURTHER DETAILS. ul

Brrmingham 31

T Priory 2231 Cables Eddystone Birmingham Telex 33708

WWw-—049 FOR FURTHER DETAILS.
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INSTRUMENTS IN THE MODERN
MANNER

REASONS

WRY You NEED
TS CATALYEUE

Over 100,000 different types of Brmsh and Amcrlcnn Piugs, Socketsand Connectors

EX-STOCK FOR
IMMEDIATE EXPRESS DELIVERY

Standard Circutar, Miniature Circular, Pygry, Audio, Electrical, Minjature, Sub-
miniature, Radio Frequency, Accessories: by AMPHENOL, BELLING LEE, BENDIX.
BUGGIE, BULGIN, CANNON, CONTINENTAL, ELECTRO METHODS, FILMS & EQUIP.,
GREENPAR, HUBSELL, IGRANIC, JONES, KINGS, MAGNETIC DEVICES, McMURDO,
NIPHAN,. PET, PLESSEY, PAINTON, PYLE, SUPERFLEXIT, THORN, TRANSRADIO, U.G.,
WINCHESTER. Large stocks held under their INTER SERYICE reference numbers.

All are listed in this 24 page fully iilustrated catalogue

SEND FOR YOUR COPY TODAY!

LIND-ARwws 2T

53 Tottenham Court Road, London,
Telephone: LANgham 3653 (10_lines) Telex: 2793!

Black Moulding
and
Plastic with Black front and clear top.

Full information on these, and other,
stylings, which are all available in a wide
range of Microammeters, Milllammeters,
Ampmeters, and Voltmeters, both D.C,
and Rectified A.C., from:

HARRIS ELECTRONICS (LONDON) LTD.

138, Gray’s Inn Road, W.C.1. Phone Terminus 7937

‘WW-—050 FOR FURTHER DETAILS,

WW—051 FOR FURTHER DETAILS,



WIRELESS WORLD

accuracy

0.1%, UNIVERSAL BRIDGE

TYPE TF 1313A

Thetrend is towards components of close tolerance - often
better than 1%. This new version of Marconi Instruments
tamous TF 1313 Universal Bridge employs bridge standards
of higher accuracy with closely controlled temperature
co-efficients, circuits of greater refinement and new balance
controls giving improved resolution. The detector sensitivity
has been increased so that, on every range, 0.1% crror
corresponds to an unambiguous meter deflection.

Inductance: 0.1uH to 110H in seven ranges
Capacitance : 0.1 pFto 1101F in sevenranges
Loss (L& C): Q0.05to 31 att ke/s intworanges
D 0.000510 3 at 1 ke/sin tworanges,
giving continuous Q cover from 0.05 to 2000
Resistance : 0.003Qto 110 M(tin eight ranges

Please write or teleph for full technical inf

Price: £275

on specification, performance and value for money
Marconi instruments challenge comparison
with any in the world

May. 1966

. A GOOD NAME FOR GOOD MEASURE

MARCONI

INSTRUMENTS

Marconi Instruments Limited
Longacres, St. Albans, Herts, England
Tel: St. Albans 59292 Telex 23350

WW-—052 FOR FURTHER DETAILS.
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Have we got
your address?

New designs are constantly added to the range of Marconi instruments
and accessories. Established designs are progressively redeveloped. New
measurement techniques and new instrument applications are reported
by Marconi engineers in every part of the world.

We keep you up to date through journals like Marconi Instrumentation
and Measuretest, regular mailings of new technical data, a whole range
of new and revised technical publications (the latest is The AF Book)

and the continuous services of our Technical Information and Applications
Departments. Have we got your address?

— e
Please send me the current issue of: I

Marconi Instrumentation — mainly about the design and performance D
of electronic instruments |

Measuretest — mainly about the applications of electronic instruments
I am mainly interested in:

O

. Marconi {nstruments Limited
Longacres, St. Albans, Herts, England
I Tel: St. Albans 59292 Telex 23350

Position or Section
Address

|

|

|
s[4
2

— e o e N wEm ermR ) DN D WO S

|

=
I
|
|
|
|
|
I
1
I
|
|
|
|
|
|
|
|
|
I
I

Madulated Signal Generators and Oscillators and Waveform |

Noise Generators D Generators D I

r A GOOD NAME FOR GOOD MEASUAZ Voltmeters and Attenuators D Oscilloscopes D E
A Counters and Digital Systems Impedance Bridges and I

M A R CO N I Instruments L] o-Meters (I l

> Response Analysers ] Power Meters 0 1
INSTRUMENTS [ i

; Company_ I
-

P

WW—053 FOR FURTHER DETAILS.
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Provide a tapped hole in sheet metal

_are smaller-are lighter

Y

with .
INSTRUMENT SCREW CD LT

-Please send me free

ROSA

NDHTHDLT HD SOUTH HAHRDW

//ﬂ

\l
S Can

= ”\\\§

Cannot
&

%

ples of
PRESS-NUTS
actual size
of a 4BA nut [JELERC]
.. threads

MIDOLESEX Tel:. Byron I14i
WW—054 FOR FURTHER DETAILS.

OUTPUT PER CHANNEL
10 watts K.M.5. into 15 olun load,
15 watts RALS, into 3.75 ot load.

TOTAL HARMORNIC DISTORTION

0.19, at H watts RM.S, Tato
0.3%/, at 10 watts RALS. 15 ohm
1,000 c.p.s. load.

DAMPING FACTOR 20
FREQUENCY RESPONSE
4 1§ db. 20-20,000 ¢.p.s.
HUM AND NOISE
—80dls
CROSS TALK
—42db, to —53 db.
MAINS INPUT SELECTION
100-110-120-200-210-220-240 v
50/60 ¢.p.s.
SEMI-CONDUCTORS (per chmnd)
AC107 D(CH(S), QCB1Z(2), OAB, OCI2T

INPUT SENSITIVITIES
fior 10 watts RLS.
Picleup Maguctic 3.5

Picleup Ceystal/Ceramic 490 .
Microphon

sitivities will be doubled when
ontpat Toad is 3.4 ehing)

BASS CONTROLS

+ {1l to — 16 db. at 40 e.p.s.

¢, Ceramic .U, cte.) 100 my.

Manufactured and Distributed:by LINEAR PRODUCTS LTD.

A High Fldellty, AII Transistor Sterec Amplifier prawdmg 10 watts R.M.S. on each channel

Incorporation of the very latest Mullard
Transistors has made possible the really
outstanding performance figures of this
brilliant design.

Compare them with other leading makes
currently available.

THE PRE-AMPLIFIER IS A
COMPLETELY NEW DESIGN

IT ELIMINATES THE NECESSITY OF MATCHED
INPUTS  AND  COMPLICATED  SWITCHING
ARRANGEMENTS. IT ALSO PRODUCES
CONDITIONS OF MINIMUM NOISE AT HIGHEST
SENSITIVITIES.

WWwW—035 FOR FURTHER DETAILS.

ELECTRON WORKS, ARMLEY, LEEDS.

TREBLE CONTROLS
-+ 13 db. to — 5 db, at 10 kefs.

EQUALISATION
Gram o staidard R
Tape Head t4 standa

SIZE 12 x 4 x 8fin.
WEIGHT  1241h.
FILTER (Steep Cut) 7 kefs.,11ke/s, 15 ke s,

INPUT SELECTOR

r.pam., 75 Gpan, AUX.,
INPUT SOCKETS
Mague'jc P.U. Crstal,Ceramic Pick-up,
uy, Tape Head/Microphone.

Mie, Tape Head.

Besigned for ease of fitting in
cabinet or for free standing use.
Tested for satisfactory operation in
temperatures of up to 50°C. (120°F.).

Built to highest standards employ-
ing latest materials and techniques.

PLEASE SEND S.A.E. FOR LEAFLET
EXPORT ENQUIRIES INVITED

Designed and developed by the Audio
Fidelity Group of Companies.
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two important new books
on electronics

e T e S T S L e, =TT

The Electron ) :
in Electronics J“l‘c L3) o,

Modern scientific concepts for electronic engineers {

M G SCROGGIE Bl THEE _

An introduction to a difficult subject, written in a manner that every clectronic

engiuéer will readily grasp. The author, himself an clectronic cngineer, 45s net by post 46s 2d
appreciated the difficulties and has related the modern concepts to the things 275 pp. 132 illustrations

a student of electronics is likely to know already, and expresses them in familiar

terms and symbols. The standard of mathematics and gencral physics assumed [

is at the most G.C.E. *“ A " level. Particular attention has been given to ques- T

:::::ei?sd difficultics that may arise; a fcature that will be appreciated by home i E LECTRON | C ,I
EQUIPMENT
TNERRER TR

pe

A R e S P B L R T e o T

Electronic Equipment
in Industry

W. D. GILMOUR, B.A.(OXON.), A.M.IEE. g WD GILMOUR
B OXON AMIEE
Electronic instrumentation and control equipment is finding increasing appli-
cation throughout industry. To manage it well demands a broad, up-to-date
understanding of the techniques and principles involved. This is what this
book provides. All aspects of the subject arc examined clearly, concisely and
in logical order, and to illustrate the text with specific examples, a Jarge number 50s net
of typical circuits and applications have been included.
This book does not replace standard textbooks, but offers a basis on which
more formal treatments can be better understood and can be recommended to
every scientist and technologist who needs a sound general picture of electronic obtainable from
control techniques and How to apply them, leading booksellers

by post 51s 3d
304 pp. 6 pp- plates 101 illustrations

Published for Wireless World by

ILIFFE Books Ltd. DORSET HOUSE STAMFORD ST. LONDON SEI
“WW—056 FOR FURTHER DETAILS.



40

CRAFTSMAN BUILT
FOR SKILLED HANDS

A brilliantly conceived combination of experience and craftsman-
ship, the precision-built Taylor 8 A Cenire Pole movement is the
heart of the supersensitive 101 Multi-Range Universal Meter.

The Taylor 101 is at least five times as sensitive as conventional multi- range
instruments —yet costs very little more than meters of much lower sensi-

TAYLTCR MADE TO MATCH YOQUR

WW—057 FOR FURTHER DETAILS.

WIRELESS WORLD

tivity and of restricted value in the hands of the user.

This is a meter which can be trusted. More, this is a meter, craftsman-built
to uncompromising standards of quality, which wiil give the kind of service
and performance skilied hands demand. Write or telephone now for full
details of the Taylor 101 and other instruments in the range.

SUPERSENSITIVE

%«@W @]

100,000 OHMS PER VOILT

TAYLOR ELECTRICAL INSTRUMENTS LTD. Montrose Avenue, Slough, Bucks.
Phone: Slough 21381 -

LONDON ELECTRICAL MANUFACTURING COMPANY LIMITED
81 Bridges Place. Parsons Green Lane, Londan S.W.G. Tel Renawn 70716

MICA PLASTIC FILM
CERAMIC THE METALLISED
eiectroLyric § CAPACITOR | mouloen

SPECIALISTS

Tasher »
Wi-—058 FOR FURTHER DETAILS.
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Ay zean

Three-colour 5-in scale with anti-parallax mirror.
Four resistance ranges, all self-contained, lowe st
reading 0.5 ohms, highest 200 megohms. Seven
d.c. currentranges, 10 xA to 10 A f.s.d. Seven d.c.
voltageranges 0.5V 101,000V f.s.d. Fivea.c. voltage
ranges 10V to 1,000V fs d. Five decibe! ranges
—10db to --62 db. Accuracy 2% f.s.d. on d.c.,
+3% f.s.d. on a.c,

Grams: Taylins, Slough.

illustrated
and  small
assembly

A Comprehensive,  fully
Cuatalogue of hand  tools,
machine tools, for miniature
and repair work.
Red plastic ring binder
Red card buck cover
Please send casl with order.

HENRI PICARD & FRERE LTD

s
» npuu-

-m m =

5/ each
2[6 cach

34/35 FURNIVAL STREET LONDON E.C4

VANUFACTURERS [MPOSYERS & WOALD WIOE DISTRIBUTORS
BRANCH OFFICES IN S4ITZERTAND FRANGE & GERMANY

WW-—05¢ FOR FURTHER DETAILS.
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ARE YOU
DESIGNING A.E
EQUIPMENT?

EXCEPTIONALLY WIDE BAND MICROPHONE AND
AUDIO LINE MATCHING TRANSFORMERS
ALL TYPES ARE NORMALLY AVAILABLE FROM STOCK

_

FREQUENCY RANGE For professional recording and broadcast
100 K.obm models ¥ 1 dB 30 c/s 1o 20 ke/s. issi i H
R A R, tranSTnlssxon equipment, these Octal-based

MAXIMUM AUDIO LEVEL + 12 dBm (16mW) plug-in transformers have a frequency

INPUT IMPEDANCE maintained to within % 10%¢ (£ 20% f i
at ali frequencies withfn the range 50 /s to 8 ke/s (o 5 kefs | Tesponse extending well beyond the audio

&"AVGEE;;‘:;AK';{*"{"'S"&":;E:;ED range. The design achieves dynamic per-
—50 dB reduction in hum pick up. formance with minimum distortion at all levels
Input Z Output Z Sec./Pri.

Type No. Ohms Pin Nos. Ohms Pin Nos. Turns Ratio Applications
Mu.1521 3.75/15¢ 1.3, 24 600 (C.T.) 6-7-8 6:32:1/12-54:1 Low Z. Mi¢/Line
Mu.7522 3.75/15¢ 1-3, 24 100K. 68 82:1/164:1 Low Z. Mic/Grid
MU, 7523 75/300* 1-3, 24 600 (C.T.) 678 1411172821 Line/Line
Mu.isA 130/600* 13, 24 600 (C.T.) 6138 1:1/2:1 Mixing: Bal/Unbal.
MU.7525 600 (C.T) 678 300/1-2K* 13, 24 141141 (C.T) Mixing: Hybrid}
MU.7526 §00 (C.T) 678 2.5k/10k.® 13, 24 2:04:1/4 08:1 Line/Grid,
Mu.s21 150/600¢ 13, 2-4 100K, 58 18:1/26:1 Line/Grid.
M. 7528 7.5/30* 18, 2-4 600 (C.T.) 618 A4T:1/89411 Low Z. Mic./Line
MU.1529 50/200* 15, 24 600 (C.T.) 678 173:1/3-4611 Mic. or Line/Line
MB.7530 10K, (C.T) ©7.8 10K, 14 1(C.T) 6000 Line Bridging
MU.7532 7:5/30% 13, 24 100K, 68 58:1/116:1 Low Z. Mic./Grid
Mu,1534 50/200* 13, 24 100K. 58 22-4:1/44 81 Mic. or Line/Grid
*Denotes series/parallel connection, S00nPwaxrcu LaE

+Type MU.7525 may be used in "'Hybrid" circuits, as shown, to establish
phantom line operation in telephony. Accurate balancing of the windings
enable guaranteed rejection of better than — 55 dB from 50 ¢/s to 10 kc/s.
Up to — 75 dB may be expected for normal rejection levels.

WRITE FOR A.F. BROCHURE GT.4
G ardners giving [ull details of these and othicr types of A.F. transfornicts

GARDNERS TRANSFORMERS LIMITED . SOMERFORD . CHRISTCHURCH . HANTS. |
KTEL.: CHRISTCHURCH 1734, Telex 41276. Grams. & Cables: Radiotrans Christchurch Telex. /s

WW—060 FOR FURTHER DETAILS.
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If lack of - e
comprehensive [l[“l“"l“ﬂ[
continuous

information 1is M[ANS EB@H]B m
causing stoppages,

production loss, H[I.IAB“.IIY |

| Electrolube 2A-X is the highly efficient and completely safe
electrical and mechanical lubricant which improves contact
performance and inhibits tarnish and sparking. Electrolube
also improves the mechanical operation of plugs and

Think Rustrak! sockets, rotary and sliding switches and all types of electro-

A Rustrak Recorder has 99 different mechanical device—giving an extra reliability factor to
chart speed combinations available. equipment and components wherever it is used.
This means it can record events of as little ONLY

as 20 milli-secs. duration.

This information is recorded by means of

pressure sensitive paper. No inks, no heated -
stylus, no voltage sensitive paper. .

Maintenance is almost unnecessary.

A Rustrak continues to operate with maximum ilabl holesal d '

accuracy in conditions of high humidity, in Available—through wholesalers and agents all over the
pressures from sea level to fOO 000 ft.. ’ world—in the cconomical aerosol pack—compatible with all
in temperatures from sub-zero to 160°F. plastics, rubbers and paints.

A Rustrak canAhave AC, DC or hattery drive. For full technical details write to:—
E“Ch, Rustrak is a precision instrument housed U.K. Enquiries: Electrolube Ltd., Ox{ord Ave., Slough, Bucks
in a tough die-cast aluminium case.

A A < . Telephone: Si h 25574
Thousands of engineers and scientists think TeIeS: E:ectrolc:lj:i Chamcom Slough 84314

Rustrak. You should too. Start by contacting us: .
Overseas Enquiries: Electrolube Ltd., 16 Berkeley Street,

London W.1

ruskrak Telephone: MAYfair 7654
WEST Instrument Limited
The Hyde, Brighton 7, SUSSEX BRIGHTON 66271 ‘ ¥ Registered Trade Mark o

WW—061 FOR FURTHER DETAILS. WW—062 FOR FURTHER DETAILS.
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~ thisis all the
space you need to
mouni the

THORN 3-COLOUR
INDICATOR

i

This very compact unit has an overall length
of approximately 2.230" and an cutside
diameter of approximately .812". !t can be
installed into a single panel hole measuring
only 19/32" using a simple fixing ring and
lock nut, both of which are supplied. This
makes it suitable for a variety of signalling
applications where space is at a premium.
The Thorn Three Colour Indicator contains
three internal coloured filters optically
positioned to project the selected colour
through an external front lens. Both lens and
filters are of glass, not plastic, and ‘there is,
therefore, no discoloration,

The unit is designed for use with a variety of
Atlas Midget Panel Lamps (6,12 or 28V) and
is supplied with either a black anodised or
bright chrome front nut, and solder or screw
terminals. The standard filter colours are
red, orange and green.

Please write for full details to:

Thom Special ProductsLtd

Great Cambridge Road. Enfield, Middlesex
(Howard 2477}

A member of the Thorn Electrical Industries Ltd
group of companies.

WW-—063 FOR FURTHER DETAILS.
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Features

B 125 watts p.e.p. output

4 switched channels

B Transistor receiver and power
pack (AC or DC)

H Crystal filter sideband
selection

>
&

r _:5{;‘ f“" % l:;'.J"“ ;I
510 Nm\% ST ¢

Following the outstanding success of their
SSB 125, Pye announce the introduction of

; , the SSB 125T, which has a fully transistorised

(silicon) receiver.

The new SSB 125T has all the outstanding
features proved in many countries throughout
the world. It now offers very low current con-
sumption, low temperature rise, even higher
reliability.

Automatic gain contro! facilities have also
been added.

These improvements to an already outstanding
radiotelephone put the SS8 125T in the sop
place in SSB equipments and at no increase
in price.

PYE TELECOMMUNICATIONS LTD
CAMBRIDGE - ENGLAND

Telephone: Cambridge 61222 Telex 81166

Ww—064 FOR FURTHER DETAILS.
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Pl
PIONEER

RADIOTELEPHONE

The Pye Pioneer radiotelephone,
type PW-RT, is a fully transistor-
ised equipment used to connect
a subscriber to a telephone ex-
change. It provides telephone
subscribers with a normal service
in areas where the provision of
overhead lines or underground
cables is impracticable or too
costly.

PYE TELECOMMUNICATIONS LIMITED

CAMBRIDGE * ENGLAND - Telephone: CAMBRIDGE 61222 Telex 81166

WW—065 FOR FURTHER DETAILS.
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Bullers ceramics
for the ELEGTRONIG INDUSTRY
(and Electrical Appliance Manufacture)

Bullers porcelain for general insulation purposes,

Meticulous care in manufacture, high quality mate-
rial, with particular attention applied to dimensional
precision and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Write today for defailed particulars.

BULLERS LIMITED

Milton, Stoke-on-Trent, Staffs.
Phone: Stoke-on-Trent 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent
London Office: 6 Laurence Pauntney Hill, E.C.4
Phone: MANsion House 9971,

——M. R. SUPPLIES, Ltd.

{Eslablished 1935
Universally recognised ns suppiicrs P-TO-DATE MATE| RIAL, which doss e jub
pewperdy, Tuatant dvlly, tistactlon samul Prices net
MIRIATURE RUKNING TIME METERS (Sungunc). We )u\c preat demnds for this
reinackabl it wnd g ree upphxmmm rein siack, 200,200 v. B0 . symchtunous.
vith 1/t il Ll §3n. square,
hete e raaig | e

of "y ot 50/ ot i
SMALL GEARED MOTORS. i cbtithan t9 our well-Kuos range (List G 8041 v
el vl e g S0 uiite 2002 Appro.

Wi, Tim. st gaojection.  Bultable for dieples mork Sod. rmany imdiste i) v
68/6 (Jes. 3/-).

SYNCHRONOUS TIMF SWITCHES. (Qur very ypopular speclallty), 200/250 v. 60 c. for
ceurnte pe-set itehiug operations. Hangaro Wz, Provitiu up o & oufl operatin
e . i il device (e ont lonal). Copacits
0-smpe Compastly hosed, il o, By eep. Wi ol netroctons, £5116/8

3 e tmke, s Tuts. Domestis dotel Hited with oy, T easy
nciatiation, orcade. 549, 45 Other ratings of Titie Switeli availatle for
spectal requiremeut s—piease cauire,

MINIATURE COOLING 2067250 v \ h apcn type inductlon motor (no
Interiercuce). in. x 2in, d wetid impeller. Jdeal for
profector iy ooo LT ey enisactore. eter) i oals 2816
(des. 216).

. VARIABLE (Philips). T Jable and very prpniar
mu !mm sloch.  (ipen nm-mm-x mot, only din. Input 200/310 Ontput

- 0.5 amp. conthiin /18/6 thes. 2/6).
Am BLOWERS. 101, it Btle iniuction tetally emloued motor
200 v. 50 ¢ L. Masb ] 81, CFM (e 1 !
i Qi 21 £8/10,- (s, 51, Niod 0 Gt
1 Vot BEATISIS Cion, 517, Sl 85
i putlct 3 £13/17/8 Wer.

mentioned and recommenci |
Tictoad spludica for howss. 1
D, 21in. Depth bebi

ooy Lin With I)ALk du ver. 20

ayle. Por sm Forigndin O
EXTRA 1 affer of this vy papular and «tcient nmdcl complets with
outride cowling ll\lnnJoor Butter. Clrulir molor howsiog onby e monmte.d

Skt indnetlon utor. 2007250 o interierence), B0

efthr. Instrneitons with cwh. Ouly 606 cach (lespateb 3)1 also Bupply our sin.
uinial at £5/5- nl wn o ml L £5 1-6 (:l spatch 30). These modets are not sup-
plle with autivde e ta iy e
SYKCHRONOTS 'mmxmoroks (sanzamo). zom_»:n\- 50 ¢/a, Seli-gtasting
Lgin,dees,  Choics o tollovinz sp-cin Lrph

/6 [AEINY

pe ny
0 .0 m 57/[! (dm 1/r)

-
T Alnts Wgh-tovatic Aapdel (G

M E DESIVERY of Stusrt Contrifugal Pumps, incling statnless stocl Gt
ik Pl\ll[pl lellhl{- Traosformers (all wodcls).

M. R. SUPPLIES, Lid. 68 Oxford Street, London, W.C.3
(Telfephione: MUSeum 2958)

TRANSFORMERS

COILS LARGE OR SMALL QUANTITIES
CHOKES  7RADE ENQUIRIES WELCOMED

SPECIALISTS IN
FINE WIRE WINDINGS

MINIATURE TRANSFORM RS
RELAY AND INSTRUMENT COILS, ET
VACUUM IMPREGNATION TO APPROVED STANDARDS

ELEGTRO-WINDS LTD.

CONTRACTORS TO G.P.0., AWRE. LESB, B.B.C, ETC.

123-5-7 PARCHMORE ROAD, THORNTON HEATH, SURREY
LIVINGSTONE 2261 EST, 1933

A NEW AND DIFFERENT
BOOK By & A BRIGGS

WW-—067 FOR FURTHER DETAILS.

1T you would like a change from radio,
records and T.V., or light retief on a
train journey, ask your bookshop or
bookstall for a copy of this Puzzle &
Humour, Book. suitable for children of
atl ages between 9 and 9

96 pages, 110 Atasteations, cartoons,
etc. Ovor 200 Puzzles and Questions.
Price 5/- (5/6 post frce). Date of publi-
cation 25th April, 1866

In case of difficully the book is available
at 5/6 post paidfidirect from the Pubs
lishers:

G. A, BRIGGS LIMITED, 13 Wells Road, lIkley, Yorkshire. Tel: Ilkley 4246

WW—066 FOR FURTHER DETAILS.

WW-—068 FOR FURTHER DETAILS,
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on the quality of the TEONEX range of valves,
Governments ail over the world have ordered
TEONEX valves requiring compliance to E.V.S. ot

M.LL. specifications.

Up to now, TEONEX valves have been available

only for Government contracts.

In response to many enquiries, the TEONEX

range, incorporating the entire working range
’ of British-produced valves or their equivalents,

has now been made available for use outside

the U.K. only.

Price lists and technical specifi- REGD. TRADE MARK
cations may bo obtalned from:- |

TEONEX LTD,, [TEONEX]

—————3
2aWestbourne Grove Mews,
London, W.11, England
, EXPBRT ENQUIRIES ONLY PLEASE

WW;M9 FOR FURTHER DETAILS.
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This

NEW
DIGITAL
INDICATOR
Tyoe M22

BY

is alse an
ANALOGUE CONVERTER

Type M.22 Moving Coil Indicator is in effect an analogue/
digital converter which climinates much of the wiring
and circuitry generally required for multi-indicators. Com-
pact in construction it is of special interest to Process Control
engineers.  Only four connccting leads are required and
any one of ten letters, digits or symbols can be provided
for read-out.

TION and have wide experience of Mimic Diagrams and
Contro| Consoles. A leaflet on the subject is yours for the
asking.

ronics limited

PH RD RIGHMOND
IGhmond 7171 ~ Surrey

WW—070 FOR FURTHER DETAILLS.

K.G.M. are specialists in INDICATIVE INSTRUMENTA- -

May, 1966

RCHARD & IND LIMITED
PRESENT A SELECTION OF

i-eaf

inders

Waite foi New Catadogue 1o :

lead Office

NORTHGATE - GLOUCESTER
TELEPHOME: (OGLZ) 22111 (5 LINES)
TELEX: GLOUCESTER 43192

WWw—07i FOR FURTHER DETAILS,

a Whole Worid
of users
can’t be
wrong!

One of the really outstanding microphones in the medium-price

range, the DP/4 is enjoying unparalleled success. Small wonder

for the DP/4 is wonderfully reliable and sensitive to an extremely

wide range of sounds. Uniform frequency response from 50 cs,

to 15 Kcis

It is in world-wide use for high-guaiity broadcasting, recording

and public address both by the amaleur and professional.

The Parabolic Refiector. its natural partner, focuses a distant
d ce onto the microphone head, preatly amplifying it

without loss of realism and without unwanted side-noises.

The DP/4 comes in threec impedances—L.ow, medium and high—

andis supplied complete with connectorand 18ft. sereened fead. The

2ft. diz. Parabolic Reflector is complete ‘with microphone holder.

GRAMPIAN REPRODUCERS LTD. ( ;ramp’an;

Hanworth Trading Estate, -
A Sound cquipment—
Feltham, Middx.  FELtham 2657 Inzegrity that you hear
WW—072 FOR FURTHER DETAILS.

Further detaifs from your deoler or from:—
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YHE ANTEX RANGE’
_an iron for every precision need!

i

F
40W.Modelsfor20or
24V {mains models
available shortly) %~
bit fitted-alternative
bits available. 42/6d

ES

25W. Models for 12,
24,110,220 or 240V
supply. +7 bit fitted—
3 alternative  bits
available. 35/-

E
20W. Models for 24,
110, 220 or 240V
supply. '}"bil fitted—
8 alternative  bits
available. 35/-

G

18W.Models for 110,
220 or 240V supply.
3/32” bit fitted — 3
alternative bits avait-
able. 32/6d

CN
15W. Models for 24,
110,200,220 01240V
supply. 3/32” bit fit-
ted — 17 alternative

bits available. 32/6d

HOURS of work reduced to
SECONDS with the new ANTEX

DE-SOLDERING TOOL

Soldered joints can now be easily, speedily and neatly unsoldered.
A self-cleaning nozzle, exclusive to the ANTEX de-soldering irons,
sucks up molten solder into stainless- steel catcher. Operates by

<5 CONTROL VALVE b |

WWw—073 FOR FURTHER DETAILS.

ANTEX LTD

Grosvenor House, Croydon, -
Surrey, MUNicipal 2774
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Model 16 A
&£ 2.6.0.

Model AB/I
& 3.10.0.

Model 36 A
£ 4.16.0.

find..

- small components in an

original €CEXZD cabinet

m see at a glance, avoids searching

w uansparent dividable drawers in many sizes

= rigid steel frame will carry the heaviest of loads

m hangs up singularly or stacks in greater units
wrange of 35 different space-saving storage cabinets
MODERN AND EFFICIENT STORAGE

OF ALL SMALL ITEMS

ask your dealer or wite to

RAACO (LONDON) LTD.,

for frec iltustrated brachuro
WW-—074 FOR FURTHER DETAILS.

Bath House, 57/58 Holborn Viaduet,
London, E.C.1.- Tal: Cuy 3:410/3122

May, 1966

Put the best intoit...
Get the best out of it!

with wh 5‘_/9@

TRANSFORMERS

There are no better output
transformers for the High
Fidelity constructor than
Partridge. They are in fact
specified for Mullard and
most other leading pub-
lished circuits.

P5203 for use

with the Mullard
520 Ampilifier,

Also available, the
TG 1073 for the
Mullard 10-L-F10
Stereo. Relevant Data
Sheets availableonapp-
lication.

Write now for full details of the range
of Hi-Fi Types

PARTRIDGE TRANSFORMERS LTD.
Roebuck Road, Chessi Surrey. Teleph

Lower Hook 4353/4/5

WW--075 FOR FURTHER DETAILS.

Two important new

ILIFFE technical books

Transistors for Technical Golleges
L. Barnes, M.Sc., Tech. A.M...E.E.

This book is the ideal student’s guide to practical design
aspects of clectrical enginecring. An easy-flowing text
takes the reader swiftly through a whole range of devices
and circuits—including the Zener diode and the chry-
sistor—and he is encouraged to design simple circuits
by a graphical approach. Scparate reference and symbol
scctions area also included.

15s. net, by post 26s. (limp covers), 212 pp. 156 itlustrations.
42s. net, by post 43s. |d. (case bound).

Feedback Circuit Analysis
S. 8. Hakim, Ph.D., B.Sc., A.M.ILE.E.

[ What are the real effects of feedback on the amplifier’s
circuit performance? The author, an experienced
lecturer on feedback circuit apalysis, examines the

| classical theory, di cs its limitati nd advances
his own, more generali .explanation. He also refers
to the problem of stability in detail. Electronic graduates

{ and engincers everywhere will find this book both

fascinaring and factual.
95s. net, by post 96s. 6d. 400 pp. 306 illustrations.

obtainable from leading booksellers
ILIFFE Books Ltd.

DORSET HOUSE STAMFORD STREET LONDON S.E.I.
WW—076 FOR FURTHER DETAILS.
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introducing...

a new range of

MODULAR

POWER
SUPPLIES

B MODULAR CONSTRUCTION M FULLY YHANSISTORISED m ALL-SILICON -SEMI-
CONDUCYORS W AUTO RESET OVERLOAD PROYECTION W C-CORE TRANSFORMERS
® COMPETITIVE PRICE AND QUICK DELIVERY

Advance research engineers, applying the latest techniques to an
old problem, have created a new concept in electronic design -a
range of low-cost, compact and versatile modular power supplies
engineered to meet the exacting requirements of many modern -
and future ~ applications from technical education to advanced
computer design.

Silicon semiconductors are used throughout to permit operation
up to 60°C. All models have very low output impedance and high
stability against mains changes, together with automatic reset over-
load protection. These power supplies offer a wide range of vol-
tages and output currents and can be used in series or parallel for
higher power requirements, They are principally intended for
incorporation into customers’ own equipment.

Write today for further details to:

A DVANCE
EL.ECTRONICS
LIMITEID

Yolstat vivision, toebuck Rd, Hainault, Iiford, Essex. Tel: Hainault 4444

B

Type Voltage Current Price
No. Range Rating

PM1 4-15vV 1 Amp £25

PM2 15-30V 1 Amp £28

PM3 30-50V 1 Amp £31

P4 4-15V 3 Amp £31

PM5 15-30V 3 Amp £37

PM6 30-50V 3 Amp £43

PM7 4-15V 5 Amp £40

PM8 15-30vV 5 Amp £50
PM9 30-50V 5 Amp £60
PM10 4-15v 10 Amp £52
PM11 15-30V 10 Amp £70
PM12 30-50V 10 Amp £88

WW—077 FOR FURTHER DETAILS.



52 WIRELESS WORLD May, 1966

CHASSIS and CASES

H.L.SMITH & CO. LTD.
ELECTRONIC COMPONENT DISTRIBUTORS

287280 EDGWARE ROAD, LONDON, W.2.
Tel: PADdington 5891/7595
We shall be picased to quote for all your componient requirements

BLANK CHASSIS

SAME DAY SERVICE

OF over 20 differenc forms made up to YOUR SIZE. — -
(Maximum length 35in., depth 4in.)
SEND FOR ILLUSTRATED LEAFLETS
or order straight away, working out total area of material’ CASES
required and referring to table below, which is for four-sided ALUMINIUM. SILVER HAMMERED FINISH
chassis in 16 s.w.g. aluminium.
in. 43 176 5q. in. 9/~ 304sq.in. 13/6
208sq.in. 10/~ 336sq.in. 14/9
240sq.in  1/3 368 sq.in. I5/9
2725 in. 1/6  and pro raca.

144 sq. in.
P. & P. 26 P &P . & P. 3
Discounts for quantities. More than 20 sizes kept in stock for

cailers.
FLANGES (fin., #in.}, éd. per bend.

STRENGTHENED CORNERS 1/- each corner. Plus post and packing
PANELS: Any size up to 3fc. 2t 5{3 sq. ft. 16 s.w.g.; (18 s.w.g. Type U has removable bottom or back, Type W removable front, Type Y
416). Plus post and packing all-screwed construction, Type Z removable back and front.

LIVE
SOCKETS

Up to 6 at a time

Instantly!

MICROPHONES, ACCESSORIES,
TRANSISTORISED
“RADIOMIC" ang other EQUIPMENT

Top ranking quality

With Lexor DIS-BOARDS. Over 1,000 combina.'cions. -+ Wi £

i% all}: types of fittings and finishes. Available from O FERSINE PORVORIMEHOE
stock.

Brochure and price list from: LU ST RAPH o NE

LEXOR DIS-BOARDS LIMITED, ALLESLEY ) )

OLD ROAD, COVENTRY. Telephone : 72614 St. George's Works, Regent’s Park Road, London, N.W.1

"AILS. WW—079 FOR FURTHER DETAILS.

N n M B RE x TRANSISI"I’::;‘:S?’IENTATION

WWw—078 FOR FURTHER DY

J Signal Generator 27 .. - oo .. £1B 16 9
s Power Supply Unit 61 Bo . .. £614 6
% C.R. Bridge 62 .. % oo " .. £9 6 9
¥ Audio Generator 63 .. oo &6 L ETL 9
% Inductance Bridge 66 .. . e .. £1B 6 9
All prices include battery, post and packing. Prampt Delivery.
S.AE. FOR _TECHNICAL o TRADE & EXPORT
LEAFLETS ENQUIRIES INVITED

SIGNAL AUDIO
GENERATOR ESTUARY HOUSE, CAMPERDOWN TERRACE, GENERATOR
MODEL 27 NUMBBEX I.Tll. EXMOUTH, DEVON. Phone: 3515 MODEL 63

WwW—080 FOR FURTHER DETAILS.
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BRITISH MINISTRY OF DEFENCE APPROVED TO
DEF. 133 STANDARDS.

BGC 30

% ADOPTED BY NATO AND COMMONWEALTH ARMIES. BRITAIN'S FIRST
ENTIRELY
% THE SMALLEST, LIGHTEST, FULLY TRANSISTORISED TRANSISTORISED
ONE MAN H.F. TRANSMITTER/RECEIVER EQUIPMENT HIGH POWER
OF MORE THAN 20 WATTS OUTPUT IN PRODUCTION, LIGHTWEIGHT
HE PACKSET

% COMPACT VEHICLE INSTALLATION ALSO AVAILABLE.

—BE—
B BRITISH COMMUNICATIONS GORPORATION LTD.

4 MENBIR OF THE CONTROLS SOUTH WAY, EXHIBITION GROUND, WEMBLEY, MIDDLESEX * 0
ANBCONHUNIGATIONSGROUP  Talanhone: Wembley 1212,  Telegrams: BEECEECEE WEMBLEY _
e

Ww—081 FOR FURTHER DETAILS,
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MINIATURE PT.FE TUBULAR CAPACITORS

A miniature tubular capacitor
of novel design utilising
P.T.F.E. as the dielectric
medium. Available in three
types for mounting vertically
on printed circuit board,
horizontally on printed circuit
board and for chassis
mounting. [n ranges up to

16 pF.

Write for technical details of Oxley Products

Longlasting Precision

OX|

DEVELOPMENTS
COMPANY LIMITED

ULVERSTON
LANCASHIRE, ENGLAND
HOWE: ULVERSTON 2267
CABLES: OXLEY ULVERSTON

Ww—082 FOR FURTHER DETAILS.
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TELEPRINTERS - PERFORATORS
REPERFORATORS - TAPEREADERS
EDITING & REPRODUCING SETS

Codes: Int. No. 2. Mmuryll’amm Elliot 813,
Binery and.specis) purpose Code: 1

ACSHORIES

2-5-6-7-8 TRACK AND
MULTIWIRE EQUIPMENT

TELEGRATH AUTOMATION AND COMPUTER PERIPHERAL
Picruxc Telcgr;xph, Desk—Fax, Morse Eqmpm
Pen and Scibilised

=
¥

B e e ooy Coaiiors o winders; | ¥

Governed, Synchronous and Phonic Motors; Telew »

prinics Tibles and Gabingts; Silence Covers; Distor-

tlon and Relay Teners; Send/Regeive Loy and High =
Pass  Filtces; . Teleprinter, -

= Morse, Teledeltos Paper,

Tape and Ribbons; Pola-

rised and specialised relays

n.nd ses; Terminals V.F.

and uipment;
Telephone Carriers _and
Repcaters; Multiplex
Transmitiers; chrsxry,

Frequeney Shift, Keying Equipment; Line,
o mers Al Susprissors; Racks and Consoles;
Plugs, Sockets; Key, Push JMiniatare and other Switches;
Cords, Wires, Cibles und Swischboard Accessories)

and Forl
Cold' Cathode Mnmcs Test l:qulpmcnl Osmlluscopcs,
Miscallencous Accessories and Spa

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Horts.
Tel.: Tring 3476 (3 Lines) Cables: RAHNO TRING

‘WW—083 FOR FURTHER DETAILS.

TECHNICAL TRAINING by
‘ I C S IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING

First-class opportunitics in Radio and Electronics await the 1 €S trained
man. Let 1C S train YOU for a weli-paid pest in this expanding field.
| €S courses ofier the keen, ambitious man the opportunity ta acquire,
quickly and casily, the specialized-training so essential to success.
Diploma courscs in Radiof TV Engincering and Servicing, Electronics,
Computers, etc. Expert cosching for:

* INSTITUTION OF ELEcTRomc AND RADIO ENGINEERS.

G. & G. TEL ANS' GERT

* C. & G. SUPPLEMENTARY smmz

< R.T.E.B. RADIO AND TV SERVICING CERTIFICATE.

-~ RADIO AMATEURS' EXAMINATION.

» P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO COURSES

Build your own S-valve cecciver, transistor portable, signal gencrator
and multi-test mcter—all under expert tuition

POST THIS COUPON TODAY and find out how 1 CS can help YOU
in your carcer. Full details of 1CS courses in Radio, Television and
Electronics will be sent to you by return mail.

MEMBER OF THE ASSOCIATIO!
OF BRITISH CORRESPONDENCE COLLEGES.

International Correspandencge Schools I

INTERNATIONAL I Dept. 222), Intertext House; Parkgate Road.

London, S.W.11.
CORRESPONDENCE S YNV |
scHooLs | S |
I Block Capitals Please l

A WHOLE WORLD
OF KNOWLEDGE
AWAITS YOU ! | ~
WW—084 FOR FURTHER DETAILLS.
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voltage
robiems?

IEA
Exhibition
STAND
N456

there is a standard
Claude Lyons voltage stabiliser
already built to
your specification
sk and that includes price

Claude Lyons make the most comprehensive range of voltage stabilisers available today. You will
almost certainly find the stabiliser to suit your application in the Claude Lyons standard catalogue
range. Distortionless servomechanical types from 1 to 120 kVA (and 360 kVA 3-phase). Solid-state
types from 400 VA to 10 kVA. Simple tap-changing types from 600 VA to 2-:4 kVA. Al very high
quality. All very reasonably priced. Full facts and figures from Publicity Department, Hoddesdon.

Claute Lyons Ltd & Valley Works, Hoddesdon, Herts. Hoddesdon 4541 Telex 22724 M 76 Dld Hall Street, Liverpool 3. MARitime 1761 Telex 6218

GLAUDE LYa:)

WW—085 FOR FURTHER DETAILS.
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—AUDIO AMPLIFIER

12 Volt with 15 W. Output

Designed specially to give pleasing resulits on music and speech

Common emitter, class 8 output stages, with maximum efficiency choke
coupling to 15 ohm speaker lincs; temperature stabiliscd and direct coupled
pre-amplificr stages with liberal feedback.

Al output and input terminations are fully fieating, thus eaabling layman
o skilled engincer 1o be equatly confident in the simple matter of coupling
up-for use.

FULL DETAILS OF THIS AND EQUIFMENT BY RETURN OF POST

May, 1966

% M 3
| ]

ILIFFE
BOOKS

E K ELECTRONICS ({I. A) LTD: Brotherton, Knottmgley, Yorks.

WwW—p86 FOR FURTHER DETAILS.

Important recent ILIFFE books for

electronics technologists and students

Elements of Transistor Pulse Circuits

T. D. Towers, M.B.E., M.A,, BA, B.Sc., Grad. |.ER.E.
Provides the busy engincer with a practical review of the
tramsistor version of the building bricks commonly used in
pulse circuits.

35s net by post 35s 10d 168 pp. 107 illustrations.

Electrical Phenomena in Gases
R. Papoular

Deals with a complex subject in a style that is brief, concise
and to the point and is suitable for both study and for
reference purposes.

455 net by post 46s |d 198 pp. 125 illustrations.

obtainable from leading booksellers

ILIFFE Books Ltd

DORSET HOUSE STAMFORD STREET LONDON S.E.J

Network Analysis for Telecommunications
R. A. Lampitt, M.LE.R.E.

An invaluable reference book for practising engineers and a
textbook for students taking their degree course, professional
examinations and equivalent diploma courses.

63s net by post 64s 2d 280 pp. 35 illustrations

Mathematical Techniques in Electronics

and Engineering Analysis

J. W. Head, M.A. (Cantab.), F.Inst. P., AM.LEE., FIM.A.
Covers the gencral mathematical techniques and deals
with specialised applications of mathematics to problems in

clectrical and clectronic engineering.
45s net by post 46s |d 224 pp. 67 illustrations.

Problems in Electrical Engineering
for Technical Students
8. Hamill, Grad. L.E.E,, AR.T. CS.

Specially written for the student taking the ONC in
Electrical Engm\.nrmg and for those studying the Electrical
Science Course, C.

25s net by post 25s 11d 195 pp. illustrated

WW—087 FOR FURTHER DETAILS

VITALITY BULBS)

Tested and proven
A.LD. and A.R.B.
Miniature and Sub-minjature
indicator bulbs, from 1 to 50v,
in sizes from 4.0 mm.

Cataloguc from:—Vitality Bulbs
Ltd., Neville House, Wood Green
N. 22. MULberry 1931,

WWwW—088 FOR FURTHER DETAILS.

VOID TYPE SCM.

Continuous 3 oz. at }in
Instantancous to 2 lb.
available

Larger sizes

Also—Transformers 10
8 kVA 3 Phase

o/10ths . - 4
tull size o B

R. A. WEBBER LTD.

KNAPPS LANE, CLAY HILL, BRISTOL 3. PHONE 65-7228/9

WW-—089 FOR FURTHER DETAILS.
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If it's a question of meters...

Type R4
Size. ¥
Calibration v
Delivery.. ... f

Here at Anders we have hundreds of meters of all types. demands a customer can make —fast! If you want a meter
Immediate off-the-shelf delivery from the largest stocks in the calibrated or modified to your own special requirements Anders

country —and a complete range of ancillarics, 100. You need  can do it...and Anders experts will solve your metering
never be held up for a meter again. That's part of the Anders  problems in detail from just a broad outline, Whatever you want
Meter Service which will meet the most urgent and unusual in metering — leave it to Anders.

M Meters of all kinds from stock Ml Meter calibration/Meter modification/Ancillary equipment B Custom-designed
meter circuitry and components [ Sole U.X. distributors of FRAHM vibrating reed frequency meters and tachometers.

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD - 103 HAMPSTEAD ROAD - LONDON NW1
TELEPHONE EUSTON 1639 - AUNISTRY OF AVIATION APPROVED

WW—090 FOR FURTHER DETAILS.




RADIO & ELECTRONIC CONSTRUCTION SYSTEM

A SORBING
EXCITING'

Theoretical Cireuit.

Practical Layout
Our * £ * Series of basic clectronic circuits is available separately.
(Sec Electronic Organ above
SEND FOR DETAILS OF E{S08—DUR "DO-IT-YOURSELF" COMPUTER

Unique and brilliantly simple. Hundreds of educational
establishments — Universities, Technical Colleges,
Schools, the Armed Forces—are already using Radionic
for electronic instruction, Enthusiastic owners range
from 9 to 82 years of age.

Selected by the Council of Industrial Design for all British
Design Centres. Featured in Sound and Television
broadcasts.

nuts and cireuit works with full
efficicacy. You can then dismantle
and build another circuit. Your
results are guarantced by our Teche
nical Department and News Letter
Service. All parts available separately
for conversion or expansion of sets.

The system is beautifully engineered
from top quality Bricish camponencs.
No soldering. No mains. No prior
kaowledga necded. Simply arrangs
components on perforated trans-
parent panel, gosition brass connec-
ting strip uaderneath, fix with 6BA

UNIQUE! Our “ No soldering” printed circuit board for superhet
portable. Simply insert components and tighten nuts.

No.! Set £5 18 &d.
No.2Set  £6 19 6d.
No.3Set £10 19 6d.
No.4 Set £14 19 &d.

14 Circuits (Earphone)

20 Circuits (Earphone)

22 Circuits (7 x 4in. Loudspeaker output)
26 Circuits (include & Transistor and
reflex superhets)

Prices (Post Free)

Fulf details from:
RADIONIC PRODUCTS LIMITED
STEPHENSON WAY, THREE BRIDGES
CRAWLEY, SUSSEX

Tel, : CRAWLEY 28700 Trade Enquiries invited.

WW—091 FOR FURTHER DETAILS.
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TRANSFORME&%S

MINISTRY OF AVIATION APPROVED INSPECTION.

TRANSFORMERS

STANDARD RANGE OR TO YOUR DESIGN
TOROIDAL — ‘C’ CORE — PULSE — MATRIX

GHAS51S— CABINETS & PRECISION METALWORK
ELECTRONIC ASSEMBLY

HOWELLS RADIO LTD.

MULBERRY STREET, MANCHESTER, 15
MOSS SIDE 2000-2434
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who supply acetal?

who does...work for?

who makes hand wheels?

who supplies coating machinery?

for quick answers to all your prohiems

British Plastics
YEAR BOOK 1966

The recognised guide to the plastics industry—its products,
suppliers, materials, leading executives—thoroughly revised
and brought completely up to date.

It is bound in good quality hard covers with 11 separate
sections. These sections are divided by stiff card separators
cach with a durable plastics-covered tab for instant re-
ference.  Materials, products, services and plant sections
open with their own index and there is a general index.
No onc engaged in any branch of the rapidly expanding
plastics industry can afford to be without chis unique
year book.

60s. net, by post 63s. 618 pp. 36th. edition.

obtainable from leading booksellers
Published for BRITISH PLASTICS by ILIFFE Books Ltd.,

DORSET HOUSE STAMFORD STREET LONDON S.E.I.
WW—093 FOR FURTHER DETAILS.
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one electrosil TR resistor
= 33 other types of the saie value

 —

so why is your store so full of resistors?

Send today for a remarkable leaflet which shows how one TR resistor can replace thirty
three other makes and types of the same value. See for yourself how relatively few
Electrosil TR resistors can replace the many types and styles which you have to hold in
stock. TR resistors are fully approved to DEF 5115.1: pattern RFG 5 (Multiple Rating) so
you can get high stability, semiprecision and general purpose ratings in one resistor. Over
50 million resistors have now been produced to this standard in the UK. TR resistors can
save you space, time and money. You really should investigate TR resistors —can you
afford not to ? Get your copy of “one for thirty three ", today from

— -
Electrosil Limited, P.0. Box No. 37, Pallion. Sunderland, Electros
Co. Durham. Tel: Sunderland 71480 (10 lines) Telex 53273 N ST
\\\,
OFFICIAL Townsend-Coztes Lid..  SASCO Lud, Radip Resistor Co. Lid., Maords Warden & Co. Lid, Standard Telephones &
STOCKISTS: Cofeman Read, Gatwick Road, Palmarston Road, Moitlen House, Cables Ltd, {Electronic Setviees)
: Leicester Crawley, Sussex Wealdstane, Harrow, Middlesex 10 Aoyal Crescen, Glasgow C.3 Edinburgh Way, Harlow, Essex J
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NOW! Ranges of up to
100,000 Q per volt with

K el se o
MULTI-RANGE
TEST METERS

Measuring AC/DC volts, amps, resistance, capacit-
ance, decibels, temperature.

A comfortable handful of high precision test equipment,
covering the widest needs of electrical and electronic
measurement. Built-in safeguards against overload and
mechanical shock. Wide, shadowless scales, and up to 48
measuring ranges without accessories. The Kelvo range of
instruments has been developed to combine reliability,
precision, versatility, ease of operation and to be of a con-
venient and handy size. Send for literature.

% High accuracy % Friction-free ligament
suspension movement ¥ Continental symbols
% Single selection knob % Automatic elec-
trical cut-out ¥ Modern styling.

See us on Stand N 404, National Hall, Olympia,
1.E.A. Exhibition—May 23rd-28th.

KELm KELVIN ELECTRANICS COMPANY
b | b

A DIVISCN OF SVITHS INOUSTRIES LIMITED
Kelvin House, Wembley Park Drive, Wembley, Middlesex

Telephone: Wembley 8888. Grams: Keeco, Wembley
Telex: 25366

KEC 2323

‘Complete portahility
needs

EVER READY|

high power batteries

The Tv1 HIGH POWER 12v BATTERY and the

Ever Ready range of HIGH POWER 13 voLT
unit batteries, HP2, HP11, HP7, HP16 have
been designed and manufactured for
applications requiring Heavy Current

Drains, such applications being :

D.C. Motors, Man-Pack Transceivers,
Tape Recorders, Alarm Systems,

Flashing Beacons, Field Telephones, etc.

We shall be pleased to advise you on the most
suitable battery for your application and provide

Data Sheets on the above units.
IEA Stand No. G761

For further information contact:
TECHNICAL SALES DEPARTMENT
THE EVER READY CO. (G.B.) LTD.

Ever Ready House, 1255 High Rd., Whetstone
London N.20. Telephone : HiLIside 8877
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THE KNACK

“Armstrong have a happy knack of man ufacturing equipment that offers exceptional value for outlay. This latest 221
Integrated stereo design proves that they still have the knack and supports their claim that it represents a breakthrough
at the price of £35 158 (optional teak and vinyl hide case £3 10s.). With a sensitivity sufficient to accept the highest
quality, low output pickups, it must be regarded as another step towards bringing the real hi-fi to many enthusiasts with
limited budgets. A good buy on grounds of appearance, performance and price. Instruction manual supplied for installa-
iion and operation, including circuit data.”

Summary of Test Report in ¥ Audio & Record Review?’, November, 1965
For full details and technical specifications of this and all olher mode!s, post coupon or write mentioning reference SWW66
Armstrong Audio Ltd., Warlters Road, London, N.7 Telephone North 3213

: : 1

|

22,

name ..

address

5WWes
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EQUIPMENT OF THE HIGHEST ATTAINABLE PERFORMANCE

SEND FOR DESCRIPTIVE TECHNICAL LEAFLETS GIVING FULL DETAILS
RADFORD ELECTRONICS LTD., ASHTON VALE ROAD, BRISTOL 3

W\V—098 FOR FU'RTH[R DETAILS.

T

= FABBRICA ITALIANA APPARECCHI RADIO
?g&ﬁ DIPARTIMENTO ELETTRONICA PROFESSIONALE

MILAN (Italy)-Via G. B. Grassi, 93-Telephone: 306241/306841-Telex: 31285

PRODUCTION

#® Closed circuit television Radar and ancillary equipment
® Sound diffusion installations Electronic military equipment @
@ TV transmitters Ancillary navigational equipment @
# Radio transmitter/receivers Antennae and accessories @

Transistorised telecamera P 4814

Transistorised television repeater P 3149 Direction unit for large sound diffusion
instaliations

WW—099 FOR FURTHER DETAILS.
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TELEQUIPMENT 'SCOPES

going places

~

N

s
%////é/f/*’ »

JAsk for a short form i of portable, light-weight
Serviscopes and portable, versatile laboratory ‘scopes.

TELEQUIPMENT

* Serviscopa is a registered trademosk of
Telequipment Limited, 313 Chase Road,
Southgate, London, N.14. Fox Lane 1166

WIRELESS WoORLD 63

take your
pick!

s, ST
iy |

o i et

from TR
semiconductor centers

Over 100 IR semiconductor devices are available
from your dealer, many with free instruction
manuals and project and experiment details.

Look for the floor-standing ‘Semiconductor
Center’, or the counter-top ‘ Minicenter’

EXPERIMENTER SEMICONDUCUOR KITS @"Zzggm
MOUNTING KITS AND HEAT SINKS Se——
SILICON BRIDGE RECTIFIERS
UNIJUNCTION TRANSISTORS
SELENIUM PHOTO CELLS
INSTRUMENT RECTIFIERS
AUTOMO' {CTIFTERS
SILICON SOLAR CELLS
SILICON RECITFIERS
GERMANIUM DIGDES
THYRISTORS (S.C.R.)

ZENER DIODES

ISTORS

UM STACKS

Write for the free illustrated catalogue and ,,
price-list, also the name and address of your
nearest IR SEMICONDUCTOR CENTER.
INTERNATIONAL RECTIFIER
HURST GREEN - OXTED - SURREY TEL: OXTED 3215

Dealers - write for details of how you can start your own
IR SEMICONDUCTOR CENTER

Ww—100 FOR FURTHER DETAILS.
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SEE US AT THE L.E.A. EXHIBITION,
STAND E90I - - - 23-28 MAY

MODEL 31A

The smalfest variable transformer
made in the World for 0-250v service

Nearly 30 years experience lies behind this single
fayer torold eapable of direct connection to a
230v A.C. supply te give reliabllity for industrial
serdce,

anly 3" in diameter and 2" deep this Regavolt
can control loads of up to 1 amp when neat sink
mounted.

« RATED UP 70 1 AMP » TROUBLE-FREE
BRUSH GEAR « OTHER MODELS FOR 120 AND
230V INPUTS AVAILABLE » NOW IN FULL
PRODUCTION prease write far Listartf62s0 tor tut details

The British Electric Resistance Co, Ltd.

Queensway - Enfield

Middlesex Tel: HOW 2411

Grams: Vitrohm Enfield
us

WW—102 FOR FURTHER DETAILS.

2TOCKISTS

MCLTIMINGR MK. IV

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration and conversion
of all types of instruments,
industrial  and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

MODEE 8 MK. T8t

Suppliers of Elliott, Cambridge and Pyc instruments.

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
TEL.: TIDeway 2689

E.l.D. & G.P.0. APPROVED CONTRAGTOR TO H.M GOVT,
WW—103 FOR FURTHER DETAILS.
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Electrical & Electronic

Trader
YEAR BOOK

saves hoth time and money
every working day of the year

Have all the facts . . . figures . . . information you need
at your fingertips in one compact, quick reference vol-
ume—the standard trade directory for radio and clec-
trical dealers, scrvice engineers.  This completely up-
to-date year book includes: Dircctory of principal
trade organisations: Official addresses: Legal guide:
Rates of pay: Valve data: specifications : Wholesalers :
Proprietory names dirccrory: Buyers’ guides: Trade
addresses, cte.

35s. net by post 36s 9d 480 pp.
obtalnable from leading booksellers
Published for ELECTRICAL & ELECTRONIC TRADER by

ILIFFE Books Ltd.

DORSET HOUSE STAMFORD STREET LONDON SEI
WW—104 FOR FURTHER DETAILS.
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TRANSFORMERS

STANDARD RANGE
OR
TO YOUR OWN
SPECIFICATION

The following Transformers
are always in stock :—

MAINS TRANSFORMERS
INTERLEAVED & IMPREGNATED — FULLY SHROUDED
COLOUR CODED FLYING LEADS
Primarics 0-200-220-240 v. 50 ¢fs.

250--250 v. 100 m/A. 63v. 3% amps. 63 v, | amp. 19/
E.S. 250--250 v, 60 m/A. 6.3 v.3amps. 5v.2amps. 18/6
E.S. 0-1-250 v. 100 m/A, 6.3 v.4amps. 5v.3amps, 25/
E.5. 250--250 v. 70 m/A. 6.3v.Zamps. 5v.2amps. 16/~
250--250 v. 100 m/A. §3v.2amps. 63 v. |lamp I9I6

CHARGER TRANSFORMERS

0-210-220-240 v. 50 ¢fs.

BATTERY ELIMINATOR PP.9.

Input 240V. A.C. Ouctpuc 9 V. D.C. 200 m/A, 22/

Write for price list for full range of stock items. Discounts for quantitics

Terms cash with order. Packing and Postage 3/ each item.

Hours of business. Mon. to Fri. 9 ta 6; Sat. 9 to 4.

OLYMPIC ravio components to.

224 HORNSEY RD., LONDON, N.7.Tel: NOR 2914

WW—105 FOR FURTHER DETAILS.

COIL WINDING MACHINES

for colts up to 61" diameter o 6” long. 20-47 S.W.G.

standard.

Model Q"

The feed is fully ’|ukom1hc and the nut is in constant
ew.

contact with the lead-sc The reversal of the carriage
is obtained by reversing (he lead-screw rotation. Two
lead-screws are used to give Lhe large range of feeds

and a lever on the carriage nut brings either into action.
This lever has a neutral position which enables the carriage
10 he put at any position on the lead-screws.  Ball bearing
ieed wheels are employed. This machine may be fitted

for double coil and deubic cnd drive, alsa for

*Pyramid Winding.”

Engqutries arc invited.

ETA TOOL CO. weicestery LTD.

29A, WELFORD ROAD, LEICESTER. Telephone 56386

WwW—106 FOR FURTHER DETAILS.
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12 qood reasons
for using the
Wearite tape-teck

The Wearite tape-deck by Wright and Weaire is recog-
nised for its faultless performance. Features contribu-
ting to this include

1 Three motors—proved unsurpassed for reliability and
fast winding.

2 Synchronouscapstanmotor—suspended onneoprene
shock mounts to reduce mechanical noise tothe absolute
minimum. Ball race bearings.give greater reliability and
considerably longer maintenance-free operation.

3 Foolproof single knob operation is provided for link-
ing mechanical changeovers to the electrical amplifying
system.

4 Automatic stop switch cuts off the tape drive at-the
end of a reel or should the tape break.

5 Instantaneous mechanical stop and start of tape
transit prevents slurring.

6 Accurate cueingindicator (turns counter) isscaled in
revolutions of the take-up reel, and angled for easier
viewing.

7 Third head position for plug-in heads, either standard
or stereo, with an adjustment screw for gap alignment.
8 Record-lock button prevents accidental erasure of
recordings.

9  Ability to accept 8¢
tape).

10 Ability to take a continuous loop cassette in place of
standard reels.

11 80° hinge on head cover ensures easier tape loading.
12 Three tape speeds.

The Wearite tape-deck is designed for the serious
recordist who would prefer to use no instrument but
the best. The Wearite tape-deck has been proved in
use by Science bodies, Education authorities, and in
Entertainment.

reels (1750 feet of standard

For fuller details and specifications write or telephone

WRIGHT AND WEAIRE LTD

84 Blackfriars Road, London SET. WATerloo 1981
WW—107 FOR FURTHER DETAILS.
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TELEQUIPMENT SERVICE

the man behind the 'scope .

Wherever you may be in the UK,
there is always a Telequipment
applications engineer available for
consultation. Net quite on your
doorstep in five minutes, but close
enough to speak to on the ‘phone,
and to make an early appointment if
a visit is necessary. It is our experi-
ence that no other oscilioscope
manufacturer gives such prompt and
comprehensive personal service.
Only the wide range and extensive
usage of Telequipment oscilloscopes
makes it possible.

The telephone numbers of our appli-
cations engineers are listed here. A
call to any of them, or a letter to

Southgate, will bring a copy of our
new short form catalogue, which
describes a dozen oscilloscopes
priced from £23.10s. to £235.

London: W.T.Morison, Fulham 0898
{1 Home Counties; D. V. Simmons,
Kingston Blount 567 [] South West
England and Wales: R. A. Watson,
Chippenham 2334 1Midlands: GW.
Thomas, Quorn 2489 ] Scotland:
E.J. Gibbs, Balerno 3720 [] North
England:J.J.Leverton, Leeds 687317
[[] East England: R. A. Jonas, Potters
Bar 59524 ] South East England:
R. J. Sawyer, Water/ooville 52272.

TELEQUIPMENT

WW—108 FOR FURTHER DETAILS.

Telequipment Limited * Southgate - London N14 + ‘Phone Fox Lane 1166
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BFig4
for high gain
if. amplifiers

Outstanding {eatures of the BF184 are
its high gain and the high input
impedance associated with its excellent
frequency performance. These
characteristics make this transistor a
‘must’ for alli.f. amplifier stages in car
radios and both mains and battery
operated a.m./f.in. receivers. Itisalsa
resommended for usc in television
sound i.f. amplifiers where it more than
satisfies the most critical requirements.

BFI83 for
low noise
applications
up o 100 Me/s

The very low noise ligure over a wide
range of source impedance makes the
BF185invaluable in all low noise
applications upto 100 Mc/s. Itis
recommended for the self-oscillating
mixer stage of f.m. receivers and

the first stages of car radios and f.m.
receivers, Also recommended for

use in minimum cost portable
receivers, where it enables far less
components (o ps used.

BEF184
BFI85

sullicom
Jplaomoanre

high frequency
radio transistors

Two high frequency radio transistors, the BF184
and BF185, offer low cost and first-class

performance in every h.f. stage found in modern
a.m.and a.m./f.m. radios. They also have closely
limited spreads—a valuable design feature.

In addition to these two transistors,
othersilicon planardevices are now
becoming available. Design engineers
can obtain full details from :

Mullard Ltd.,

Entertainment Markets Division,
Mullard House,

Torrington Place,

London, W.C.1.

Tel: LANgham 6633,

Telex:22281.

Mullard

10/Ce8
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Crisis in the Electronics Industry ?

INTEGRATED circuits are said to be creating a crisis in the U.K. electronics industry.
Since very large scale production is needed to make i.cs competitive with conventional
circuits, there will be room for only the handful of big companies who can make the
necessary capital invesiment for such production, and in the West these are likely to be
American. Already U.S. companies have sccured over half the British market, and our
own manufacturers have their backs to the wall commercially. The real danger, as stated
by British industrialists, is that if we cease to make our own ics the UK. electronics
industry will degenerate into little more than a collection of assembly shops, whoily
dependent on outside sources, with no incentive or facilitics for developing new tech-
niques and consequently nothing to sell in world markets. Indeed the situation could he
worse, for i.cs are not just components like transistors (which we already imporr in large
quantities) but sub-systems—and sub-systems which are getdng more and more com-
prehensive in function. As John Pickin, manager of Ferranti’s Electronics Department,
said recently © the equipment design of the future will be done on a slice of silicon, and
if we do not have the ability to do this we will not have an electronic equipment industry
in this country.”

Is there really a crisis? One could argue that the U.K. industry is already highly
dependent on imported products, licensing arrangements and so on, and that everyone
has accepted the fact that it could not function without them. We have to recognize thar
other industrial countries also have to export clectronic products and know-how in order
to live and that consequently Britain must import a reasonable share. Our own ability
10 export depends on the continuing prosperity of these nations. This is the co-operative
principle underlying the European Common Market, whether you agree with it or not.
Our Limited resources simply do not allow us 1o produce good and highly competitive
products in every field of electronic manufacture, and our policy must be to take full
advantage of those products which other countries design better and make cheaper. Aie
not integrated circuits just another phase in this process?

It could also be argued that electronic engineering is gradually moving towards, or
even becoming part of, sysiems engineering, and that consequently there is much to be
gained in efficiency by having your basic “components,” the sub-systems, made for you
by specialist manufacturexs. In systems cngincering even a computer is only a com-
ponent. British firms have already done excellent business in selling plants and systems
abroad—and these are firms which are virtually no more than * assembly shops.”  What
is important here is knowing how to make the hardware do the job required.

But the basic problem is to ensure that Britain gets her fair share of the available cake
__the world markets in electronics. With the resources we can muster for i.c. manufac-
ture we cannot afford to fritter away our energics over the whole field of applications,
but we could concentrate on a carefully selected range of circuits which we knew we
could produce well and competitively. This implies rationalization of products among
the manufacturers. One industrialist has aircady admitted that the U.K. has twice as
many companies as necessary in i.cs making half as much investment as necessary. In their
present fresh and belligerent state of mind these companics are not likely to go into
rationalization voluntarily. But if there is, indeed, 2 crisis, they may cventually be forced
into it in self-defence—and this would be the wrong reason.

213



PICKUP ARM
DESIGN—T

DESIGN AND MOUNTING OF ARMS FOR

MINIMUM DISTORTION DUE TO LATERAL

TRACKING ERROR

By J. K. STEVENSON,
B.8¢., Grad. Inst. P., Grad. |.E.E.

it is possible (as shown in this articie) to design
and mount a pickup arm 8in long and of conven-
tional shapesothat the maximum distortion, due
to lateral tracking error, of a fairly large signal
(10 cm/sec r.m.s. recorded velocity) Is less than
1%. In view of the small value, any attempt to
reduce the tracking error further by means of
additional levers, etc., will not only have a neg-
ligible effect on the distortion, but will increase
the inertia of the pickup assembly, which is:
undesirable. Lateral tracking error distortion
for apickup which is poorly mounted so that this
value becomes 5%, say, is still small compared
with that from other sources. However, these
other distortions (which are much greater for
stereophonic records) are slowly being reduced
with improvements in pickup arms, whereas
tracking erroris unaffected. Infact, the distortion
from tracking error increases if elliptical styli are
used.

One may argue that a 1 or 2% reduction in
harmonic distortion is insufficiently large to be
worth bothering with.This is true if it involves a
modification to the pickup arm resulting in
greater expensge, If, asshown, it merely involves
slightly more care in offsetting the pickup and
mounting the arm, the extra efiort is certainly
worth while.

214

NYONE +who constructs a pickup arm has 10 choose
values for the offset angle of the cantilever assembly
and the overhang. Anyone mounting a pickup nced

only consider the overhang in order to determine the
optimum distance between the pickup arm and turntable
pivots. There is a gencral belief that a pickup arm
should be mounted for minimum angular tracking error
and that the longer it is, the better. However, the dis-
tortion of a given modulation becomes greater as the
groove speed decreases, and a pickup arm designed
and mounted for minimum tracking error will have its
maximum error on the worst possible occasion, nanmely
at the innermost grooves of the record. As the length of
an arm increases, its incrtia (effective mass) at the stylus
tip will usually increase, and this is undesirable.

Two designs are given. The first is for a general
purpose record player suitable for 7in, 10in and 12in
discs, and the second is for a record player restricted to
7in discs. In both cases, a range of arm lengths is
considered, and the most suitable values for the offsct
angle and overhang are given. Also, for the first design,
values of overhang are included for offset angles varying
within limits of about +-0.5° from the recommended
value. Provided that the offset angle of a pickup arm
lies within this range, the mounting may be considered
as optimum with the smaller angle slightly favouring
45 rev/min records and the larger angle favouring long-
playing records.

The importance of mounting accurately is shown
graphically.  An error of 0.lin in overbang or 2° in
offset angle will more than double the distortion from
long-playing records. ln view of this, the distances
between the stylus and turntable centre, at which the
tracking error should be zero, have been given. These
distances are independent of the length of the pickup arm
and cnable the accuracy of the mounting to be checked.
A mounting procedure is given for reducing thesc errors.
If the offset angle is fixed and slightly different from the
recommended value, an alternative procedurc is given
tor adjusting the overhang for optimum mounting.
Neither of these methods requires the offset angle or
overhang to be accuratcly determined. All that is re-
quired is an alignment protractor and such a device
is obtainable from most hi-fi dealers.

Distortions in reproduction from discs

The quality of reproduction from discs is limited
mainly by three factors. Firstly, tracking error, which is
the error in alignment between the cantilever assembly
and the groove in which the stylus is located. Late=al
(horizontal) tracking error is the angle, in the horizonral
planc, between the groove, or direction of motion, and
the cantilever, and for a conventional pickup arm the
lateral tracking error varies with distance from the
turniable centre. Vertical tracking crror, which only
affects stercophonic records, is the difference berween
the angle which the stylus makes with the vertical when
slightly lifted (the arm remaining statiopary), and the
valuc specified for the particular record being played.
The second factor limiting the quality of reproduction
is groove deformation duc to the plastic record material
being compressed by the stylus tip. However, this
distortion tends to reduce the third and most scrious
form of distortion, tracing distortion due to the cutter
and stylus being of a different shape. The flat cdge of
the V-shaped cutter faces the direction of record motion,
and therefore an absence of signal corresponds to a
large groove width. As a result of a signal causing the

WIRELESS WORLD, May 1966



cutter to move horizontally, as in the case of a mono-
phonic signal or two stereophonic signals approximately
¢qual in amplitude and phase, the groove width becomes
narrower causing a stylus of spherical tip to rise. This is
the pinch cffect. The high-frequency response of a
pickup is limited by the radius of the stylus tip since the
tinite width in the direction of record motion limits the
ability to follow groove modulations. The quality of
reproduction is reduced further if the tracking mass is
insufficient for the stylus to contend with large high-
fiequency velocities (for which a small effective tip mass
is favoured) and low-frequency amplitudes (for which a
large compliance is favoured).

Elliptical styli

In articles on pickup design, lateral tracking error is
usually only briefly considered since the distortion is
generally very much less than that resulting from other
causcs. However, in the last few years, these other
forms of distortion have bcen reduced considerably.
With pickups of lower cifective tip mass and higher
compliance, lower tracking masses have been possible.
This has enabled styli of smaller radius (0.0005in and
Iess) to be used with a subsequent reduction in tracing
distortion. Tracing distortion has been reduced further
by the adoption of elliptical styli, mounted so that the
major axes face the direction of record motion. The
“ vertical” cutting angle has been standardized in the
U.S.A. at 15° and it should not be long before this
value becomes universal. The result will then be a
considerable reduction in vertical tracking crror and
subsequent  distortion  when the latest  stercophonic
records are tracked by the latest pickups, i.e. pickups
designed so that a linc joining the stylus tip and cantilever
pivot is inclined at 15° to the record surface.

Despite their many advantages, the use of elliptical
styli results in an increasc in distortion from lateral
tacking crror by causing a Ume-lag effect. With a
spherical tip, the points of contact with the walls of
unmodulated grooves and at the crests of waves are
always the same as those of the cutter, i.c. a line through
these points will be perpendicular to the direction of
record motion. However, if the stylus is elliptical and
tiacking error exists, then one point of contact will be
siightly ahead of the other. In these circumstances,
tiacking error cannot be ignored. Even with spherical
styli, it is certainly worth spending a few minutes extra
in mounting a pickup arm if, as a result, the distortion
cue to lateral tracking error is reduced o a minimum,
perhaps cven halved.

Distortion due to tracking error

The main form of distortion due to tracking crror is
sccond harmonic and is given by H. G. Baerwald’ as:—
V, tan Vin

vl o0 Vv = - 1

" b3
where ¢ % 2nd harmonic distortion, V', peak
recorded velocity (cm/sec), » = tracking error in radians,
and « -~ groove speed (cm/sec).

Third and higher harmonic distortions amount to
Iess than 109, of this valuc and arce considered negligible.
Using the expressions:—

14 - .
V. = == rms. or effective recorded velocity

V2 (cmy/sec)

¢ = 100

'H. G. Buerwald, 7.5.M.P.LE., p.591-662, 1911,
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I3 3(2)0" tracking error (degrees)
7
x distance between stylus tip and turntable
pivot (in)
s turntable speed (vev/min),

35
then 1 = (27 2.54x) o0
and equation 1 may more convenicently be put in the form
e = 10022 Vo ® _ gag Vims ¢
254 .46 xs xs
A typical maximum value for V,,,, may be considcred as
10. Therefore,

€ 92.8

i

h

X5
The sign of ¢ (positive or negative) is ignored as it has
no effect on the distortion. In order to prevent an
excessive groove amplitude in the bass und to improve
the signal to noise ratio, a gain of approximarcly 4 dBB
per octave with increasing frequency is applied to the
recorded sound before it reaches the cutting heads.
A reverse characteristic is used for replay. As a result,
harmonic distortions are cffectively reduced by 4dB
per octave. The cffective maximum second harmonic
distortion ¢, is as follows,

4

$

€unn 101 ¢, = 0.631 €0z
xs

since the variation in pickup voltage is proportional to
the recorded velocity, Hence,

- 58.5

G 1.76—? ........ .. 33} rev/min
= 1.30 f - 6000000 0C 45 rcv/min

The values for harmonic distortion in this article are for
spherical styli: other distortions due to tracking crror arc
considered in Appendix I (in the next issue). The im-
portant point is that the distortions depend on ¢/x.

Therefore, in a design #/x should be minimized, and
not ¢ alone.

Design procedure

Fig. 1 shows tracking crrors for a straight pickup arm.
By offscuting the pickup the errors are reduced consider-
ably as shown in Fig. 2. Using the symbols in Fig. 3,
we wish to determine the optimum values of ¢, and f
when x lics between given limits. We therefore require
a value of & which will remain almost constant as x
varies within this range.
From Fig. 3:—
ar = x* 4 [* — 2x/ cosf = x> + I* — 2xIsind
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Fig. [. Showing tracking errors for a pickup arm without offset.
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Fig. 2. Pickup arm with offset, 8,. By offsetting the pickup,
tracking errors are reduced considerably. Note that the stylus moves
very slightly in the direction of the record motion.

& =90°-B=OFFSET ANGLE FOR ZERD
TRACKING ERROR—SARIES WITH X

= DESIGN VALUE FOR OFFSET ANGLE
r’ =6-6) = TRACKING ERROR

 =EFFECTIVE LENGTH OF PICKUP ARM

@=DISTANCE BETWEEN TURNTABLE AND
PICKUP ARM PIVQTS

£=1-d = OVERMANG

X=DISTANCE BETWEEN STYLUS TIP
AND TURNTABLE PIVOT

—VARIES WITH X

= 90 (B+6)

i e D
[T o \ PICKUP ARM
PIVOT \ q | PIvoT
re--= 2 b
\ L
|
i / g
N X / 7 e
—- "7
N B o s
AT
STYLUS y,
~ Tip p
~_ -

Fig. 3. Key to symbois used. The tracking error is zero when

+ Up = 90°. Optimum values for offset, 0,, and overhang f
for x between giving limits are derived in the text. The offset angle
of the pickup should not be confused with «, the angle through which
the arm is bent.
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Rearranging, 2/sin 8 — x v - (2)

where d 1-—f.

We will consider first the determination of oy and f
for minimum angular tracking error, and then show how
these expressions are modificd to reduce the maximum
distortion of a given modulation, which is proportional
o groove speed and therefore is inversely proportional
o x.

Design for minimum angular tracking error

A value of 0 is required which varics least in equation 2
when x varies between x; and x,: / and d are constants.
If we plot y against x we will obtain a curve which starts
at infinity when x=0, reduces t0 2 minimum value,
and then increases to infinity at x= as in Fig. 4. The
minimum at x—x,, is given by differentiating cquation 2
with respect to x, and cquating to zero.

dy g

b 1 a

dx 0 x;
Hence, x, = 4/(7* — d%) .

Since / is given, x,, is varied by altering d. It is clear
that x,, should lie between x; and x, if we wish the
variation in 2/ sin ¢ to be as small as possible for x vary-
ing between x, and x,. In particular, the variation will
be a minimum if the values of ¥ at x = x, and x — Xy
are cqual. From equation 2,

/l dl ].ﬁ d:
Xy ;

x,
Hence, x, x, = 12— d* == x,7 .. .. . 3
The minimum value of y then occurs at the geometric
mean of x, and Using cquation 3,

d=(* —x, x5, I —f
The overhang [ is therefore given by:—
f=1—-0—xx

The maximum and minimum valucs of y are given
from equations 2 and 3,

Vs = Xy 0 Xy - 2Usin 0,0,
My~ 2%, x 2sin 0,
The design value for 4, is then as follows:

R o
Oy~ 2B+ B }[Siﬂ‘ & }\ 2)>T5iﬂ' k X12 2 :l

(xt 4wyt
4

orsin 0, n Y(sin 0,,, - sin 6,,,)

Design for minimum tracking error distortion

In detcrmining the pickup parameters for minimum
lateral tracking error, we minimized the variation in
2Isind for x varying between x, and x, by including
a turning point in the curve of 2/sind against x ar
X = (xy ¥2)'. 2/sin0 then has the same value at x, and x .
In this case, by minimizing the variation in sin0 (! being
constant), we automatically minimized the variation in
0, as required i.c. ¢ is as small as possible for x; << x < x,.

Since for a given tracking error the distortion is in-
versely proportional to v, it is preferable for ¢/x=(f— 0,)/x
to be as small as possible. Most forms of distortion
increase as the pickup approaches the turntable centre,
s0 it is desirable for the distortion duc to lateral tracking
error o be a very small at the average minimum value
of x. Let the tracking error be zero at x = x3. We
have mentioned Fig. 4 which gives 2/sinf against x.
Fig. 5 gives 2/sinf/x against x and in addition 2/sind,/x
against x. The distance between these curves at a given
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o
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zlsmB:XvXT’“i DESIGN 1A xp=2500
} xy=5T19"
6‘[‘ _‘l_‘a_;n_a>/_z_

x (m)
Fig. 4. Variation of 21 sin 0 with x for a pickup orm designed for
zero tracking error at X, and minimum distortion between xq and
X.. A5 Xa < X < X the maximum harmonic distortion (oo ( 04011|JX)
decreases to zero, increases to @ maximum at x, (the some vaive
of distortion as at x.) and then decreases to zero at x,. Note that
the largest negative value of (21 sinf—sinép) occurs ot Xm and
the largest negative value of 21 (sin—sinfl)/x at x,.

value of x is 2/(sinf—sinf,)/x which we will minimize
since it is approximately proportional to (4--0,)/x and
allows a considerable simplification in the algebra.
Both 2/sin@ against x and 2{(sind—sinf),) against x
have a minimum at x,,, whereas 2/(sin¢—sin8,)/x against
x has 2 mipimum at a value of x less than x,, which we will
call v, From equations 2 and 3:
20sin0 = x + i

Hence,

2/(sinf—sinby)

% x
W against x has a minimum at x = x,. Hence, from
[ig. 5, x, is the value of x at which the continuous linc
is the fil’lr\"_best distance below the interrupted linc.
Diffcrentiating cquation 4 with respect to x and equating

w.. .. 4

o zero:
awv X 2%,,°
dx %5 X
oo
» ]
X, - Nin
ot
. 2 4]
Ideally, we require —*—" & N . 5
x, 3
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0,— 0 0,0
02 ¥ cos p‘; »

(8, 6,) cos 8,

but since  sinf,—sin 8, =2 sin

~180
2= b,

4 2,4+,
and sin 6.—sin 0,=2si — -
d sin #.—sin sin 3 cos 2

ko
£ 0,— f
Lag(8a—b0) cos 0,
we may replace equation 5 by

2((sin 0,—sin 0,) _ 2/(sin 0,—sin 0,)

X
This may be gut in the form:

P LT .
— . g T'H o T
N *,

Simplifying,

2x, 2 1 N 2x,°
Fo® x?f T 2k, )+xm~(3xo"‘ x: ) =
%° (5828, —4828x,)
Ko Ax, Xo—4x,?

Hence, x,° =
This reduces to:
_ XKo" Xy

0-8284x,--0-1716x,

* 1

No”

VERTICAL DISTANGE BETWEEN LINES
_ 2l (sme-swbp)

\ 21 (518651 )
X IX 2
\ Xt PN

£ _(’*7)'(’%‘?3
AN
EANY
NN
\

Al

TN

2058

3 !
1 3 3

x (i)
Fig. 5. Variation of (21 sinf){x with x. The veriical distance
between the lines is proportional to the harmonic distortion of a given
modulation.

217



The design value &, for a given value of / is given from:

xw“
x;
since 4, 4, The overhang fis given by:
(*—x,")" .t £ . 8
All we require are values for x, and x,. %%, is then
determined using equation 6 and the value substdtuted
in equations 7 and 8 to determine 6, and f for a given
value of /.
The value of x less than x, at which the harmonic
distortion (of a given modulation) is the same as at gy
and x, we will call x,. This is given as follows:

Xt B [ o
*, R X,

Le,
X,

q q 1
sin §;,-sin 8, o (x,,

x EN
7 ot
( i Xy ) 7
Xy
From the first two expressions,
1 R W .
X - b 3%,
Ny X X

“I'ne two solutions for x are x

,l(
Xy
X2

K"

Hence, x;=

[ xm:' N
Ny T

The tracking error changes from positive to negative
between x, and x,.  Let it be zero ar a value of x which
we will eall ¥,

Xt X®
T T
X x5

Rearranging, x* (X,,

Solutions are x, and x”’

X

xﬂ

. X
so X7, = , as expected.
}'{!

Note that whatever design method is used to obtain
4, and f, the tracking error at a given value of x is given

by:
. x  f@I-])]
sin ! [21' 20x J é, = 4o 9
ie. ¢=0-9,
where # is given from equation 2 rewritten in the form:
R ()
2! 2Ux

Equation 9 was used to compare the distortion of a
given modulation arising from a pickup mounted as
suggested here with that obtained if Bauer’s method
is used. Results will be given in Appendix T1.
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Summary of design formulae

As x decreases, we have shown that the tracking error
changes from positive to negative and back to positive
again. The tracking error per unit length is zero at x,
and x,” and the maximum negative value (at x,) is ¢q
to the positive values at x, and x,, as indicated in Fig. 5.
The values of x are related as follows:
X
X

Xo+ X,

where x’, > x,, s
We must specify two values of x to obtain a solution.
If we specify x, and x, (as in the given designs), then:

’ 'xm2
x “
N
v 20 Xu®
T e
Ko™ Ny
Nm®
X3= P s
Xm” Ko™
(x,+ =
R AR
where x,,° E

0-8284x,--0:1716x,

Alternatively, we can give values for x, and x;, the limits
of x between which we requirc the tracking error per
unit length to be minimized. Then it is casily shown
that:

= Xo X5
w0 0-8536x,- 0-1464x,
& e Xa Xy
oy, 0-1464x - 0-85361x,
- 2x, Xy
TP xahay
8x

where x,,* . :
M X a o 6xy xy

The offset angle 8, and overhang f for minimum
tracking error per unit length are then as follows:—

1 X'
sin 8, LT
! x,

Sl xR

T'o be concluded.

Acknowlcdgement is duc to Alfred Imhof Ltd. for the
usc of their facilities in the production of our front cover.
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Transistor Electronic Organ

1—ELECTRONIC ORGAN DESIGN TRENDS

HE electronic-organ-building bug is a curious onc.

Bitten by it, many thousands have become afflicted

with dementia organistra.  The first clinical signs
displayed by the victim of the disease (now assutning
epidemic proportions) is a delusion that without substan-
tial mechanical, elcctronic and musical skills he can
construct onc of these complex mechanical, clectronic,
musical instruments. This article is written with com-
passion for those who feel the first stirring of the
dementia organistra fever in their blood, and cannot bring
themselves to accept the sage advice from the pundits
(usually rescrved for those contemplating marriage!) . . .
“Don’t.” It tries to give the happy victim some helpful
guidance by setting out the main design features of
present day electfonic organs.

WHAT AN ELECTRONIC ORGAN IS

Organs have been around for a long time now. My
favourite illustration of this is the uncient organ pictured
in Fig. 1(a). This appearcd in a famous medieval
Psalter, the “Utrecht,” and different musicologists have
ascribed various dates from a.D. 600 to a.p. 1000 to the
instrument. It may seem a far cry from it to the modern
domestic electronic organ, which nowadays often takes a
form somewhat like Fig. 1(b). Yet both belong to the
same organ class of instrument; ie., they arc keyboard
instruments in which a note sounds when a playing key
is depressed and continues to sound until the key is
released.

“Electronic” v. “wind” organs.—How an clecironic
organ differs in fundamentals from a classical “wind”
organ is illustrated schematically in Fig. 2.

Fig. 1. The organ over the years: (a) illustration from early Psaiter

of pre-A.D. 1000 organ, well-known to organ antiquarians; (b)
sketch of typical modern domestic efectronic organ.
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In the wind organ of Fig. 2(a), & bellows or pump-
type compressot, A, forces air under pressure through
a pipe, B, into a high-pressure reservoir (“wind-chest”),
C. By operating one of the keys in the keyboard, E, the
plaver can let compressed air pass through ducts D and
F on the start of its way to make the organ pipe, I, sound

r “speak.” However, the “stops,” G, in their ofl posi-
tion stop the flow of wind to the pipe, I, cven though
a note is depressed on the keyboard. By putting on a
scleeted stop, the performer opens the way for air 1o
flow to a sclected set or “rank™ of pipes designed 10
produce a certain type of sound. The organ pipe is like
a large whistle blown by the wind pressure released
into it when the appropriate stop and key are actuated.
The stop selects a set of pipes of one timbre, and the
playing key selects the pipe of the proper pitch in that
seL.

Some ranks of pipes arc mounted in free air, but
others are enclosed in a sound-insulated enclosure, J,
in Fig. 2(a), known as a “swell cabinet” Sound from
these enclosed pipes emerges through a sort of venctian
blind, K, and its apparent loudness depends on how
far the blind is opencd. A foor-operated “swell” or
“expression” pedal, L, conrrols the opcning of the
venetian blind, and thus the apparent volume of sound
from the “swell” ranks of pipes. The player manipu-~
lates the organ from the console (shown dotted) which
presents to him the keyboards (usually more than one),
the stop actuators (*pistons” or “tabs ) and the swell
pedal.

The block schematic of an electronic organ is given
in Fig. 2(b), laid out to parallel the functions of its
various sections with thosc of the wind organ above it,
so as to highlight the diffcrences.  An electrical supply,
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A, provides power for the generators, C, of electrical
a.c. signals of various frequencics.  As with the wind
organ, thc console provides keyboard(s) E. stop controls,
G. and a swell pedal,

The playing keys on “the clectronic organ keyboard
select the appropriatc frequency a.c. signals from the
generator, and the stop tabs direct these selected signals
into corresponding tone shaping circuits. Subsequently,
these keyed, stop-directed, shaped, a.c. cignals at H pass
into the amplifier, X. There they are amplified and
used to produce a sound output by driving a loudspeaker,
I. The output level is conirolled by an amplifier volume
control actuated by the foot pedal,

The wraditional organ nomenclature of keyboards
(“manual” and “pedal”), “stops” (tonc colours), and
“swell pedal ™ (volume control) have been carried over
into clectronic organs, because they achieve the same
results, even if in a vastly different way.

Distinguishing mark of the electronic organ.—In essence,
while a wind organ emits sound directly from the vibra-
tions of a column of air in a pipe, an electronic organ
produces it indirectly from ac. clectrical signals by
turning them into vibrations of a loudspeaker cone. (You
should not, by the way, confuse the clectronic organ
with the electric organ in which electrical power is used
to drive the mechanical movements.)*

TONE GENERATION IN AN ELECTRIC ORGAN

Electronic organs fall into two main classes according
to whether their a.c. signal generators run all the time,
or are switched on and off by the playing keys. The
distinction is illustrated diagramatically in Fig. 3. In the
continuous-generator case at Fig. 3(a), a power supply
drives the generators continuously, but their outputs do
not pass towards the loudspeaker until a playing key is

*What does one

pipe organ with a_scmiconductor logic switch-
g action? (sec ¥

an. 1965, p. 16).--ED.
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K g <
N g e Fig. 2. Diegrammatic iilustration of the essential
§ U differences between ¢ troditional ™ wind ™ organ
N g (a) and an electronic orgen (b).

TONE-CABINET
{LOUD-SPEAKER)

Fig. 3. Basic differences between two main classi-
fications of electronic argans: {a) continuously-
running generaters and (b) switched generotors.

v
—— 5 (smPs 8B
GENERATOR, KEY SELECT. I v
SUPPLY (CONTINUOUS) SWITCHES| X, e LTER LN
MODIFY)
(@)
[P STOPS Ls
POVER KEY GENERATOR (SELECT, AMPLIFIER
SUPPLY SWITCHES {SWITCHED) MIX,
MODIFY)
(b}

depressed; ie., the keyboard switches come between the
generators and the output busbar. In the switched-
generator case at Fig. 3(b), the generators are inactive
until the depressing of playmz key fceds the power
supply into onc of them; ie., the keyboard this time
comes between the power supply and the generators.

Generator types in common use.—Anything that will
generate stable audio-frequency a.c. signals can be used
as an clectronic organ generator. The path of develop-
ment up to date is strewn with weird relics in conse-
quence. Fig. 4 gives a selection of some of the morc
common tone generator principles that have survived
into current commercial organs.

At Fig. 4(a) is a sketch of the principle of the time-
proved rotating disc LlLLUOln'lgn(.UC generator. This has
been used now for some 30 years in the Hammond organ
which is regarded by many as the “ Rolls-Royce ” of elec-
tronic organs. A rotaiing iron disc with undulating rim,
sct up opposite @ permanent magnet, gives rise, in a
coil wound round the magnet, to a.c. signals at a fre-
quency set by the rotational spced and the number of
wave cycles round the rim.

Another common gencrator tvpe is the wind-blown,
clectrostatic pick-up, reed system 1llustrated in Fig. 4(b).
Derived from harmonium practice, this has been widely
used by such firms as Farfisa. The metal reed is con-
tinuously vibrated by a fixed-pressure air supply, and the
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capacitance variation between the pick-up electrode and
the earthed metal reed modulates the output voltage to
give an a.c. signal at the reed resonant frequency.

Fig. 4(c) illustrates a third principle, the rotary-disc,
capacitor pick-up system which has been the hallmark
.of the Compton clectronic organs for over three decades.
Here the voltage on a fixed pick-up electrode is modu-
lated by the varying capacitance between the electrode
and an’ earthed cyclically changing pattern on the face
of a rotating disc. (In the Compton version, actuaily,
the pick-up rotates and the cyclic pattern is on a fixed
stator, but the principle is the same.)

A slightly different type of generator is the key-vibra-
ted, electro-static pick-up system illustrated at Fig. 4(d),
used in “clectronic pianos,” such as the Wurlitzer.
Strictly it is not an organ generator, because the vibration
of the reed dies steadily away after the impact of the key
hammer. However, it is included because the electronic
piano is in many other ways very like an electronic organ.

These first four examples of organ generators given
above have been all electromechanical. There is a ten-
dency for such types to be superseded by purely electrical
oscillators, of which common examples are given in Figs.
4(e) to (h). LC oscillators such as Fig. 4(e), valve, and
Fig. 4(f), transistor, have their frequency set by their
own LC tank circuits. By contrast, the divide-by-two
circuits at Fig. 4(g), a transistor triggered blocking oscil-
lator, and Fig. 4(h), a transistor bistable divider, merely

provide an output signal at a frequency one half of the
input trigger signal frequency.

A.C. signal waveshapes.—What sort of waveshapes do
the various gencrators producce? This is important be-
cause, if, as is sometimes desirable, the instrument has
to simulate the sound of a traditional organ, it will have
to feed to the loudspeakers highly complex periodic
waveforms.

One way of producing such complex a.c. output signals
is by Fouricr synthesis, i.c,, by mixing a harmonically
related series of sinewaves in varying proportions. This
is the working principle of the Hammond. The basic
sinewave shape, as shown in Fig. 5(a), comprises only
a fundamental frequency without harmonics, of course.
Most eicctric organs nowadays, however, approach the
production of a complex output waveform by taking a
basic waveshape rich in harmonics and working on it to
tailor the strengih of the individual harmonics 1o give
the desired tone colour.

The two commonest harmonic-rich waveforms used
in organ gencrators are the sawtooth, Fig. 5(b), and the
squarewave, Fig. 5(c). It is worth noting the harmonic
content of these two types. The sawtooth of basic
frequency f has material overtones in both the even (2f,
4, 6f, . . .) harmonic scries and the odd (3f, 5f, 7f, . . )
series. The squarewave has odd harmonics only. The
importance of this lics in the fact that the sawtooth with

COIL QUTPUT BC.HT.
PICKUP
TONE WHEEL MW [0 BEOWN Sl
ETAL AEED
: 3 MAGRET Wb j V'E,
ebiie 77
g 0C. HT.
{a) HAMMOND (b) FARFISA (c} COMPTDN

e
KEY
= § 4
o

e

(d) WURLITZER (&)

M

STERN-CLYNE

“(F)  HEATHKIT

(9) HARMONICS

;
Voo

(R} WATKINS

Fig. 4. A selection of some of the more common tone generator principles used in commercial electronic organs: () rototing disc, magnetic pick-
up; (b) vibrating reed, electrostatic pick-up; (c) rotating disc, electrostatic pick-up; (d) struck rod, electrostatic pick-up; (e) sinusoidal oscillator,
valve; (f) sinusoidal oscillator, transistor; (g) blocking oscillator, divide-by-two, transistor; () bistable multivibrator. divide-by-two, transistor.
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Fig. 5. Indications of the refative strength of the harmenics in basic
woveshapes commonly produced by electronic organ generaters
compared with the complex waveshape required for o typ:cal organ
?b:e ;tap: (a) sinewave; (b) sawtooth; (<) squarewave, (d) complex
oboe).

its full range of harmonics can be more casily reshaped
te produce the normal “diapason ™ classical crgan sound
than can the squarewave. In the latter, the absence of
even harmonics makes diapason tone difficult, although
it has compensations in that it can more casily produce
hollow tones such as the clarinet sound.

S_nme commercial organs use basic sawiooth and some
basic squarewaves. The tendency nowadays is to adopt
the squarcwave because it is cheaper in production and
less “ temperamental ” than the sawtooth. Some pundits
claim that they can tell blindfolded whether an organ uses
sawtooth or squarewaves, but with a well-designed instru-
ment I personally have not found this 10 be so.

. For the designer, the choice of sawtooth or squarewave
is important, because the tone-forming filter circuits con-
trolled by the stop tabs are substantially different for the
two types. This 1s why any circuic for a tone filier should
have on it an indication of the basic waveshape it controls.

To put point to this discussion of generater waveshapes,
the complex waveshape of an oboe sound is shown in Fig.
5(d) with a spectrum of its harmonic content. This par-
ticular waveshape is characterized by a low level of funda-
mental and a predominance of fourth and fifth harmonics.
You can see that the harmonic distribution of Fig. 4(d)
can be relatively easily made up by adjusting the ampli-
tudes of the harmonics of the sawlooth, Fig. 4(b). But,
in the case of the squarewave, Fig. 4(c), even harmonics
have to be produced separately and added before the
desired complex oboe waveform can he achieved.

ACTION OF PLAYING KEYS

In the clectronic organ each playing key operates a set
of ganged switches, usually four or five in number, to
produce different harmonic pitches. As mentioned earlier,
these key-switches cither select the appropriate outputs
from certain of a set of continuously running gencrators
or switch the actuating power to selected oscillators in a
set of normally non-operating gencrators.

Locked- and free-phase oscillators.—The oscillators
controlled by the key-switches can all be independently
adjustable so that, apart from their being individually
tuned as nearly as practicable to the appropriate scale-
related note frequencies, they are ¢ frec-phase ™ oscillators
working independently of cach other. In such a system,
initial tuning can be tedious, because anything from 60
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to 600 oscillators have to be set up. It is rather like wuning
a wind organ (wherc cach pipc has to be checked).

The alternative (and nowadays by far the commonest)
arrangement is the “locked-phase > oscillazor system. In
this there are only 12 independent tunable “master™
oscillators, one for cach note, (C, C2, D, D%, E, F, Fz,
G, Gz, A, Az, B) of the voual-tempered musicat chro-
matic scale. All the frequencies required by the organ
are octavely related to these 12 osciilator frequencies, and
are produced by a string of divider oscillators phase-locked
to the master oscillators (usually to subharmonics) and
thus not independently adjustable.

The free-phase and locked-phase oscillator systems are
illustrated diagrammatically in Fig. 6 for all the Cs to
be sounded by an organ. In the locked-phase sysiem of
Fig. 6{a), the master C oscillator is tuned to Cé6=
2,093.0¢/s; the Cs for lower octaves are produced by a
string of divide-by-two circuits phase-locked to the
master oscillator. This means that C1=65.4¢/s, for ex-
ample, comes out coldly mathematically at an exact half
of C2=130.8c/s, and in phase with it. In the free-
phase system of Fig. 6(b), cach oscillator in the string
of Cs is individually tuned as near as possible to the
harmonic series frequencies, but each C will inevitably
depart slightly from half of the frequency of the C above
it. Also the individual oscillations will not now be in
phase with each other.

There is no doubt that the free-phase oscillator system
can more closely simulate the so-calted “chorus ™ cffect
of a wind organ with all its pipes individually tuncd and
not in phase with each other. But you must pay for
perfection, and many clectronic organs now make do
with the cheaper, casier-to-set-up, locked-phase divider
system.

The problem of key clicks.—Whether locked- or free-
phase oscillators are used has a large bearing on the key-
ing system. Obviously in a locked-phase system the
oscillators must run all the time and the keys can only
swirch their outputs. This means switching a.c. signals,
in which it is very difficult to avoid “key-clicks ” arising
from the abrupt interruptions of the signal. With free-
phase oscillators, on the other hand, it 15 possible to_use
the keys to switch the d.c. supply to the oscillators. The
oscillator output a.c. signals then do not start and siop
abruptly, and key elicks are much less q[ a prpblem. Also
in this case the gradual start of oscillation stimulates the
steady build-up of sound in a wind organ pipe when the
playing key is pressed.
In the clectronic organ, the “stops” are mcre%y the
switches for sclecting the tone forming filter circuits
through which the basic waveform signals arc fed from
the gencrators via the playing keys to :l.ChlEVC the desired
final tone colour. There are three basic classes of stops:
“ gpeaking,” “percussion,” and “coupler.”

Speaking stops are the switches that control the tone
colour of the organ output. They sclect certain pitches
of notes supplied by the playing keys, mix them and
feed them to appropriate waveshape modifying filter
circuits. These stops are concerned primarily with the
recurrent waveshape of the final signal to the loud-
speakers, i.c., the steady, continuous, fixed-amplitude,
fixed-frequcncy waveshapes.

Percussion stops.—Other switches, the so-called “ per-
cussion stops,” arc usually provided to control the enve-

lope of the output signals. If the playing key switched
the signal on and off abruptly, we should get a signal
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Fig. 6. Mustration of differences between f
locked-phase (a) and free-phase (b) oscillator
systems in electronic organ. (The locked-
phase system is also known as ‘" divider "
type or " synchronous " system.)
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envelope like Fig. 7(a). In an attempt to simulate classi-
cal organ sound and to give variety to tonal effects, clec-
tronic organ designers use some or all of the variety of
percussion (or envelope-distortion) arrangements illus-
trated in Figs. 7(b) 1o (g).

« Auack” percussion at Fig. 7(b) is the delaying of
the build-up of the waveform signals om switch-on.
 Decay ” at Fig. 7(c) is the permitting of signals to fall
off {or even ccase) before the plaving key is released.
“Sustain” at Fig. 7(d) is letung the signal continue
after key off. In all these types, the amplitude and
frequency of the note are unchanged in the middle of
the note sounding.

But there are other percussion stops which modify the
waveshape characteristic throughout the whole notc
length. Of this class is the “tremolo” stop at Fig.
7(¢) which varies the signal amplitude at a subsonic

KZY OFF

b }
Mu '

¥EY OR KEY OFF

-—
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il w i
|

IR
(9) WULIUT UYL
Fig. 7. Modifications of fixed-amplitude, fixed-frequency, waveshape
(o achieve various special ** percussion " effects: (a) No percussion—
instant start. instant stop, canstant-amplitude, constant-frequency.
(b) ** Attack "—varying rate of increase of amplitude on switch on.
(¢) " Decay "—amplitude falling off before key off. {d) ©* Sustain ”’—
signal continues after key off. (e) ' Tremolo "—signa! frequency
constant but amplitude varied at low frequency (amplitude modula-
tion about 6cfs). (f) “ Vibroto “—signal amplitude constant but
signal frequency varies at low frequency (frequency modufation
about 6cfs). (g) * Reverberation "—signal repeated one or more
ti nes after key off, with progressively reduced amplitude.
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frequency between 3 and 9¢/s to make an approxima-
tion to the “tremulant” effect in a wind organ. “Vib-
rato ™ at Fig. 7(f) frequency-modulates the signal at sub-
sonic frequency again in an auempt 1o simulate
the organ tremulant. But in the wind organ, the tremu-
lant is a mixture of amplitude and frequency modulation,
and electronic organ designers sometimes provide both
tremolo and vibrato in consequence. (People who have
difficulty in remembering which is vibrato and which
remolo may welcome my own little aide-mémoire:
Vibrato varies the Frequency, because “ V™ sounds not
unlike “F.”)

The last percussion stop is “reverberation” (also
known as “echo”) illustrated in Fig. 7(g). In a wind
organ sited in a church or a large hall, part of the
“organ” sound is duc to the characteristic echoes from
the walls. In effect, a tone burst is heard repeated one
or more times with diminishing volume after the key
is released. This is simulated in an clectronic organ
by feeding off part of the signal into a delay network
and then releasing it back into the amplifier. The delay
network can be acoustic (some people have even used
a length of garden hose), mechanical {e.g. passing sound
through a coiled spring), or moving-magnetic (e.g. signal
recorded on a magnetic tape and picked up again later
by a separate playback head).

Coupler stops.—Where an clectronic organ has more
than one keyboard, “ coupler ” stops arc often provided
to enable the separate keyboards to be coupled; ie,
speaking stops can be set up for one keyboard and played
from ancther by switching in coupler stops.

COMPLETE ELECTRONIC ORGANS

If vou now look back to the schematic block diagram
of an clectronic organ given in Fig. 2(b), you will sec
that we have now covered, albeit skeichily, most of the
component scctions of the system. But a few further
remarks might not be out of place here.

The power supply is usually mains driven, but tran-
sistor models are available nowadays for battery opera-
tion. The amplifier is a little different from a standard
hi-fi amplificr. Because of the possibility of sustained
high level signals, its overload characteristics require
careful design. Output powers range from 10W to
100 W usually. The loudspcakers must not only have
adequate wattage ratings, but must have a good responsc
down 10 below 20¢/s 1o handle low pedal notes without
distortion. The swell pedal (volume control) receives
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Fig. 8. Compasses of keyboards in various commercial organs compared with standard piano keyboard.

much hard wear. For this, thercfore, often some arrange-
ment of light- or voltage-dependent resistors is used to
avoid using a conventional carbon or wirewound poten-
tiometer which may soon develop contact noise.

Consoles.—A variety of layouts of the component sec-
tions of the clectronic organ will be found in commercial
models. The tendency nowadays is to puck cverything
into 2 single cabinet or “console.” This was not always
possible in carlier days, but modern miniature compo-
nents make the self-contained organ the norm. The
domestic elcctronic organ sketched at Fig. 1(b) illus-
trates  this compactness tendency. Here you can
sce the stop tabs sited above the keyboard (thcir usual
position), supplementary controls at each end, the swell
pedal convenient to the player’s right foot, the loud-
speaker facing forward, and the pedal board at the
bottom left.

Keyboards.—As to the keyboard itself, the student of
the clectronic organ will find a confusing varicty in use.
Commercial instruments will, of course, have at least one
manual keyboard. More frequently they have two
manuals, usually called the solo (upper) and accompani-
ment (lower). These arc also occasionally referred to as
the “swell” and “great” respectively to conform with
traditional wind organ terms.

Where an electronic organ is intended to substitute for
a traditional organ, three manuals are not uncommon,
and these are usually given the standard organ descrip~
tions of : “grear,” “swell” and “choir.”

In the “pedal department,” two arrangements have
become fairly standard in the electronic organ. The first
of these (used in the illustration of Fig. 1(b)) is the 13-
note, stub-pedal common in the smaller domestic organs.
‘The standard full 31-note clussical pedal compass is not
often used for electronic organs, although many modecls
feature the second standard, a shorter two-octave, 25-note
version.

When engineers first take an interest in elcctronic
organs, they often find themselves confused by the
plethora of keyboard specifications. For their benefit,
Fig. 8 sets out the compasses of widely used keyboards
against the spread of the familiar standard 88-note piano
keyboard. The standard organ manual keyboard is the
C-10-C, 5-octave, 61l-note version, but you may come
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across the alternative “ harmonium, F-to-F” version with
the same compnss. The shorter manual keyboards listed
in Fig. 8 have become verw common in small domestic
clectronic organs, mainly because of their cheapness.

SOURCES OF FURTHER INFORMATION

By now the reader must have realized that electronic
organ design is not without its complexities. If all this
has not discouraged him too much, he may welcome sug-
gestions as to where to look for further information.

For basic principles and general reading, I can heartily
recommend “Electronic Musical Instrument Manual,”
Pitman, 1961, and _“Electrical Production of Music,”
Macdonald, 1957, both by A. Douglas. No textbooks
exist covering current practice in this rapidly changing
field, but some useful information can be gleaned from
such books as *“ Electronic Organ Handbook,” H. E.
Anderson, Sams, 1962, and “ Servicing  Electronic
Organs,” C. R. Piuman and E. J. Oliver, Sams, 1962.

And for the “antiquariun,” intcrested rather in the
development of the electronic organ, recommended read-
ing “musts” are “Llectronic Music and Instruments ”
by B. J. Miessner, Proc.l.R.E., Vol. 24, No. 11, Nov., 1936,
and “ Electronic Musical Instruments and the Develop-
ment of the Pipeless Organ” by G. T. Winch and A, M.
Midgley, Journal 1.E.E., Vol. 86, No. 522, June, 1940.

OUR NEXT ISSUE

A 32-page supplement in our June issue will give
a stand-by-stand preview of the Instruments, Elec-
tronics & Automation (LE.A.) Exhibition to be held
at Olympia from May 23rd to 28th. This supple-
ment will be in addition to the normal queta of
features and technical articles which will include
the second of the series on electronic organs and a
review of the [atest developments in audio techniques
seen at the London Audio Fair, We also plan to include
a report on some of the new equipment seen at the
Hanover Fair (April 30th-May 8th).
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[T All solid state  [] Price £380
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Aircraft Collision Avoidance System Proposed

IN 1955 the Air Transport Association of America asked
the clectronics industry to submit proposals for a form of
collision avoidance equipment. Since then much work
has been devoted o the development of a system suitable
for installation in civil and military aircraft and compatible
with the American air trafiic control system, but to date a
system has not been fully approved. However, one manu-
facturer, McDonnell Aircraft, of St. Louis, Missouri, has
developed a system for use in specialized flight test opera-
tions with its aircraft, The system uses the time frequency,
range altitude techpique which ecntails the measurement of
range, the rate of change in range (range-rate) and altitude.
Each aircraft carries a computer which has a precise transmit
time assigned to it: each computer also knows the transmit
time of the other aircraft. Al aircraft transmil their altitude
on a common [requency at the aliocated times and the
difference in »s, between the assigned time of transmission
and the actual time of reception by the computer is used to
determine distance to the transmitting aireraft. At the

Television Without Cameras

THE Canadian RCA Victor Company has developed a tech-
nique by which printed matter can be televised without
the usc of a camera; instead, for example, a 1ypist operating
a keyboard can type messages for direct television trans-

stem. designated DIVCON—digital to
version—includes a display control logic sub-system pro-
grammed to store information from various sub-systems and
o “read™ the contents of a memory to a scries of digital-
to-video-generator sub-systems which translaic the
data into a video form synchronized with the telev
scanning periods. The system has all control functions
normally found on an clectric typewriter such as space,

3 con-

receiving aircraft a frequency sifit varying with the rcla-
tive speeds of the two aircraft is measured to give their
rare of closure. The computer divides distance by rate of
closure to predict possible time of collision, advises what
escape manoeuvre to use and then indicates when the poten-
ual ccllision has been avoided. Great precision in both
riming and frequency stability i1s necessary. Accuracics in
the order of one part in ten million are required. Each
aircraft must carry an accurate frequency standard and the
system requires a practical method for synchronizing the
uming devices carried aboard all aircraft at appropriate
intervals.

In its present form, thc McDonnell system is not suitable
for airline use, but the Air Traffic Control Committec of the
A.T.A. has been directed to give all possible assistance 10
the company so that the system can be subjected to carly
Aight cvaluation by airlines.

‘Collision avoidance systems for aircraft are being dis-
cussed in our correspondence columns (see page 249).

shift and backspace and there are special facilities for erasing.
‘Fhere is also a facility to underline words or to make them
tlash.  Stationary or travelling displays of information are
also possible.  Code conversion logic is provided so that
the DIVCON system can work with data processing centres
using different machine languages.

Data is stored in the random access core memory -in an
cight bit code and the actual size of the memory is dictated
by the number of output video channels wanted and the
amount of character symbols needed for each channel.

Readers who watched the B.B.C.’s televised results of the
General Election will be interested to learn that the DIV-
CON system was used for these transmissions.

International Amateur Radio Conference

FROM May 23-28 at Opatija in Yugoslavia about 70 dele-
gates representing some 40,000 licensed radio amateurs
from the national amateur radio socicies of Austria, Belgium,
Finland, France, Germany, Italy, Luxembourg, the Nether-
tands, Nigeria, Norway, Poland, the Soviet Union, Sweden,
Switzerland, the United Km"dom and Yugoslavia will meet
10 discuss over 100 proposals and suggestions at the trien-
nial conference of the Intérnational Amateur Radio Union,
Region 1 (Europe and Africa) Division,

Subjects for discussion will include amateur teletype stan-
dards and frequencies, proposals for a Europcan orbiting

satellite cnr)mg amateur radio (OSCAR) and proposals by.
the R.S.G.B. that harmonically related frequencies should
be used for s.h.f. working and authority sought for amateurs
10 use the amatcur whi. and s.hi. bands for space com-
munication. At present under international regulations
amateur Space communication activities are confined to the
144-146 Mc/s band.

The Confurence is being organized by the honorary sec-
retary of the LAR.U. chlon 1 Division, John Clarricoats,
G6CL, who, until hc retired at the end of 1963, had been
secretary of the R.S.G.B. since 1930.

Australian Telecommunication Problems

THE Australian Telecommunication Development Associa-
tion, a representative body for manufacturers of telecommuni-
cations equipment, is confronted with a major problem, for
although the Post Office supports the indigenous electronics
industry, the Defence Services do mor. Last year, 80, of
all radio transmission equipment purchased by the Common-
wealth Department was imported. The Association admitted
that some complex electronic devices could only be obtained
abroad, but also claimed that the Australian industry could
Have supphed 507, of the required equipment. The prob-
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lem is twofold; first, that since this industry is regarded as
a major unit in the Australian economy a continued flow of
orders overseas can only be detrimental to the cconomy:
and, more seriously, AT.D.A. maintain that with depen-
danc on other countries for the supply of clectronic defence
systems, Australia could suffer if hostilities cut supply lines.

Objectives of A.T.D.A., prompted by the above problems,
include () to cncourage and maintain the growth of the
industry and (b) to sustain effective co-operation with rele-
vant Government departments and industry.
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E.E.A. Annual Report

THE Electronic Engineering Association has recently issued
jts annual report which includes details of the general
activities and work of the individual divisions during 1965.

One of the objectives of the Association has been to
establish close liaison with the Ministry of Technology whose
main function has been to implement the Government’s
programme of modernizing the cconomy and to maintain
closc collaboration with industry. However, the report indi-
cates that the general cconomic inhibitions and cancellation
of military aviation projects have created disturbing uncer-
winties for the whole of the electronic capital equipment
industry,

During the year the Association has conducted a derailed

Canvas and Electronics.—Modern clectronic equipment
is a feature of a 300-ton topsail schooner, Sir Winston
Churchill, which sailed recently on her maiden voyage.
Equipment includes Marconi Marine “Raymarc” radar,
presented by English Electric Ltd., a Marconi Marine
“Kestrel II,” transmitter-recciver provided with a radio
goniometer and presented by The Marconi Company Ltd.,
a *“Graphetre ¥ recording echo sounder and an octahedral
radar reflector, presented by the Marconi International
Marine Co. Ltd. The radar reflector has been fitted because
sailing vessels are not always good radar rargets; improved
reflections will ensure that the schooner can be under radar
observation by other vessels. The schooner is owned by
1he Sail Training Association.

Thirteen new relay stations will be built during the next
three years by the Independent Television Authority. These
stations will bring a new or improved service to over half
a million pcople along the western side of the United King-
dom. All sites and channels have not been decided but pro-
visional information indicates that three stations will be
built along the Scottish coast to cover Central Ayrshire,
Helensburgh and Rothesay and six small stations in Central
Wales will cover the main towns of Abergavenny, Bala,
Brecon, Ffestiniog, Llandrindod Wells and Llandovery.
Another station will cover Whitehaven (Cumbertand) and, in
the West of England, a station will be built between Here-
ford and Gloucester, another ncar Bath and one near Barn-
staple and Bidcford,

The International Publishing Corporation, of which the
Iliffe group is a member, has acquired a 40% interest in
Cahners Publishing Company, the Boston, Mass., publishers
of 17 trade and technical journals. Among the journals pub-
lished by Cahners is the monthly Electronic Engineers’
Design Magazine, which has a controlled circulation of nearly
52,000. The latest acquisition brings the total numbcr of
trade and technical journals pubtished by I.P.C. associated
companies in_this_country, France, Italy, West Germany,
Holland, the Far East and America to 213,

Yugoslav Post Office will issue a special 0.85 dinar stamp
on May 23rd to commemorate twenty years of Yugoslav
amateur radio, and the opening of the Region I (Europe and
Africa) Conference of the International Amateur Radio
Union in Opatija. Further publicity will be provided by
daily operation of the station YUBIARU, from the head-
quarters of the Yugoslav National Amateur Radio Socicty.
Transmissions will be from 1200 to 1300 G.M.T. on 14.1
Mc/s.

Digital Instrumentation is the title of a one-day sym-
posium to be held on May 19th at the Mid-Essex Technical
College and School of Art, Victoria Road South, Chelmsford.
Subiects to be covered include circuitry, displays, ergonoe-
mics, digital counters, measurement techniques and methods:
of digitalization, Turther derails are available [rom tht
Decpartment of Electrical Enginecring.
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analysis regarding the expansion potential for production
of radio communications, electronic control, navigarional aid,
aviation and broadcasting equipment. This has resulted in
a document “Electronics and the Economy ” which has been
submitted to the Ministry of Technology and other Govern-
ment departments in an attempt to show that if certain
Government action were taken the rotal output and exports
of the various analysed sectors of the industry could increase
and the imports of manufactured equipment reduced. De-
tailed discussions with the Ministry of Technology on the
document have not yet taken place but it has already pro-
vided a background to various committees and enguiries
instituted by the Government.

Royal Society Awards.—Three awards of unstated value
under the Roval Society and Nufficld Foundation Common-
wealth Bursarics Scheme have becn made. To Dr. A. R. H.
Cole (University of Western Ausiralia) to cnable him to
gain experience in high resolution electronic spectroscopy; o
Professor E. O. Hall (University of Newcastle, New South
Wales) 1o enable him to gain experience in the use of thin
film clectron microscopy and to Professor E. R. Love
{University of Mclbourne) to assist him to continue work on
integral equations and integral transforms. An award under
the- Paul Instrument Fund Committee worth £3,250 has been
made to Professor A. F. Gibson (University of Esscx) for
work on the application of infra-red lasers.

A visit of a “ Spacemobile” to this country is being
arranged by the British Interplanetary Socicty and the
National Acronautics and Space Administration of America.
The “ Spacemobile” is a vehicle containing models, films and
other visual aid cquipment for demonstrating astronautics
and will be on a three-month tour of the U.K.  Schools, col-
leges, universities, adult education centres, industrial, service
establishments and other organizations who wish to be in-
cluded in the tour should contact the Socicty at 12 Bess-
borough Gardens, London, S.W.1.

The second session of the Aeronautical Radio Conference
convened by the L.T.U. commenced on March 14th for a
period of eight weeks at the Maison des Congrés in Geneva.
The main purpose of the Conference is to draw up a new
world-wide plan for h.f long-range communications for
aircraft flying on national and international civil air routes.
“This will be considered in conjunction with the development
of v.h.f. communications to reduce the use of high frequen-
cies for short-range communication in many parts of the
world.

Radio Nepal—A gift of a 100 kW Marconi hf. trans-
mitter, costing with associated equipment about £145,000,
is being made to the Nepalese government by the Ministry
of Overscas Development as part of the £1M capital grant
made by the British Government to Nepal in 1960. With
the new transmitter, Radio Nepal will be receivable in all
parts of Nepal.

This year’s National Mobile Rally organized by the Radio
Society of Great Britain will be beld on Sunday, May Ist,
at the Bedford headquarters of Texas Instruments Lid.  The
talk-in stations will be GB3BS on 160 and 180 meters s.s.b.
and GB2VHF on 2 and 4 metres.

An hibiti of ed ional i arranged bv
Educational Instruments Ltd., is being held on May 9th and
10th at the Embassy House Hotel, 31 Queens Gate, London,
S.W.7. Admission to the exhibition is free to all those inter-
ested in educational cquipment,
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PERSONALITIES

Joseph W. King, Ph.D., 35-year-old
physicist at the Radio and Space Re-
search Station, Slough, Bucks, has re-
ceived the 1965 Wolfe award for his
work on “the analysis of results ob-
rained from topside sounding sarellites
and 1heir interpretation in terms of
ionosphere theory; work which has en-
hanced his own reputation and that of
the station.” The £500 award is the
cighth of ten annual awards to be made
under the will of the late James Perrin
Wolfe to the research worker who is
considered 10 have made an outstanding
conuibution o the work of whar was
the Dupariment of Scientific and In-
dustrial Research, now the Science Re-
search Council. Dr. King, who joined

Dr. J. W. King

the Radio and Space Rescarch Station
in 1961, is a graduate of Rhodes Uni-~
versity, South Africa. In 1951 he was
awarded the Cornwall and York Prize
by the Vice-Chancellors’ Committee of
the South African Universities for his
first publication on ionospheric physics.
He went 1o Emmanuel College, Cam-
bridge, on a Rotary Foundation Fellow-
ship for Advanced Swudy and was
awarded the 1955 Hamilton Prize by
Cambridge University for the research
in ionospheric physics which he did at
the Cavendish Laboratory.

C. C. Moore, who has been with the
Bush organization for 35 vears and
for the past_ycar has been managing
director of Rank Bush Murphy Lid.,
has been appointed to the newly crea-
ted post of vice-chairman. Theé chair-
man is Joho Davis. Mr oore, who
is 67, was appointed assistant managing
direcior of Bush Radio in 1952 and
held :he same position in the Bush-
Murphy merger. He succeeded 1o the
managing directorship when Dudley
Saward resigned in April last year. J. P,
Collis, who was named managing direc-
tor designate several months ago, suc-
ceeds Mr. Moore. Mr. Collis will con-
tinue also as managing director of Rank
Audio Visual.
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Kenneth G. Budden, M.A., Ph.D..
AMILEE, lecturer in physics at the
Cavendish Laboratory, Cambridge, has
been ¢lected a Fellow of the Royal
Society.  The citation refers to Dr.
Budden's *“contributions ro the theory
of the propagation of clecrromagnetic
waves in a cn-uniform  anisotropic
medium, particularly  of long radio
waves in the jonosphere” A few years
ago he was given a grant of £1.694 by
the then D.SILR. for studyving the
theory of propagation of radiations from
artificial satellizes.

Professor Jumes D. McGee, O.13.
M.Sc., Ph.D.. MLE who is Profe:
sov of Applied Physics at Imperial Col-
lege, London. is also among the newly
clected Fellows of the Roval Society.
Dr. McGee, who is 63 and a araduate
of Sydney University, was a rescarch
physicist ar ML Research Labora-
tories from 1932 uniil joining the
academic staff at Imperial College in

Reference is muade in the Fel-
lowship citation to Dr. McGee’s work
on the development of clectron-optical
instrumentation, television camera
tubes, infra-red image converters and
image intensifiers.

Sir Frederick White, K.B.E., chair-
man of the Commonwealth Scientific
and Industrial Rescarch Organization,
Canberra, Austalia, is also appointed
an I'.R.S, for his work in radio physics
and radar and “for outstanding con-
tributions to the development of Ausira-
lian science.”

C. H. Noton, M.Sc., Ph.D, M.LEE,,
who has been with the Plessey organi-
zation since 1959 and has laterly been
resident general manager for France,
has been appointed to the new post of
proup commercial executive of the
Plesscy Components Group, Dr. Noton,
who studied at the Universities of
Liverpool and Oxford, served ar the
Ministry of Economic Warfare during
the second world war. He was in the
chemical industry before joining Plessey.

A number of other executive appoint-
ments in the Plesscy Components Group
are also announced. The new group
cuality control manager is E. P. Stan-
ton, Ph.D., MLEE, who has been
with the company since 1957 and was
chief inspector of Plessey-U.K. prior to
his new appoimment. Dr. Stanton, who
is 56, eviously held posts in the
G.P.O. Engi ing Department  and
was for 18 vears in the Royal Signals.
R. H. Crampton, who is 44 and has
been with the company 27 years and has
been  regional production  controller
since 1964, has become production and

cost control manager. H. P. Kavanagh,
who is 41, is appointed group data pro-
duction manager. He has been with
Plessey for two years. J. A. Lee, chief
enginecr of two Plessey divisions suc-
vessively between 1958 and 1965, be-
comcs group mechanisation engineer.
He joined Plessey 25 vears ago ar the
age of 20. L. W. D. Sharp, M.I 5
who came to Plessey from E. K. Cole
Lid. in 1948 at the age of 26 and has
held various divisional and group ap-
pointments, is appointed manager, ncw
product development. He was a de-
velopment enginecr with E. K. Cole.

Lord Nelson of Stafford, chairman
and chief executive of the English Ele
tric Company, has been elected pr
dent of the British Electrical and Allied
Manufacturers’ Association. Lord Nel-
son, who. succeeded to the barony on
the death of his father in 1962, is a
member of the National Electronics
Research Council and of the Minister
of Technology’s Advisory Council on
‘Technology and is also chancellor-
ignate of the new University of
Aston, Birmingham.

H. 8. Macadie, who in 1932 designed
the Universal Avometer, has retired
from the board of Avo Lid. but is being
retained by the company as a consultant,
Mr. Macadie, who is 65, served his ap-
prenticeship in mechanical engineering
and then joined B.T.H., wherc he
worked on meter production. In 1925
he started his own company 10 manu-
facture plug-in_tuning coils for broad-
cast reccivers, The cotls were marketed

o

H. S. Macadie

by the Aulomatic Coil Winder & Elve-
trical Company, which also marketed
the de. Avometer and an automatic
coil winding machine both invented by
Mr. Macadie’s (ather. In 1927 Mr.
Macadie, jnr., joined the Automatic Coil
Winder Company, the name of which
was changed in 1957 to Avo and he be?
came a director.




Group Captain E. Fennessy, CB.E,
director of the Plessey Electronics
Group, has also been appointed chair-
man of the rcconstituted board of
British  Telecommunications Research
Ltd. The company was established in

J. Lawton

1946 jointly by A.T. & E. and B.I.C.C.
and became a subsidiary of Plessey in
1961 with the acquisition of A.T. & E.
A minority intcrest is retained by
B.I.C.C. Under the rcorganization J.
Lawton, M.Sc,, M.IEE,, has become
director of research. Mr. Lawrton, who
ok an honours degree at University
College, London, was in the Post Office
Rescarch Department from 1939 until
joining B.TR. in 1950. He became a
director in 1956 and since 1962 has becn
responsible for the management of the
company.

G. B. B. Chaplin, M.Sc, Ph.D.,
M.LE.E,, chief scientist at Plessey-U.K.
Lid., has been appointed to the chair
of clectrical enginecring science at the
University of Essex. Dr. Chaplin, who
is 42, graduated at Manchester Univer-
sity, where he subsequently served for
three years as lecturer in electrical en-
gincering. From 1955 he was for four
years in the Electronics Division at
A LERE, Harwell. He joined Plessey in
1959 as technical manager of their Roke
Manor Research Laboratory.

Captain F. J. Wylie, director of the
Chamber of Shipping’s Radio Advisory
Service since it was established in 1948,
has retired and joined Marconi Inter-
national Marine Company as a con-
sultant. Capt. Wylie’s Naval appoint-
menrs included Flcet Wireless Officer
Maediterranean, 1929-31;  officer  in
charge of the experimental depariment
of H.M. Signal School, 1933-37; deputy
director, Admiralty Signal Department.
1941-43; and dircctor of radio cquip-
ment, Admiralty, 1944-46. The Radio
Advisory Service was cstablished to give
authoritative advice on all aspects of
marine radio communications and navi-
gation and to investigate and evaluate
all types of marine clectronic equip-
ment for the benefit of the members of
the Chamber of Shipping and of the
Liverpool Steam Ship Owners’ Asso-
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ciation. Capt. Wylie is succecded as
director of the Chamber of Shipping’s
Radio Advisory Service by Captain
R. G. Swallow who has been deputy
director since his retirement from the
Navy in 1954. Capt. Swallow, who was
a communications specialist throughout
his Naval career, was successively
deputy director of the Admiralty’s radio
equipment  department and of the
electrical department and director of the
Signal Division. From 1952 until his
retirement in 1954 Capt. Swallow was
director of the Tactical School, Wool-
wich.

. M. C. Dukes, MA, DIC,
AMIEE, who six months ago joined
A. C. Cossor Ltd. as technical director,
has been appointed deputy managing
dircctor. Until joining Cossor last ycar
Mr. Dukes had been for six years with
the Plessecy Company first as technical
manager of the Telecommunicatons
Division and since 1962 as_chief en-
gineer of the Electronic and Equipment
Group. Prior to joining Plessey he was
for lzbycars with Standard Telephones
& lcs.

G. E. Gilbert, AM.IEE, who has
been in charge of the B.B.C's engincer-
ing buying scction since 1936 is retiring
on April 30th. He joined the Corpora-
tion in 1935 having previously served
with Marconi’s and the Western Elec-
wic Company. The new engineering

buyer is T. R. Boys who joined the’

B.B.C. in 1939 at thc Daventry trans-
mitting station. He later served in the
departments concerned with research,
planning and design and since 1954,
has been assistant engincering buyer.

Professor Charles W. Oatley, O.BE,,
M.A, M.LE.E,, who has occupied the
Chair of Elecrrical Engineering at
Cambridge University since 1960, has
been appointed to the board of directors
of English Electric Valve Company. For
12 years before the war he was a
member of the staff of the Physics
Department, King’s College, London
University. [For some time during the
war he was in charge of basic work on
radar transmitters and receivers at the

Prof. C. W. Oatley

Radar . Research and Development
Establishment of the Ministry of Supply.
Since 1945 he has been a Fellow of
Trinity College, Cambridge, and was
lecturer in electrical engineering prior to
receiving his professorship.

Reginald J. Watson, works manager
of Mullard’s Southampton factory since
1957, has joined Standard Telephones
& Cables (Transistors) Lid. the newly
formed subsidiary of S.T.C. and has
been appointed director of operations
EF.T.A. i

for the arca of the semi-

R L Watsanl

conductor activities of the I.T.T. group.
Mr. Watson will be at the Footscray,
Kent, headquarters of the new company
which will co-ordinate the semi-
conductor operations at both Footscray
and Harlow (Essex).

OBITUARY

Major-General _Sir Leslie  Phillips,
K.BE, C.B, M.C, dircctor of signals
at the War Office from 1943 to 1946,
dicd on March 19th aged 74. Sir Leslic,
who was knighted on his retirement in
1946, was throughout his 35 years’ Army
carcer a signals officer. He was pro-
moted to brigadier and appointed Com-
mandant of the Signal Training Centre
in Jubbulpore. India, in 1939 but was
recalled to this country in 1940 to be-
come command signals officer, Eastern
Command in London and as such he
was largely responsible for the provi-
sion of communications for this coun-
uy's defence. For two vears prior to
his War Office appointment in 1943
he was signals officer-in-command
Home Forces.

Leonard A. Norman, who had been
with Philips Electrical Lid. for 37 years,
died on March 17th after a long ill-
ness.  After war service in the RAF.
he rejoined the company in 1946. Six
years ago he was appointed sales man-
ager of Stella Radio and Television
Company and later rejoined the parent
company as a field manager, southern
region.
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Physics Exhibition 1966

ELECTRONIC AND MEASURING TECHNIQUES UNDER DEVELOPMENT

HE Institute of Physics and the Physical Society held

this year’s exhibition of scientific instruments and

apparatus (the 50th) among the decaying Victorian
splendours of the Alexandra Palace in North London—
where at least there was plenty of room 1o move around.
The scientific character of the event was well maintained
by careful sclection of exhibits, and in the following
report we have picked out a number of items which wiit
be of interest to people in clectronics and communi-
cations.

MICROWAVES

Railway communications, An exhibit by the British

Railways Board demonstrated the possibility of communi-
cation with a moving vchicle for the exchange of informa-
don. The exhibit comprised a length of Goubau line
fed wia a conical launcher at a frequency of 3 Ge/s and
terminated similarly, the line supporting a travelling sur-
face wave. A small probe atitached to a cavity resonator
(see illustration) is brought into the field of the surface

An exhibit illustrating how communication with moving trains can
be achieved using guided surface waves of about 3 Gc/s.

wave (the resonant frequency incidentally being varied by
a vartable-capacitance diode) and it was shown that
variations in resonance produced corresponding variations
in the echo power at the transmitter. If the line is con-
tinuous over long distances then the wide bandwidth
possibilities of the line could also be exploited for poini-
lo-pomr commuRnications.

Gunn oscillators.  Semiconductor sources of microwave
radiation relving on the Gunn effect have received a con-
siderable amount of publicity reccntly but their develop-
ment still continues.

Such devices were shown by a number of exhibitors,
bur the first public demonstration of their potential was
given by Dr. C. Hilsum at the R.R.E. stand.
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A Doppler radar system was shown in which the speed
and time of travel of a model locomotive were measured.
The minute Gunn oscillator replaced the usual klystron
and operated at 8 Ge/s (X-band) with about 5mW of
power. The ourstanding point of the exhibit was tie
size of the radar equipment which could be held in the
hand.

The gallium arscnide device is prepared on an epitaxial
laver of GaAs 10 pm thick and of 1 Qcm resistivity, which
is grown on to a GaAs substrate 0.2mm thick and
0.001 2cm in resistivity. The substrate is alloyed to0 a
copper heat dissipator, this being the positive contact,
and a small tin spot is fused on to the epitaxial layer o
form the negative contact. The device operates at 12V
and 100 mA delivering about 5-20 mW of power. The
frequency is stable to within 1Mc/s per day and can
be adjusted over the range = 109, by cavity mounting.

CIRCUIT TECHNIQUES

Circuit coustruction techniques of special interest in-
cluded a new screen-printed film method based on thin
mica wafers, introduced by Johnson Marthey. On dis-
play was a range of 0.6-in square mica wafers, some with
films of resistive material fircd on to one side and others
with capacitor plates silvered on to both sides. Round
the periphery of cach wafer are 16 regularly spaced con-
ducting tabs, to some of which the R or C clemenis are
connected. To build up a complete passive circuit the
wafers are stacked on top of each other, the complete
stack is fired to fusc the layers logether, and the edges
of the conductung tabs at the sides of the stack are
soldered together as appropriite to form required inter-
connections. ‘Other passive or active elements can be
soldered to the stacks, which can be cncapsulated in
various resins. Some prototype circuits, which were, of
course, a good deal smaller than conventionally con-
structed circuits, were shown in operation.

A high-density method of mounting and intercon-
necting monolithic integrated logic circuits was displayed
by LC.T. Unencapsulated semiconductor chips, each
containing one or more gatc circuits, are mounted on
a ceramic substrate, and this carrics a thin-film multi-
layer conductor network by which all connections to the
chips are made. The power and earth conductor pat-
terns are standard for a given chip. Superimposed on
these, and separated by an insulating layer, is the logic
“wiring,” consisting of two scts of orthogonal conduc-
tors. The insulation separating the conducting strips
is prescent only within the cross-over areas, so that inter-
connection between the sets of conductors can be made
at any cross-over by depositing a metal link, Fifty
integrated circuits can be accommodated on a 2inX lin
substrate. The complete units are intended to be en-
capsulated and mounted in flat packs.

RC time-varying networks. Frequency selective net-
works without inductors are obviously desirable for use
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An example of frequency selective RC time-varying networks.
The thin-film unit shown is a single sideband demodulator developed
by A.E.L

in integrated circuits. A type of active filter (discussed
briefly in W.W., March 1966, p. 129) of the time-varying
variety is under investigation at the A.E.I. Rescarch
Laboratories at Blackheath. One disadvantage of these
networks is the high sensitivity to changes in component
values and much effort is directed in reducing this.

These networks involve the use of resistors and capa-
citors and time-varying elements such as modulators or
sampling switches. Apart from the more usual type
where low-frequency low pass filters are simulated, work
is also directed at developing all-pass phase-shift net-
works used to produce a highly selective filter charac-
teristic at a high frequency.

Single sideband demodulators were exhibited, one in
thin film form (illustrated). In these the signal is fed
to two modulators driven by carrier signals in phase-
quadrature and derived from a carrier phase shift circuit.
The modulator output signals are fed to a wide band 90°
phase differcnce network and then added. The output
is filtered to remove signal components and then ampli-
fied. The carrier phase shift is derived digitally from
two bistable circuits thus permitting the carrier frequency
to be varied and giving a filter characteristic which can
be translated to any position of the frequency spectrum.

LASERS AND ELECTRO-OPTICS

Hologram reconstruction was demonstrated by the
Marconi Company, who arc onc of the many firms
investigating applications. Holography relies on a
method of optical production which does not use lenses
and which was described in 1948 by Dr. D. G. Gabor.
The outstanding feature of holography, however, is not
that lenses are not required but that three-dimensional
images can be formed.

Light from an object illuminated by laser light is
allowed to fall on a high quality photographic plate
without the aid of a lens so that a focused image is not
formed.  Light directly from the laser source is- also
allowed to fall on the plate and us a consequence inter-
ference fringes are formed, in a similar fashion o the
fringes of the classic Lloyd's mirror demonstration,
which are recorded on the plate. Thus the amplitude
and phase of the object light is recorded, the fringe
pattern being modulated in accordance with the nature
of the object. The image is viewed by looking through
the plate when this is illuminated by laser light.

One of the interesting features of the hologram is
that if the plate is broken, the image can be reconstructed
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from only a small piece of the original, but with some
loss of detail. This basic process may well find appli-
cation in a wide variety of fields, much as the lascr has
done. Developments are still taking place and one of
the latest is that it is now possible to view a coloured
3-D image with white light.

Metrology by holography has been investigated by the
N.PL. and AW.RE and was demonstrated on the
British National Committee for High Speed Photography
stand. It is suited particularly to the detection and
measurement of small changes in surface contour for
rough surfaces.

A hologram is made of an object (see previous item),
bur instcad of viewing the image with the object re-
moved, the object is left in place, resulting in the image
being superimposed on the object. If the surface of the
objecr then moves slightly interference takes place be-
tween corresponding points on the object and its recon-
struetion giving rise to fringes across the object surface.
The degree of distortion can be calculated from the
fringe pattern.

If the plate is exposed twice, that is once with the
object in its original position and the second exposurc
after the object has been distorted, then a permanent
record of the fringe pattern is made.

The technique can be used to compare production line
components for shape against a master; for determining
the thermal expansion of components; and for investi-
gating surface vibration modes.

Laser light is not necessary for image formation; the
demonstration used filtered mercury light.

Radar photography allowing clear pictures to be taken.
or distances of objects to be determined, through a light-
scattering medium such as fog or dust was demonstrated
by the Atomic Weapons Rescarch Establishment (ope:-
ating in their new “swords into ploughshares” role).
The principle is to avoid reflection of light back inio
the camera from the scattering medium, as would occur
with continuous illumination (e.g., driving a car in fog
with headlights on). This is achieved by propagating
a short “pulse™ of light from necar the camera 1o illu-
minate the object and then opening the camera shutier
at the correct instant to receive only the light reflected
from the object. Thus, although the scattering medium
absorbs some of the incident and reflected light, the
camera shutter is closed at the instant when the incident

““ Business end "’ of U.K.A.E.A. radar photography equipment—the
entrance of the tunnel enclosure being visible on the left.
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llglu pulse is temporarily causing the unwanted reflec-
tion from this medium.

Application of the principle depends on the use of
clectronic methods to achieve sufficiently short light
pulses and rapid shuttering. In the demonstration a
20ns high-intensity light pulse was generated by a
Q-switched ruby laser and propagated down 2 long
wunncl enclosure at the far end of which was placed
the object to be photographed. The light pulse was
therefore about 20ft long, and at any instant during its
trave] only the section of tunnel within this 20ft span
was illuminated. Net curtains wnthm the tunncl pro-
vided the sca[tcrmg medium. The “camcra®™ was an
clectronic image converter (Mullard 6929) and was
pulsed from a line controlled by a spark gap to give an
exposure time of 20ns. The “camera” was correctly
synchronized with the light source by triggering the
spark gap from the firing of the Kerr cell in' the laser
unit. Suggested applications include photographing
industrial processes through clouds of fumes, vapour or
particles, as in furnaces.

Electronographic cathode- -ray tube. To obviate the in-
cfficient process invelved in recording a photographic
image from the face of a cathode-ray tube, the General
Elcctric Company suggested a new tcchniquc. The con-
ventional  faceplate
and phosphor are
replaced by a thin
miea window (3 nm
thick) which is bom-
barded by the elec-
fron  beam. The
beam, with an
cnergy of about 25
keV penetrates the
window thus reach-
ing a photographic
film placed directiy
on the window.

It has been found
that beam currents
around 10" A  are
sufficient for record-
ing compared with
10°*A for conven-
tional oscillography.
This low value cases
the problems asso-
ciated with obuain-
ing good resolution and line widths of 0.0003 in are readily
obtainable.

Difficulties exist in obtaining the mica screen and the
exhibit showed only a small area of screen.

A sma!i electronographic c.r.t. which
uses a mica faceplate to enable

direct  photographic recording  of
images ond eliminating the losses
ossocigted with @ phosphor screen

Contrast enhancement for automatic paitern recognition.
It is known that, due 1o diffraction effects, the image of a
point source produced by a converging lens is surrounded
by the Fourier transform of any aperture placed in the
plane of the lens. If this is a transparency then the image
plane contains the transform of the pattern on the trans-
parency. The spatial componcnts of the pattern are dis-
placed radially about the optical axis and opaque stops can
be introduced into the image or Fourier planc 1o suppress
selected frequency components. If the low-frequency
components of the Fourier transform arc suppressed,
arcas of constunt density in the pattern arc climinated and
if the high-frequency components are suppressed the fine
granular noise is climinated.

Thus, this method allows contrast to be increased and
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Shawing enhancement of boundaries by introducing stops to suppress
selected frequency components a diffraction pottern. The N.P.L.
suggests that the technique may have applicaticn in automatic
pattern recognition.

noise 10 be decreased, and may find application in auto-
matic recognition and processing of optical patterns. An
auribute of the system is thar several paiterns may be
processed simultaneously.

Laser Doppler velocity meter has been msmlkd in a
factory for the purpose of measuring the speed of alu-
minium sections emerging from an extracting machine,
and the developers, Decca Radar, gave a demonstration
of its principles. Light from a low-power gas laser was
focused on the moving surface, a rotating disc with its
drive shaft inclined at an angle o the incident beam. The
back-scattered energy, together with a sample of the
incident laser light, was focused on to a balanced photo-
mixer to produce a difference-frequency signal. A
tracking unit followed the frequency of this signal and
displaved it on an indicator as velocity in ft/min, for
comparison with a similar indicator showing the disc
surface velocity measured directly by a tacho-gencrator.
Features of the system are its high sensitivity, sufficient
to give good Doppler signuls from a diffuse scattering
surface, and reduction of local oscillator noisc in the
design of the homodyne balanced mixer. Other possible
applications of the principle include measuring the
Iength and vibration of surfaces and monitoring the sur-
face finish of materials.

INFORMATION PROCESSING
AND STORAGE
Correlation techniques for measurement and detection
(sec April 1966 issue, p. 190) appeared in a number of
applications. In an automatic “go, no-go” servo tcster
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introduced by Sperry, for example, the test signal is a
random binary signal and the cross-correlation
coefficient between the excitation and the resulting
response of the servo is measured for a number of
different delays to give the cross-correlation function—
which is identical 1o the servo’s impulse response if the
delay parameter is considered as real time. The tester
runs automatically through 11 preselected delays. Ar
the end of each measurcment a voltage representing the
c-c coefficient is examined and if it is within required
acceptance limits the tester passes on to the next
measurement. If all 11 tests are passed the tester indi-
cates “go.”” If any test is failed it can be repeated,
and if the servo continues to fail it “no-go” is indicated.
Acceptance limits are fed in by a programme plug.

In a cross-correlator for electroencephalograph signals
shown by J. C. Shaw (M.R.C.) and K. R. McLachlan
(Southamptron University) simplicity is achieved by a
digital mode of operation. One of the input signals is
quantized into a number of levels, then the binary num-
bers generated from the different levels are delayed in
shift registers and used to gate the second input signal
Another digital correlation technique, shown by Plessey,
is intended for extracting sequences of pulses or events
with fixed intervals between them from a noisy environ-
ment. Nearly all the functions required are performed by
one simple circuit unit.

Elliotr-Automation Radar Systems demonstrated a
radar technique using correlation which achieved the
cffect of transmitting short pulses of high peak ecnergy,
giving good range resolution without actually requiring
high peak powers. A long 210-ns pulse of r.f. encrgy is
coded by phase reversal into the 7-bit sequence 1110010
before transmission (using a circulator with diode
switches in a transmission line conmected to one of
its ports). On rcception the reflecctcd pulse sequence is
fed into a correlator, where it is processed into a shorter
pulse of 30ns containing substantially the same cnergy
and having, consequently, about seven times the ampli-
tude. This would give a radar range resolution of
5 metres.

A correlation type of detector was also used at the
receiving end of a system of comumunication using noise
type signals demonstrated by Marconi. If a purely
angle-modulated carrier is multiplicatively mixed with
wideband noise, sclection of onc of the resulting side-
bands gives a signal which to all normal detectors is
pure noise. Thus secrecy of transmission can be ob-
tained. At the receiver the signal is applied to one
input of a correlation detector while the original noise,
also transmitted separately, is applied to the other input.
The original modulated carrier is then obtained at the
detector output. As noisc is not cyclic several channels
can be transmitted by this method, the output of the
noise source being delayed a different amount for each
channel and separate correlation detectors being used for
them. In the demonstration two speech channels were
transmitted, using frequency modulated inputs and a
15 Mc/s noise source. The system is said to be reason-
ably immune from jamming and interference.

Non-destructive delay-line store, not requiring continu-
ous circulation to hold the information, was demonstrated
by Plesscy. Intended for use as u register, the cxperi-
mental device stores 20 bits, but capacities of several
hundred bits arc envisaged. It comprises a length of
0.0075 in diameter beryllivm-copper wire plated with a
thin film of magnetic material. Current signals corres-
ponding to the binary pattern to be stored (“on” for 1,
“off ” for 0) are passed through the conductor, setting up
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magnetic fields, while at the same time mechanical stress
pulses are transmitted by a PZT wansducer—the acoustic
delay being 60us.

The effect of the stress pulses is to “frecze ” the time-
varying magnetic signals into a spatial magnetic pattern
on the line. Each stress pulse reduces the coerctvity of
the magnetic film over the small section of line occupied
by the pulse during its travel. The magnetic fields set
up by the current signals magnetize the film, but the value
of remanence left at a particular scction of line after cessa-
tion of a “17” current signal depends on the coercivity of
that section, which is determined by the mechanical stress
pulse. If, therefore, a “1” current passes through the
conductor when the stress pulse is occupying a particu-
lar section of line, that section will be left with a higher
value of remanence than the rest of the line and so will
magnetically store a “1” digit. Similarly with succes-
sive stress pulses acting at other positions along the line.

Read-out is performed by wansmitting another stress
pulse, and the resulting changes of flux as it moves down
the line induce 60 #V pulses in the conductor. Signal/
noise ratios of up to 17dB in the read-out signals can
be obtained with a digit rate of over 400 kc/s.

Memory stores by electrophoresis. The technique of
electrophoresis has been well used in the past and recently
the possibility of using this method for the formation of
ferrite memory stores has been studied by the British
Scientific Research Association and the Royal Radar
Establishment. It should be possible to achieve very thin
ferrite sections, allowing faster switching times and lower

i NS R '§

£

8
i
drive currents, by this method. Another advantage is
that the laborious threading of toroids would become
unnecessary.

One variety of ferrite has been used so far which has
to be sintered at about 1400°C to give the requisite
square-loop characteristic, and has so far restrictcd the
conductors to platinum.

Read times of 50ms have been achieved with 0.005 in
wires with an interrogate current of 300 mA.

Because deposition can casily be controlled and the
ferrite can be deposited on electrodes of almost any shape,
desirable clement shapes, which have previously been
thought to be uncconomic, may well prove to be easily
fabricated.

i 4 illustrating the deposition
r 1 of ferrite computer stores by

efectropheretic deposition.

-
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MEASUREMENT AND ANALYSIS

Direct measurcment of transfer functions of electrical
networks and mechanical devices was demonstrated with
new solid-statc equipment developed by Wayne Kerr
from their earlier Transfer Function Computer. The new
equipment is more flexible in that it allows two types of
measurement—in one the system cxeitation is provided by
a built-in signal generator and in the other it is applicd
separately or is already present in the system. The equip-
ment also permits conventional frequency response
(continued on page 233)
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SEE US AT THE
I.LEA. EXHIBITION
STAND E553

]

®
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The
TEKTRONIX

h49 y

has a dual personality

AS A STORAGE SCOPE

Enables holding single-shot events, and low duty
cycle waveforms, for detailed analysis.

features include:

High writing speed—up to 5 cm/usec, with enhance-
ment, split-screen storage—storage on either upper
or lower half of crt (with other half for conventionat
displays, if desired), automatic erase feature—with
sefectable viewing times from0.5secondsto5seconds.
Storage feature adds a new dimension to sampling

PLUS ALL THESE APPLICATIONS: low-level differential-input + wide-band

multi-trace . spectrum-analyzer . strain-gauge.

Type 549 Oscilloscope (without plug-ins) £981. Free ot duty—subject to Treasury direction.

Tektronix U.K. Ltd.

uebec . Toronto (Willowdale) . Onfario .

Beaverton House - Station Approach
Telephone: Harpenden 61251
For overseas enquiries:—~ TEKTRONIX Ltd . Albany House . St. Peter Port . Guernsey . C.I. . TEKTRONIX CANADA LTD .

io . TEKTRONIX AUSTRALIA PTY Ltd. P.O. Box 488 . Sydney - New South Wales .
TEKTRONIX INTERNATIONAL A.G. P.O. Box 57. Zug - Switzerland . TEKTRONIXINC - P.0, Box 500 . Beaverton . Oregon . U.S.A.

applications and spectrum analysis — permitting
displays not possible with any other oscilloscope.

AS A CONVENTIONAL SCOPE
Accepts more than 20 piug-ins—either the Tektronix
letter-series units or the newer 1-series units.
features include : calibrated sweep delay from 1'micro-
second to 10 seconds, single sweep, 5X sweep
magnifier, and {full-passband triggering facilities.
The Type 549 can handle almost any laboratory appli-
cation in the DC to 30 Mhz range.

sampling

Harpenden Herts
Telex: 25559

WW—I112 FOR FURTHER DETAILS.
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Marconi

SELF-TUNIN

h.f. receivers

i < - - TP‘ The H2002 Series of MST receivers for high grade
point-to-point h.f. communication services.
SR 2 H2002 double diversity fis.k.
Sl jue e H2102 double diversity i.s.b. or s.s.b.
; pte e erete H2112 single pathi.s.b. or s.s.h.
i LYRELY ©
| . i | .
< L3 i S
< 9 1 , ATOR
} t .l ece | | NO oSC\LL
S NN NO VARIABLE CAPACITORS

ln\'lg ;\.I(I’ECHANICAL TELEGRAPH RELAYS
]
NG SCaLEg

The new range of MST transistorized receivers uses
synthesizers to provide accurate selection 0f250,000frequencies,

Elimination of manual tuning by a unique self-tuning system
(using servo controlled varactor diodes) allows centralized
extended control.

Exceptionally good frequency stability renders a.f.c.
unnecessary on stable transmissions.

One-man control of an entire receiving station.

60% space saved by much smaller equipmentand back-to-back
and side-by-side installation,

RECEIVER (“MS'?/ BREAKTHROUGH

Three double-diversity
H2002 receivers

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chetmsford, Essex, England LTD/H55
WiV—113 FOR FURTIER DETAILS,



Wayne Kerr instrument for direct measurement of transfer functions,
with electro-pneumatic servo unit in front.

measurements {magnitude and phase) to be made. The
basic principle is 10 set up a model of the system using
d.c. analogue computing elements (mostly integrators and
potentiometers), apply a common excitation to the system
and the model, connect the response signals of the system
and model to a c.r.t. null indicator, then adjust the model
until the null indicator shows that the model is equivalent
to the system. Ixcitation can be a sinewave, a ramp or
some other repetitive waveform, typical frequencies being
from 0.01 to 300¢/s. Transducers are used where the
excitation or response is mechanical.

The transfer function is presented as the ratio of the
response to the excitation, derived from the linear differ-
enual equation describing the behaviour of the system
and cxpressed in operational form. Adjustment of the
model is a matter of adjusting calibrated potentiometers
which vary the equarion coefficicnts in the numerator and
the denominator, and once a null balance is obtained the
cocefficients can be read from the dials. Demonstrations
included the use of a self-contined instrument for educa-
tional purposes, measurements on an electro-pneumatic
positioning servo and tests to determine the dynamic
properties of elastomers. Also shown was a commercial
instrument using the technique for operational perform-
ance testing of servos.

Transistor measurements by reflectometry, operating in
the time domain, were demonstrated by the College of
Acronautics. The method is an extension of the tech-
nique for locating and analysing discontinuitics in trans-
mission lines by propagating impulses or step functions
along them and examining the waveforms of the result-
ing reflections on a cr.o. If the discontinuity takes
the form of un inserted network the network clements
can be determined from an analysis of the reflection
waveform—and, of course, such a network can be a
transistor. The function of the transmission line is
then merely to separate the incident and reflected waves
in the time domain so thar they can be convenicntly
displayed.

In the demonstration the transistor was incorporated
in a 50-() coaxial linc system fed from a pulse generator,

and voltage waveforms at points equidistant from the.

transistor network ports were recorded by a two-channel
sampling c.r.o. and an x-y plotter. Five response curves
were plotted—the transmitted and reflected pulses for
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Apparatus for reflectometry transistor measurements (College of
Aeronautics, with black arrow showing coaxial line link containing
transistor under test.

both directions of transmission and a reference pulse
obtained by substituting a direct link for the transistor
under test.  From thesc curves, which contain informa-
tion characterising the transistor network over the entire
frequency spectrum provided by the excitation pulse
(up to 1Ge/s), the required data are obtained by com-
puter analysis—though this was not actually done at the
exhibition.

The corresponding frequency-domain parameters can
be derived, and conversion to the h, y or z parameters
can bc performed by standard procedures. The tech-
nique promises to be simpler and quicker than the con-
ventional bridge method of parameter evaluation—
assuming that a digital computer is available—bur its
full potentialities and limitations have yet to be explored.

A gallium arsenide thermometer has been developed by
the International Rescarch & Development Company. It
is suited for the range 4-300°K and should find appli-
cation in research cryostats and refrigeration systems,
although it is not suitable for accurate calorimetric investi-
gations at the lower end of the scale, owing to the com-
paratively high power required.

The instrument has an almost linear scale and relics
on the temperature sensitivity of the forward voltage drop
across a  gallium
arsenide junction (at
constant current).
Variation of = the
current through the
junction alters its
sensitivity and it is
necessary to increase
current in order 10
increase sensitivity.

Gallium arsenide  ther-
mometer using the tem-
perature dependence of
the forward voltage drop
ocross a GoAs junction
and developed by
LRD.C.




NEW TECHNIQUES iN MEDICAL ELECTRONICS

AS SEEN AT THE PHYSICS, AND BIOMEDICAL ENGINEERING EXHIBITIONS

S opposed to the numerous systems available for in-
vestigating man closely under highly organized
circumstances (space flight, operating theatre, extreme

environmental conditions, etc.), there were, until quite
recently, few methods by which the physiological para-
meters of a normal man in normal conditions could be
measured and recorded. This was simply because instru-
ments for such research must necessarily be of very small
weight and size, inconspicuous when worn, be capable
of storing acquired data for long periods and be inexpen-
sive; in fact they have 1o be “socially” acceptable.
The biomedical cngineering division of the National
Institute for Medical Rescarch has scrutinized many
methods of recording such data, which were rejected for
reasons such as power consumption, COsE, Or even size
(in spite of miniaturization).

However, electro-chemical methods of data storage
have been used with encouraging results. One instru-
ment (Fig. 1) employs a commercially available electro-
chemical integrator of very small size, and high charge
sensitivity. Here, the use of three such devices permits
division of data in time, so producing a table of results
not unlike the analysis of a continuous recording. Other
instruments shown were a heart beat totalizer, and a tem-
perature excursion integrator. The size of such instru-
ments varies, but lying between the size of a matchbox,
and a packet of 20 cigarettes, they are siill conveniently
small, and with power consumption of the order of
400pW.

A functional stimulator with myo-clectric control has
been developed for paticnts who still have some muscle
control although they may have extensive muscle para-
lysis. Fecedback of the output signal into the amplifier

/ ELECTRODES
—
o
PLIFIER WITH
FILTER & A,

7
£ ECCLES 1 _|

PULS LES-
SR lFLIP—FLOP

=/
PULSE T0
INTEGRATORS

STARTS TIMING CHAIY

FLIP-FLOP

FEED
CIRCUIT

CONSTART WIDTH
PULSE

TRAILING EDGE OF PULSE
RESETS TIMING CHAIN

Fig. I. Heart rate integrator.
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Fig. 2. Functional stimulator.

QUTPUT TQ
INACTIVE MUSCLE GRS

via the patient’s body is inhibited by isolation trans-
formers in the circuit and separate battery supplies. The
apparatus, shown by Devices Lid., is suitable only for
conditions where paralysed muscies have not degenera-
ted.

An ophthalmoscope that employs ultrasonics for pulse
echo scanning of the interior of the eye was exhibited.
It is intended to serve as a diagnostic instrument for
the quick location of foreign martter, the detection of a
detached retina, the measurement of its extent, and
for the location of tumours. This ultrasonic cxamina-
tion can be carried out safely and quickly even with eve
conditions such as opacity, or cicatrization.

Marketed in this country by T.E.M. Sales Lid,
it has a frequency range of 3-20 Mc/s, and rcsults
are displayed on the screen of a 5-in diameter c.r.t.
The output from the transmitter is controlled so that
only sufficicnt energy is fed into any of the examination
probes. Changing frequency is effected by changing the
probe, no further switching being required. A reject
control permits the operator to blank out the smaller
echoes, thus obtaining a cleaner partern. Enlarging
of the response pattern is continuously controllable
within a wide range; at minimum enlargement the range
amounts to 13mm of the cye displayed on the screen,
and at maximum enlargement the range is 130 mm.

A correlator is being devcloped by the Clinical
Psychiatry Research Unit at Graylingwell Hospital,
Chichester, Susscx, to assist in the spatial analysis of
electro-enccphalogram signals. The form of eeg. is
governed by the site on the scalp from which it is
recorded, thus the topography of the e.c.g. is regarded
as important. Since the cross-correlation function is
a measure of the relationship between signals from two
sites, this is measured over each contiguous second of a
sample of c.e.g. record, thus determining the inherent
variability of the record.

The design of the correlator has been simplified by
using a digital method, in which one signal is quantized
jnto six quantization levels. Time displacement of the
two signals to be correlated is carried out by shift
registers, and multiplication reduced to a gating process.
The signals pass through the correlator, once for each
time-displacement value. The output from the correlator
is stored on punched paper tape, each number on the
tape representing a point on the correlogram.
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Public Address Equipment

SOME APPARATUS SEEN AT THE ANMUAL AP.AE EXHIBITION

NE of the most outstanding demonstrations for those
who visited the Association of Public Address En-
gineers® Ixhibition at the Kings Head, Harrow, was

given by one of the Association’s officers, Mr. Haydon
Warren. A Western Electric 618 moving-coil microphone,
introduced around 1931 and forerunner of the S.T.C. 4017,
fed a permanent magnet version of the 555 loudspcaker
(a 1928 design) wia a 250mW transistor amplifier con-
cealed in the microphone stand. The resulting sound
level was surprising and quite usable for small halls,
the secret being the loudspeaker—with an clectrical to
acoustic efficiency of 507, !—the most efficien: loud-
speaker yet produced?

Amplifiers
A number of manufacturers have introduced more tran-
sistor amplifiecs this year. Wharfedale (now, incidentally,
known as Rank Wharfedale) announced their new 50 W
design.  This four-channel amplifier has a sensitivity of
502V and will provide about 50 W (75 W music power)
into a 100V line, or into a low impedance load, with 4
harmonic distortion. Three Philips transistor amplifiers
were introduced by Peto Scott (10, 20 and 35 W) and the
new Sound Coverage range includcs 15, 30, 60 and 120 W
designs with a sensitivity of 200,V and a distortion of
8",. Qutput transistors (in push-pull) are used in parallel
for the high powcrs. The new 50 W Grampian (type
662) amplifier uses four 2N2869 transistors in the qutput
stage, cach having a fuse in the collector leads so that
in the event of failure of one transistor, operation is still
possible. To protect the transistors should the accumu-
lator supply be incorrectly connected, a diode and supply
relay are included.

A 50W amplifier design was introduced by Mullard

A tape transport mechanism developed by Planet Projects. This
illustrates a simple method of obtaining @ variable delay between
recording and playback.

for operation from a 12V battery. A single matched pair
of output transistors (OC29) are used and distortion is
less than 10%. To avoid destruction of the outpur tran-
sistors when the load is short circuited a protective circuit
is included (see accompanving circuit). Should the out-
put be short circuited the output transformer primary
current rises and the ACI27 turns on, tending to cut
off the OC7], and thus reducing the drive. The pre-sct
variable resistor is adjusted at maximum output so that
the OC71 collector current just starts to' fall.

CTH Electronics augment their transistor amplifiers
covering the range 15-1000 W with a 25W unit which

1
i
|
b
2
1
i
:
. 1
Protection circuit for Mullard 50W !
amplifier design to give protection i
against short circuited load. Rising A
current in the output stage causes R sy
the a.f. drive to be reduced by 5
tending to cut off a trensistor ;
(OC71 on left). ;
H
i
s
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includes the usual feature of automatic switching from
mains to battery in the event of mains failure.

Armstrong have entered the p.a. field by modifying
their 227 tuner-amplifier for 100V line working. A ver-
sion is available with a balunced 307 input. As a high
quality amplifier the distortion will be considerably less
(0.5% at 8 W) than the average p.a. amplifier.

Microphones

Although a number of new types of microphone are
under development (e.g. semiconductor and electret types)
is it not expected that these will appear for some time
in the pa. field. Two of the new mikes shown this year
were the Amplivox Telemike and the first microphone of
the recently formed London Microphone Co. This last
type is a low-cost moving-coil (illustrated) and forms a
very neat and inexpensive microphone for various uses
inciuding transistor tape recorders—some manufacturers
have been importing low cost Japanese moving-coil micro-
phones for this purpose. Sensitivity at 500¢} is 300 nv/
sbar and the frequency response is very smooth down 10
about 200 ¢/s and at 30 ¢/s the response is down to 10dB.
The Telemike is a rwo-way transducer and was briefly
described in the April issue {(p. 210).

Some other new microphones are the Reslo CPD pencil
typet, the Shure 581 scries, a number shown by Fi-Cord
(including Beyer types), the AIK.G. D500 secrics, the
Philips EL6033 and the Acos Mic 70. A Neumann
condenser microphone (KTM) was exhibited by Bauch
(who have, incidentally, changed their address to Hol-
brook House, Cockfosters, Barnet). This incorporates an
fet. followed by a common-emitter mode silicon tran-
sistor. A 9V bamery powers a simple built-in d.c.
converter to supply the polarizing voltage.

4 Sec Public Address Engincers Journal, March 1966.
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The first microphone to be produced e
by the London Microphone Co. This ’
moving-coil microphone is suitable

for domestic tape recorder use ond —
costs about £3 (retaif).

>
i 4
&
4
A phategraph which arrived too late
for last year's display of early p.a. i
equipment.  The transmitter-size
amplifier (@ W.E. No. | amplifier)
was rated ot 40 W and dates back
0 1919,

‘Some portable equipment

Of the mixers shown, the EMTI04, shown by F. W. O.
Bauch, was perhaps the most interesting. This robust
portable transistor mixer includes a battery casette taki
cither primary or secondary cells and a charging unit
Some of its featurcs are a peak programme meter, moniior
loudspeaker, tone generator, rumble filter on each channel
and a switchable limiter and compressor.

Two new portable transistor p.a. systems by the French
firm of Bouyer were shown by Claude Lyons and Asso-
ciates. In the smaller (5 W) version which measures about
22 x5x3in the amplifier is enclosed together with bat-
teries and a number of loudspeakers. A stand mounting
version is also available with a longer loudspeaker column,

A small sound level meter was shown by Cosmocord
covering the range 60-95 dB s.p.], with “ A weighting.

Communication Receiver Survey
Amendments

IN our survey last month Eddystone was listed under Stration
and Co. Lid. but should, of course, have been under Eddy-
stone Radio Ltd. which is a subsidiary of The Marconi
Company Lid.

Under K.W. Electronics Lid. the HQI80A should read
HQI70A. Details for the HQL80A which were omitied are
as follows: —

Country of Origin  US.A.

Type of Circuit Oouble and criple superhet.

Frequency Bands 540kc/s-7.85 Mcls (double conversion); 7.85-30Mc/s
(criple conversion); bandspread 3.5-30 Mc/s (calibrated for amateur bands).

Receiving Modes  s.s.b., 2.m., cw.

Impedances  52-6002 (I/P) 3 and 500 2 (O/P).

Sensitivity and (S+MN)/N  Average 1.5V for 10:) s/n on a.m. and 0.7:Y
an 5.5.b. and c.w

Selectivity Selectable sidebands, usb. I, 2and 3 kejsi Ls.b. |, 2and 3 kefs;
d.s.b. 0.5, 2, 4 and 6 ke/s ac 6 4B down.

Image Rejection 55dB.

LF. Ist 3,035 ke/s; 2nd 455 kefs; 3rd 60 kefs.

Local Oscillator tst tunable; 2nd 2,580 kefs (xral): 3rd 395 kejs. The
receiver also incorporates 3 xtal filter {on 0.5 ke/s selectivity); b.fo.;
a.n.t., xeal calibrator; power unit.

Gain Controls af. r.f.

Valves 18.

Semiconductors 2.

Additional Information Product detcctor, vernier tuning, aerial trimmer,
calibrated "5 " meter, 14 conerofs.
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HERE'S WHY ASTRALUX V.S.T. iS REPLACING C.V.T. IN INDUSTRY AFTER INDUSTRY:

Better Performance.That means im-
proved OCutput Voltage Stability—
output voltage maintained within 4
0.8% for input voltage changes of +
10% — 20%. Even when the vecltage
fluctuation is as great as + 109% to —
20% the V.8.T. will maintain the out-
put voltage to within + 1%. @ Latest
Materials. High temperature (Class F)
materials give optimum reliability and
Increased safety margins on operating
temperatures. ® Low external field.
Thelatest techniques in magneticcore
design give improved performance,
ceupled with high efficiency, while
still offering low external fields.
@ Stable Voltage—Stable Prices.

ASTRALUX'dynamiCS limited wuswonmen DIVISION * BRIGHTLINGSEA - COLCHESTER - ESSEX - TEL: BRIGHTLINGSEA 417

WW-—114 FOR FURTHER DETAILS.

ASTRALUX prices remain stable over
long periods, so costing a job ahead is
facilitated with this advanced system.
@Over10,000models! The ASTRALUX
V.8.T, Standard Range consists of ten
basic models with over a thousand
variations on each. No other manufac-
turer offers such a choice, or can offer
such economical prices. @ Low Cost
Specials. YoucanorderV.S.T. specials’
at litile more than the cost of standard
units. Our design department will be
happy to prepare prototypes o your
specification, ior incerporation inte
equipment under development.

Free illustrated booklet giving full de-
tails of ASTRALUX V.S.T. from

\mnusmv::f

T0 ASTRALDK VS w

Everywhere Astralux Voltage Stabilising Transformers outperform and outdate conventional C.V.T. systems
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3POLE POWER
CONNECTOR L1722 P&S

finger-proof shrouds on plug and
socket contacts. Rating 7amp AC
5amp DC 250 volts.

Send for Leaflet P703

STACKING PLUGS

4 mm.'0Z' contacts — single L1708 double L1706.
provide fully shrouded tap-off points for cable
and plug-in connections on all typeg of instruments

Send for Leaflet P676

YOU SHOULD
KNOW ABOUT
THESE NEW

BELLING-LEE components

Write for leaflets mentioned above or telephone Miss Woolgar at Enfield 5393 Ext. 27
Belling & Lee Limited - Great Cambridge Road - Enfield - Middlesex - Telephone: Enfield 5393 - Telex: 263265

WW—I115 FOR FURTHER DETAILS.



A.F. Amplification with the Gascode

AN OUTLINE OF THE ADVANTAGES OF THE TWIN-TRIODE OVER THE PENTODE FOR AF.

RIOR to the development of Band III television
tuners the cascode was very little used, its main
use being in low noise r.f. stages, and it was used

as a voltage amplifier in a stabilised power supply, where
high gain was required,

The properties that enhance its use for r.f. amplifica-
tion also indicate its suitability as an a.f. voltage amplificr.
These advantages are as follows:—

1. High gain.

2. Low noise.

3. Low inter-clectrode capacitances {particularly be-

tween input and output).

4. Capsb lity of buing designed with low phase shift
(in feedback amplifiers).

The characteristics of the cascode that give rise to the
above advantages are best illustrated by a simplified
analysis of the circuit (a fuller analysis will be found in
the * Radio Designers’ Handbook » by Langford-Smith,
Ch. 12, Sect. 9 XI).

In the basic cascode circunit as shown by Fig. 1, two
halves of a double triode are connected in series, the bias
for the lower valve, V1, being derived by grid current
through the high value of grid resistor, the upper valves
grid being held at a fixed potential 17,

Since the anode potential of V1 is held constant by the
cathode follower action of V2, the change in anodL
current of V1 caused by an alternating voltage V,,
its grid is:—

3o =Vip.8m
where g, is the g,, of V1.

Providing V2 does not draw grid current, all current
entering at its cathode must pass through the anode
load R,.

Hence,
Voo = 8I,. R,
= Vip-8m - Ry

v,
G= 52 =gmRy o oo o D
?

G. A. Stevens hos for the past
five years been o mointenance
engineer with Rediffusion Tele-
vision Ltd. From 1952 untid
being called up for National
Service in the RAF. in 1959 he
was in the Research Laboratory
of E.M.. which he joined on
leaving school at the age of 19.
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By G. A. STEVENS

Henee the circuit has the same gain as a pentode with the
same g,, as the lower valve,

Also, since for any valve that has an impedance R, in
its cathode, its anode impedance is increased by a factor:

(1 - g, Rp).
We can write Ior the cascode :—
Ya Tua (1 -+ Gona ':_11) . .. (2

since the anode impedance of VI is in scries with the
cathode of V2. Therefore, from equations (1) and (2)
we can derive:—

’ll = To m ru'l N gml (1 + gm: ,.IIX) .= (3)
From cauation (2) it can be seen that for a twin triode
w.—'/s
R
Fig. 1. Basic cascede
circuit.
Yap
Vi
Al
Y 1M
P
with r, = 100 kt) and g = 70 then its composite anode

impedance is:i—
r, = 100 (1 + 70) kQ ~ TMQ
i.e., much morc than a similar pentode.

The similarity of characteristics to a pentode is shown
even more clearly by considering the knece voltage arca,
As stated above all the current flowing into the cathode of
V2 must pass through the load R, providing no grid
current is drawn. However, once this point is reached,
increasing the input drive only produces more gnd
current, so producing a very sharp pentode-like knec
point as V2 bottoms. So far, it can be seen that the
characteristics are thosc of a semi-idealized pentode,
certainly better than the normal amplifying pentode.
There are, however, two factors which make the cascode
superior to the pentode for audio amplifier use,

Firstly, since there is only one grid in a triode, this
taking no current, the partition noise generated by a
pentode is absent, so reducing the noise level by a factor
of three or more.

Secondly, in a pentode, the g, is dependent on the
anode current, which in turn depends on the load resistor
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SYMBOLS

18028, Mutal conductance of V1, V2 and
combination respectively.

FatFus Ty Anode impedance of V1, V2 and combina-
tion respectively

My e Amplification factor of VI, V2 and
combination respectively

G G, G Volwge gain of V1, V2 and combination
respectively

G Overall gain after application of negative
feedback.

Viy Signal input voltage

Vi Signal output voltage

R, Anode load

Vi The d.c. voltage at the cathode of V3

2 The output impedanee at the anode of V2

Cy Effective Miller capacitance at the grid of
Vi

B The fraction of the signal voltage at the
cathode of V3, which is fed back to the
grid of V2

and the supply voltage available. So that, for a given

supply voltage, increasing the anode load decreases the

g,, and a point is rcached where increasing the load

actually lowers the gain. In the cascode, however, the

gain G is the product of the anodc load of V2, and the

& of V1

Suppose now in Fig. 1 that a resistor was inserted
between the anode of V1 (and cathode of V2) and the
h.t. rail V5. This would mean that V1 could be taking a
reasonable current and so have a good g,, whilst V2
could have a large value of anode load with its con-
sequent low anode current.

This arrangement can, and does, give very high gain
providing certain points arc kept in mind.

1. Since V2 can now be cut-off without affecting the
working conditions of V1, the bias of V2 (¥ ;) must be
derived wia potential divider of some sort from the
anode of V2.

. The anode load for V1 is the cathode of V2 and so is
cqual to 1/g,,, and when the murual conductances
of both valves are equal, the gain of V1is equalto —1
and the Miller capacity at the grid of V1 is only
about 3 pF (for an ECC83). However, with the top
valve drawing only a small current its g, is very low
and presents a considerable load to V1. This means
that the gain is shared berween the 1wo valves and the
Miller capacity can be high, although the screcning
of input to output is still good, due to the carthed
grid of V2.

Usually, & circuit with this gain would only be needed
at the input of an amplifier, and should therefore be fed
from a low-impedance source which swamps the effect
of the Miller effect.

Since the grid of V2, and hence its cathode, is stabilised
by the action of a potential divider from its anode, the
effect of changes of bias on V1, due to signal level varia~
tion is, to a large part, compensatcd for, so allowing the
use of grid current bias.

If, as is usual, the negative feedback for the whole
audio amplifier in which the cascode is incorporated is
applied to a small resistor in the cathode of V1 (about
100 O, which has lirtle effect on the parameters of the
circuit); then, the 0.1 #F capacitor and 10 M) resistor
in the grid circuit are outside the fecdback loop, and
so do not affect the phase shift over the cascode. Similarly,
since V2 is drawing very low anode current the voltage

N
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fecd, Vp, to its grid can be supplicd by another 10 MQ
resistor and 0.1 #F capacitor, so giving virtually no Lf.
phase shift down to very low frequencies.

The bias voltage, 7, can be supplied in one of two
ways:—

1. By direct potential divider from the anode of V2.
This mcthod has two disadvantages, the maximum
value of resistance usually madc in standard ranges
is 10 M2, and with this value as an anode load, the
potential divider has a resistance of this order which
shunts the signal, and so reduces the gain,

2. The anode load and potendal divider can, if the
valve of R, is too high cur off V2 by reducing its
anode voltage to the point where no current flows
through the valve.

The above drawbacks lmit the straight potential
divider at high values of R, although when R, is around
1 M or less there is nothing to choose between this and
the next bias method to be described.

If the potential divider, instead of being applied direct,
is in the cathode load of a cathode follower, the grid of
which is connccted 1o the anode of V2 the above draw-
backs disappear.

Usually in modern audio amplifiers the trend is to
follow the inpur voltage amplificr with a directly coupled
phase splitter, of . the cathode-coupled variety, in this
case the cathode resistor of the phase splitter may be
replaced by two other resistors so forming the necessary
bias network for V2, as illustrated by Fig. 2.

Practical cases

In order to investigate a practical case the two circuits
shown in Flgs 3 and 4 (with and without the cathode
follower bids network respectively) were constructed.
The value of the 330 k{) current bleed resistor was
found experimentally for an anode load of 10 M) and
on altering the load the value still secmed about optimum
and so no experiments were conducted using values other
than this.

S1and R, were used to determine the output impedance
of the circuit, R, being altered until closing S1 reduced the

Fig. 2. Bias arrangement of the cascode circuit to feed a cathode-
coupled phase inverter.

330k %

Ry

|
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1o

o

Fig. 3. Circuit used far measurements incorporating the cathode
biosing method. Resuits are shown in Table { and Figs 6 and 8.

output signal by 6 dB, R, then being ¢qual to the output
impedance (the series capacitor having negligible reac-
tince).

In the experiments only the anode resistors were
altered, together with slight adjustments to the stabilized
power supply to give 300 V after the decoupling resistor.

The gain from the input to the anode of V1, was also
measured for different loads, this giving the measure
of Miller capacity on the input, and also the gain of the
cascode if :—

1. The grid of V2 is not decoupled to carth; or

2. The effect of puiting a frequency sensitive network

between the cathode of V3 and the grid of V2 o
act as an equalizer circuit,

The results are set out in Table I and in the graphs

o

O

Fig. 4. Test circuit used for measurements. S, and' R, were used to
determine the output impedance. Results are shown in Table 1.

values of R, being the measured values of standard
resistors.

As can be seen, when the anode load is in the order of
10 MQ) the output impedance is 3.5 MQ. In the test
circuit 3 the stray capacity at the anode of V2 was 8 pF
and so the responsc was 3 dB down at about 6kc/s, the
gain-bandwidth factor is given by the ratio G/Z, and
as can be scen, increases with lower anode loads. The
carly roll-off associated with the highest gains can in fact
be a desirable feature in feedback amplifiers, where it is
necessary to reduce the Ioop gain below unity before the
phase shift reaches 180° in order to avoid instability.
When the cathode-coupled phase splitter uses & pentode
in the first stage, so avoiding large values of Miller
capacitance loading the anode of V2, the total stray

of individual parameters which follow fater. The odd capacitance should not exceed 16 pF and so the 3 dB upper
TABLE |
| J FIG. 3 FIG. 4
Cathade follower bias Pot‘entiumcter bias
AL 1| Via } | 3 G(dB) 7 G GlZa G | 6uB) : z, G |l Giz,
16 M0 153V | 103pF | 68 4800 | 735 38M2 70 1.26 Cut-off
Mo 155 | 10 8 w800 | s setma 70 is 940 | 595 | 258MQ 138 0365
10 M2 153 90 7] 4400 | 728 | 352MQ 73 125 2350 | 67 22M0 39 1.02
6Mo | 154 75 50 3750 | 713 | 248MQ 75 | sz | 2500 e | 1L73MQ 0 L4
M 157 53 356 | 2850 690 | L722MQ 80 64 | 210 66 | 13SMO T 1.55
EER 34 25 1850 | 652 | LI3MQ 82 16 | 1480 | 65 | 9dokn 66 15|
Mo | les 15 | 163 1325 | €5 | 750k | 8l EEIEER 693 kQ 6 163 |
620 ki2 7 | 16 | 108 90 590  540kQ 83 167 85 58 493 ki 7 166
w00k | 184 115 7.6 2 | seo | woka | & 170 a0 | s | amkn | @ | ie |
: 253 ke 195 a5 5.6 423 525 | 235k 75 1.80 a8 | s W |7 2.03
137 KQ 217 55 36 251 | 480 | 130k 70 193 | 250 | 48 125 ke 70 20
Ty ™ 4.4 29 76 | 450 | esi& | &l | 2o 175 15 86 k(2 61 2.03
[y 253 EX 21 95 | w0  siike | 47 s | 98 | 40 | soka | 47 1%
k| 260 | 25 1.7 565 350 | 288k 33 1.96 P T
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I

Fig. 5. Use of the cascode for equalization by frequency selective
feedback. R* is only required to provide bias if Z,, is blocked to d.c.

% -
N
| I 1" |
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70 } 1 1
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cath (6B)
HILLER CAPACITANCE (Cy)

I T LL
10k0) 100K{L 1 oM
AkoDE Loab (R )

Fig. 6. Some of the results of Table | abtained from the circuits of
Figs 3 and 4.

+300V

3ok oM

51M

<10M

Fig. 7. Particuiar case of Fig. 5 for use os a tape playback equalizer,

240

6/2Z¢ (Cs=i6sF)

280 ¢TI ﬂ[ B AT R
| I | |
260} 20 4
‘I!OO
2 20 175 4250
=
o e rs -‘m
g
g
o a00] 125 150
2
2
é 180+ 0 180
: 1
mo’ - 075 50
| il
1o =T i os o
|1 . LI ‘

100k Mo T oMn
%00 L0AD (R )

Fig. 8. Some of the results, listed in Table 1, obtained from the circuits
shown in Figs 3 and 4.

frequency limit should be at about 15 kefs with an anode
load of 1 M} giving a gain of over 60 dB. The gain-
bandwidth product may be obtained from the factor G/Z,
by multiplying it by 10* (assuming 16 pF strays).

An EF86 pentode with an anode load of 220k Q and a
following grid resistor of 1 M{) has a gain of about
200 (46 dB), the effective anode load due to the above
two resistors is 180 kL), and the cascode gives a gain of
320 (50 dB) with a load of this value, while increasing
the pentode load to 1 M{} and running under starvation
conditions gives a gain of 400 (52 dB), the cascode
giving 1,200 (62 dB), an even more marked improvement
over the standard pentode circuit.

The ECCS83 has a normal heater, as opposed to the
bifilar type of the EF86, and so the hum introduced by
the circuit could be cxpected to be greater than that
of the pentode. With the 10 M load in circuit, (as with
this value the hum and noisc would be expected to be at
their worst), and one side of the heaters ecarthed the
total hum and noise at the output was 5mV r.m.s., and
when the heaters were on a d.c. supply the value fell to
1mV r.m.s.—these correspond to an input level of
3.15 and 0.67 uV r.m.s. respectively over a frequency
25c/s—o6 ke/s.  The measurements were taken on
Fig. 3 with the input shorted, and includes hum and
noisc introduced by the output cathode follower.

As can be scen in Fig. 4 the gain v load characteristic
is lincar up to 2 MQ (for Fig. 3) and then falls off and
becomes asympiotic to the 75 dB co-ordinate. This
corresponds to the value of i at low curreats as given in
the published curves of the ECC83.

These results show the superiority of the cascode
circuit over the conventional pentode in audio applica-
tions, and whilst the investigations were concerned only
with the ECCS3, the newly-developed ECC807 should
show an even more marked improvenient in cases where
better hum or gain figures might be needed, although the
excellent results obtained with the older valve type
would usually make higher gain unnecessary in all but a
few cases.

Finally, the effects of valve changes on the gain and
d.c. level at the cathode of V3 (V) were investigated by
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putting seven different new valves in the V1 and V2
position. The total gain variation was 10°,, and the
output voltage variation was over an 18V range.

APPENDIX
Equalization with the cascode
If the grid of V2 is not decoupled to carth, but is included in
a frequency sensitive network as shown in Fig. 3, then the
overall gain is a function of frequency.

The circuit now behaves with V1 as a pre-amplifier with
gain Gy, and V2 as a frequency-selective [eedback amplitier.
The gain of V2 as a fecdback amplificr is given by :—

&, = G, 42

1+G,8 Z, + Z.
N.B. The application of fu:dback increases the input im-~
pedance of V2 and so also the gain of V1, this causes a reduc-
tion in the rotal lift supplied by the ovcr:\)l circuit, but for
values of R, greater than about 1 M Q this effect is not serious,
bur in any case a little experimentarion wil! soon determine the
correct values.

Thcn the total gain of the circuit will be:—

= G.Gy
Gl G‘Z
149G, B
G

where g =

G(Z, + Zy)
T2+ 2,6+

If Z, is not b‘ocked to d.c. a blocking capacitor would have 1
be inserted to maintain the correct bias level on V2,

An example of a tape egualizer circuit is given in Fig. 7,
the values of C and R given provide a time constant of 100 s
with a toral top cut of about 36 dB, the Lf. gain being v0 dB,
dropping to 24 dB at h.f.

Geramic Cathode-ray Tuhe

Cathode-ray tubes can be a relatively unreliable part of the
electronic cquipment of many aircraft, space and defence
systems, and in order to achieve grear reliability a ccramic
cr.t. (for magnetic deflection) has been produced. The
device has been developed by Elliott-Automation to meet a
need for rubes which will withstand high acceleration and
severe vibration in military systems.

In conventional tubes the gun assembly is supported with-
in the tube neck by wircs and in consequence the assembly
can move relative to the screen. This is avoided in the
ceramic tube since gun and clectrode parts are integral with
the tube (see illustration) and conscquently greater dnspla\

Mngneucally facused ceramic c.r.t. developed by Elhott-Automutron

precision is possible. Left of the exposed view is the heater-
cathode-modulator  assembly., The metal modulator is
brazed un to the ceramic material (alumina). This is followed
by separate focusing and accelerator sections. The screen is
glass, but, if necessary, this can be made from sapphm—a
translucent form of alumina. The tube shown has a 1 in dia.
screen, but 2in tubes are in production and it should be
possible to manufacture larger diameters up to 3in or so.
The use of ceramic material enables the tube to be baked
at a higher temperature during manufacture, achieving a
better vacuum and conscquently longer operational life.

H. F. PREDICTlONS MAY
Mess R Mes i
0 A B 40 MEDIAN STANDARD MUF
30 l i T 30 OPTIMUM YRAFFIC FREQUENCY
LOWEST USABLE HF

20 A ) o = =Nz

[H== = = (5
A —— > = =h N ‘The value of ionospheric index, 1F2,
lo[=oi Atk E 10 now appeéznfto be rising :{vam Whereas
N 1 8 at the end of 1965 the value had falien
8—','> ‘\ +— TF A to —1 (almost as low as the 1964 sun-
6 —1—r LS N o) spot minimum value of —4), the value
57~ WiTH AURORAL CORRECTION — | N 5 for January, 1966, was 19. It is likely
4 T s /' 4 10 rise again duung the coming months.
3 I l | | | | I | I _l | l 3 This second dip is by no means un-
" common. If monthly sunspot numbers,
Me/s 0 B HONG-KONG_ ) Me/s from 1749, are examined it will be found
40 ! T 40 that this second dip is apparent during
30 | 30 some  three-quarters of the sunspot

o i minimum periods.
20 4T 1 20 The prediction curves show the
— = —" median standard MUF, optimum wuaffic
157 S —15 frequency and the 10\\&5[ usable fre-
L N quency (LUF) for reception in this
T 7 s o = Ao country. Unlike the standard MUF,
s 3 v AN B the LUF is closely dependent upon such
7 ; 1 factors as transmitter power, acrials,
(e’ 6 and the type of modulation. The LUF
5 \, = 5 curves shown were drawn by Cable and
4 Nl 4 Wireless for commercial telegraphy and
[ I | assume the use of several kilowatts of
30 5 ) 16 20 0 ] 16 20 ; transmitted power and rhombic-type
GMI. GMT. aerials.

WireLEss WoreLb, May 1966

241



NEWS FROM INDUSTRY

IMAGE INTENSIFIERS

A JOINT £300,000 development pro-
gramme by two English Electric com-
panics, Marconi Instruments and the
Inglish Electric Valve Co., has resulted
in new X-ray image intensiticr cquip-
ment for medical purposes. The
cquipmenr allows medical staff to make
detailed examinations of patients with-
out exposing them to the comparatively
high levels of radiation required for
conventional  screeming; the dosage
necessitated by previous methods has
been reduced to about one-sixth and
the resultant faint image undergoes an
intensity amplification of about 40,000
times.

Basically the system cntails the use
of an X-ray tube whose rays, directed
through the patient, form an image on
a flat fluorescent screen, similar to that
used for dircct viewing fluoroscopy. The
screen image is then optically focused
on to the photo-cathode of a 4.5in image
orthicon Type P823 camera tube, de-
veloped by the English Electric Valve
Co. The clectrical charge image pro-
duced by the tube from the optical
image is then scanned and the tube
output signal, in the form of a tclevision
waveform, is amplified and processed
before being fed to high definttion 1ele-
vision- monitors operating at 1,024 lines
with triple interlaced scan. In addition
to direct viewing the monitor dispiay
can be filmed or tape recorded.

The major advantage of the intensi-
ficrs is that the patient is subjected to
Jess X-ray exposure and the medical staff
can view a suonger picture and if
necessary moniter a bodily process. An

A patient” demionstraies the new Marionette
1Gin X-ray image intensifier.
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automatic beam control incorporated in
the camera head and connected to the
head amplifier stage of the image orthi-
con tube, adjusts the brightness of the
picture so as to ensurc that the best
image is obtained with a wide variation
of X-ray levels. The automatic beam
control facility frees the opcrator from
manually compensating for variation in
fluorescent screen brightness during the
scanning of a patient.

New S.T.C. Subsidiary.—The activi-
tics in the semiconductor field of the
S.T.C. plants at Footscray and Harlow
are now controlled by a newly formed
subsidiary company, Standard Tele-
phones and Cables (Transistors) Lrd.
‘The range of products will include
transistors, thyristors, signal diodes,
silicon rectifiers, Zener diodes and inte-
grated circuits.

Integrated Circuit Prices Down.—
Due to process improvements Electrosil
Lid. have becn able to effect price re-
ductions in the Signctcs range of inte-
grated circuits.  All 14-lead flat package
ftems in the SE1000 military D.T.L.
(Diodes Transistor Logic) arc reduced
by between 309 and 40% and those in
the NE100 industrial D.T.L. range by
approximately 40%. Of the other
military ranges, all packages in the
SE400] low-power T.T.L. (Transistor
Trensistor Log 16) range have been re-
duced by between 25% and 35% and all
except the SES501 in the SE500 lincar
range have been reduced by between
307 and 40%:

D ic Enter t Equi t.
—Figures rcleased by the British Radio
Equipment Manufacturers’ Association
and based on net sale or return figures
of deliveries by manufacturers to the
home market show that sales of radio
receivers (including car radios), radio-
grams and television receivers fell dur-
ing 1965. Figures for the last three
years are listed in the table below.
Radio receivers also include car radio
receivers. :

|
Radio Radio- Tele-
Year Receivers " grams vision
|
|TT963 | 2616M | 0.274M 1.678M
1964 | 2.139M 0.282M 1.903M
| 1965 | 1.73M 0.233M 1.681M

Impectron Ltd., have formed an asso-
ciated company in the United States
with Ad. Auriema, whom they represent
in the United Kingdom. The company,
called Impectron Inc., will operate from
$5 Broad Street, New York, N.Y.4. The
function of the new company is to
marker European components in the
United States. ‘

The Electronic Industries Association
of America have announced peak sales
of colour, and monochrome television
sets for 1965. In 1964 monachrome
sales totalled 7.685 million, while in
1965 they rose to 8.028 million. Colour
sets sold in 1964 otalled 1.366 million,
this figure rose to 2.764 million in 1965.

The Australian Department of Civil
Aviation has ordered a Solartron 24-
target air waffic control simulator. It
has a “playing arca” of 400 miles
square, with an altitude of 50,000 feet,
and air speeds of up to 3,000 knots for
cach aircraft. It will also be used for
ATC procedure cvaluation, at airficlds
such as Tullamarinc (Melbourne), Mas-
cot (Sydney), Brisbane, Adelaide and
Perth.  The order is worth about
£40,000.

Annual Report of B.E.AM.A. records
that cxports by the British electrical in-
dustry in 1965 increased by 417, over
the previous year to £379M.

Woest Germany was chosen by the
Electronic Valve and Semi-Conductor
Manufacturers’  Association  (VASCA)
tor its first Inward Mission, organized
in conjunction with the Export Council
for Europe. The cleven delegates, who
were with three cxceptions from Govern-
ment organizations, visited Ferranti
(Chadderton), Joseph Lucas 1Sutton
Coldiicld), M-O Valve (Hammersmith),
English Eleciric Valve (Chelmsford) and
S.T.C. (Paignton) during their five-day
tour.,

Pye of Cambridge Ltd. announce that
large losses have been incurred in the
1adio and television side of the Group,
particularly in respect of amounts due
from a group of companies to whica
wlevision sets have been supplied on
a large scale. Other main scciions of
the business, however, are operating
profitably.

The Ministry of Aviation has placed a
coniract, wortn £250,000, with tne Mar-
coni Company for a tropospheric scatter
radio system. This will be used in
Malaysia to provide the Royal Air Farc:
with 24 voicc channels between Sing
pore and Penang. A 10kW transmitier
opcrating at 900 Mc/s will be used at
either end of the 370-mile link. The
wropospheric _scatter terminals will be
supplied by Radio Engineering Labora-
torics, a division of the Dynamics Cor-
poration of America,

An agreement for an exchange of
patent licenses and technology in the
integrated circuits field has been signed
between Westinghouse Electric  Inter-
national Company, N. V. Philips of
the Netherlands and North American
Phitips Company.

Under the terms of the contract,
Philips and Westinghouse will effect a
complete interchange of device specifi-
cations as well as process specifications
and manufacturing technelogies for their
lines of digital and linear integrated
CLiCULLS,
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Today’s components
Tomorrow’s vision

Like architects, McMurdo design for the worid of the future
with today’s materials. Behind McMurdo plugs, sockets and
connectors lies a wealth of clectronic know-how, coupled with
farward-looking research and design facilities.  Reliable per-
formance, high quality construction and budget-conscious
prices are the foundations on which McMurdo components have
buill their popularity among electronic engineers.

Your best plan is to send off for our data sheets. If you're a
holder of the ELECTRONIC ENGINEERING INDEX see Lja00
for connectors and Lj470 for Valve Holders.

The McMurdo range includes: CONNECTORS—rack and panel,
tine and jumper, printed circuit and audio range. VALVE
HOLDERS-—plug-in relay sockets, Decal 10 pin valve holders.
Transistor sockets, Crystal sockets, VOLTAGE SELECTORS.

e

M B M ELECTRONIC COMPONENTS

THE McMURDO INSTRUMENT COMPANY LIMITED
RODNEY ROAD - PORTSMDUTH - TEL 35361 - TELEX 86112
AGENTS—NORWAY : J. M. Fuiring A/S, Lilletorvet 1, Osio.
PERU: Estemag Peruana S.A., P.O. Box 2838, Lima.
PHILIPPINES: C&C Commercial, P.Q. Box 2419, fanila.

WW-—116 FOR FURTHER DETAILS.
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The ouistanding new Mazda RIMBAND 12” tube has been designed fo reduce the cost,
size and weight of personal fransportable television . .. and provide a bigger picture!
RIMBAND is an entirely new method of construction. For the first time the metal band is
taken back from the screen. This enables the whole screen area of 74 sq. ins. to be pro-
jected from the cabinet and utilised for the picture.

No insulated covering of the rim is required. No implosion guard is needed. The result—
a really compact, lightweight and low-cost set.

The tube weighs 6 Ibs. with a depth of 9” and a scanning-angle of 110 degrees. It operates
at an EHT voitage of 10°5 to 135 kV. Light transmission of 50% and the high levels of

brightness obtainable on this tube, permil viewing in brightly lit surroundings.
Type No. CME 1201.

WWw-—117 FOR FURTHER DETAILS.
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TV.TUBE

For {ull technical details, please write to?

Thorn-AE!l Radio Valves
& Tubes Limited

7 Soho Square, London W1.
Telephone: GERrard 5233  (m



By Communication Theory

H. O. CODON

Some degree of stability has been achieved in the
U.K. colour television situation by the T.A.C’s
recommendation of the PAL system for Britain
{and the P.IM.G’s acceptance of it), but this does
not mean that the subject is now closed. In
engineering the ultimate solution is never
reached. This article examines the principal
colour systems in the fundamental terms of
communication theory, particularly from the
point of viesw of economical utilization of the
frequency spectrum, and ends with the intriguing
question: what would we do if we could wipe the
slate clean and start again?

ELEVISION has always demanded a wider channel
than any other service, with the possible exception
of high-definition radar. In broadcasting it also

demands wide coverage, which implies (a) the use of the
lowest possible frequency and (b) the use of frequency
channcls cxclusively over a wide geographical area and
with such high power that interference could be caused
to other services using the same frequency in adjacent
geographical arcas.  In addition, the cost of producing
television programme material is so high thar it is desirable
to transmit programmes by landline or other networks
between broadcast transmitters. The problem has been
cxacerbated by the demand for colour, which requires
the transmission of additional information.

There have been many attempts to reduce the band-
width occupied by the. basic signal, but no scheme has
been put into practical use: on the contrary, the rrans-
mission of tclevision by pulse code modulation has been
developed'**.  This requires several times the band-
width of the original signal, though in one casc® the digits
were sent through physically separate channcls so that
the bandwidth required for each channel was that of the
original signal. The advantage gained is the regener-
ability of p.c.m., which allows a large number of repeaters
to be used in cascade without imposing too stringent
conditions on the performance of cach. On the other hand,
considerable ingenuity has been shown in transmitting
coloured pictures within the same bandwidth as mono-
chrome pictures.

Time analysis of the picture —It has been customary
to work on the basis that the field scanning rate is a pre-
assigned quantiry and that the required bandwidth is then
proportional to the number of * picture clements ” in
each field. The first assumption is justified in the absence
of image storage at the receiver since the field rate is fixed
from considcerations of flicker. Increasing picture bright-
ness makes ilicker more noticeable, so that since modern
television receivers give a much brighrer picture than the
early opes it is fortunate that the standards originally
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and Colour Television

adopted, 50 ¢/s in Europe and 60 ¢/s in America, allowed
sufficient margin., For comparison, cinematograph flicker
rates were 32 ¢fs on silent films and are 48 ¢/s on sound

s. Synchronization with the power frequency was
originally adopted (a) to permit the use of reccivers with
mechanical (mirror-drum) scanning and (b) to minimize
the visibility of “hum bars * which are caused by in-
adequate smoothing of the power supplies of the receiver.
Neither reason is now relevant, and the scanning in colour
systems is ror synchronized with the power frequency.

Since flicker results from brightness variation of a
‘substantial part of the field of view, an immediate halving
of the potential bandwidth requirement was obrained by
adopting interlaced scanning so that two fields are re-
quired to build up a complete picture. Higher order line.
interlace has not been attempted in monochrome trans-
mission, but there are some * dot interlace > schemcs
which span more than one line; and it is found that when
the rate of re-painting a given spot on the picture is
comparable with the response time of the eye there are
objectionable stroboscopic or * crawling ? cffects. One
would also expect that if re-painting of the whole picture
took longer than the response time of the eye, then the
representation of rapidly moving objects would be un-
acceptable,

It is then argued that if one has » scanning lines one
must be able to resolve + 1 points in cach line, where 7 is
the aspect ratio, so that if p is the picture repetition rate
one must be able to transmit p X ra° picture clements per
second. It has been further argued (fallaciously) that one
point or picture clement can be approximated by a half
sine wave so that the bandwidth required is }pra®. It is,

Fig. 1.
wave.

A half cycle of sine

however, obvious that the Fourier transform of an
isolared half sine wave, Fig. 1, corrcsponding to an
independent picture clement, will include much higher
frequencices as well. Gabor has pointed out? that, subject
to suitable definitions of effcctive pulse width, a Gaussian
pulse gives the minimum value of 4 for the product of
time-bandwidth. A fairly close approximation to the
Gaussian shape is the “ raised cosine  of Fig. 2, which is
the graph of (1--cos «) from —= to 4 =. Several mathe-
matical analyses®® have confirmed that whereas the
half-cycle basis allows resolution of a series of light and
dark alternations, it does not suffice for an isolated change
of brightness. It may be argued that in practice one is
not concerned with isolated points; and empirically the
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Fig. 2. A raised-cosine pulse,

required bandwidth is taken to be (1/k) 4 p. ru* where
£ is the “ Kell factor” which is of the order of 0.7,
various estimates of it ranging from 0.53 to 0.85.

Double-sideband amplitude modulation in principle
involves two-fold redundancy, but truc single-sideband
transmission is nor practicable for television because the
presence of quite low frequencies and the necessity to
preserve the phase of these components would muke filter
design an impossible task. The * vestigial-sideband >
system has therefore been adopted in which one set of side-
bands (usually the upper) is transmitred completely while
only the Jower frequencies are retained in the other.
Goldman has shown?® that, given a limited bandwidth,
it does not make too much differcnce to transient (step
function) responsc where the carrier is placed, but that
resolution of a repeated pattern is better if the earrier
is near one end. The final decision to use the trans-
mitter pass-band sketched in Fig. 3(a) with the com-
plementary pass-band of Fig. 3(b) in the receiver, was
influenced considerably by recciver cost.

The difference between * information » and “ detail
points to the next source of redundancy in the television
picture. A chequer-board pattern in which cach light or
dark unit occupics one picture clement appears to be the
most exacting test of a television system. Yet its informa-
tion content is negligible, for any pre-arranged signal
could have been used to turn on a pattern generator at the
receiving end; or with interlaced scanning it would
suffice to transmit onc frequency at the edge of the video
band with phase reversed on alternate frames. The latter
implies square-wave phase modulation at 50 ¢'s, but even
so the cffective bandwidth is only a few hundred ¢/s and
most of the video band remains empty. In a practical
picture the detail is less regular (the example usually
cired is a crowd of spectators at a football match) and the
Fourier spectrum accordingly more diffuse, but usually
only a part of the field of view contains fine detail.

The amount of derail can be objectively assessed by
applying to the scanning waveform a voltmeter which
measures the magnitude of the rate-of-change of signal
voltage: magnitude must be used because there must be
equal positive and negative slopes, so that the algebraic
sum of all the changes would be zero. A “ detail meter »
is thercfore an instrument which reads from the waveform
the average amount of amplitude change in the picture,
which may be expressed mathematically as

.
1 de
D T a dt
0
This figure occasionally reaches a few per cent of the
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maximum (* chequer-board ) value which it could have
in the given video band.

Reduction of redundancy.—So far communication
theory has taught us three things about television signals:
(i) the maximum informarion content does not corre-
spond merely with the highest video frequency; (ii) the
transmission of an indcpendent picture point for each half
cycle of bandwidth is barcly theoretically possible, and
certainly unrealizable in practice;  (iii) the television
channel is very poorly occupied, or in the language of
communication theory the signal is highly rcdundant.
What, then, can be done to improve the utilization of
the channel?

The most obvious approach in the light of the low
value of D is to vary the scanning velocity in such a way
that the local value of D remains approximately constant,
i.e., the scanning spot must move relatively slowly where
there are rapid changes in brightness and quickly over the
“ flat 7 parts of the picture. This idca was publicized in
19537.%, but has never made practical progress. The first
difficulty is that the bandwidth of the control loop at the
transmitter must be considerably greater than the video
bandwidth. Devclopments in clectronic components
since 1953 have made this easicr, but such circuits would
still be costly if they had to be provided also in the
receiver. The alternative is to transmit a separate velocity
signal; but this would use up some of the bandwidth
saved from the video signal, and still add to receiver cost.
The more serious difficulty is that of ensuring synchron-
ism of movement of the receiving scan with that at the
transmitter, and this is probably an insuperable obstacle.
In practice it is not permissible to allow the field repe-
tition rate to vary with the average dertail in the picture,
because of problems of flicker and reproduction of
motion.

A digitized substitute for variable-velocity scanning is
known as ““ run-length coding.” In this the picture ampli-
tudes are quantized, and the number of picture elements
between each successive change of level is counted. In-
stead of transmitting a continuous video signal, therc is
transmitted at cach change of level a pair of signals
indicating (a) how many picture elements are covered
by the constant-amplitude run since the last change,
and (b) what the new level is. Ideally one might wransmit
only the sign of the change in level (as in deita-modulation}
if the resolution were good cnough. But if the change
from one element to the next may be more than onc level,
and in any case to prevent drift in level due to cumulative
¢rrors, the new level must be specified independently.

Limb and Sutherland® have calculated that a bandwidth
reduction of 2:1 might be obtained by run-Jength coding
of a picture quantized into only 16 levels. (Other schemes
for applying p.c.m. to television '-* have suggested at
least 32 levels.) ‘The trouble is that long runs at uniform
brightness are not so common: the orders of magnitude

@

|
|
® / N
Fig. 3. (o) Tronsmission -characteristic of vestigial-sideband

transmitter; (b) transmission characteristic of vestigigi-sidebond
receiver.
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found by Limb and Sutherland for a picture of average
detail were 10% of runs of length 3, 1% of length 8 and
just over 0.1%, of length 16. Some cconomy of bandwidth
is obtainable if the system is made completely asynchron-
ous, with special signals indicating end-of-line and end-of-
frame?®, but if the frame frequency is to be kept constant
the system must be designed to meet the demands of a
high-detail picture and litte saving of bandwidth results.
(If the system is set up for medium detail and fixed frame
frequency, then a high-detail picture would not have been
completely scanned by the conclusion of the frame
period and the premature fly-back would leave a black
space at the bottom of the picrure.)

The redundancy of the television signal is most readily
expressed in terms of the correlation between different
parts of the same frame and between successive frames,
and proposals have been made to exploit this correlation.
The frame-to-frame correlation is complete for a sta-
tionary picture. It is therefore high for most pictures,
in which there is a moderate amount of movement against
a fixed background, though one can imagine that for a
stage performance such as a Cossack dance there would
be more movement than background. The enginecring
difficulty is that a complete frame must be stored if the
correfation is to be exploited. There is also a very serious
practical problem: even though the background is
stationary, the picturc is not constant unless the camera is
fixed. This implies that all pan and zoom operations of
the camera would be banned or discouraged, and sharp
cuts from one scene to another would be impossible.

The fundamental difficulty is that either the communi-
cation channel must suffice for the maximum information
rate of the video signal, which is the present practice, or
the signal must be stored for a long cnough period to
allow transmission to occur at an average rate. The period
needed to obtain a meaningful average is more like minutes
than scconds, and though this could obviously be achieved
by video-tape recording, it appears out of the question to
incorporate a video-tape machine in cvery receiver.

The video spectrum.—A completely different approach
which leads ultimately to the use of wit hin-band sub-carrier
for colour, is via the I'ourier spectrum of the video signal;
and the characteristic of methods bascd on this is that
any defect will appear as ““ noise ” spread over the whole
picture, rather than as failure to follow movement or as
the complete loss of part of the picture. The nature of
the picture spectrum was first analysed by Mertz and
Gray'!, and the spectrum of television pictures has been
examined by Bell and Swan® '2. The salient points are
that (i) the amplitude of the Fourier components falls
approximately as the inverse of the video frequency;
(1) multiples of the line repetition frequency are the
dominant components; (iii) each of these line harmonics
is fringed with * sidebands ” spaced from each other by
the frame frequency; and (iv) to the extent that there is
movement in the picture, these last components spread
out from lines into more diffuse components occupying
to some extent the gaps between them. There are, there-
fore, no completely unoecupied frequencies but some parts
of the spectrum are more occupied than others.

Mertz and Gray!! suggested intcrposing other signals
in the negligibly occupied parts of the spectrum of picture-
telegraph signals, and this principie has been successfully
used in compatible colour television. In particular,
a signal exactly half-way between two frame-multiple
component represents a flicker which should average out
over the field period, This idea was first exploited for
colour (sce below) and has also been tried for bandwidth
reduction’® according to the schemc indicated sche-
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matically in Fig. 4. (The number of components in a
television signal would of course be very much greater
than is shown.) At (a) are shown 6 line harmonics,
each accompanied by a few frame components; and at (b)
the upper half of the band has been folded back into the
lower half, the upper components. (now shown dotted)
being spaced half-way between multiples of frame
frequency.

Unfortunately the eye does not remain fixed on onc
picture clement, and wherever there is an edge in the
picture the eye tends to switch from one element to the
next as they change in successive frames, i.c., the obscrver
experiences a dot-crawling effect. Consequently this
scheme has not been pursued beyond the experimental

stage. Dot-interface has also been tried as a2 means of
‘I |[ ’ IHII | J_[l il 1L
(O]
L ll Ll
(b)
Fig. 4. (o) Schematic spectrum of television signal; (b} result of
* folding " the spectrum in order to reduce bondwidth.

reducing the bandwidth required for colour; but
appears to have been abandoned.

Addition of colour.—Before considering methods of
transmitting colour, it is advisable to consider what
information has to be transmitted. Basically three co-
ordinates must be given to spucxl\ an clement of picture,
and they can be represented in a three-dimensional model
of which the scction in the X-Y plane is the colour
trisngle (Fig. 5) while distance parallel to the Z axis
represents brightniess. There are then two possible sets
of co-ordinates: the brightness-hue-saturation scheme uses
a kind of eylindrical polar or », # 3 co-ordinates in which
an axis parallel to Z is set up through the centre or white-
point of the triangle, hue is represented by the angle ¢
of a radius vector to the point representing the light and
saturation is represented by the length r of this vector
relative to the radius to the periphery of the triangle.
The alternative arrangement is to use the Z axis plus a
pair of axcs in the X- Y planc.

It is cssential in a compatible colour tclevision system
that the modulation of the main carrier should represent
luminance; and it follows that the quantities transmitted
on the sub-carricr must represent chromaticity (position
in the colour triangle) rather than intensities of primary
colours. To derive position in the colour triangle, one
uses the fundamental law of colorimetry that the lumi-
nance of a “ mixed ” colour is equal to the sum of the
luminances of its components, and normalizes the
primaries having luminances say 4, B and C, to chromati-
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Fig. 5. Colour triongle in X-Y plane.

I, Q are axes of chromaticity signals;

KN w white point; R, G, B — primary

KN colours.  The numbers marked round the

R periphery of the colour triangle are the

wavelengths of the visible spectral colours,
from 380 to 780 millimicrons.

L : Y
05 0
x

city components a= A/(A + B 4 C),b = B/{(4+ B 4-C)
and ¢ = C/(4 + B + C). Butit is obvious that 2 4 b +
< 1 so onc need specify only two chromaticity com-
ponents; and these can be represented by the v and ¥
co-ordinates in Fig. 5 and may be regarded as the norma-
lized contributions from two of a set of imaginary pri-
maries X, Y, Z such that the triangle XYZ encloses the
whole of the approximately triangular space of real
colours.

The television ‘camera and reproducing systems use
three real primarics; and typical primaries for a colour
picture tube are specified by:

Red x = 0.67, v=033
Green x = 0.21, y= 071
Blue x = 0.14, y=0.08

At the transmitter the luminance signal is made up of a
weighted sum of the luminances of the primarics:

E’'y = 030 E'y 4+ 0.59 E'g + 0.11 E',,

(The primes indicate that the components are gamma-
corrected, i.e. are ready for direct application to the
colour tube in a receiver.) The two components of mod-
ulation applied to the sub-carrier arc:—

E', = 041(E", — E,)) + 048(E,/ — E;)

E', = —027(E, — E;) - 0.74(E, — E})
These threc formulac can be regarded as three simultan-
cous equations which can be solved in the receiver for
red, green and blue luminances in terms of E,/, B, and
E;.

Transmission of colour by sub-carrier.—The eye
has less resolving power in colour than in luminance
(brightness) just as it has less sensitivity. (The loss of
colour discrimination at low illumination is known as
the Purkinje effect, and moonlight falls within the
intensity range in which there is no colour discrimination.)
An example of the eye’s insensitivity to detail resolution
in colour can be scen in the remarkably satisfactory
impressions given by monochrome photographs which
have subsequently had colour superimposed by hand;
the areas of uniform colour are often much larger than
would have been acceptable in a painting. The principle
of “ mixed highs  was proposed to take advantage of this,
the colour components being separated at low frequencics
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but allowed to mingle as a combined white signal at high
video frequencies. In Dome’s proposal'’, using two
colour sub-carriers, the basic signal to 4 Mc/s was 10
have been the green component while the red component
extended to 1 Mc s and the biue 10 0.2 Mc/s. Since the
red and blue signals were not mutually overlapping
in the combined video signal, the space that could be
allocated to each was strictly limited. In the N.T.S.C.
system the two colour signals occupy the same band (sce
below) so the bandwidth limitation is not so stringent.

In all compatible transmission systems which have
so far been proposed, the first step is to provide a colour
sub-carricr at a {requency where it will cause least inter-
ference with monochrome 1eception. The three factors
which are used to minimize interference are: (i) the sub-

~carricr is placed mid-way between frame-frequency
multiples, so that its effcct should average out over alter-
nate frames; (i) it is placed near the upper end of the
video signal, where luminance components are small so
that low-frequency patterns will be of low intensity and
beating with the strong components at the botrom of the
video band will preduce fine-grained patterns; (i)
the average amplitude of the sub-carrier is kept down;
and (iv) the bandwidth of the modulation of the sub-
carrier is kept down.

Compression of both colour signals into one frequency
band is achieved by using double modulation of one sub-
carrier: the sub-carrier is regarded as a two-phase
charnel and the two colour components are modulated
on the sine and cosine components of the sub-carrier.
The two colour signals are then known as the “ in-phase ”
(1), and “ quadrature > (Q) components. (This is cqui-
valent also to having the carrier simultancously modulated
in amplitude and phase.)

It is specified in the N.T.S.C. system that the E,
component, sometimes known as the hue component,
should have a coverage of at least 1.3 Mc/s, but must be
at least 20 dB down at the main vision carrier. The
E, component must cover at least 400 kefs but have at
least a 6 dB cut-off a1 600 kc/s. Since the sub-carrier is
placed at approximately 3.6 Mc s in a nominal 4 Mc/s
channel, E, may be approximatcly double-sideband
but £, must be vestigial sideband.

The separation of the / and Q components in the
receiver requires an accurate phase reference; and even
with a burst of sub-carrier added to the synchronizing
signal at the cnd of every line, the receiver must be
set up rather carefully to avoid colour distortion. Several
schemes have becn devised to overcome this phase sensi-
tivity, known as SECAM!® (from France), PAL'?
(from Germany), and a scheme tentatively known as
NIR or SEQUAM" (from Russia). All make one line
of colour information serve for two lines of picture, and
therefore require the receiver to incorporate a delay
line capable of storing one complete line of signal.

In the SECAM system the two colour signals arc sent
alternately, a line at a time, and each reccived line
therefore takes onc of its parameters from the current
modulation of the sub-carrier and the other from the
stored signal of the previous line. Since only one para-
meter is transmitted at a time it suffices to amplitude-
modulate the sub-carrier and there are no demodulation
problems. The difficulty is that this very simplicity
of demodulation makes SECAM completely incom-
patible with N.T.S.C. The PAL system is very similar
to N.T.S.C., but the same video information is used
for the in-phase component on two successive lines,
but with reversal of phase of modulation in alternate
lines. (E, tends to convey hue, rather than saturation,
because it is based on the difference between red and blue
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signals. It is %, which has the smailer bandwidth of the
two in NLT.S.C.) It follows that E, vanishes from the
sum of successive lines, leaving £, while similarly
E, alone is recovered from their difference. If a phase-
sensitive detecror is used, an error ¢ in the referenee
phase will only reduce the amplitude of the colour signal
by cos ¢.

It is one of the practical difficulties of communication
theory that one has no theorctical basis for deciding the
fraction of the channel capacity that should be devored
to synchronization of one sort or another; onc only
knows that in practice it is an appreciable fraction.
With normal teleprinter machine telegraphy, for example,
it is about 25%; aand in momochrome television the
combined line and frame synchronizing pulses (and
flyback times) account for about 209 of total signal time.
It appears that the Russian NIR system devotes 50%, of
colour sub-carrier to synchronization by the device
of transmitting sub-carrier refereace phasc throughout
the whole of alternate lines (instead of only as bursts
during synchronizing pulses) and then uses the N.T.S.C.
double-modulation of the sub-carrier for the other lines.
A one-line delay storc is thus able to bring together
simultancously the modulated sub-carrier and the refer-
ence oscillation, instead of having to rely on the “memory™
of a local oscillator to provide the same phase during
the line of picture signal as was indicated during the
preceding synchronizing pulse.

Having once accepted the idea of storing a line of
colour signal, one has only two signals to transmit simul-
tancously, namecly luminance and one or other of the two
colour signals. But two signals can be transmitted on one
carrier, and the SEQUIN system '# proposes to transmit
the two as in-phase and quadrature components of the
main carrier. The proposal includes the use of negative
modulation, and saturated colours would be represented
by both amplitude and phase changes of the carrier,
while unsaturated colours would differ from the corres-
ponding saturated colours by having smaller quadrature
components but the same in-phase (black~-white). With
negative modulation the synchronizing pulses provide
maximum-power pulses of carricr, and therefore a
carricr phase synchronizing reference; an automatic
phase-lock circuit is suggested; and this appears desirable
because the frequency of the main carrier is some twenty
t0 a2 hundred times greater than that of the conventional
colour sub-carrier, the phase-synchronization of which is
apt to causc trouble.

On grounds of communication theory, the objection
to SEQUIN is that it puts the colour information into
the low-frequency end of the spectrum which is alrcady
heavily Joaded: in cngineering terms this means that
when the carrier is subjected to double modulation there
must be Jimits on the depth of modulation of either com-
ponent. In the proposed system this is covered by the
reduction in amplitude of components which involve
a large angle modulation.

Other possibilities.—So far we have reviewed cxisting
developments in the light of information theory, but
i we could wipe the slate clean snd start again would we
make any drastic changes?  The most important factor
seemns 1o be thar the picture is so variable in amount of
detail, in position of the centre of interest in the field
of view* and in amount and speed of movement that the
only alternatives are either to provide for the most severe
conditions on instantaneous transmission, and so have a
poorly utilized channel for most of the time, or average

*1t has been suggested tl ly the centre of inte

should be scanned 1n ful spiral scan could be made to give fine
detil in the centre of the picture and conrser coverage of the outer parts.

e
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over such a long sequence of ficlds that video tape record-
ing scems the only available means of storage.

On the choice of modulation for radio transmission,
there are ample theoretical studies showing that the
present vestigial-sideband system is a good compromisc
between the minimum redundancy of a single-sideband
system and the requirements of simpie receiver design.
From the point of view of monochrome signais only,
communication theory suggests that most of the video
band should be subjected to a pre-emphasis of nearly
6dB per octave, so that the signal transmitted should
have a flat spectrum, rather than a falling one. Looked
at in another way, this is approximately cquivalent to
differentiating the video signal before transmission, to be
followed by integrating in the recciver, which (a) in the
transmitted signal gives prominence to the edges and
boundaries which convey most information and (b) in
the receiver reduces random noise. However, this would
be incompatible with present colour systems, which only
work because the monochrome spectrum is of low
intensity at the frequency of the sub-carrier.

There is a degree of asymmetry in present colour
systems, since horizontal resolution is reduced by a
factor of two or three for E; and about six for E, but
vertical resolution is unchanged for colour in N.T.S.C.
or reduced by two in SECAM and PAL. Since flicker
is such a powerful factor in sctting frame frequency, onc
wonders whether whole fields could somehow be inter-
laced in colour. Obviously the transmission of a colour
signal cannot be delayed for a whole frame, since this woud
lead to colour trails behind moving objects, so one then
comes to the dot-interlace scheme of colour tclevision!s.
Just as line interlace is normally used, so cach line can
be broken up into groups of say threc dots, which are
transmitted in only one colour at a time, red, grcen or
biue. Thus if one used in three successive scans the
sequences RGB, GBR and BRG, super-position of the
three scans would give all three colours for all three
points.

The main trouble is that in this form the system makes
use of the wrong tolerance in colour: it reduces bandwidth
by allowing the formation of colour to be cxtended in
time, instead of by degrading the spatial resolution in
colour. Itis also rather inflexible in the sharing of band-
width between the three colours; unequal aliocation is
possible by giving two scans of green to one each of red
and blue, but only such integral proportions are possible.
The practical stumbling block is that dot systems are
not immediately compatible with simple monochrome
reception, and the more.one refines the dot system the
worse is the compatibility problem. To set against the
pattern which can be created by the sub-carrier in the
N.T.S.C. system, there is the break-up of the picture
into dots, though this is theorctically at a higher fre-
quency.

One is forced to the conelusion that although sub-
carrier colour systems have no fundamental merit, and
work only by virtue of the inefficient usc of the channel
by monochrome signals, they have great practical merit.
Whether communication theory will guide anyone to a
system having sufficient advantages to justify abandoning
direct compatibility with existing receivers must remain
an open question,
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Two charts entitled Oscilloscope Accessories and Mounting
Arrangements for Oscilloscope Cameras, arc available from
Marconi Instruments. These are intended as guides to
accessories for use with Marconi ’scopes and, in particular,
oscilloscope cameras,

WW 322 for further detalls

Oscilloscope mput accessories is the title of another Mar-
coni Instruments’ publication (10 pages) introducing the 81
scrics of passive probes, and also discussing an active probe
and a pre-amplificr,

WW 323 for further details

The Loftline photomechanical process for reproducing
drawings and graphic designs on flat surfaces—all metals,
Jaminates, plastics, and so on—is described in a 4-page
leaflct available from Lee-Smith Photomechanics Lid., of
Lyon Way, Hatficld Road, St. Albans, Herts. The in-
dustrial applications of this process and details of the equip-
ment needed for the process are included.
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“ Abstracts of application notes and other Literature on
Semiconductors available from Gcncral Elcctric Semiconduc-
tor Products Department April 1965 ” is the title of a pub-
lication (90.0/200.0) listing the company’s semiconductor
application notes, article reprints, manuals and papers. Re-
quests should be made to the General Electric Company,
Distribution Services, Building 6, Room 208, 1 River Road,
Schenectady, N.Y. 12305, U.S.A.
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Newmarket Packaged Circuits ABC describes the range of
packaged. a.f. amplifiers and power units produced by New-
market Transistors Ltd. Scven types of af. amplifier are
presented, from 150 mW to 3 W, and circuits, dimensioned
drawings and specifications arc given for each item. A
higih-to-low impedance matching pre-amplifier and three
power supply units are also detailed in this 12-page brochure.
WW 326 for turther details

The sccond issuc of the 312-page main catalogue of Briiel
and Kjer, of Nxrum, Denmark, is divided into 14 scctions,
the largest covering special acoustic cquipment. Others in-
clude a.f. generators, frequency analyzers, microphones and
accelerometers.  The final section contains abbreviated in-
formation on international standards for acoustical and mech-
anical measurements,

ww 327 for further detalls
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The latest Heathkit catalogue (86/1) is available from Day-
strom Ltd., of Gloucester. The catalogue lists available kits,
including two recently introduced items—a *“ slimline > loud-
speaker enclosure and the 08-2 3 in oscilloscope. A short
leaflet listing some of the available American kits is also
available.

WW 328 for furlher details

Crossed field amplifiers arc discussed in the latest issue of
Micronotes (vol. 3, no. 8). This American publication, in-
tended for those intercsted in microwave technology, is avail-
able from Microwave Associates Ltd. at Cradock Road,
Luton, Beds.

WW 329 for further details

Autospee Success is the title of publication SP149 available
from the Marconi Company. The Autospec principle of
automatic error correction for radio telegraph and data trans-
mission systems is described bricfly and examples of its use
in various installations are given, together with some typical
error-rate figures. The Autospec systern was described in
detail in Wircless World February and March 1964 issues.
WW 330 for further detaits

Transet Variable Ratio Transformers is the title of a 6-page
folded leaflet describing a new range of transformers manu-
factured by Smith Hobson Ltd., Hersham Trading Estate,
Walton-on-Thames, Surrey.

WW 331 for further detalls

Briush Insulated Callender’s' Cables Ltd., 21 Bloomsbury
St.,, London, W.C.1, announce a_new pubhcauon No. 508,
Television stmbunon Cables. Physical and clectrical data
of nearly forty different conductor sizes is presented in three
tables. General supporting details cover cable construction,
installation, screening efficiency and impedance uniformity.
WW 332 for further details

An engincering bullctin on the subject of 0.019% A.C. Calibra-
tion Equipment is available from Dynamco Ins[ru.rnems Lid,

Salisbury Grove, Myrchett, Aldershot, Hampshirc. The
bulletin descrifes the general problems associated with a.c.
calibration, drawing attention to the fact that there is no
absojute standard for a.c, similar to the Weston Standard
Cell used for d.c. calibration, and then details the method
of the Dynamco system which uscs the thermal transfer tech-
nigue.

WW 333 for further detalls
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I TIBRIMAR
[:H[Il SETS OF

>IN PACKS

Circuit diagram available for each type of pack

Pre-selected for performance to cut
development and production costs!

The transistors are arranged in sets and
carefully graded for performance charac-
teristics in a range of standard audio
amplifiersof different outputs. This means
improved,. predictable performance for
amplifiers in industrial equipment —with
reduced production and development
time, and-fower overall costs.

BRiIMARTransistor Packs offer you:
¥ Audio amplifier circuit designs.

Balanced charactenstics, giving a narrower
spread of. performance than could be obtained
from a random selection of transistors.

ged sets for i of bly.
Coloured sleeves for easy identification.

#: Lower production costs.

See{heseandotherBRIMAn
semiconductor devices at
the THORN-AEI

o[AND 6109

ILE.A. OLYMPIA

WiWw-—118 FOR FURTHER DETAILS.

Selection of Transistor Packs and Circuits availalle

For audio amplifiers

LP15  0-4W Class B push-pull amphfier, 9V
supply.

LP17  1-5W complementary single-ended Class
8 output stage, 25V supply.

LP19 3W Class B single-ended push-pull
output stage, 25:5V supply.

*YP56 8W Class B push-pull output stage, 25V

supply.

For tape recorders

*YP54 Educational tape secorder, microphone
input—headphone output, 24V supply.

* Development packs.

Thorn-AEI Radio Valves .
& Tubes Limited >
7 Soho Square, London W.1.
Tel: GERrard 5233
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SEE THE LATEST ADDITIONS AND
CURRENT RANGE OF SANDERS

MICROWAVE EQUIPMIENT ON
STAND RN403 LLE.A. EXHIBITION

@ Attenuators @ Bench Supports Clamps & Carriages @ Bends & Twists @ Crystal Detectors &
Mixers @ Directional Couplers @ Educational Microwave Equipment @ Ferrite Isolators € Wave-
guide Horns @ Junctions @ Loads @ Oscillators & Signal Generators @ Phase Shifters @ Power
Meters @ Power Supplies ® Short Circuits @ Standing Wave Detectors @ Transntlonsﬁ Tuners &
Variable Impedances @ Wavemeters @ Flexible Waveguides

Sanders are one of the leading European
manufacturers of microwave equipment and,
in the U.K., exclusive representatives for:—
Weinschel Engineering Co.,INC, Gaithers-
burg, Maryland, Santa Monica, California,
U.S.A.

MI@%[IWA\IE

GUNNELS WOOD ROAD,
STEVENAGE, ENGLAND.

Tel: Stevenage 2311 Telex 82159
Cables Sandelect Stevenage.

>z

.H. SANDERS (ELECTRONICS) LTD.
SUBSIDIARY OF MARCONI INSTRUMENTS LTD.

WW—119 FOR FURTHER DETAILS,



LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Collision Avoidance Systems

I READ with interest Mr. Gilmour’s letter (April issue)
about collision avoidance systems for aircraft. His
theories, however, contain some serious defects:

(a) For aircraft climbing and descending (a prominent
collision situation), he proposes the aircraft transponder
to transmit “heights intending to be passed through.”
Two poiats here. First, the transponder has no crystal
ball to foretell this, so it has to be informed of the inten-
tion by the already overworked pilot. Something elsce
to do wrong. Second, the rate of descent is all-important,
as well as the heights concerned.

(b) The successful operation of the equipment depends
on complete serviceability of both units in both aircraft.
Things like this go “on the blink” with monotonous
regularity. One fault in cither system and all is useless.

(c) Also assumed is that both aeroplanes have the
equipment fitted. Some small airlines have not yet had
LL.S. installed in their aeroplanes, a system years old
and widely considered vital for safe air operations. What
chance is there that they will fit this new wizardry?
Also, a light aeroplane can do just as much damage in
collision as another airliner; yet, with the best will in
the world, these do not have room to fit the proposed
equipment.

(d) Aircrew cannot tell readily from a height/airspeed/
heading display whether or no: another acroplane consti-
tutes a collision risk. They want it on a yes/no basis.
Given that, which implies more than the “ simple modi-
fication ” proposed by Mr. Gilmour, it is impossible i
« discuss avoiding action” with another acroplane owing
to the diversity of frequencies in use.

A better basis for starting to look at this problem is
that of simple relative velocities.

Two aeroplanes on a collision course have velocities
such that their relative velocity is along the straight line
joining themselves. Let me make this more clear dia-
grammaticaily.

AIRCRAFT A
ATRCRAFT B

This is the old “parallel-axes” theorem; the relative
velocity (represented by the intercepts) is always at a con-
stant angle (i.e. no angular component of polar velocity)
if the flight speeds are steady.

The following system therefore commends itself. A
self-contained radar tracking system in the aircraft (of the
gyro-based guided missile variety) picks up an aircraft
within a certain range and “ locks on” to it using proven
missile techniques. The rest is simple. If the radar

WIRELESS WORLD, MAY 1966

aerial moves transversely -(i.c. spherically) in following
the stranger, the two aircraft are designed to miss cach
other. If the aerial stays geometrically stationary in
following the other acroplanc the relative velocity is
through the two aircraft with no angular component,
and a collision course exists.

Warning of an impending collision could either be
presented to the pilot or arranged to tweak the autopilot
so that the relative velocity changes into one with an
angular component subtended at the acrial and collision
is avoided. The presentation of range and velocity
information to the pilot as a bonus presents no problem,
using the Doppler cffect mentioned by Mr. Gilmour.

Where several aircraft are within range the locking
radar would investigate each in turn, the nearest first.
Once the aerial has locked on and moved while follow-
ing its target it has satisfied itself that no danger exists
and goes on to the next trace. This would only take a
few seconds; no problem at 100 miles range even at
closing velocities of 1,200 m.p.h.

This system, though idealistic, has none of the imme-
diate snags prevalent in Mr. Gilmour’s:—

(i) The system is positive for all straight line flying,
and takes account of rates of climb and descent.

(i) The system is entirely sclf-contained. One’s own
careful airlinc has no need to trust the servicing and
operating integrity of a small airline operating across the
Atlantic at the * lowest fare ever.”

(iii) 1f both aircraft have the system, one unservice-
able is still a safe state of affairs.

(iv) The pilot is not bothered until
threatens, which is as it should be.

In conclusion, I am dclighted to see this subject
coming up in other than aeronautical circles. The evolu-
tion of the supersonic transport and proposed narrower
air corridors demand the rapid development of such a
device. G. L. PERRY

Officers” Mess,

R.A.F. College, Cranweil

something

British Electronics Abroad

AS an electronics engincer and a resident in Hong Kong
for the last six years, I wholeheartedly agree with your
Editorial in th¢ December issue and the subsequent
fetter from Mr. D. W. F. Milligan in the February issue.

We have just finished here in Hong Kong what is
reputed to have been a very successful British Week.
In conjunction with this, an cleven-day Engincering
Exhibition was held to show off th¢ cream of British
products. After spending a couplc of hours looking
around the various displays, I concluded that British
munufacturers of clectronic  cquipment cither  had
nothing to show, or they were just not interested. As
T read most of the leading electronics journals and visit
the various London cxhibitions, I know that it is not the
former—thercfore I must assumec it is the latter.

Of course, some of the larger British companies with
Far East offices in Hong Kong were represented, but
even they had nothing spectacular or inspiring on show.
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One point in particular; although within 18 months Hong
Kong is to have a broadcast television service, not one
manufacturer of TV sets thought his products worthy
of showing.

In the manufacturing ficld, Flong Kong is blessed
with a large labour force and a low wage scale. This,
together with a low rate of taxation, has attracted many
American and Japanese manufacturers to set up their
own or joint-venture plants in the Colony. In contrast,
only one Bridsh company has followed suit—it is a
subsidiary of a large American organization!

One Amecrican company started two years ago pro-
ducing semiconductors on one floor of a small factory
building. Last week they opened the doors of their
own new 1l-storey factory.

The general opinion of the industry here is that British
manufacturers have “missed the boat”; an opinion
which I am almost ready to endorse.

However, before passing judgment I decided to do
a little research. I looked around this wonderful Colony
of ours and concluded that one branch of electronics
was still opcen to all. I refer to the field of industrial
electronics, where none has so far ventured, though no
doubrt they will if left much longer.

As a start, a small group of electronics engineers have
just formed a company for the design and manufacture
of clectronic devices for use in industry. Within ten
days of advertising the fact, we have been swamped
with querics from local manufacturers; so many that
two of our group are permanently assigned as consul-
tants. If the response locally is so good, then what
better place to start a plant. No doubt the opportunities
arc as great in the other countries around us.

So, you manufacturers back home, why not take a
trip out here and look over the market potential. I
assure you the natives are friendly. Should manufac-
ture be out of the question for you, there are sales to
be made—but not from the sanctuary of your UK. office.

Kowloon, DON WEBSTER

Hong Kong.

‘‘Flip-flop”* a Misnomer?

THE letter from Mr. P. S. Pinder in vour April issue
can only produce my complete agreement, bur what a
shame that the printers let him down at a most crucial
point in his argument*

There is, however, doubt creeping into my mind.
Perhaps the computing engineer uses the terms “flip”
and “flop” to designate a “1” or “0” respectively
being generated. In this case onc can, I suppose, arguc
thar their nomenclature is logical as this is the pattern
of events occurring in a bistable, i.e., the first trigger
pulse generates a “1” and the sccond pulse a “0.”
Presumably a bistable working in an “inverted mode”
would then be called a “flop-flip 7!

However, I will come down on Mr. Pinder’s side—
after all, why should the bistable be so privileged above
members of its own family?

University of Keele, E. W. FIRTH

Suffordshire.

*Thc fourth line from the ¢nd of Alr Pinder's lulcr <huu|d o( course have
read 2 bistable a * fip-flip” and an ustable a “ flop-flop.”

Automatic Car Parking Light
READERS may bc interested in details of a circuit for an

automatic car parking light which makes use of the
light-scnsitive properties of the OC71 when its paint
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DISCORNECTED

is scraped off. The base is not connected. The circuit
was designed as shown in the figure and field trials
carried out on different makes of cars to prove its reli-
ability. At night maximum drain on the car battery is
approx. 196mA. When the device is inoperative the
maximum drain is 0.5mA unless of course a switch is
incorporated to disconnect it from the battery. The
lamp is automatically switched on at dusk and switched
off as daylight returns. The lamp stays alight in strect
lighting. The components cost about £1.

The circuit analysis is as follows:—

maximum current taken by the 2.2W lamp

3 3 3
22 1042'2x—10-=188mA
T 12V 11.7
current required to saturate Tr3
188 18

B(min) of Tr3 20

As Tr2 and Tr3 form a darlingron pair and Tr2 remains

saturated when circuit is in use, therefore current in
—Vsar — Vie _ 12—03 = 0.7

2 = = 9.2mA

T 12 12

‘This current is enough to saturate Tr3 which requires
g2 =22 _05ma.

B (min) of Tr2 30

Current of about 0.45mA is enough in the 1st stage.
For Tr2 to saturate ¥, must rise to at least 1.6V with
respect to negative earth. The impedance of Trl is
about 3.5k in the dark. Therefore V; = 0.45 % 3.5
1.57 volts. The values of resistors can be varied to suit
requirements.

Trl is conveniently placed ncar the windscreen en-
suring enough light falls on its glass covering, The paint
on the glass covering is easily removed. If the car is o
be used regularly S1 may be omitted as drain on the
battery during daytime is negligible.

Basildon, S. K. CHAWLA

Essex.

Temperature Control

I WAS interested in Mr. J. A Selby’s thermostalic
switch unit in the February issue. Perhaps a circuit [
have used in a number of versions may be of interest. It
is basically an af. oscillator, of which the feedback is
through a Wheatstone bridge with a thermistor as one
of the resistors. Fig. 1 is the simplest practical versiomn.
Oscillation takes place above or below a certain tem-
perature, depending on the way the transformer is
connected, and the oscillator output is rectified and
amplified 10 operate the rclay.

Using an F type thermistor made by S.T.C., this circuit
will control a water bath to +0.5°C or better. The
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the same point as used by Mr.

resistors in the bridge should be wire-wound or metal
oxide types, and their values depend on the temperature
range required and the thermistor type. (The resistance
of the F23 is 2,000 at 20°C.)

There has been no trouble with the relay not switchiog
over positively during gradual change of amplitude with
temperature change.

An interesting variation is a proportional control
version using a complementary monostable multivibrator
as in Fig. 2. Over a small temperature range the on-off

26381
12638t

RELAY]

2nis02

Fig. 2

ratio changes from zero to infinity. The recovery time
is two or three seconds with the capacitor shown. Positive
bias for the n-p-n transistor comes from the voltage
drop of about 2V in the transformer winding.

The transformerless power supply shown calls for some
comment on safety. The live mains wire should he
connected to the capacitor, which must have an adequate
rating (1,000V d.c). The series resistor is to reduce
transients, particularly when switching on. ‘This is
essentially a constant current supply and must not be
open circuited (when it would become a voltage doubler),
and the Zener diode must always be connected.

Bexhill-on-Sca, C. Q. KEILLER

Sussex.

Television Sound Quality

SOME time ago I decided to improve the audio quality
from my television- receiver in a similar manner to that
described by Mr. T. M. George in your February, 1966,
issue, but found one or two drawbacks. Most audio trans-
formers proved unsatisfactory from the mains isolation
point of view, since their insulation had not been designed
to withstand 240V r.ms. A much safer method is to
isolate the receiver completely using a 1:1 mains isolating
transformer*.

It is then a simple matter to bring the audio out from

* Make sure the mains supply is w.c.—ED.
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George. If this is fed into a
conventional valve pre-amplifier,
and the interconnecting lead is
reasonably short, there are no
impedance problems to worry
about. When one is using a low
impedance input, or the leads are
long, it is relatively simple to re-
arrange the first audio stage in
the television receiver to operate
as a standard cathode follower.
By doing this one avoids all the
inherent distortions encountered
using transformers, and reveals even more clearly the
quality (sic) of the transmission.

Stroud,

Glos.

200V
AT,

680
— - AA~—o—a|
Fam 0-5A

Fig.

JOHN WEBSTER

‘ Amplitude-stabilized RC Oscillator ™’

I WAS very interesied in Mr. E. Nelson-Jones’s article on
the phase-retard oscillator in the November 1965 issue.

I would like to point out that a high input-impedance
amplifier is not cssential with such oscillators provided
that an additional resistor is included in the network, as
shown below.

It may be shown that if the amplifier has zero input
impedance (i.e. virtual earth) the fundamental frequency
of oscillation is given by

4/ 10 ]
f=5.cr 1% 2-cRr

and the amplifier output voltage by

1-274e, R

- 2
sk (2 E)
where e, is the sine wave peak-to-peak amplitude and e,

is the squarc wave peak-to-peak amplitude. This output
amplitude may readily be adjusted by varying R..

©

R
PN

c c

|

By using an operational amplifier a high open-loop
gain may be achieved togethér with a low output im-
pedance, thus ensuring a true virtual earth input and
eliminating the nced for a buffer between oscillator and
load.

Basingstoke,

Hanis.

COMMON

J. W. HARMAN

Voitage-regulated Power Supplies

IN most published designs for voltage regulated power
supplies, including that by Mr. J. S. Taylor in the April
issue, the ourput transistor is driven by another power
transistor. This method is expensive in that the driver
transistor, often capable of dissipating about 30W, is
only required to dissipate around 1W.

™
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The circuit given above overcomes this objection.
Trl is a silicon power transistor while Tr2 is a ger-
manium device operating in the common emitter mode
with a Vg of about 0-7 V.

The. advantages which may be claimed for the circuit
are:—

(i) Maximum power dissipation in Tr2 is normally
low (usually ~ 100mW) and is limited by R:

(i) A current limiter of the type described by Mr.
D. Wilson in the Correspondence pages of the February
issue may be readily incorporated.

(iii) Tr2 is always opecrating in a region of substantial
collector current. Lcakage is thercfore unimportant.

(iv) The possibility of a high Trl/Tr2 h z; product is
offered.

(v) The components required are inexpensive. At
present a 2SO12A/2N1304 pair with a minimum A 5
product of 800 costs only about 15s and has very good
power-handling capabilities.

The circuit’s only disadvantage appears to be con-
tinuous dissipation in R but this is usually easily accom-
modated since no extra heat sink arca is required.

Aberdeen. IAN H. HOWIE

Camera Image Stahilization

WHEN a television camera is used to take pictures of
very distant objects with a telephoto lens, the optical
effects of small camera movements caused by accidental
shocks or vibration arc gready magnified and become
noticeable as wobbling or jumping of the picture. This
can be seen sometimes in outside broadcasts of sporiing
events, The B.B.C. are considering tackling the problem
by fitting to their O.B. cameras a device which optically
compensates for such movements—that is, movements
more rapid than the normal panning oncs. Known as
the Dynalens, it comprises an adjustable prism placed
in the optical path and gyroscopic displacement sensors
mounted on the camera housing. A camera movement
detected by the scnsors produces a signal which alters
the refracuion angle of the prism so that the light rays
arc deflected in the same direction as the movement and
the selected image is therefore not displaced from its
original position on the camera tube target.

The prism is a lens-like structure comprising a volume
of liquid enclosed between two transparent plates and
a bellows. In normal operation the two plates are
parallel and no deflection of the light rays occurs. When
a displacement signal is received, however, the plates
arc moved at an angle to cach other and the emerging
rays are bent correspondingly. The plates are con-
trolled about both horizontal and vertical axes so that
the effects of camera movements in any direction can
be compensated.

The device is marketed in the U.K. for the American
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manufacturers, Dynasciences Corporation, by the Living-
ston Group. Ar present the B.B.C. are assessing its
performance, which may depend to some extent on the
speed of response which in turn depends on the inertia
of the mechanical parts. It is thought that the siabi-
lizer may prove particularly useful when cameras arc
mounted on high towers where they are likely to be
butteted by the wind.

An alternative solution to this type of problem adopted
by another Amcrican firm, the Itek Corporation, is to
interpose in the optical path an electronic image con-
verter with clectro-magnetic means for deflecting the
electron beam (Electronics, September 20, 1965). This
has the advantage that the. electron beam deflection
systern has no mechanical inertia to limit the speed of
response of the stabilizer.

New Aid for Renal Studies

KIDNEY function studies employing radioactive isotope
tracers will be assisted by a specially developed renal
function analyser with two separate channels. This
equipment, made by Isotope Developments Ltd.,
employs two scintillation counters, which are so posi-
tioned on two vertical columns that the paticnt can be
examined in a sitting position. The associated colli~
mators, with special iso-count characteristics, are in-
tended to minimize cross interference caused by the
radiation cmitted from each kidney. Both analogue
counting channels are constructed of transistor modules,
and cach channel contains a high voltage unit with digital
setting indication, a wideband amplifier with continuous
gain control, a pulse height analyser, and a multi-range
linear ratemeter. The mounting of the detectors permits
other studies to be carried out, with the patient lying
down or sitting up.

Dual channel renal function analyser.
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RELAYS-
Immediate Delivery

CIRCUIT (B =

RELAY Il ‘@“{W

PRINTACT miniature relays are designed tion; Bifurcated double break contacts: Balaneed armature;
solely for printed circuits. 6, 12 and 24 volts; 500 mW; Enclosed housing; Plug-in application; Encapsulated coil;
5,000,000 operations; Palladium contacts; — 30 C. to Self-wiping contacts; Inherent snap-action, greater switching
+95C. 3to7 millisecs. 3in. cube; 0.8 oz.7 1000 V. insula- versatility—

PRINTED

and still the MlNl-Q the economical 4 pole miniature plug-in relay. High Sensitivity, Twin contacts to
switch la. at 100 V,

MINI G.P.

$1500 PO. Miniature General Purpose

relay. Miniaturised version of P.O.

600 type with identical specification.

Zin. % l¥in. x 2gin. plus tags.
Ideal for printed circuits

Al.D.- ARB.
ADMIRALTY
APPROVED

Nlustrated # of octual size

™ Continuous expansion now means
@eg Iver 2 weeks’ delivery of standard 3000, 600,
MINI G.P types. Variants available: PLUG-IN,

TWIN RELAY, 30A, REMANENT, LATCHING, TIMER,

of 3000, 600 TRANSISTORISED. :
& MINI G.P. types 48 HOURS' PROTOTYPE SERVICE

| Mark URGENT enquiries 'EM.S. for EXPRESS MANUFACTURING SERVICE B}
A.D.S. RELAYS LIMITED

97 ST. JOHN STREET, London, E.C.1. Phone: CLErkenwell 3393. cables: ADSRELAYS, LONDON, E.C.l.
WW—120 FOR FURTHER DETAILS.
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AT016-A CROSSBAR AERIAL EXCHANGE

The STC HF Transmitter System

Economic considerations in the
operation of modern .
transmitter stations call for a
high degree of automation. The
STC HF Transmitter System
design philosophy reduces the
number of technical personnel,
improves equipment utilization,
minimizes lost time during
frequency changes and
tacilitates more compact
system layout — ait achieved

at little increase in cost.

The STC System is the
culmination of two decades of
STC experience in automatic
HF communication techniques.
Progressing from single unit
equipments to complex muiti-

world-wide telecommunications and electronics

block systems, the STC System
now provides for complete
transmitter stations from line
input to aerial output, It
embodies comprehensive
monitoring, automatic fault
location and rapid restoration of
service in the event of a failure.
Due to greatly improved
reliability, the transmitter and
drive equipment can be
unattended, tuning and control
functions being carried out from
a remote position. System
flexibility accommodates

all user and site requirements.
Space reduction is accomplished
by the extensive use of solid
state devices and logic

techniques. The transmitters
are self-contained with integral
cooling, front access only
being required.

The STC range includes:-
F.S.K. Telegraph Drive Unit
A.1422 o Independent Sideband
Drive Unit A.1424 o Frequency
Synthesizer 4021 « Transmitter
Amplifiers QT Series
Crossbar Aerial Exchange
A.1016-A

For further details, write, phone
or telex Standard Telephones
and Cables Limited, Radio
Division, Oakleigh Road,

New Southgate, London, N.11.
Telephone; ENTerprise 1234,
Telex: 261912,

$6/19E

WW—I121 FOR FURTHER DETAILS.




§tjtisthiiﬂ Electronics and Gﬂmugicatﬂns

5—-Experiments and Decisions

(Concluding the series)

ECISION-MAKING is an important activity in
government, management and scientific activities;
and from a theoretical viewpoint two of the major

characteristics of decision-making are, first, that it in-
volves loss of informarion and, secondly, that the task
of scientific decision-making is to make logical decisions
on the basis of doubtful cvidence. The loss of information
is inherent in the non-linear nature of decision-making,
whether or not it is irreversible. Consider, for example,
a criminal trial in which the evidence for the prosccution
is largely circumstantial. Tens of thousands of words
may be spoken about times and places, alleged recognition
of persons, chemical analyses, etc., but the decision of the
jury reduces all this to onc binary digit’s worth: * guilty ”
or “ not guilty  (except in Scotland, where the verdict
provides one ternary digit of information on the scale
“ guilty,” “not proven’ or “ not guilty ). The dis-
carding of information by decision-making is perhaps
illustrated cven more dramatically by the tradition in
certain cxaminations of destroying the candidates’
scripts as soon as the class list has been prepared.

It is equally true that there is a loss of information
when a decision is made by a threshold circuit berween
the “mark® and “space™ conditions of a signalling
circuit. It is inherent in the philosophy of Shannon’s
ideal coding (as described in the geometrical model')
that in order to preserve as much information as possible
only a single decision shall be taken, identifying the re-
ceived signal as a whole with some particular message,
and the freedom from error which is associated with the
ideal-coding theorem is lost if one decodes the signal one
digit at a time. This viewpoint is also applicable to
character-recognition schemes: those which divide the
character area into a matrix of cells and then take a separate
binary decision on each cell in turn must be inferior to
those which retain all the information until a later stage.

« Doubtful * cvidence means statermnents which can be
expressed as probabilitics but not as facts: an cxample
{from electronic engineering is the esdmate of the magni-
tude of a signal or other current on which is superimposed
“ noise * of some kind. The decisions are described as
logical because the usc of the appropriate statistical
algorithm will lead to a unique result which does not
involve any subjective judgment by the observer; and
this is both the strength and the weakness of statistical
decision methods. ‘The absence of subjective factors is in
general desirable, but there may be anxiety lest the
statistical process might ignore ‘ imponderable * factors
which would be included in a subjective judgment but
which are not amecnable to quantitative formulation.
The answer to this objection is that diligent study wilt
often lead to a quantitative formulation of the so-called
imponderable, in which case all that was hurt by the use
of statistics would be the pride of the man who would
otherwise have made a subjective judgment.

*University of Hull.
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By D. A. BELL,* ™ A, B.Sc;, Ph.D.,, M.LE.E., F.Inst.P.

Experiuents and decisions have been linked together
because the purpose of an experiment is often to obtain
information for usc in making a decision: this can usually
be described formally as deciding on the best out of 1
number of possible hypotheses. In measuring a length of
x millimetres with a metre rule, you select one out of the
thousand hypotheses from x = 110 x — 1000. However,
it would usually be unrealistic to suggest thar all the
diffcrent values are equally probable: for exampic the
length of a man’s shoe is unlikely to be more than 35 cm
or less than 20 cm.  One thus has some advance cstimate
of the probabilitics of the various hypotheses—the a
priori distribution of probabilities—and the cxperiment
leads to a more restricted a posteriori distribution of
probabilities. The difference between these two sets of
probabilities, when suitably expressed on a logarithmic
scale, is the informaiion obtained from the experiment,
in the particular sensc of information/communication
theory. Suppose that in given circumstances there are &
probabilities to consider. (We might have 2 = 57 if
we were waiting for the next symbol to appear on a tele-
printer page, or perhaps £ — 9 for the number of horscs
in a particular race.) Then the average logarithmic
probability is obtained by multiplying the logarithm of
each probability by the probability of its occurring, i.e.
by itseif. Since probabilitics are by definition less than
unity, their logarithms ate negative quantities; and the
positive quantity obtained by reversing the sign of the
average logarithmic probability is the entropy

b
H = = z pilog p;
fi= 11

i
Thus the whole basis of information measurcment is
statistic
Howeser, the application of statistics is more obvious
when a particular statistical technique is used to reach a
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The short vertical lines indicate by their positions along the scale of
R the differences from nominal value of fifteen resistors. It is reason-
able to assume that the bulk quantity of resistors, from which these
fifteen were drawn, have the gaussian distribution centred on the
correct value, which is represented by the curve?
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decision on some specific type ol question. For example,
a sample of 15 resistors drawn from = large batch of 5%,
tolerance resistors has a mean value 0.229% below the
nominal value: does this mean that the whole batch is
probably a little low in value? To answer this question
the variances of the whole population and of the sample
must be known, because such a sample could be from
normal production in the way sketched in Fig. 1. The
curve, a normal distribution with a standard deviation of
1.5, represents the distribution of frequency of occur-
rence of various magnitudes of discrepancy in the whole
population, and the small arrows indicate the individual
values of the 15 samples. The samples occur more thickly
towards the centre of the distribution, but being random
are not quite symmetrically distributed. Are these valucs
which could reasonably have been drawn as a random
sample from the population? The parameter used by
statisticians to investigate this question is known as
“student’s ¢ ” and is defincd by the formula*,

RCED)

4
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where x is the mean of the sample, X the mean of the
whole population, » the number in the sample, and (o,
is related to the variance of the sample:

Z(x—x)*
n—1
The quantity m = n — 1 is said to be the number of
*“ degrees of freedom » of the sample parameter ,o,: one
degree of frecdom has been lost because instead of asking
about the variance of the sample, the mean being fixed
by the sum of the individual values in the sample, we arc
asking about the variability ol the sample relative 10 the
pre-determined mean of the whole population. (The idea
of ** degrees of freedom * will be further discussed below.)

Returning to the specific example, ¥ — X = 0.012,
n =15, and g0, = (1/14) £(x - x?) which for the
sample values indicated in Fig. 1 is 1,701. It follows that
1= 0.508. Now look in a table of the ¢ distribution
(c.g. Table XII in Burington and May), take the line of
the table for m = 14, (14 degrees of freedom): the ncarest
entry, 0.537, occurs in the column headed 0.60 which
means that there is a ncarly 609 probability that the
difference is random and no change in the characteristics
of the production is indicated by the sample.

0¥ S

Degrees of freedom

The meaning of “degrees of freedom™ is most easily
secn in a “contingency table” which is a means of dis-
cerning relationships, similar to correlations, when the
relevant  characteristics are given only qualitatively
instead of as continuous variables. For cxample, is it
more difficult to get an Ordinary National Certificate in
Engineering or in Building? The numbers enrolled
and numbers obtaining O.N.C. at certain colleges could
be set out in a table as followsf. The non-statistician
would convert thesc figures to percentages passing, which
is quite correct as far as it goes.  But when the percentages
work out to 49 and 54, are we sure this is significant?
The statistician may take a diffcrent approach. The
total number of enrolled students is divided in two ways,
first between those who tuke engineering and those who
“This is the form given by Yule and Kendull in “ An Introduction to the

“Theory of Statistics.” Burington and May, in * Handbook of Probability
and Seatistics, give the lly eq and upparently simpler
formula £ = (t/~6,) (*—X)\ (n—1) where o, i
fe. It is less easy 1o explain the fuctor
on figures given on p. 356 of the
1959.

wariance of the
, rather than n, in this form.
‘rowther Report, 15 1o 18,

Obtain Do not Total enralled
O.N.C. succeed
Engineering 539 (542) 561 (558) 1100
Building 54 (51) 48 (51) 102 i
Totals s ) | 1202

take building and sccondly between those who obtain
O.N.C. and those who do not. If there is no difference
in standard of courses or quality of students, the number
who obtain O.N.C. in engincering showld be obtained
by multiplying the number of engineering students by
the number of successes amongst all students i.e.
11006 > 593/1202 = 542 to the nearest integer. This
number is shown in brackets in the table; and it is clear
that given this number and the totals of rows and columns
it is immediately possible to construct the figures which
would be expected in the other cells of the table.

Since the figure for one cell (in addition to the totals)
suffices to fix the whole distribution, this table is said
to have one degree of freedom. However, if there are
several rows and several columns in the table, it is
necessary to specify the content of all but one cell in each
row or column, and a table having r rows and s columns
has (r — 1)(s — 1) degrees of freedom (e.g. 6 degrecs of
freedom for a 4 x 3table). The statistician can then write
into each cell the difference 8 between the value found
experimentally and the value which would follow from
multiplying independent probabilities: in the top left-
hand ¢ell of the present example § =539 — 542 — — 3,
and since this rable has only onc degree of frecdom all
the other three cells must have § = - 3. Without enter-
ing into 2 proof it is plausible to say that the 4 ambi-
guity is eliminated by squaring 8, and that in general the
square of 3 is likely to be proportional to the independence
value m; so we derive a measure

Xt = T(8nm)
where the summation is taken over all cells in the table.
There are tables of y* showing for various degrees of
freedom the probabilities of various values of x® arising
by chance. If the value of x? is greater than could occur
by chance with an acceptable degree of probability, it is
suggested that the two ways of splitting the population—
into rows and into columns—are not independent. In
the example shown above the value of 8 is the same in
all cells, but of coursce there are different values of ni,
R /1 1 2

? \54_. i 558 i 51 ) 0388

Now looking in the table of x* under one degree of
freedom we = 0.148 for a probability of 0.7 and
0.455 for a probability of 0.5; so there is a probability of
around 0.6 that such a result could arise by chance which
is an unhappily vague situation. Therc is no ground for
affirming that it is easier to obtain the O.N.C. in building
thanfin cngineering, but the idea cannot be firmly excluded.

At this point it is well to be reminded that there is no
mugic in statistics.  Tests such as “ student’s 7 and y*
arc concerned with evaluating the probable effect of
random fluctuations due 1o sampling. The statistician’s
ideal model would be to suppose that we had a bag
containing a very large number of ball bearings, mostly
stecel (enginecring students) but a known proportion of
bronze (building students) and « fixed proportion of the
whole marked with a white spot (O.N.C.); if a handful
is drawn at random, what proportions of the four different
kinds may be expected? Our O.N.C. data do represent
a sample because (a) they refer to certain colleges instead
of to all colleges, (b) they refer to a single year and (c)

so that
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when we ask whether one course is more difticult than the
other, the people who actuaily enrolled in the courses
are only a sample out of all the people who were qualifiecd
1o enrol. Of course, the sample in social problems may
be biased; but unless you are prepared to regard the
data as a sample, cither approximatcly unbiased or with
a spccified bias, you must not apply statistical tests
which are based on sampling theory.

The possibility of averaging over several years brings in
again the question of the distribution being stationary.
In using autocorrelation in order to obtain the power
spectrum, the funetion was intcgrated over a time which
tended to infinity and it was therefore necessary that the
distribution of amplitudes be the same at all times, i.e.
that the continuing sequence of values form a stationary
time series. When the durations of individual events are
very short compared with the time of obscrvation of the
whole phenomenon, as in most forms of electrical noise,
the distribution function is usuaily exactly stationary; but
this may not be so in other problems. For example, when
studying congestion in tclephone systems one has in-
dividual calls lasting a few minutes but the total loading
varying appreciably over a period of an hour at some
times of day (the¢ G.P.O. reckon the peak period to
be the two hours from 10 a.m. to noon): it follows that
one cannot take any averages over a period very long
compared with the duration of one call.

Decision functions

The remaining major topic is decision functions. The
binary symmetric channel (b.s.c.) is so often assumed
that one tends to assume that the chance of 0 being
converted to 1 by noise should necessarily be the same
as the chance of 1 being converted to 0, but this is not
generally correct.  One can usually distinguish. between
a false-alarm risk « and a lost-signal risk B, a terminology
which is applicable to many situations including radar,
In the b.s.c. one makés the false-alarm risk (0->1) equal
to the lost-signal risk (1—>0) by appropriate choice of
the decision-point or threshold. In a radar system,
however, one might first specify a maximum acceptable
risk of lost-signal (for a defined signal fixed c.g. by
radar transmitter and receiver characteristics, distance to
the horizon and assumed type of target) and then adjust
the system to minimize the risk of false alarm subject 10
the specified maximum risk of Jost signal. This is known
as the Neyman-Pearson criterion for sctiing up the
decision mechanism, and its difficulty is that it implicitly
assumes at least two degrees of freedom in the system,
one to be adjusted for each half of the criterion. If the
only available adjustment is a threshold, then seuting
it for the specified B necessarily fixes also the value of «.
Hence the Neyman-Pearson criterion is significant only
if there are also other adjustments which can be made,
c.g. bandwidth, and these adjustments do not affect
signal and noise cqually.

One will always be balancing the change in « against
the change in 8 when adjusting the threshold; con-
sequently one’s decision should be made in terms of
the likelthood ratio L of the received signal,

H

L= p(y/HY)
p(y/Hy)
where p(y/H;) and p(y/H,) are the probability density
functions of the probabilities that the observed signal y
would have resulted from transmitting a mark or space
respectively. L is then to be compared with some
decision threshold K in likelihood and y attributed to
a mark or space according as L is greater or less than K.
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The « priori probabilitics of signal and no-signal arc
not necessarily equal.  An obvious cxample of this is a
ballistic-missile early warning radar system (BMEWS)
where it is hoped that signals will always be absent.
A more subtle example is teleprinter communication in
English (or any West European) language. The letter
E, which is far more common than any other letter, has
only one mark element and four space clements, and
other common letters, T, A, O, I, N have only two
mark elements out of five, so there must be fewer mark
than space elements in an English-language transmission
and for minimum overall errors one should make «
rather less than 8, i.e. set the threshold a litile higher
than half way between space and mark. So let =, and
== 1 =, be the a priori probabilitics of space and
mark, and let Cy and C, be the costs of false-alarm and
lost-signal ecrrors. Multiplying =, (the frequency of
oceurence of spaces) by =z (the proportion of mistakes
made on spaces) and C, (the cost of each such mistake)
one finds = % C, as the cost arising from false-alarm
errors, and = B C; for lost-signal errors. The total
cost R= m2Cy+ C, is minimized if for every signal y
one computes the likelihood ratio L(y) and sets the divid-
ing line in L at the value

#Co

L1

In general terms this says that one should set the dividing
line in likelihood higher in proportion jointly as  space ”
signals are transmitted more often, and the cost of falce-
alarm crrors is greater, or inversely for frequency of
mark signals and cost of lost signals. This test, which
minimizes cost when the @ priori probabilitics are known
and average cost is a lincar function of the absolute
error probabilities, is known as a Bayes test.

Using the Bayes test

As an example, suppose that == 0.6 and =, =04
(compare the teleprinter mark/space ratio) and that the
error costs arc the same, C,= C). Hence in this example
K=mya,=1.5. The likelibood ratio is the ratio of the
stopes of the error probability curves at the value of y
in question. If a signal of amplitude 3’ is received over
a channel with Gaussian noise power N, the probability
of its being duc solely to noise (the transmitted condition
being “ space ”’) is

e
1 G
%= v(an)L, PN D

The probability of its being duc to a “mark” trans-
mission with received amplitude i is

[y 2
= 1 : (y-—m)*
= 2=N) B cpr( ON dy

The slopes de/dy and J8/dy arc the integrands, so the
Jikelihood ratio is

exp.( (6% m)")

B

2N
Liyo= o
. =3I
t.\p.( 2N/
. moon ,)
P omy’
= exp. l LN NJ



where P is the signal power and % is a function of the
signal waveform. The received signal is recorded as a
mark if its amplitude y” is such that «(y’) is greater than
1.5.

One further criterion should be mentioned, though
its application is beyond the scope of this article, and
that is the one known as a minimax test. The simple
Bayes test requires a knowledge of the signal parameters
7o and =), but in fact these may be uncertain. There-
fore one picks out the worst-case values of = and constructs
a test which will give the minimum costin errors if this
worst case occurs. This is the minimax criterion, but
for all other values of = it will be less cfficient than a
Bayes test constructed for the specific value of .

Icis difficult at this stage to construct realistic examples.
As in all branches of mathematics, practicc in use is
cssential to an understanding of theorems, and the
reader who is seriously concerned with decision functions
is advised to work out his own cases with the aid of the
specialist literature.?
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12-WAY ELECTRONIC MIXER

quality equipment

-
e - rovac —a R
of the 12 lines bas its own potted mumet:| : °@©9@@ @@9@0@
shielded microphone transformer and input ¢ 3 ® =

valve, each control is hermetically sealed. g a

® @ 1
Muting switches are normally fitted on each 1 » A
channel and the unit is fed from its own 9 8 29 9 9 ]
mumetal shielded mains transformer and 4 = < ‘ :

metal rectifier. L

FOUR-WAY ELECTRONIC MIXER

“This unit provides for 4 independent channels clectronically mixed without * spurious break through,” microphony
hum and background noise have been reduced to a minimum by carcful selection of components. The standard
15-50 ohm shiclded transformers on each input arc arranged for balanced ling, and have screened primarics to
prevent H.F. wransfer when used on long lines.

The standard 5 valve unit only consumes 18,5 watts, H.T. is provided by a sclenium rectifier fed by low loss, low
field, transformer in serecning box. The ventilated case gives negligible temperature rise with this low consumption
assuring continuance of low noisc tigures.

20,000 ohms is the standard output impedance, but the noise pick-up on the output lines is cquivalent 10 apprexi-
mately 2,000 ohms due 1o the large amount of ncgative feedback used.

For any output impedance between 20,000 ohms and infinity haif a volt output is available, Special models crr be
supplicd for 600 ohms at equivalent voltage by an additional transformer or 1 milliwatt 600 ohms by adcit:cral
transformer and valve.

The 12-way electronic mixer has facifities for
mixing 12 balanced line microphones. Each

b i

The white cngraved front pane] permits of temporary pencil notcs being made, and these may be easily crased when
required. The standard input is balanced line by means of 2 point jack sockets at the front, but alternative 3 point
connectors may be obtained to order at he rear.

Mixer for 200-250V AC Mains .. o e oo .. £40 8 6
Extra for 600 ohm output model .. ao ol =4 .. £118 6
Extra for 600 ohm 1 milliwatt output 5. . { .. E3 0 6

Size 184in. wide x 1l1lin. front to back (excluding plugs) x 6}in. high.
Weight 22 1b.

THREE-WAY MIXER and peak programme meler,

for recording and large sound installations ele.

This is similar in dimension to the 4-Way Mixcr but has an output meter indicating transient peaks by means of a
valve voltmeter with a 1 second time constant in its grid circuit.
The meter is calibrated in dBs, zcro dB being 1 milliwatt-600 ohm (.775V) and markings are provided for --i¢ d
and —26 dB. A switch is provided for checking the calibration. A valve is used for stabilising the gain of this unit.
The output is 1 milliwatt on 600 oluns for zero level up 1o -+ 12 dB maximum. An internal switch connects the
output for balance, unbalance, or float. This output is given for an input of 40 microvolts on 15 ohm,
An additional input marked “Ext. Mxr.”* will accept the output of the 4-Way Mixer converting the unit inte a 7-Way
controlled unit. This input will also accept the output of a crystal pick-up but no control of volume is available.
The standard input is balanced line by means of 3 point jack sockets at rear but alternative 2 point connectors may
be obtained to order at the front or rear as desired.
The 8 valves and selenium rectifier draw a rotal of 25 watts.
P.P.M. for 200-250V AC Mains o . i Price on application.
Size 18%in. wide x 1llin. front to back (excluding plugs) x ©64in. high.
Weight 23 Ib.
10/15 watt Amplifier with built-in mixers,
30/50 watt Amplifier with built-in mixers,
2 x 5-way stereo mixers with outputs for echo chambers, cte.

Full details and prices on request.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19

Telephone: LIBerty 2814 and 6242-3-4 Telegrams: ** Vortexion London 8.W.19°

WW-—122 FOR FURTHER DETAILS,
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To measure
C. W. Power . .. Sideband power
.. . Modulation depth

MDisanp NOOULATON on

The U.H.F. Wattmeter Type 319 For carrier measurement no

fs a light and compact instrument additional power is necessary; - SEE U T

for measuring C.W. power, internal dry batteries provide S A
sideband power, and modulation power for sideband and THE |.E.A. Exmm”o”’
depth in the frequency range madulation measurement.

1,1000Mc/s. Carrier and sideband This instrument is one of the STAND NUMBER G102
powers are indicated directly units in the Airmec range of

on a 3%” scale meter in two U.H.F. equipment which includes GRAND HALL’ OLYMPIA
ranges. Percentage modulation connectors, adaptors, MAY 23.28

depth is shown on a attenuators, reactance lines,

potentiometer scale, slotted lines etc,

Airmec UHF Wattmeter Type 319

7 e -
e AE r m e c for peak performance
,, CONSISTENTLY
W ] LABCRATORY INSTRUMENTS DIVISION

Oscilloscopes, Wave Analysers, Signal Cenerators, Phase Meters.

L Valve Voltmeters, Ohmmeters, High Speed Counfers, etc.

AIRMEC LIMITED, HIGH WYCOMBE, BUCKS, ENGLAND

TELEPHONE: HIGH WYCOMBE 21201 (10 lines) AP286A
WWw—123 FOR FURTHER DETAILS,
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THYRISTOR POWER CONTROL SYSTEM MODULES

THE Mullard thyristor firing module
(MYS5011) has been designed for use in
1 or 3-phase power systems. It is
claimed that the cost of thyristor d.c.
motor speed controls has been reduced
by a new serics of Mullard designed
control  systems, incorporating  the
MY5011 module. Thesc new systems
have been constructed so that motor
or control gear manufacturers, or
users, can assemble their own control
systems cheaply, employing standard
components, modules and thyristor
stacks. The threc systems are, simple
speed control, armature-voliage speed
control and rachometer speed control.

Additiona! refinements, such as cur-
rent limit, controlled acceleration, auto-
matic protection against loss of motor
field, compensation for mains variations,

and motor field heating can be added
to these basic circuits.

The MY5011 thyristor firing module
will fire four 70 A thyristors connected
in parallel or series, and provide con-
tinuously variable, and reliable control,
over a power range of below 0.25% to
above 99.9'% of maximum power.

Size: 914 X6.60 X4.82cm
epoxy resin ensapsulation,

Price: £14 18s.

Also available in the simple, single-
phase module MY5000, capable of driv-
ing two 70A thyristors. Price: £5 5s.

Current limiting and surge suppression
module (MYS5031) is for use with exist-
ing thyristor stacks and firing modules,
It will cnable single-phase or three-

in an
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phase control systems to provide auto-
matic correction for load current varia-
tions, or short circuit conditions, and
start facilities for motor control.

When this module is in a feedback
system, between a current sensing de-
vice, e.g., a current transformer, and a
thyristor module, the onsct of the current
limit occurs when the input to the
MY5051 is 26 V rm.s. At lower out-
puts, the module has little effect on the
control circuit, but at higher inputs the
irigger angle of the thyristor is rapidly
increased. Price: £5 16s.

The cost of these power control
systems varies between £24 for a dc.
motor speed control with +0, —109
regulation of set speed (for single phasce
1h.p.), to £130 for a d.c. motor speed
control system with tachometer feed-
back offering +0,—19% regulation of sct
speed (for single phase 5h.p.). There
is also a three-phase version of the
tachometer system at £101. Further
informaton from Mullard Industrial
Markets Division, Mullard House, Tor-
rington Place, W.C.1.

WW 301 for further details

P.LN. Diodes

FROM Microwave Associates Limited,
comes a range of microminiature P.LN.
diodes, suitable for series mounting in
strip transmission line circuits. In all-
glass hermetically sealed microminiature
housings, these diodes offer low total
capacitance (high isolation in scries
switch mode) and low series resistance
(low inscrtion loss). Typical perform-
ance of this new series is demonstrated
by the MA-4732C which has a mini-
mum breakdown voltage of 75V, maxi-
mum total capacitance of 0.3 pF, maxi-
mum scries resistance of 29, and a
maximum switching speed of 10ns.
Further details  from  Microwave
Associates Ltd., Cradock Road, Luton,
Beds.
WW 302 for further detaits

Ultra-thin Pressure
Transducers

SENSOTEC sub-miniature pressure
transducers by Scicntific Advances Inc.,
U.S.A.,, arc available either as the
SA-SA absolute, or the SA-SD differ-
ential pressure transducer. Both pro-
vide a full scale output up to 60mV,
making it possible to resolve small pres-
sure changes. The transducer is a
0.02in thick capsule, one side of which
is the active diaphragm. The sensing
clement is a semiconductor bonded
strain gauge, The SA-SA and SA-SD
are intended to be compatible with all
1ypes of standard strain gauge instru-
mentation. Models are available in a

range of pressures from 2psi. to
2000 p.s.i. Operating temperature range
is —40° 1o +150 °F. Full details from
sole U.K. agents, Wessex Electronics

Lid., Royal London Buildings, Baldwin
St., Bristol 1.
WW 303 for further detaits

PANORAMIC MICROWAVE
RECEIVER

‘THIS receiver, {from Microwave Physics
{U.S.A), is for use in the design and
testing of harmonic generatars, solid
state signal sourees, transmitters, and
other signal generators, where observa-
tion of Spurious and harmonic signals
is desirable. The circuit uses an clec-
tronically swept yitrium iron-garnet
bandpass filter as a presclector. The
filter which has a decade tuning range,
is followed by a sensitive crystal detec-
tor, and a low-noise video amplifier.

Two versions of this receiver are avail-
able; the MPR-U (0.5 to 5Ge/s), and
the MPR-X (2 10 12Ge/s), both scts
permitting continuous ‘scope display of
signals within the stated ranges.

The MPR-U and MPR-X are avail-
able cither as plug-in modules for Tek-
tronix scopes (£722) or with self-con-
tained power supplies for use with other
scopes (£876).

Marketed by Microwave Systems
Ltd., 9-10 River Front, Enficld, Middx,
WW 204 for further detalls
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NICKEL BIT SOLDERING IRONS

SOLDERING irons with bits of solid
nickel are now being produced by the
West Germany company, Lotring
Werner Birtman, of Windscheid Strasse
18, Berlin 12. Nickel was chosen in

f:

|

preference to copper because of its
excellent resistance to corrosion by the
chemicals and resins used as fluxes. It
is readily “wetted ™ by the solder, while
its thermal capacity and conductivity are

satisfactory  for this
application.
Two models Pico

Pen L3TS—(15W for
small work) and Pico
Post 30PL—(30W for
larger work) have their
heating clements and
bits designed so that
heating to 200 degC
takes 0.7 and 1.5
minutes respectively.
WW 305 for for further
detarls

Capacitance Tester

FOUR-DIGIT in-line readout is utilized
on the Model 1201 Digital Capacit-
nnce Tester manufactured by the Ameri-
can company of Micro Instrument Co.
and marketed by Claude Lyons Lid,
Ware Road, Hoddesdon, Herts. The
instrument has been designed for two-
or three-terminal measurements and
uses a 1 Mc/s, 35mV r.m.s. test signal.
A 0 1o 100 V bias supply is provided for
reverse  biased  diode and  varactor
capacitance  measurements and  for
transistor Cop (capacitance between base
and collector with emitter o/fc) and Co
(capacitance between base and emitter
with collector 0/c) measurements. Over-
all aceuracy is a combination of measurc-
ment accuracy, which is +19, and a
readout accuracy of +1 digit. The
instrument will 1olerate shunt resist-
ances down to 10k without loss of
accuracy and permits in-circuit capacit-
ance measurcments and measurements

on integrated circuits having low shunt
resistance. Operation is based on the
principle of frequency deviaton, Two
high-stability tunnel diode oscillators
are used, one of which varies its fre-
quency linearly with the applied capacit-
ance. The difference frequency output
from a mixer is applied to gating and
zeroing circuitry and then to an elec-
tronic frequency counter for direct dis-
play as capacitance,

Three versions arc available. Two
single-range versions are models 1201
(0-99.99 pF) and 1201S (0-999.9 pF)
both priced at £798 or £878 with print
out, and a dual-range model 1201DS
(0-99.99 and 0-999.9 pF) at £998 or
£1,078 with print out. A transistor jig
for TO-5 and TO-18 cans with Cor and
Ca switch and 30in coaxial leads is
available for £40.

WW 306 for further details

Circuit Board for Module System
%
A

AN insulated board, the CB.1, is per-
forated to the 0.lin standard grid, and
is suitable for mounting wire or fag-
ended components. The board mounts
on two tie rod supports behind indvidual
module front panels. Each module can
carry 1 or 2 boards. It is claimed that
for experimental construction circuits,
this system is neat, durable and versu-
tile. Price: 4s 6d. A.P.T. Elcctronic
Industries  Lid.,, Chertsey Roud,
Byfleet, Surrey.

WW 307 for further details
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| THE Hewlett-Packard model

OSCILLOSCOPE CAMERA

197A
camera uses an electronically controlled
shutter calibrated in nine even steps
from 1/30 to 4s. X-synchronization,
particularly useful in photographing one-
shot phenomena, is controlled by con-
nections made to an external instrument
ranel.

Where an internal graticule is used
on the oscilloscope an optional ultra-
violet light source is available to illumin-
ate the graticule, Pre-exposure for the
graticule and exposure for the trace is
performed automatically by the setting
of a single control. The back of the
camcra can be rotated from a horizonral
position 10 vertical so that two smailer
photographs can be taken on a single
film. Price of the camera is £184 or
without the ultraviolet light facility
£165.

WW 208 for furlier details

@
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Matched Signal Divider

THE Bishop Type 080-001 matched
signal divider permits a source to drive
two paths, and maintains 50 ohms im-
pedance at input and output. The
ability to handle signals with fast rise
time of 100 picoseconds makes it suit-
able for pulse as well as uh.f. carrier
wave applications. It can also be used
to add signals from 50 ohm sources.
Connectors are BNC (3).

Available in the UK. from Claude
Lyons Lid., of Hoddesdon, Herts., the
divider costs £10.

WW 309 for turther detaits
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Unspillahle Lead
Acid Cell

THE compact 2V Exide cell MRP7
which weighs 120z filled and measures

13xinX 242in X 33in is unspillable, even |

when inverted. The plate alloy per-
mits the cell to be maintained under
floating and trickle charge conditions,
and to be used where frequent dis-
charge and recharge demands have to
be met. The cell has a capacity of
4 Al at a 20 hour rate, and is suitable
for intcrmittent, and standby use, sincc
it is capable of standing idle for long
periods.

Moulded in transparent styrenc
acrylonitrile, with four ribs to support
the plates, and accommodate sediment,
the container has red lines on it, to
indicate maximum and minimum elec-
trolyte levels. Specific gravity charging
rate, and topping up instructions arc
also shown. Price 29s.

WW 310 for further details

MICRO-CIRCUIT WELDER

A COMPACT multu-purpose micro-
circuit bonding system, capable of weld-
ing, brazing, parallcl-gap soldering and
thin film diffusion bonding, is availabic
from Hughes International (UK.}
Limited, Heathrow House, Bath Road,
Cranford, Hounslow. Occupying only
20 inches of bench space, the system
includes a power supply (MCW 550),
two sizes of bonding leads, micro-
positioning apparatus and accessorics,

and a stereozoom microscope. The
smaller  head, designated  Model
VTA-90, is designed for ulra-fine

materials and can be adjusted to apply
bonding pressures as light as 10 grams.
The larger head, VTAG6, is used for
paraliel-gap welding or soldering of flat
packs, memory plane matrixes and
other surface bonding applications.
WW 311 for further details
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 Miniature Lever

THE 5000 and 5100 BECUWE serics
of lever key switches made in France

have stainless-steel  frames, levers,
spindles and securing plates.  The keys
arc from 0.78in (20mm) to 1.73in

| (44mm) in length, depending on con-
tact combinations, 0.425in (10.8mm)
wide, and 1.76in (44.6mm) deep (be-
hind panel). They are identcal in all
characteristics, cxcept for the method
of panel mounting; the 5000 serics be-
ing supplied with a central stainless-
steel milled nut for 0.325in (8.2mm)
diameter single hole fixing, while the
5100 series have 2 fixing screws for 2
I side holes 0.09in (2.3mm) diameter.
The cam is made of the hard plastic
DELRIN, and the contact springs of
nickel-silver. The self cleaning twin
contacts in fine silver have the follow-
ing ratings (non-inductive) for a.c.
operation at 48V-2A, ar 110V-1A, and

Switches

e
Tl

-

at 250V-0.6A. For d.c. operaton 48V-
0.6A, at 110V-0.3A, and at 250V-0.2A.
Contacts are also available in Pallad-
ium or other materials to order. The
maximum number of contacts per side
for all types are 3 change-over, or 5
normally-opened, or 5 normatly-closed.
The conical stainless-steel lever can
be colour coded by means of a slip-on
neoprenc mantle in Black, Green, Red,
Biue or White. Full information from
Britec Ltd., 17 Charing Cross Road,
W.C.2.
VIW 312 for further details

THE A. G. Brown MINITIME is de-
signed ro measure the time interval
betwceen opening, and/or closing of
contacts. Moulded in black plastic,
and powered by two batteries, this in-
strumeni has a 3in meter with a lincar
scale, calibrated 0 to 10 and 0 to 3.
Persistence of reading s within 1% for
at least 1 minute, provided the insula-
tion resistance of the exiernal circuit
is high enough to prevent Icakage
leads or contacts. The ranges cover 0
to 300#s, 0 to 300ms, and 1 to 10s.
Readings are =2, fs.d. Controls on
the front panecl are: range sclector,
function selector, zero set, calibrate.
Amongst suggested applications for
the MINITIME arc, measurcment of
delay between closing or opening of
sets of contacts on relays or conmtactors,
measurement of velocity of moving
objects by operation of trip wires, ctc.,

Time Interval Measurement

and mcasurement of exposure times in
photography.  Size: 53in {14.5cm) X
33in (9.5cm)x 15 (4.5cm). Weight 1lb
4oz (0.6kgm) unpacked. Batterics B121,
U10 (1 of each).

From A. G. Brown Electronics Lid.,
Lower Miils, Busby, Glasgow.
WW 313 for further details

and easily.

INFORMATION SERVICE FOR PROFESSIONAL READERS
| To expedite requests for further information on products appearing in the editorial and
advertisement. pages of Wireless World each month, 2 sheet of reader service cards is
included in this issue. The cards will be found between advertisement pages 16 and 19.
We invite professional readers to make use of these cards for all inquiries dealing
with specific products. Many editorial items and all advertisements are coded with a num-
ber, prefixed by WW, and it is then necessary only o enter the number on the card.
Postage is free in the U.K. but cards must be stamped if posted overseas: This'serviee
will enable professional readers to obtain the additional information they require quickly
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COMMUNAL AERIAL AMPLIFIERS |

NEW communal aerial amplifers for
television and sound signals and com-
bined u.hif. and v.h.f crystal controlled
converters have been introduced by
Teleng Lid. The design of the new

amplifiers is based on the dual channel
U30 amplifier to which has been added
2 wide band amplifier and power supply.
Two models are being introduced—
*“Popular Four” (Type E342) priced at
£16 10s and “Popular Five” (1ype
E343) priced at £18 6s: the gain of the
E342 is 25dB for both TV and fm,
whereas the gain of E343 is 40dB for
TV and 35dB for fm. The amplificr
can be preset for reception of any speci-
fied channel in Band I and Band ITI but
for Band II the tuning range covers 88-
100 Mc/s. Sensitivity is 250 #V mini-
mum and output is 100mV maximum.

These amplifiers are most suitable
for smailer nctworks where the original
wide-band “ U ” series of amplifiers has

proved to be toe cxpensive. Also in
installations where provision for the
later addition of other channels is not
required, the units are claimed to be
most competitive.

The uhf. and v.h.f. converters are
based on a modified design of the U166
converter, which allows BBC-2 to be
“added” to existing single-channel
systems. This has resulted in two ver-
sions of the UL66 which are designated
Type U338 (£49 13s), having a gain of
50dB, and Type U340 (£47 4s) having
a gain of 35dB. Maximum output
levels for both amplifters is 300 mV. The
combination of the new converters and
amplifiers produce a distribution system
for .three television channels and three

f.m. programmes which will provide
high quality signals for up 1o 100 out-
lets, Available from Teleng Lid., Teleng
Works, Church Road, Harold Wood,
Essex.

WW 313 for turthier detaila

R.F. Piston Attenuator

A PISTON attenuator giving an at-
tenuation range of 100 dB at frequencies
from 1 Mc/s to 2 Ge/s has been intro-
duccd by Flann Microwave Instruments
(9, Old Bridge Street, Kingston-upon-
Thames, Surrey) under the type number
IF 100. Designed as a basic attenua-

tion standard, it comprises a precision
electroformed tube with an input-tun-
able launching loop and a sliding pick-
up loop coupled to a dircct-reading
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scale. The change in attenuation is
indicated on dial gauges in steps of 2dB
per revolution. The upper lincar
scale is permanently fixed and in-
dicates 0-100dB in 2dB steps. The
lower linear scale is movable and pro-
vides an arbitrary datum when sct to a
cursor line anywhere within the range
of the attenuator. Impedance is 50Q
and the cut-ofl frequency is in the region
3-4Gcfs. Tor the highest accuracy
measurements - small
setting corrections
have to be made as
the mecasurement fre-
quency deviates from
the design frequency
(60 Mc/s), but a cor-
rection curve is sup-
plied.

WW 315 for further
details

Rectifier Bridges for

 Printed Gircuits

‘THESE bridges by Pirelli (Milan) are
single phase, resin cast units, with a
body length of iin, and }in diamcter.

The WOZ, W04 and WO6 bridges
which respectively have a p.iv. of 200,
400 and 600V, possess these principal
ratings.—Max. average rectified output at
50°C, 1.5 A, at 100°C, 1 A; peak single-
cycle surge current 50 A; max. forward
voltage drop at 1 A and 25°C, 2V; and
max. leakage at rated p.i.v. and 25°C
10 <A, The bridges have an operating
temperature range of —55° to +125°C.
Prices are: WO2—19s 6d; WO4-—22s;
and WO6—28s 6d.

Available from S.D.S. (Portsmouth)
Lid., 67-69, Commercial Road, Ports-
mouth, Hants.

WW 316 for further detafls

SUB-MINIATURE SWITCH

ALL the existing SE series of switches
(with the exception of the 7SE model)
of Honeywell Controls Ltd., Brentford,
Middlesex, is to be replaced by a re-
cently developed miniature switch—the
91SE. The swiich, designed primarily
for use in the aircraft industry, incor-
porates a new fluoro-silicone seal, with
a corrosion-resistant steel plunger which
ensures protection from all oils and fuels.
Basically, the switch comprises a stan-
dard 11SMI-T micro switch sealed in
CpoXy resin in a corrosion-resistant case
0.6X0.876 x 0.34in. The cable connec-
tions are covered by an outer sheath of
extruded p.Lf.e. which affords good pro-
tection against heat and abrasion. De-
signed to operate within a temperature
range of —62 w0 150°C, the 9ISE can
be fitted with a range of actuators from
the Honeywell J.E. serics. By this

1T

means the switch can be operated from
cams, slides or other devices which are
not in line with the motion of the switch

plunger.  The illustration shows a roller
leaf actuator, JE-3, for applications in-
velving rapid cam or slide operation.
WW 317 for further detalls
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HELICAL POTENTIOMETER

A TEN wrn potentiomcter with a re-
sistence range of 50 ohms to 100 k() is
offered by Reliance Controls Lid. A
lincarity of 4 1 % is available, which

can be improved by selection to
+0-19%. With a temperature range of
— 55 °C to + 100 °C, the unit has been
tested for vibration and shock to
MIL.202. The style number is HEL.
05-10, and the unit has a body diameter
of Lin. Available in flange and bush
mounted versions, as seen in the illus-
tration, from Reliance Controls Ltid.,
Sutherland Road, London, E.17.

WW 318 for further detaifs

Copper Sheet for
Printed Gircuits

MANUFACTURED by Peak Sound
(Harrow) Lid., and marketed under the
name “Cir-Kit” this adhesive copper
sheer is intended for constructing pro-
totype circuits.

The sheet (0.002in thick) is coated
on one side with a heat resistant ad-
hesive, which, in turn, js protected by
a paper backing. Offered in }in wide
strip (at 7s 6d for 24 feet) thar can be
cut to length, or in 6in wide sheets
(6s for 1 foor) permitting requircd
dimensions to be drawn on the backing
paper, and cut out ‘with scissors or
knife. The paper is stripped off, and
the shape pressed firmly on a laminated
board. Normal drilling and soldering
may be carried out.

From Peak Sound (Harrow) Ltd., 10
Asher Drive, off Mill Ride, Ascot,
Berks.

WW 118 for turther details
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195 CHANNEL MARINE TRANSMITTER

THE Redifon G341 gives complete
coverage of the marine bands 400 to 535
ke/s, 1.6 to 3.8 Mc/s, and 4 to 26 Mc/s,
offering a choice of 195 channels be-
tween 400kc/s and 26Mcfs, As a
ship’s main transmitter, it also incor-
porates facilities: for short, medium and
long range radiotelephony on s.s.b. as
well as on d.s.b. The output power
of 1,200 W p.e.p. available for long dis-
tance s.s.b. h.f. radiotclephony can be
reduced by preset adjustments so as
to comply with particular national
regulations.

Deck or bench mounted, the transmit-
ter and power unit are in separate hous-
ings. Modular construction is used ex-
tensively, facilitating speedy interchange
of units and sub-units, without realign-
ment or soldering. Easc of access is
ensured by glide-out units. Short cir-
cuiting or breaking the aerial connec-
tion will not damage the transmitter,
and power supply circuits are fully pro-
tected against damage under fault qon-
ditions.

The G.341 is fully rype approved
by the G.P.O., complying with the 1965
Merchant Shipping (Radio) Rules, also
conforming with C.C.L.R, Recommenda-
tion No. 258 (Los Angeles 1939) with
respeet to SSB cquipment for maritime
use.

£ e S

Power supply: 440V (=10%) 50/60

c/s 3 phase.

Power consumption: maximum 3
kVA.

Redifon  Ltd, Broomhill Road,
S.W.18.

WWw 320 for further detalls

Cored Preform Washers

UNDER varying forms of vibration,
printed circuit boards may show failure
of contact at the cyelets. The small
fluxed solder preforms from Enthoven
are designed to go on to the printed
circuit, and under the eyelet, which is
then punched by the normal method.
The preformed washer, now sandwiched
between board and
eveler, can  be
hand or machine
soldered, offering a
sound mechanical
joint, and minimiz-
ing this fault condi-
tion.

These preforms
can be produced
with diameters
down to 0.047in,
and with thick-
nesses down to 0.01
in. The flux con-
tained in the pre-
forms is a2 non-
corrosive  orgunic.
type of material.

Large runs requiring solder preforms
of this type, can be supplicd to any
specification with reference to the alloy
(available with melting points from
190 deg C to 245 deg C), and dimensions.
Enthoven Solders Lid., Upper Ordn-
ance Wharf, Rotherhithe, S.E.16.

WW 321 for further detalis
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Mirror-lmage

T was Alice who started it all when, in Looking Glass Land,
she found that she had to run very fast indeed in order to
stay in the same place. Today it has become an arricle

of faith; a good old standby for the politician guest of honour
at the clectronics dinner, who never fails 1o remind his audi-
ence that electronics is a growth industry and therefore its
economy must expand steadily if it is to survive.

The audience, mostly company chairmen, in twrn never
fail to applaud this sentiment becausc it is always safer to
clap than to be obliged to argue later about something you
don't understand. The politician, thus encouvraged, follows
up with an exhortation to one and all to double their export
sales. This is received in deadly silence because exports are
a chairman’s recurfing nightmare and he doesn’t want to be
reminded about them at social functions.

Eventually, the constant reiteration at such gatherings gets
on the chairman’s nerves to the point where the subject is
put on the agenda for discussion at the next board meeting.
The directors don’t understand the economy-cxpansion bit
cither, but it would never do to admit it, so it is decided that
vigorous action is called for. As this involves nothing more
onerous than telling the general manager to pull his socks
up, it is implemented forthwith.

The hapless G.M., having no wish to receive the golden
handshake just yet, gets down to an analysis of the situation,
He knows only too well that his export figures can only be
doubled at the expense of the mighty American electronics
industry, and the temptation to cast the situation in terms of
David and Goliath is irresistible. But the stripling David, he
reflects glumly, did not have to take the field with his hands
tied behind his back by lashings of credit restrictions.

There is clearly only one possible course of action. He
must build his stripling into something approaching the size
of the opposition, starting with that genesis of exporrable
products, the rescarch laboratories. Mass autack is hence-
forth the order of the day.

So, away to the universities and technical colleges and rope
in anyonec who has a degree and feels warm to the touch.
And, in parallel with this operation, send all senior rescarch
men over to.the States 10 get the know-how on this mass
attack business.

This realistic approach brings results. The recruitment
scheme donates so much new blood that there are not enough
arteries at the laboratories for them to course through, so
50 Nissen huts have to be thrown up on the nearest available
site, a piece of cow pasture some forty miles away. There
the recruits sit like birds in the wilderness with not a multi-
test set between them.

The delegation to the U.S.A. also brings in the sheaves.
Seventy-two per cent of its members return to hand in their
respective resignations.  This is highly encouraging o the
new blood because it makes for quick promotions. The
overall situation is encouraging to the Board because without
doub[ the G M. has succeeded in invoking the magic word

* expansion,” although the directors are a shade hazy as to
the detail. It is also encouraging to Goliath as he goes about
his lawful occasions of kicking the undercarriage from British
avionics and covering every square inch of the country with
microcircuits.

With the bit now firmly between his teeth the G.M. then
holds an inquest on development and production, with his
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senior management as chief witnesses. He enters the meet-
ing thoroughly alarmed at the monumental ratio of clerical
staff to those on the production floor and determined to
enforce a ruthless streamlining. But the senior management
have donc their homework thoroughly and cach produces
statistics to prove beyond doubt that, far from being over-
staffed, his particular domain is well helow skeleton level and
only functions as well as it does by reason of genius at the
helm.

Baitled in his attempt to beat Parkinson’s Law, the G.M.
in desperation invokes the most powerful juju of all. He
calls in a firm of Efficiency Consultants.

At zero hour the Assyrian comes down like 2 wolf on the
fold. A small army of elegant young ladies and gentlemen
disperse themsclves around the territory like langorous Big
Sisters and Brothers—watching. This is phase one. In phase
two the meetings start. Interminable meetings, presided
over by one or o[hcr of the voluble experts: mgetmg,s at which *
exprcsslons like “procedures improvement,” proncdurcs
analysis,” “timestudy productivity,” * function outpur™ and
“conversion integrals > sweep like machine gun fire over the
stunned assembly. The entire organization dissolves into
soviets as if all the secrer socictics in the world were holding
their meetings in separate compartments under one roof. The
telephones are all silent; no point in ringing anyone because
he will be at a mecting.

At the end of a highly cxpensive twelvemonth the Chief
Wizard pitches in his recommendatons to the G.M. Shorn
of its double talk it advises that several new deparimenrs
shouid be inaugurated without delay. One of the most vital
of these is the Image Promotion Dept., for it scems thar the
Company Image needs a face-lift which can only be achieved
by a strenuous drive in prestige advertising in newspapers,
journals, cinemas, television and exhibitions.

A 3007 increase in time and motion study staff is con-
sidered essential, together with the institution of a Network
Analysis Division. The immediate objective of the latter is
to replace the old-fashioned term “work™ with all its dis-
tasteful associations by the more socially acceptable word
“activities,” thus at last giving recognition to those who are
perpetually in a high state of activity bur do nor work at all.

In depth, it exists to promote secret cults, identified by such
acronyms as BURP, SLUG, RANT or SQUIRT (the latter
standing for System Quotient Unification in Rational Ten-
dencies).* The initiates go into hibernation- with a com-
puter for three months and then cmerge with a wall-chart
emblazoned with something which looks like a cross between
a drunken octopus and a map of London’s Underground.

In brief, a dazed G.M. adds all the ctficiency-aid depart-
ments suggested. When this is done he finds himself at the
head of an empire which is twice the size it was before the
Efficiency Consultants got at it. The G.M. is accordingly re-
styled arch-comptroller; his erstwhile managers become comp-
trollers; section chiefs become managers and so on ail down
the line, with salaries increasing pro rata naturally.

The entire Company structure hums with new vigour.
Everyone in the organization is hard ar it from dawn to dusk
answering internal memos and initiating their own quota,
The whole outfit is now in a condition which has been aptly

* The latest from the U.S.A. 15 PRIDE—Personal Responsibility In
Daily Effort.—ED.
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described as self-oscillating, using paper-
work coupling.

The Chairman can now listen with
cqmmmlt} to any after-dinner politi-
cian, for his Company is now more than
fulfilling the dictates of the economists
and expanding like a soap bubble (if the
simile is not too unfortunate).

Exports? . . . er ... well. The full
benefits of expansion will naturally not
be felr for a year or so and—purely as an
interim measure, you understand—the
prices of end products will have to in-
creasc somewhat; a moderate 50%
perhaps?  After all, these forcigners
should be only too glad to pay for solid
British workmanship allied to 21st cen-
tury efficiency.

MAY MEETINGS

Tickets arc required for some moetings:
readers  should, therefore, communicate
with the secretary af the sociery concerned

LONDON

2nd. LEE.—Colloguitm on * Current
topics in tmposphenc propagation *” at 2.30
ar Savoy Pl, W.C.2

9th, LE.E.—Discussion on ** An engin-
cer’s ideas on some of the electromagnetic
fundamentals ™ at ) 30 at Savoy Pl, W.C.2.

10th. E.E. tomatic . control _ in

railway ssst-gm;” by §. Jones at 3.30 at
Savoy C.2

LE.E—* Holography ” by Prof.
0 at Savey PL, W.C2

o —Discussion . on  “ The
C.E.L, ns xmphc:mons on engiueering
courses ” opened by me M. G. Say at
5.30 at Savoy IL,

THE HOUSE OF BULGIN

AT YOUR SERVICE

OVER 15000 COMPONENTS

MADE THROUGHOUT IN OUR FACTORY AT BARKING
(A SMALL SELECTION)

o= ")

List No. D.906/M/55/2 List Ra. .35 List Nos, P.538-9

The world's largest range of Zpole insulsed Shorc Pane! Chrome or Gold plated fack
Legend Indicators o choose Jatia conforming to B.5.6 Flugs for co-ax. concentric
rom. cables.

List Ho. D.925 List No. C.R.48 List Nos. F.296, 2:7 .

ini g Insulated Crocodile Clip with Al phenolic moulded pane

e b i tags suitable for AMP-type mounting faseholders. Front
" connectors. Knob carrier unscrews.

23rd.  LEE. &IERE—I.‘ on
“ Electrical. aids to ll\c h'lndlC’lppLd 7oat
10 am. at “Savoy Pl.,
23td. LEE. l.loqmum on “A new
look at energy storage ” at Savoy Pl, W.C.2.

BIRMINGHAM
Television Soc—""Take 625

lmcs b)_ L. Marsland Gander a1t 7.0 at
Broadeasting House, Carpenter Rd., Edg-
baston.
FARNBOROUGH

10th. .l‘.E.—- Long-wavelength  laser
generation ” by L. E. Mathias at 630 at
the Technical College, Boundary Rd.
MA\CHEST

10th. LE.E~~Hunter Memorial Lecture
“ Lasers and associated devices™ by Dr.
G. G. MacFarlane ar 6.15 at Renold Build-
ing, the College of Science and Technology.

PAISLEY

16th.  LE.E—Discussion on “ Com-
puiers and computing in electrical engin-
cering courses ® at 6.0 at the College of
T'echnology.

PLYMOUTH

4th.  Television Soc.— Video tape for
studio inserts ” by Rex Tirkin at 7.30 at
the studios of Westward Television Ltd.

LATE APRIL MEETING

LONDON

26th.  Soc. of Relay Engrs.— “ The appli-
cation of wideband transistor amplifiers to
modern v.hf. television networks ” by R.
Seacombe at 2.30 at the LE.E, Savoy Pl
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List No. M.P.10 List No. B.[ List No. 8.6

duty panel. i Panel i Cell Holder Base-fixing  Cell  Holder
Meter-push with screw Ter- accepting one Cell U.II, etc. sccepting one Cell U.2, etc.
minals. size, size.

List No. K.492 List No. K.503 List No. P.73/S.E.

i e B D & B CreEn A pair_of cancentric, grub- Fully insulated ~side-enery

wiith Slumnivn decor inserte, screw fixing Insteument Con- connectors  with  one-picae
erol Knobs. floating electrodes.

List No. 5.M.270/P.D, List Nos. 5.500-502 List Nos. 5.800, 900 List No. M.B.C,, /M 126

One of aur full range of  The illustration left shows a standard Romng» Miniature-Bayonet-Cap
Doubie-Pole Moulded spring Miero-Switch, right shows an useful Lampholder with moulded
Switches. Sub-miniature Micro-Switch. base confarming to DEF.5000,

SEND FOR CATALOGUE, REF. 205/C

MANUFACTURERSIAND SUPPLIERS OBfRADID
AND ELECTRONIC COMPONENTSTO
AomMinALTY . EwiRisTAY o8y wu-u

A (S BULGIN & CO. LTD.,

Bye Bass Rd.. Bnrkmg. Essex.
Tel: RIPplewny 5588¢ (12 lmes'

WAR OFFiCE

AL HINISTAY Yy
HOME OFFICE  AFSEARCH [STABLISHRENTS
_EAOWH ACENTS LA

WW—124 FOR FURTHER DETAILS,



FLIGHT DATA RECORDIKG

DETAILS FROM THE AEROSPACE INSTRUMENTATION SYMPOSIUM AT CRANFIELD

Instrument Socicty of America, the fourth international

Acrospace Instrumentation  Symposium held at the
College at Cranficld, Beds, at the ¢nd of March, was the
best attended yet. Well over 300 delegates were prescot
from 10 countries and 31 papers were read,

Held in conjunction with the symposium was an exhibi-
tion of acrospace instrumentation equipment. Flight data
recording equipment was well to the fore and exhibited on
the stand of S. Davall and Sons Ltd. was the recorder
retrieved from the crash of a Vanguard at London Airport
Jast October. Apparently the recorder suffered an impact
shock equivalent to a deceleration approachmg 1000g for
5ms and during the subscquent fire it was subjected to a
temperature of approximately 1000°C. The recording wire
hiowever was unbroken and the data has been available for
the investigation of the crash.

Detrails of some of the electronic equipment for the Con-
corde were also available. Elliott Bros. (London) Lid. were
showing the Elliott AIR-3, a high-density digital recorder
accommodating 33 channels of $00 bit per inch information
on onc inch tape and designed by Elliott-Automation especi-
ally for the Concorde. Where necessary signals are con-
verted from analogue to digital form and multiplexed.
Information from about 300 poinis on the aircraft will be
monitored, and in some cases the sampling rate will be
five times per sccond. With flight recorders so much in
the news it was interesting to note that a paper presented
by J. J. Simith (Consolidated Electrodynamics Corporation)
discussed the practical aspects of acrospace tape rccorders.
A pomt cmiphasized by the author was the effect of space
environment on the performance of a recorder as compzuxd
to operation in laboratory conditions. An example given
by the author was that where acceleration and vibration
cause an increasc in power consumption by the recorder
due to high radial and thrust loads placed on rotating shafts.
The increase in power is that drawn by the motor speed
control system which ensures that adequate torque is pro-
vided to maintain the specd requirements. The solution
was to orientate the drive motor so that the axis of its
rotation was parallel with the axis of maximum mechanical
encrgy input.  Shock and vibration also introduce mechanical
effects which cause flutter (instantaneous departure of the
tape from a nominal spced) and dynamie skew (non uniform
velocity of the tape across its width) and time displace-
ment error (the integral of flutter). These errors have been
minimized by the design of appropriate shock and vibration
mounts which has been achicved by close co-operation of
the shockmount designer, the recorder manulacturer and the
ultimate user.

Looking towards the furure, the author outlined new
developments which would improve performance, Inte-
grated circuitry with its advantages of reduced weight and
space and the ability to incorporate the integrated circuit
amplifier in the tape head would make possibic better signal~
to-noise ratios and a high signal level. Higher longitudinal
information packing density is expected and lateral density
will depend on the number of tracks per inch. Present mag-
netic  tape limited longitudinal packing where surface
magnectization at short wavelengths does not allow optimum
usc of the energy storage characteristic of the oxide, but
nevs materials arc expected to provide a higher figure with

SPONSORED by the College of Acronautics and the

265

thinner coatings. Problems of lateral density are the need
for shielding between adjacent tracks and the guiding of
the tape between record and reproduce heads where small
deviations are significant. At the moment 42 tracks per
inch arc available. The author also discussed the possi-
bilitics of incremental recorders, fast stop-start recorders
which record only the data desired. These offer good possi-
bilities where requirements of an aerospace data recording
system are for discontinuous recording or flight editing.
Their advantages over continuous recorders are obvious, but
at the moment these recorders are limited to the recording
of digital information where the requirements of flutter and
speed accuracy nceded for analogue information are not
important factors.

THE MONTH’S CONFERENCES
AND EXHIBITIONS

Further details are obtainable from the addresses in parentheses

LONDON

May 2-9
Numerically Controlled Machine Tool Exhibitien
(Machine Tool Trades Assoc., 25-28 Buckingham Gate, 8.W.1)

M'ﬁ 10-20 Earls Court
SEl)

ympia

Olympia

Handk

(Mechanical Handling, Dorset House, Stamford St.,

y 23-28
LE.,
(Indust;

BRIGHTON

May 15-19
R.T.R.A. Confcrence
(Radio & Television Retailers’ Assoc., 19 Conway St., W.1)

EASTBOURNE

May 3-5
British Joint Computer Conference
(Joint Conference Secretariat, LE.E., Savoy Pl., London, W.C.2)

A o0 Exhi

struments, Eb
1 Exhibitions, 9 Argyll S!, W.1)

Hotel Metropole

Congress Theatre

SALFORD

May 5-6
Ultrasound in Medicine
(Dr. Basil Brown, Dept. of Physics, Royal College of Advanced

Roval College of Advanced Technology

Technology, Salford, Lancs.)
OVERSEAS
Apr. 29-May 15 Oslo
Britain 66

(British Overseas Fairs, 21 Tothill St,, London, S.W.1)
Apr, 30-May 8
anover Fair
(Schenkers Litd.,
May 2-4
Communications Satellite Systems Conference
(LE.E.E, 345 East 47th St, New York, N.Y.
May 4-6
El i

C C
i, 345 East 47th St.,

Hanover
13 Finsbury Su., London, E.C.2)
Washingion
10017)
Washington

New York, N.Y. 10017)

Boston

i Telemeicrine Conf
‘, 345 East 47th St, New York, N.Y. 10017)

Sydney
Y o & I ies Enginceri i
(Instn. of Radio & Eledtronics Engrs. Bosx 3120 G.P.O.,
Sydney, N.S.W.)
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A SUCCESSOR TO THE FAMOUS
HTROUGHLINE 1I” @ M " TROUGHLINE 3"
Price £31 : 14 : 6d.

Hi.Fl NEWS—"To sum up
the Leak Troughline !l belongs to the very limited class of aristocrats
in the tuner world."”

A MAJOR LOUDSPEAKER INVENTION
THE “SANDWICH" Price £39 : 18 : 0d.

AUDIO AND RECCRD REVIEW-—

This design must be regarded as a
breakthrough of fundamental and far-
reaching importance.”

WIRELESS WORLD

bi

ANOTHER MILESTONE IN AUDIO ENGINEERING
“STEREQ 30" TRANSISTORISED AMPLIFIER
Price: £49 : 10 : 0d

WIRELESS WORLD Editorial, May
1963—** Last autumn during his presi-
dential address to the British Sound
Recording Association, M. J. Leak demonstrated a prototype high-
quality transistor amplifier which gave results indistinguishable from
those of his valve amplifiers ... "

** Peaple sometimes ask why there is any necessity to change to
transistors. The eliminaticn of the cutput transformer is, in our view,
sufficient reason now that solutions of the problem of linearity in the
resbonse of the rest of the transistor circuit have been found.
additional bonuses we get smaller size, cooler running and the prospect
of longer iife.”

If you are interested in Hi-Fi

standards offering studio quuhty reproduct:on at reasonable cost .

g faultless pri ion with audio engineering to impeccable

WRITE NOW FOR FULLY iLLUSTRATED AND DETAILED LITERATURE

ILE AK

the first name in High Fidelity since 1934

H. ). LEAK & CO. LTD., BRUNEL ROAD, WESTWAY FACTORY ESTATE. LONDON, W.3.

Telephone: SHEpherds Bush 1173 (PBX). Telegrams:

Sinusoidal, London, W.3

Wiy—125 FOR FURTHER DETAILS,
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e prociion Inriit, glving T stoudanl voheses  econt Cimeale Wart Meter diret yeading 01000 wills SEARCH RECEIVERS
L 6 v AL A.C.25 v AC. G 20 gy slear concis ncasUrein-uts for 25
B0 e el s e T etbt ot Oselo for Viand macsmie
pLly 110230 v A.C., contained in portable i e diress readlng. il s
Size lixsx7m Brand o equipment. U JLE. signal senerator tange <0 0 Mcjs., very
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e e, e e, S s S e — — V— al’;“"m \';ln mnhuumuu t)]vv. TFE30 512 ®E. U6
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Spectal L T quantities. Lartley r;me naume Teaw output constant 234 C. regardless of voltage
Ot )|mu. Tuu 134, perfect L £95, in ycrfzc( urldux .,m £65
Ferruntl 20 Co h(m‘d l\“ll) Tmmmrmvr aml
8C221 FREQUENCY METERS 3 Votiage. lieauistor b Syt 50 e opply, ol
Complote nun calibration Lok, i frst-cl.se comdition. cooled type, unued conditlon. P.U.K.
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LONDON, N.16. "STA 4587 ESSEX. CRE 7441
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USED SCIENTIFIC, ELECTRONIC,

LABORATORY & INDUSTRIAL EQUIPMENT
TEMPERATURE
Recorders from £50 1o £120, meters from £3, controllers £15 w0
£30 by Kent, Electrofto, Cambridge, Ether, Bristol, etc,
VACUUM PUMPS
Rotary pumps from £12, diffusion pumps from £12, valves and
accessories, etc. by Ld\vards N.G.N., Leybold, cte; eg. 18P30
at £22 ro Kinney GKD110 at £160 and N.G.N. OP25 at £12
to Edwards 9B3 at £100.
| LABORATORY
| Flasks, pipcttes, burettes, filter %apcrs and thimblcs, etc. Large.
|| quantity (list price over £400). Bargain £100 only.
PYE I’ANCHRO“ATOGRAPH
Complete with sample injector, operating manual and the follow-
ing detectors: Gas density balance and Katharometer with power
supply control unit. Omly 3 ycars old, original cost £917.
Special offer, only £400.
CLOSED CIRCUIT TELEVISION
E.M.I. (modified omsxdg broadcast um[) 625 lines, type 10307
CPS Emitron pick-up tube. Only £500 o.n.0.
Pye (modified underwater unit) Im:lgc Orthicorn  Industrial
Camera 2063, C.C.U. 2327, only £250, o.n.o.
ELECTRONICS
Universal Bridge Marconi TF868, £45
Guard circuit Muirhcad D-140-16, £45.
Capucitance bridge Muirhead A- 138 A, £45.
Oscilloscopes ex government research iype T200, £75

KX30, £

E.M.L, WM2, £80
Oscilloscope cameras (without Iens) of various makes, from £3.
Scan generator Type T5007, £20.
PROCESS TIMERS
Chamberlain & Hookham type P.0-10 secs., 0-30 secs., 0-30 mins,
etc., cach
Please Iet us have your requirements. Guatalogue available.

V. N. Barrett & Co.
18 Sherwood Rd., Addiscombe, Croydon, Surrey
ADDISCOMBE 6470

Build the smallest &
radio set in E&N
the world! °“°

the inimitable

) =ircl=ie
AN EDUCATIONAL SYSTEM FOR TEACHING I | I l [R D
LOGIC AND CONTROL TECHNOLOGY WITH

PRACTICAL APPLICATIONS IN INDUSTRY SIX-STAGE PUGKET REGEIVER

Yoy g1

|

A modular digital system with patching lead connections

designed to teach Enginecrs of any science or Technology \ Anyone can build it in an evening:
the essential requirements of Logic design and digital control 147 % 14" 37 The wonderful Micro-6 hrm;s in stations all round
techniques. LK ;0 E] tbhu mcd,:um wbavcb ] n:ﬂ h‘as nndsp{_cudsto
The equipment is accompanied by a comprehensive instruc- ungtinituxemboungliikgallocllscasion WEhcSing
. Ly H . . A clair Micro-6 ha: d i
tion manual giving an introduttion to logic, with terms FANTASTIC RANGE a:tlunllyl smaller than & matchbox. g::(:ry(c);a::nlds
employed, and detailing 15 of the many experiments which AND POW.ER fc;rl:e rﬂrlidzcrx;ll;l]rekcontamcddw:;hln the rnm\;w
can be carried out. Using the input and output units, Sy (1) T LIS Cols (I QU 03 B3 Ly
. n . b virtually anywhere. Building the Micro-6 is easy,
designed systems can be proved in operational form by PLAYS ANYWHERE [00)70 completed, it will delight and enthral
utilising the complete equipment as a control devite. you with its fantastic performance, to bring an
intriguing  new personal approach to radio
LOGIC KIT (25 modules) 3 = o .. £125 LEainEy
NOR KIT (i3 modules) i .. £83 This semackabla set has two stages of
POWER SUPPLY (will drive six klts) 2 .o £26

J plication, Gouble diofls” dsimersc and” 3
X stages of audio amplication wilh, powertul
s G.0. t9 coustarast tading Trom diniaot st~
Slow motion tunlng makes station
sepsration enes. it completo i tramamons, save, el Nhtutlans eorsioes
N ‘ .amumuuuansmnnmn

ALLORY MERCURY CELL ZM. 312 (2 zequircd) 1/11 ea. Pack of S8ix 10/6
Sandbeck way FULL SERVICE FACILITIES AVAILABLE MICRO FM & Z.12
! TO SINCLAIR CUSTOMERS. /i

See poges 86/87
Wetherby, Yorkshire [ SINGLAIR RADIONICS LTD, ’
Telephone 2691/2/3/4 5]”:'5 r— 22, NEWMARKE'([)CRAC;AD. CAMBRIDGE

WW—126 FOR FURTHER DETAILS. WW-—127 FOR FURTHER DETAILS.
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THE SINCLAIR MICRO FM s
more than an F.M. Tuner; morc than an
£.M. Receiver for it combines the advant-
ages of both with many other unique
features to male it the most advanced
set of its kind in the world. Anyone
can construct it, for unlike other FM
constructional kits, the Micro FM needs
no aligning and is ready to work as soon
as itis finished. Pulse counting detection
gives better audio quality than any other
discriminator system. Excellent sensi-
tivity assures good reception using no
more than the smail telescopic aerial

iid the Worlds m lazing
M tuner-receiver

— Mav,

St amazin

1966

included in the kit in all but the worst
reception areas. When built. the
Sinclair Micro FM has alf the appearance
of a professionally engineered set both
inside and out. lts distinctive, elegant
exierior makes it particularly pleasing
to own and to operate whether as a
tuner tor amplifier or tape recorder
or independently as a self-contained
pocket F.M. portable. Yet with all these
leatures the Micro FM costs pounds less
and enables you to enjoy F.M. reception
to the full at once,

ONLY THE SINCLAIR MICRO FM HAS ALL THESE EXCLUSIVE FEATURES

-’ e . e,
- J SR i @ Siz2 23 < 14k X Fin. @ Audio frequency response—10-20,000 cfs.
’ : ] .
AP Tuning—88 to 108 Mcjs. @ Two Audic Outputs—One for fecding to ampli-
,J k 'm L Me ® Tuning 108 Mfs. fier or tape recorder. Oae for feeding to
2 &Z‘r ' @ Regquires no aligning earpiecc to caable set to beused as a portable
o m” @ Supply voltage—9 V. from self-contained stan- recciver.
@ | dar @ AFC.
- l [1} @ Consumption—S mA. @ Bllzck_ P\asri’c case wi:lh brushed and polished
. . aluminium frone panel.
/ P ® Sensicivity~Typlally 3 microvolts @ !nserting plug of corpicce ar tuner fead switches
O — 3 = ] r‘g\} @ Siznai to Noise Racio—30 dB ac 30 microvolts set ON
i} U
= v, TECHNICAL DESCRIPTION
) §—— _’E feel THE SINCLAIR MICRO FM is 2 completely A pulse-counting detector ensures absolute 'incar-
P ot self-contained double-purpase FM superhat housed ity and therefore better audio quality at the output
—~1 within a case fess than 3in. high % |3in, wide with stages. Alter equalisation the signal is channelled to
) a depth of §m It uses 7 transistors and 2 diodes in anc output for feeding to amplifier or recarder and
! new circui he R.F. amplifier is followed by » o anather in which the receiver's own audio ampli-
ot e T <ell-oseillating mixer and thres stages of LF. amplic
3

fication which dispenses with |.F. transformers and
all problems of alignment.  The final LE. amplifier
produces a square wave of censtant amplicade
which is converted inte uniform pulses so arranged
that the origmal modulation is reproduced exactly.

fying stage enables the Micro FM to be used 25 an
independent self-contained pocket portable. A.F.C.
is used to lock the peogramme tuned in; the teles-
copic aerigl included with the kit will be found
sufficient for all buc che worst signal areas.

=ir—l=in

mICROF( T

7 TRANSISTOR FM SUPERHET
WITH AF.C. AND TWO AUDIO OUTPUTS

£5.19.6

= FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLA:R CUSTOMERS

sinclair radionics [td
zz newmarket road, cambridge

Telephone: OCA3—52731
WWw—128 FOR FURTHER DETAILS,

Complete kit of parts, including transistors,
aeriol, case, front panel. diol, corpicce
and clearly  presented  stage-by-stage
instructions manal.
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ore power per square inch than any other

amplifier in the world!

The Z.12 has quality. The Z.I12 has power, and it is certainly marvellously
compact. In fact, this wonderlul unit whu:h is complete with its own high

gain pre-amplifier and ready to connect to any input will give you an output
of up to SIX WATTS PER SQUARE NCH of its total size—a standard of
performance uncqualled by anything in its Class, Amd bocause of its size
and excellent circuitry, you can now use quality amplification in app
cations never before possible.

The Siaclair Z.12 uses 8 special H.F. transistors with generous negative feed back
and aleralinear class B push-pul outpu to achieve the highese possible standards of
quality. The unit can be powered (rom 6 ta 20 v. d.c. and for those not using a
Battory, the now PZ.3 will b found idesl. Signal 1@ oo ratio is betrer thin 604,
and the output may be fed directly into any lozd from 3 to 15 ohms, or two 3 ohms
speakers may be used in paraliel. The Manual included with the Z.(2 gives full
details of matching tone and volume control circuits for mono and stereo, together
with multi-input switching facilities.

=i —l=3i

12

COMBINED 12 WATT
HI-FI AMPLIFIER AND
PRE-AMPLIFIER

Ready-built estod and guaran-

teed, with Z.12 mu
A NEW POWER UNIT
SINCLAIR PZ.3
i s Guarantee

achieve phenomenally good smoothing,
making it ldsa) tor the Z.12. two ol
ssbich & wll power with case, Bipple when you receive it from us,
i3 @ burely messurablo 005 7. Outyut your money wilf be refanded in
2 v DO for AL wals 76 full and ot once without
operation 200250, 50-00 o/s. question.

Should you not be complotely
Satisfied with your purchase

SINGLAIR MICRO-6—the world’s smallest radio

WW—129 FOR FURTHER DETAILS.

SEE
PAGE 85

87

& 12 WATTS R.M.S. OUTPUT
Continucus Sine Wave (24 w. Peak)
15 Watts R.M.S. Music Power (30 w. Peak)

& SIZE 3" x 13" x1{”

@ IDEAL FOR 12 V. OPERATION

@ INPUT 2mV. INTO 2K OHMS

@ RESPONSE—15 TO 50,000 ¢/5 1dB

@& SUITABLE FOR HI-FI, TUNER, GUITAR,
P.A., INTERCOM, ETC.

PROMPT DELIVERY IS OFFERED TO MANU-

FACTURERS WISHING TO ORD IN QUAN-
TITY_AT COMPETITIVE PRICES ENQUIRIES
INVITED FOR_THIS

AND AMPLIFIERS TO
SPECIFICATION.

If you prefer not to cut this page, please refer to W.W.5
when writing your.order.

ORDER FORM

I To SINCLAIR RADIONICS LTD.,
2 NEWMARKET ROAD, CAMBRIDGE. l

I Please send,.

I N AME oA b1V 8 b o 0 4105 0 1o P




88 WIRELESS

WORLD .May, 1966

TS 36AP POWER METER, with accessories, used for checking radar
outputs, £5 each, 10/- carr.
DE-ICER, Controller Mk. 3. Contiins 10 relays D.P. changeover
heavy duty contacts, 1 relay AP, C/O. (235 ohms coil). - Stud switch 30-
b operited, onc ﬁvu\va\ ditte, D.C. timing motor with Chronometr
governor 20-30 volts 12 R.PM.; geared ta Lwo 30-way stud switches and
two Ledex solcnmds 1 delay relay, etc., sealed in steel cusc, size 435 X 7in.,
£3 ench, post 5/,

GEARED MOTORS (Rc\'uslblc)
28v 150 r.pin., 25/-, post 2/6.
24 v Open gears with guvemor approx. 10 r.p.m., 25/-, post 2/6.

24v. D.C. 14 rpm, ra\crslbh, with two micro sxnlchns mxlde gear box,
silent operation, £2 cach, post 5i-

O Aotor 113w, 50 ¢ 5 17300 H . 3000 r.p.m. Capacitor 1 mfd. 25/-,post
3/-"" Dalmotor $C5, 28 v. D.C. at 45 amps.; 12,000 r.p.m.; output 730 w.
{approx. 1 h.p.), brand new, £2/10'- each post 7j6.

AZ iMUTH INDICATOR UNIT ID-2
it AST it Botsiog Tothcstor andruitabls 002 Aoriul Qitersiss comrar
2 tube with shicld suitible for modultion, peccentge indicator or oscil” |
loscope and 3" spe t can be as 4 sidetonc monitor With. |
all watvos, in excallent condition, pice £8 15/-, cartiage 1
CRDs DIRECTIONAL ANTENNA for usé with the aove Instru- |
ment, 5 cach carriane

.CM23 COMPARAT \TOR SIGNAL UNIT, £4/10/-, carricge 15/~ |

MARCONT V. LV]
VOLTMETERS T l'-l“} /1.
Ranges: 0 10 L3, 5, 13, 50 and

measurements,
muins input.  Brand
new, 1»/10 cach, curr. 10/-.
M ‘TON

L
I‘RANSI ORMER 20 w. I1i,
6000 chm CT. Sec.,

25i- cach, post 3
MICRODHONE © TRANS.
EOR| Pri, 73 ol

MER.
Sec,, 125,000 ohm. 10/~ e
post 2/6.

OUTPUT TRANSFORMER. Pri,, 7,500 ohm. Scc., 500 ohm. C.T.,
2.5 w. 12/6 each, posi 3/-.

CONDENSERS. 150 mfd,, 290 volts A.C. £5 cach, post 12/6. 50 mfd.
330 volts A.C 40/~ post 4f-. 10 mid, 1,000 v. 12f6, post 2o, 8 mid

1,300 volis, 1776, po St 2)-. , 1,200 Volus, 12/6, post 3/~ 8 mfd. 600
valts, 816, post 316 0.25 L o Y i, post 1/6

Vacuum condLn%r 50 pf. 32 kv. 30'-, post 1/6. 6 pf. 20 kv. 22/6, post 1/6.
All the above 1rc new m cartons.
TX DRIVER UNIT. 100-156 Mc/s. Ideal for twe mcters,
in excellent condition, fits 19in. rack ach, carr. 204-.
CONTROL UNIT. 230 v. A.C,, owmpur 21 v. 2 amp.s., 230 v. A.C. sole-
noid switch 15 amps.. plus relays and switches, ctc., £2,10/~, curr, 12/6,
HEADPHONES. DLR.5, 10/- puir, 2/6 post. 10 headset and micro-
phone, 15 -, post 2/6. M/C phones, ith ehamois car muils and jack plog,
17/6 pair, post 2,6.
AUTOMATIC PILOT UNIT AMk. 2. ‘This complex unit of diodes and
vaives, relays, magnetic clutches, motors and plug-in ampliGers, with many
other items, price £7/10/-, £1 carriuge.
U.$.A. DESK MICROPHONE CRV/51018/A. Cump]c(c \\uh 7 yards
of sercened cable and universal jack (adjustable). 10/« cach. post 3/-.
VARIABLE MASTER OSCILLATOR TYPE 115 MODEL 1. Prin-
cipully used in diversity, receptien to supply vanable or crystal H.F.0.
voltage 10 tire receivers  Its varinble freq., has a stbility equivalent to that
Crystal Tt lso pmvulcs
. crystals for operation of diversi xly rCLu ! ed
frequencies arc required and two F.V.0. crystals, \Xc/s I’o\\cr
supplics 100/220 v. A.C., 50/60 cys., £30 cach, curr, 30/~
ANAPIN-9 LORAN INDICATOR UNIT. As used for shlps am.\ mrcmﬁ
10 provide accurate means of pusition by the reception of # known Loran
transmitter. Power supplies, external X Inverter, This unit will make a
very good Oscilloscope, £8/10j- cach, carr. £L.
RADIO TELEPHONE GR300 V.H.F. 75 Ai¢fs two dmnnels, complete
with control.hox and 12 v. D.C. supply, as new, £50, ¢ £1, Control
Ak for the. GR300, £3 cnch; 4%, power SuppIY unit 12°% D" C., £3/10/-.
carr, 10/~
AVO METER MODEL 7 with test leads and casc, £12/10/~ eacls, post 7/6.
BLOWERS MOTORS, 115 v. A.C., 50 or 0 c/s., 180 h.p., 0.2 amps.
3,200 r.p.m., cont., duty new in cartons £2/10/- cach, post 5/ Smaller
type blower 24 v. D.C.; 15/, post 2/6.
RELAYS SEMI ROTARY. 3 polc DT contuets suitable for 10 amps,
(silver), coil 12 volts D.C., new in cartons 12/6 cuch, post 2/6,
TRANS/RECEIVER UNIT Mk. 3. Frcq. 2 10 8 mcfs., RT or CW.,
MCW., requires external power supply. Complete station £9. ’l'mns-rcc.
only £3/10/-, carr. 15/-.
RESISTORS. Variable 3 ohm. 10 amps., 25/, post 4/-.
ROTARY TRANSFORMERS. 2{ v, input, 175 v. at 40 ma. output
25/-, pIus 2/~ post. EICOR type, 12 v. input, 400 v. at 180 ma. output,
30/-, plus 4 - post. 12 v. input, 225 v. at 100 ma. ompm, 25/, plus 3/%
post. (All the above are D.C. only).
MICROPHONES Type T50. Fits the palm of hand with on/off switch and
lead (hlc/cuoleyn\mu,) 33/- cach, 2/6 post. "Type T17 with lead and PL55
plug, 45/-,

Valves 3C24,

PLUGS. Swundard wwo-way jack plug PL55 with 6fc. Jead and trans-
former, low to high impedante, 7 6 cach, plus 1/6 post. PL68 plug and
switch tead assembly, S cach, plus 116 post,

CANADIAN C52 TRANS. REC.. Freq. 1.75 10 16 mc/s. on threc bands.
R.T., M.C,W. and C.W. Crystal calibrator etc., power input 12 volts D.C.,
new condition comyiece sct 230 carr. £2/10/-. Used condition in working
order carr. £2/10/-. 2 receiver only (less outer case), £8/10/-,
carr. 157 S onty f.v,w -y catr. 15/=. Power unit C32 rec., new
£€3/5/-." Used power units in working order £2/5/-, cacr. 10j-.

230/11 auto 300 watts, £2, post 6= 230 v. pri., 24 v. 2
post 57-. 230/115 v. pri, 275-0-275 v. ut 120 ma., 6.3 v. at 4 amp.,
63 v at l-amp,, 25/, post 5/--

‘ TRANSFORMERS. 23010115 v, is”olmion 300 va, £3

HRO RECEIVER. Model 5T. This
is d famous Ameriein High Frequuncy
superhet, suitabts for nd M
reception ¢rystal Alic
consrol.

mete

\ulh nhasmg
5 and ngna.l s(rmg(h
»q. "rangs 50 kei

mc,s., W of nine cails,
only in worl kmg mdu,zls/m/-,cm
15/- each. Set of ninccoils £12/10;-,
available only with set, Powcr unit
for HRO., 100/240 v. A.C,, £2/15/-,

Coh\aVEthRS Type 82, 24 v, D.C, 115 v. A.C. at 1.8 amps 400 eycics,

£6/10/- cach, post 8/

CANNER UNIT, AS 596 APQ.43. This modern i

ment made by a well-known American firm, normally for' aircralt s
s o 30in. diameier parabolic reflector adustuble 180 deg. vertical and
horizontal il standard wavceuide couplings and
i D.C. motors by Daimorer Compans,
. Thres geated motors 0.6 Lo and
ilso Kollsman Magslip motor. type TY.971C-0460.

- 150 T.p.m.,
Two solenoid contactars, smali compressor unit with pressure gauge

0-30 and dehydrator unit, Al the above is mounted in an aluminium
casting, appeo Weyghc 130-125 los. ' § Relays d p, cla. 21v. 235 obms.,
4 Relays , 21 5 ohms., Niechunicul Counscr 0-9999, 2 20
4 e Polcnnomuur, 1,400 ohm %% Suppressors,
Switehoss Phigs, Sockets and assorted gears. “uice £1710)4 £2 core,
and £5 deposit foe returnable container.

TR REC 510/A. This is 2 lightwcight
used for long range ccmmumcanons Trequency, lunablc 10 ‘Mefs. §
has tucilities for “ VOICE ” “ CW ” working, The operator can set up
4 brysal controlled channcls within this band and. seect. he required
frequency by meuns of a swi )\Ch on the panel of the transmitter, Power
rcqunrcmm(s 1} . and 90-7% v. The pawer outpyt is ppro: walts
for ** VOICE > (unmodulured) und 0.5 watts for : for
maobile units or can be used as a base station with improved acrial system.
In excellent condition. 5 each, carr. 10/-.
DESK TELEPHONE. 30/~ cach or £2/15)~ per pair, post 5/-.
MARCONLTYPL TF-144G SIGNAL GENERATOR. Freq. 85 Kc/s.-
25 Mcs., internal and external modulation, power supplics 200/250 v. A.C.,
price £28, carr. 30,-,
RDO RECEIVER hus complcu. metering of both RT 2nd Audie Circuits,
Calibrated Accura 1%, approx., Video Output: 25mv inte 50 ohms.
It udlizes the same plug in RE wining units as the R-4 Reeciver,
and is ideally suitcd for monitoring and measuring sx‘,nnls in the 38-4,000
mc range. Receiver with three tuning units covering 38-1,000 mc/s.
Panoramic Adapter.  Price £150 carr. 30/-.
1154TX UNIT freq. 200-300 ke s., 2.5-16.7 mcfs., complete with ali valves,
suitable for CW, MCW, and RT, output approx. 25 watts. Price £4 cach,
carnage 15/~ (No power supphies ivai 1
TS335A/U, Hewlett Packard Co. nal Generator: freq. on 4 bdnds,
7-16 ke s., 15-36, 34-80, 70-160 kcls .5 \th 400 cys. external m
volts 0-10 and 0- 30 Db, » with a 2 inch cathode ray ‘tube for vxsuxll mdn:'luon
Power Supplics 115 v. A.C. Price £75 each, carriage £1,
MUIRHEAD AUDIO FREQ. OSCILLATOR TYPE A-706-B. 4
ranges, 15-160 ¢fs., 0.15-1.6 ke/s.,, 1.5-17 ke/§, 15-120 kefs. 230 v, A.C.
Price £30, carriage 15/-.
MARCONI SIGNAL GENERATOR NO. 13. 2 bands, 20-40 m¢/s and
40-80 mc’s. FM., AM,, and CW. Mod. freq. 300/1000/1600/3000 and ex-
wrr 1l mod. Ou(put mlug; is 0.1-10. Power Supplies 110 v, or 250 v. A.C.

rice £50, carriage £1.

TOMATIC STABILISED P.U. Input voltage 200/245 A.C., Output
. at 2,17 amps. Made by Claude Lyons & Co. Price £8 cm:h carriage

POWER UNIT GR.49. 100/240 v. A.C. Outputs voltages 500-0-500 at
400 mA., 250-0-250 v. at 100 mA,, 28 v, 4t 0.3 amp., 13-0-13 at 1.1 amp.,
13-0-13 ut 0.8 amp. An\:l 5.25 v. ut 6 amps. Two 3U4G and one 35Z4.
Fully smoothed with output terminated into u Jones plug, £8/10/- cach,
carr. £1.

OSCILLOSCOPES. Type 1035, Cossor Mk. 1, in very gaod condition,
€35, carr. £1. Martley type 133, £25, carr. £1

CONTROL MOTORS. 1151115 ., 2 pole 60 cs., output 5 watts, the
cachometer, 115v. 1 ph. output volis ‘per 1,000+ 3/10)- carr.
4)- cuch. Type R11 1157115 v. oo “evs., £~/10/», carr. 4 cach.
TELEPHOTO UNITS (' ans ceiver) Type CNB.  Complete with tuning
fork nnd power supplics 115 v. 50 or 60 cys., £30, carr. £2 each.
TELETYPEWRITERS, TT-4 TGXc-2. Also  ANfPGC-1 and
AN/PGG-2, £35, carr. £1 mh
TERMINAL UNITS. A.C.T.
units YB 07606-7-8, Yo Gl
£75 cach, carr. £5.

P.W.R. line feed unit and amplifier
Repeater unit TG-30, £25 cach, CI2-B,

Complete installations can be
quoted for. Please write further details.
List available 6d. S.A.Exfor all enquiries.

W. MILLS

3-B TRULGCK ROAD, TOTTENHAM, N.17
Phone: Tottenham 9213 & 9330
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gl M [n MICRO SWITCHES
IMIMEDIATE DESPATCH

VAQ c5 VV-15-1A
+* 10 amp. cjo % LOW TORQUE
$56G PUSH BUTTON. PRECISION
Panel mounting. . ROTARY
T Buttons in six e SWITCH.
| MILLION OPS. 5 M
* 5 ot Subminia- ¥ colours. % 5 amp. . “% 15/10 amps. cfo.
ture Micro-switch. * % milops K 100000 ops.
2/3 each = 59/'-4533:h 6/3 cach 1/8| e;:h
per 1,000, P - per 1,000. per 1,000

Single Throw /6 each

LIMIT SWITCH WL 10 FoA2

Y% 10 amp. 2 circuit
“% CASFO  FOR  USE

V-10-1B < VV-5GW-1A44
.
‘7? % | MILLION -
OPERATIONS.
UNDER {.RDUOUS 0 ACLIGHTIFORCE
CONDITIONS. % 10 amp. c/o. % -4 gms. Wire
MECHANICAL HANDLING, +“ COMPARE OUR SPEC. & OUR actuator.
MACHINE TOOLS, PRICES WITH OTHER SIMILAR % Designed for o
LIFT GEAR. TYPES. coin-operated mechanisms.
ROLLER LEVER AS ILLUS. Screw Terms 2/2 each per 1,000
As fow as 41 /1 each V-10-1A Sofder Tags I{Il each per 1,000 2/4 each per 1,000

U.L. APPROVED (Appr. No. 32667)
U.s. MiL. SPEC.
ALWAYS AVAILABLE FROM STOCK.

PROGESS TIMERD

611 T Delay Relay SYT MINI-TIMER STP Sub Mini Process Timer
% DIAL RANGES e % Plug-in
% 2 secs. to 25 iG secs. to 6 hours. Octal base.
9 secs. Delay. % Mains operation. * Mat"“s
i | %* 5 AMPS. operation.
i * 15 amp. clo | DOUBLE POLE, % % Built-in
3 fitted DOUBLE THROW 2 amp. cfo
) SWITCHING switching.
%* LARGE RANGE OF A.C. & D.C, INCORPORATED. 10 secs. to
OPERATIONS. :ccura:y +%- ; hour.
rom rom
From 26/11 each. £8.14.5 cach. £5.0.0 cach.

PROXIMITY SWITGH—TL 2 GNA FLOATLESS LIQUID LEVEL CONTROLS
* FOR BATCHING, CONVEYORS, MACHINE
OL CONTROL, PACKAGIKG, SORTING, “% To control or record liquid levels.
: *SENSES FERROUS &  NON-FERROUS % Stainless Electrodes switching minute current to
£ OBJECTS. Master unit for:
- *;‘E,E‘E)s.[g° ';Eg’;‘"'“'- FORCE OR PRES- + Pumps, Motors, Alarms, etc. From
% SOLID STATE SENSING HEAD, plus Power % No moving parts.
Pack. from £6.14.5 each. Single and multi switching. £4.19.7 cach

SEE US AT THE IL.E.A. EXHIBITION.  STAND No. G259. 23-18 MAY.

(Dept. w.w.1) OMRON PRECISION CONTROLS
313 Edgware Road, London, W.2 Tel.: Paddington 2370
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See DAYSTROM Industrial Products and HEATHKIT models at the
International Instruments, Electronics, Automation EXHIBITION
OLYMPIA, LONDON. 23-28 MAY. Stand No. 768

R

MODERNISE YOUR SERVICE DEPT. OR WORKSHOP WITH THESE IHSTRUMEHTS

s

e

Sin. Flat-face GENERAL PURPOSE
OSCILLOSCOPE Model 10-12U

An outstanding oscilloscope

Y sensicivity $0 mV. r.m.s. per cm. ac | kefs.
Bandwidth 3 ¢/s:4.5 Mcfs, ' Frequency compensated
input accenuator Xi, X10, X100. T/B. 10 c/s.-500 ke/s.
in 5 steps. Two_extra switch sclected pre-sct sweep
froquencics in T/B. ‘sange. | T/B. output approx.

. peak to peak. Built.in IV calibrator. Facility
for " 27 s Fmedulacion.  Elecsronicalty stabilised
power supply. Power req. 200-250 v. A.C. 40-60 cfs.
su e Fused. Front panel silver and charcoal

Cabines, charcoal grey, size B} % 14 x I7in.
deep, Net weighs 23lb. S6-page constcuction snd aperation manush.

Kic..... .£35.17.6 Assembled £45.15.0

Transistorised
REGULATED POWER SUPPLY
Model IP-20U

Tremendous value! 0.5-50 volts D.C.
output at up to I.5A. Voltage or current
monitored on easy-to-read meter. Ad-
justable current limiter.

Relay protected against overload. Less than 150 micro-
voles ripple. Regulation less than - 5 miflivalts. 9 pue
impedance fess than 0.1 ochm. Compact 94in. -
Itin. Weight | 11b. net. Full details on request.

[ .....£358.0  Assembled £47.8.0

IS &

HARMONIC DISTORTION
METER Model IM-12U

Will give fast, accurace noise and distortion
measurement in amplificrs, receivers, transmis-
sion lines, speakers, otc. Measurements are
read dircccly on [ige meter. High input
impedance, precision componants and Wien
bridge circuit design assurc excellent sensitivity
and high accuracy In ol applications; Freq.: 20 cycles 10 20.000 cycles. Distortion:
1,3, 10, 30, 1009, f.s.d. Vattmeser: 0, |, 3, 10, 30 voles £..d. Input resiscance 300k}
Bimensions 13in. X B4in. X 7in. decp. Weight 11ib.

Kit. . +.€24.15.0 Assembled £34.0.0

TRANSISTOR TESTER
Model 1M-30U
Unmatched for quality and performance

at the price.

Provides a complete d.c. analysis of PNP and NPN
transistors and diodes, . gain (Beta, Alpha}
is read direct on calibrated scales.

our lover
switches facilitate fase. easy, test sclection.
Intecnal bateerics for, tests up o 9 v, Feovivion

r connection to ext. power supply for higher
voltage and current tests. Modern foneesanal styling. Size Sgin. high x 10%in.

deep x 10jin. wide.
Kit.. oo .. £24.18.0 Assembled £35.10.0

OUTSTANDING EQUIPMENT FOR THE DISCERNING HI-FI ENTHUSIAST

R

“STARMAKER 33"
TRANSISTOR PA/GUITAR
AMPLIFIER Model PA-2

This is a high performance amplificr whose
sizc and weight allows easy transportation.
Ideat for vocal and instrumentat groups, P.A.,
electronic organs, guitars, ctc

Features include: 20w, amplifier (33 watts,
LH.F.M.), two heavy duty speakers, 4 inputs on
two channels, variable tremolo, modern elegant
:uhlnct Slzc 18in. h. % 29in. w. x I0in. deep.

Castors or legs available as
optional extras.

I i BRI

The BERKELEY Stim-line
SPEAKER SYSTEM

A new concept in Heathkic loudspeaker design.

The
cabinet shell is assembled and finished in superb Queens-

land_ wafnut vencer. Two specially designed speakers,

a 12in. bass unit and 4in. mid/high frequency unit and an

L.C. ¢ross-over netwprk provide the smooth 30-17,000 c/s.

frequency response. Its professional cabinet seyling will

Blend with both craditional znd concemporary dc:or:.
ohm nominal impedance. Size 267 17X 73"

G Haade% assembled £59.10.0 Kt £18.10.0  Assembled £23.0.0
MODELS FOR THE MUSIC LOVER AND FOR FAMILY ENTERTAINMENT
TR LRI L TR
A WELL DESIGNED § “ OXFORD” LUXURY

F.M. TUNER Model FM-4U § TRANSISTOR PORTABLE
Tuning range 88.108 Mcfs. Fiywheel tuning. % Model UXR-Z
Attractive Plastic Front Panel in two-tone grey { ) N ~ AR '
with golden trim surround and motif. Thermos § Thic superb eransistor radio is che ideal domestic
metertype visual tuning indicator.  Pre- § or personal portable Medium and Long Wave
aligned.  LE. transformers. Three LE. stages. §  receiver. Solid leather case and handle. Easy-to-
Wide-band low distortion Ratio Detecror. R.F. Unit, wircd, tested and pre- ¢ read tuning scale.  Exera large loudspeaker.
aligned. Printed circuits for LE. amplifiers and ratio detector. Buile-in‘power  §  Push button [, MW and tone. 10 semi-conductors

supply. Output socket for stereophonic adaptor (for stereo pransmission when  { (7 transiszors blus 3 diodes). Sockers for personal
avatapie). { carphone, tape recorder, car acrial. Incernal 9-
TUNER UNIT Model FMT-4U with 10.7 Mc/s. LF. ourpuc. £2/I5/- (inc. P.T). ¢ vole battery (not supplied), lasts for months.
LF. AMPLIFIER and power supply Model FMA-4U complece with case ¢ Latest princed Circuit techniques. )
and valves, £13/13/-." Sold separately. {  Comprehansive eary-to- Soliow, faly illuseraced instruetion HManual.

Kit Total . TPOSTT £1680 § Kit. £14.180 incl. P. Tax.

)
@ Prices quoted above arc Mail Ordur prices @ @ Pricesinclude free delivery in UK. @

> DAYSTROM LTD. ,
{ DEPT.. W.W.5, GLOUCESTER, ENGLAND {
f FREE BROCHURE AVAILABLE ON THE BRITISH INSTRUMENT RANGE OF MODELS {
i ALSO ““AMATEUR” RADIO BROCHURE COVERING BRITISH & AMERICAN MODELS i
k3 - — et 3 {4 s
F3 .
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So easy to build
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So easy (o uase :

o —

TRANSISTOR MIXER
Model TM-}

“A must for the tape enthusiast™

Four channels with individual, continuously variable controls, plus a master
volume control allows model to be used for recarding from a wide varicty of
sources, c.g. dynamic and crystal microphone, radio tuners, record players, otc.

7 transistor circuit and internal 9 v. battery (not supplied) allows
unit to be used “ in the field " as well as in the home, studio, etc

Y% Printed circuit board ensures consistent performance, easiest pos.
sible construction.

% Professional, modern, compact, low silhouctte styling.
% Beautiful walnut vencered, fully finished cabinet.

% Attractive anodised aluminium front panel.

Y Size: liffin. xT4in.x3in. high.

kT £11.16,6 inat. capinee Assembled £16.17.6 inci.

Full specification leaflet sent on request.

cabinet

b e e e o o 448t

The Outstanding
204-20 WATT TRANSISTOR
STEREO AMPLIFIER
Model AA-22U

This International Class™ amplifier offors you a
realism and beauty of music never before obtainable
at such a competitive price.

1 $im-ti

elegant, styling.

% The best of American in a British ampli

% Beautiful walnut veneered, fully finished cabinet available as an
optional extra.

% 5 sterco inputs (five on each channel) accommodate pick-up, radio
tuner, tape and two other sources,

% 20 transistor 10 diode circuit.
% Dimensions: I5-%in. wide X 33in. high X |Z{in. deep.

£39.10.0 1ess cabiner

Walnut cabinet for free standing use £2,5.0 extra.

N A

COMPARE ANY HEATHKIT

i

MODEL FOR PRICE, PERFORMANGE, QUALITY

SR

3--3W HI-FI STEREO AMPLIFIER
KIT Model §-33H  An inexpensive

stereo-mone  ampli-

L]

HI-FI EQUIPMENT CABINETS

A range of cquipment cabinets is now avail-

MONO CONTROL UNIT KIT
Model UMC-]

fier with the high sensitivity necessary for able. Designed for maximum operating oM~ |deal for use with MA-12
lightweight minjature ceramic pick-ups _{c.g., venionce or for where room space is a0 o similar amplifier. Out-
Decca Deram). De fuxe version of the 5-33 with over-riding consideration, this range includes  pur 0.25 v,  Send for full
attractive two-tone grey Perspex panel. easy-to-buld kits or ready-asscmbled cabinets  geqajjs.
Kie £15.17.6 Assombled  £21.7.6 in the white for finish to own requirements. . " £g,12.4 Assembled £13.12.6
5 W HI-FI MONO AMPLIFIER " MALVERN ™ (lilustrated) Kic. £18.1.0 (inc. P.T)
- KIT Model MA-S Assembled (fefc in the white) £23.6.0. HI-Fi SPEAKER SYSTEM KIT
A low-priced general purpose "GLOUCESTER" for Tape Deck and Record Player. Model SSU-I
W Hi-Fidelity amplifier bsed on i’ £13 10,0 (inc. P Assombled £29.15.0  Ducted-port bass reflox cabi-

the popular S-33 for those

o do not require a stereo-

phonit system. Separate bass and treble controls
Gram and Radio inputs Suitable for most crystal
pick-ups. A printed circuic simplifies construction.

Kie £10.19.6 Assembled  £15.10.0

HI-FI MONO POWER AMPLIFIER
KIT Model MA-i2
A compact Mi-Fidelity power
amplifier (including auxiliary
power  supply] watts
output.  Wide frequency
range and jow distortion. A
variable scnsmvuy control is
fitted enabling it to be used
with an existing zmplifier in a
stércophonic system. Other applications include
sound reinforcement systems, transmitcer modu-
lators, for use with tape recorders, alsa as a
general purpose haboratory amplifier.

Kit Assembled  £15.18.0
STEREO CONTROL UNIT KIT

Kit £11.12.6 {inc. PT

forward recommendations.

wish to include, if possible.

HI-Fi
KIT Model S-99

cont. distortion at
I has ganged controls.

= Model USC-I
0 4 s ! lincorporates all worthwhile tion, Ultra-tinear push-pull output.
features for Mi-Fidelity sterco
" and mono. Push-buttan selee-  cabinet
tion, accuraccly matched ganged controls to Kie £28.9.6

Negative feedback rumble and variabie
fow-pass flters. Printed circuit boards. Accepts

“* CHEPSTOW ' for Record Player or Tape Dedl
T)

How to install Hi-Fi in YOUR home
If you are planning to install a Hi-Fi system in your home,
and are uncertain of the type of equipment to use, our
widely experienced technical stalf will with pleasure put
All you have to do is state
the type of installation contemplaced. the price you are
prepared to pay and give details of existing equipment you

STEREO AMPLIFIER

18 w. output (9 per channel with 0-2 per

per channel).
StercofMono
gram, radio and tape recorder inputs and push-button selec-

Perspex front panel with golden surround s grey metat

i "

nec. re-
quency response is 40-16,000
Power rating 10 wacts.
Matched speaker unics 8in,
high flux (12,000 lines) with
hyperbolic cone and 4in.
wide angle dispersion typce
for higher frequencies.
Kit (with legs) £12.12.0°

Asxumbh:d £16.17.6

(fess logs) £II I76
PT.)

' COTSWOLD” SPEAKER
SYSTEM KIT =

This acoustically designed en-
slosure megsures 26 x 23 x
. and houses a special
base speaker wich Zin.
speech coil, elliptical middle
speaker together with 3 pres.
surc unit to cover the full fre

quancy range of 30-20.000 cfs. Its palar-distribution
makes it ideal for really Hi-Fi Sterco. Delivered
complete with speakers. cross-over unit, level
cantrol, grille cloth, ote. Left in the white for
finish to personal tasce, all parcs are pre-cut and

drilled for ease of assembly.
Kie £25.12.0 Assembled  £33.17.0

P.C. boards.  Ateractive

Assembled £38.9.6

inputs frem most tape-heads and any stersa or

mono pick-up.
Kiz £19.10.0 Assembled £26.10.0

HEATHKIT-THOMAS (Transistor- 25
ized) ELECTRONIC ORGAN KIT
{with Color - Glo) Model GD-325E

Can be built with no knowledge of electronics.

INTERNATIONAL MAIL ORDER SCHEME

Covering the American Henthklt range
of 250 mod:

Direct from U.S.A. to your U.K. address.
trated American catalogue and full details can be
obtained from us for 1/- post paid.

“ COTSWOLD M.F.S.”
SPEAKER SYSTEM

KIT
This model, based on the standard
o Cotswold, ~measures only 36in.
us- high, I6kin. wide by I4in. deep.

Particularly recommended to those
who require the best results in

Kit 0. Bench £14.10.0 small rooms.

(Price includes carriage and duty) @ Deferred Terms availabla on orders above £10 @® Kir £25.12.0 Assembled £33.17.0
T DAYSTROM LTD. - A
i DEPT. W.W.5, GLOUCESTER, ENGLAND '
! Member of the Schlumberger Group including the Heath Compan: ¢
i MANUFACTURERS OF THE WORLD’S LARGEST-SELLING ELECTRONIC KIT SETS )
i ot -5
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See HEATHKIT at the j
International Instruments, Electrenics, Automation EXHIBITION i
1 OLYMPIA, LONDON. 23-28 MAY. Stand No. 768 ]
* AP — b -:.
AN OUTSTANDING LOW-COST 3in. OSCILLOSCOPE Model 0S-2 :
X Vertical amplifier 2 ¢fs to 3 Mc/s. % Light weight—under 101b. '
% Modern professional seyling. +% Time base range 20 c/s to 200 kefs. '
S Vertical sensicivity 100 mV/em. % Horizonea! inpuc 100 m¥jem. i
j J Compact size 5in.x73in. x |2in. % Mumeaal c.r.t. screen, '
b e e (e 3 .y —
| 43in. VALVE VOLTMETER KIT
MULTIMETER KIT Model MM-IU Model V-7A

Provides wide voltage, current, resistance
and dB ranges to cover hundreds of
20,000

DC and 5,1 000 ohlns volt A C. Ranges:

15 v. to 1500 v. A.C. and D.C..
Eiguk 18 A B Measures rosk
cance from 020 to 20Me. 4kin. 504A
meter. A polarity reversing switch

eliminates teansferring test leads when
alternatively measuring | and — voltages

Kit £12.18.0 Assembled £18.11.6

OSCILLOSCOPE TRACE DOUBLER
KIT Model S-3U

 This device will extend the use
of your single-beam oscitloscope
and, at a nominal cost, will give you
the advantages of a double (or
other multiple) beam 'scape.

Assembled £18.10.0

R.F. SIGNAL GENERATOR KIT
Model RF-IU

Provides extended frequency cover-
age on six bands from 100 kefs. ta
100 Mc/s on fundamentals and up o
200 Mc/s on calibrated harmanics.

Assembled £19.18.0

Kit £13.8.0

DECADE RESISTANCE BOX KIT
Model DR.IU. Range |-99.99902 n | Dsteps. Ceramic
switches throughout. Current rating from 5

to 5 mA, according to decades in circuit. Polished
wooden cabinet supplied complece.

Kit £16. Assembled £14.8.0

RESISTANCE- CAPACITANCE
BRIDGE KIT Model C3U
Measures capacitance 10pF. to
1,000;:F. Power-factor and resistance
1008 to 5M.ohms. Test valtages
5-450 v. Safery switch provided.

Kit £10.10.0 Assembled £16

Model AG-9U

10 cfs. t0 100 kefs. swicch selected.
Distortion jess than 0.1

sine wave output
volts and d8's.

Assembled £30.10.0

me(cred in

Kit £22.10.0
@ Prices quated are Mail Order Prices. @

DR}

This compact _oscifioscope offers excellent
performance, is professional in appeacance
and is an inscrument you will be proud to own.
Apart from its obyious uses by radio/ TV
cgineers, etc., it is idcal for construction,
study and usc by workshep apprentices and
by scudents in schoals, technical colleges and

universities.
Kit £22.18.0 Assembled £30.8.0

R et it e et e s
FTOR PP

A.M./JF.M. TUNER KiT
Tuning range 88-08 Mc/s. (FM)
16-50, 200-550, 900-2,000 m.
Flywheel tuning.  Attractive
Perspex front pancl in two-
tone grey with golden trim. Thermometer type
tuning indicator, pre-aligned L.  cransformers.
Switched wide and narrow A.M. bandwidchs.
TUNING HEART Model AFM-TL £4/13/6 (inc.
P.T.) LF. AMPLIFIER and Power Unit Model
AFM.AL Camplete with metal cabinet and valves

£22/11j6. Sold separaely.
Kit Total £27.5.0

e

DUAL-WAVE TRANSISTOR PORT-
ABLE RADIO KIT Model UXR-1
Prescnted in clegant real hide
case with tasteful gold relicf.
an be asembled in 4 o 6
hours and you have a set in the
top flight of cransistor portables.
Prealigned |F. translormers,
printed circuit and a 7in. x 4in.

high flux speaker.
Covers_both Long and Medium waves.

Stin. X T4in. % 31in.
Kit £12.11.0 (Inc. P.T)

Dimensions

SINE/SQUARE

GENERATOR

Mode} 1G-82U
Covers 20 cfs.- Mcfs. in
5 bands.  Simultancous
Sine and Square Wave outpucs. Lm than@. ls,‘s
risc time and on Square Wave. Less than
0.5% distortion on Sinewave. Up to 10 volts
output. This attractively styled generator is
designed for maximum operating convenience.
Size 13in.%8Yin. X 7in. deep.
Kit £24.16.0 Assembled £36/10/0

ELECTRONIC WORKSHOP KIT

20 exciting experiments can be made with chis one kit

Kit £7.13.6 (incl. P.T.)

@ Deferred Terms available on all orders above £10. @

DAYSTREOM LTD. -~

DEPT. W.W.5, GLOUCESTER, ENGLAND

SEND FOR FREE CATALOGUE OF INSTRUMENT RANGE

The world's most popular valve voli-
meter with printed circuit and 1 per cent.
precision resistors to ensure Comsistent
labaratory performance. It has 7 voltage
ranges measuring respectively D.C. volts
to 1500 and A.C. to 1,500 r.m.s. and
4,000 peak to peak. Resistance measure-
ments from 0.1 ohm to 1,000 megohms.
with internal battery. D.C. input resistance is 1
megohms and dB measurement has a tencre-zero
scale, Complete with test prod, feads and stand-
ardising battery. Power requirements, 200-250 v.
40.60 ¢/s. A.C. 10 wacts.

H.V. and R.F. Probes available at optional extras.

Kit £i3.18.6 Assembled £19.18.6
6in, VALVE VOLTMETER
Model IM-13U
Modern  styling. extra
festures.  Unigue glmbal bracket

allows bench, shcl[nr wali mounting.
Measures A volts 0-1.5,
5 IS 50, 150, 500 ISDO Resistance

ol Size 5in. x [24Lin.

OOOM__. T
xﬁm Complete with test prod
and leads,
Kit £18.18.0 Assembled £26.18.0

DECADE CAPAClTOR KIT
el DC-1
Capacity values 100, :“F to 0.111:F in [00aF. steps.
Precision silver-mica capacitors and minimum loss
teramic water switches ensures high accuracy.

Kit £7.5.0 Assembled £10.8.0

TELEVISION ALIGNMENT
GENERATOR KIT
Mode! HFW-{

Offers the maximum in performance, flexibilicy and

utility at the lowest passible cost. Several outstanding

features have been incorporaced in this model which
are unusual in instruments in_this price range. Fre-

Qquency coverage 3.6 Mc/s. to 220 Mc/s. on fundamen-

cals. Unique non-mechanical sweep osciflatar system.

High level output on ali ranges. Sweep deviations up

to 42 Mcjs.  Built-in fixed and variable marker

gencrators (5 Mcfs. crysial supplied).

Kit £37.18.0 Assembled £47.10.0
AUDIO SINE-SQUARE WAVE
GENERATOR KIiT, Model AO-1U

Covers 20 cfs ta 150 kefs in four ranges with choice

of sincor square waves. The laczer up to25 kefs. Output

10 v. max. and distortion less than 195, Idcal for audio

testing. Size 9% 64% Sin.

[ ooornonanco £14.15.0 Assembled £21.5.0

OSCILLOSCOPE ACCESSORY KITS

Demodulation Probe kit 337.C £2.7.6

Low-cap Attenuator Probe kit Pk-1£3.2.6

@ Pricesinclude Postage UK. @

WW—I32 FOR FURTHER DETAILLS.
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% Thoroughly
#
AMATEUR TRANSMITTER KIT
. Model DX-40U
Covers all amateur bands from

to 10 metres, :ryml controlled.

Power input 75 watts C.W. 60 watts

peak controlted i phane, Our-
put 40 watts to acrial, Provisian for VEO. Filfers minimise
T.V. interjerence. Modulator and power supplies are
built-in.  Single knob band switching is combined with a
pr-network output circuir for complete operating con-
venience. A high-grade moving-coil meter indicates the
final grid or anode current. Pravision is made for the use
of 3 crystals with access through a trap-door in the back
of the cabinet. A 4-pasition switch selects the appropriate
crystal or a jack for external VFO which <an be used instead
of the crysul 5).
Kit .. £33.19.0 Assembled .. £45.8.0

SINGLE SIDEBAND ADAPTER KIT
Model SB-10U

May be used with most A.M. trans.
1 mitters with certain provisions. Allaws
full use of oxisting equipment for SSB
facilities. Band coverage: 80, 40, 20,
15, 16 m. Unwanced sideband suppres:
sion; better than 30 dB.

pression: better :hm 40 dB Pawur
requiremants: mA.,
{average) 30 mA (sundby) HO mA

{transmit), 6.3 v. A.C., 3.5 A, Meter: 2{in. Scale cdge
reading, 2004A movement, indicates carrier null an
relative power output. Cabinet [lin. high X Bin. wide X

mm decp.
. £39.5.0 Assembled £54.18.0

GENERAL COVERAGE RECEIVER KIT
RG-1

An inexpensive communicatians type receiver specially
designed for the short wave listener with many refine-
ments found only in receivers costing much more. Freq.
caverage 32 Mcfs-1.7 Mc/s in 5 ranges also M.W. band.
Kit .. £39.16.0 Assembled  £53.0.0

Optionat extras available,

GRID-DIP METER KIT. Model GD-1U
Functions as escillator or absorption
wavemeter. With plug-in coils for
continuous frequency coverage from
1.8 Mcjs. to 230 Mcfs.

Kit. .£10.19.6 Assembled. .£13.19.6

Additional Plug-in Coils Model 341-U extend coverage

down to 350 kefs. With dial correfation curves, [7/6.

TRANSISTOR INTERCOM KITS
Models XI-IlU and XIR-IU
9 v. battery operated. Up to five remote stations can be
operated with cach Master. The Master unit can call any
one, any combination, or all five Remote stations and any
Remote station can call the Master. A private call to any

Model XI-IU (Master)

Kit .. £10.19.6 Assembled .. £16.19.6
Model XIR.IU (Remote)

Kit .. £4.7.5. Assembled .. £5.16.0

AMERICAN MARINE MODELS
Prices include carriage, duty, import levy, etw.
DIRECTION FINDER, MR-2IA
3WB transistor circuit. Kit .. £61.10.0
DEPTH SOUNDER MI 1A
Soundings to 200ft. £38.10.0
FUEL VAPOUR DETECTOR MI-25

Transistor- cireuit, Kic .. £23.10.0
TACHOMETER MI-3IA
6, 1224 0r 32v. D.C. Kit £14.0.0

Picase send for details.

WIRELESS WORLD

DAYSTROM =

“MOHICAN”
GENERAL COVERAGE
RECEIVER KIT

Model GC-1U
Thiz fully transistor-
ised receiver which in-
cludes 4 piczo- iecerte
transfilters, is in the
forefrant of receiver
design. [t is an_excel-
lent porcable or fixed station recciver. The
RF. “front-end " is supplicd as a pre-
assembled and pre-aligned unie, It many
features include 2 |O-transistor  circuit.
printed circuit board, telescopic whip antenna,
tuning meter, and a large slide-rule dial giving
7, fonl fengtly of approximtely 70 inches.
Housed in a stecl cabinet and powered by
two 6 volg dry bz(:erlcs {not supplied),
mounted _incernally, ives  frequency
coverage from 580 wefs. to'30 Mejs. in i
bands; thus enabling world-wide reception.
Electrical bandspread covers the amatour
ands from 80 to [0 metres—oach band
having a_scale length_of approximately 8
inches, BFO tuning and Zenor diode stabiisor.
Size 6} X 12in. X IQin.
Plosse writo for specification leaflet.

Kit .. £37.17.6 Asmbld. .. £45.17.6

STABILISED POWER PACK
Models MSP-IM and MSP-IW

Specially rerommended for
induserial and laboratory
use, meeting the need for

reliable and  versatile
stabilised power pack cap-
able of a very high per
farmance. lnput 200-250 v.
4050 cfs.. AC flly fused. Outputs; H.T.
200.410 v at 0225 A o 3 switched
ranges. Uniisbined AC., 63 v g
Contrestapped.  Two Bin. - easy.tomrend ¥
meters for reading voltage and  current
simultaneously.  Separate LT. and H.T.
supply cransformers. "All output circuits are
ssolated. Size 13in. X Bjin. X ki

MSP-IM (with meters)

Kit .. £36.12.6 Asmbld. .. £43.12.6
MSP.IW (less mate r)

Kic .. £29.17.6 Asmbid. .. £36.17.6

BALUN COIL UNIT KIT

Model B.1U.  Will match unbalanced

co-axial_lines to balanced lines of aither

75 or 3000 impedance. Frequency range
10-80 m., input up to 200 watcs.

Kit .. £4.15.6 Asmbld. — £5.8.0

TAPE PRE-AMPLIFIER KITS
Models TA-IM and TA-IS

The Combined Tape
RezordReplay Amplifier
is  available

monophonic ot slercc»
phonic madels. Model TA-IM can be modified
to the stereo version with modification kit
T, .

TA-IM Kit £19.80 Asmbld. £28.18.0
TA-IS Kit £25.1000 Asmbld. £35.18.0
TA-C Kit £6.15.0
All prices are mall order and include

free delivery in the

Deferred Terms
are available on all orders above £10

e ot B 4
‘3‘ WELCOME TO OUR LONDON HEATHKIT CENTRE '
i See the British Heathkit renge and a selection ofAmerlcan models ete. :
! 233 TOTTENHAM COURT ROAD, : MUScum 7349 |
i We open MON.-5AT., 9a.m.—S.30 p.m. THURSDAY I I a.m.—2.30 p.m. i
i When you are in town we hope that you will visit us there. 3
» e s "
DAYSTROM LTD., Dept. WWS5, GLOUGESTER, ENGLAND.

WW-—133 FOR FURTHER DETAILS.

AMATEUR TRANSMITTER KIT
Model DX-100U
The World’s most popular

Amateur TX Kit

@ Complotely self-contained. 150 w. D.C. input.

® Buittiin highly stable VFO and all Power Suppiies.

@ The KTB3 high-level anode and screen modultor
stage gives over 100 watts of audio from less than

on CW is via the VFO and buffer amplifier
:athcdus, the other RF walves are biased beyond

[ ] Prowslon has been made for remote contro operation,
@ Covers all Amateur bands up t 30 Mefs. 'phone or

Kit .. £79.10.0 Assembled .. £104.15.0

AMATEUR BANDS RECEIVER KIT

Model RA-I The ideal economically

riced station,
partable or molite recoiver covermg
the Amateur bands from 16010 m.,
each band_separately calibrated on
lacge illuminated sfide-rale dial. Features: Signal strength
meter, tuned RF amplifier stage, half-lattice filter, ad-
justabie naise limiter. Freq. coverage |60, 80, 40, 20, 15,
10 metre bands. LF. 1620 kejs

Kit .. £39.6.6 Assembled .. £52.10.0
AMERICAN HEATHKIT i
SINGLE SIDE BAND EQUIPMENT

Transmitters, Reccivers, Transceivers. Send for
details of models. Fully illustrated American
Catalogue of Heathkit range sent for enly |/
post paid.

REFLECTED POWER METER KIT

Model HM-11U ingicates, reliably but incxpensively,
whether the R.F. power output of your transmitter is
being transferred efficiently to the radiating antenna.

Kit .. £8.5.0 Assembled .. £10.10.0

VARIABLE FREQUENCY
OSCILLATOR KIT. Model VF-IU
Specially designed to  meet the
demand for the maximum possible
flexibility from an amateur Trans-
mitter which would otherwise be
subject to certain limitations imposed
by crystat control. Galibrated for al!
Amateur bands  [60-10
fundamentals on 160 and 40 m.
and sinufar transmitters.

Kit .. £10.17.6 Assembled ..

Q@ MULTIPLIER KIT. Model

A reasonably priced Q Amplifier
for the amateur and short-wave
enthusiast.  This self-powercd unit
(200-250 v. 50/60 c/s.) may be vsed
with communications receivers to
provide both additional selectivicy
ond signal rejection.

Models QPM-{ for 470 kefs. IF. QPM-16 for 1.6 Mcfs. LF.

tres,
Ideal for Heathkit DX-40U
£15.19.6
QPM-|

Kit, either model £8.10.0
Assembled .................L £12.14.0
HT-1,

AERIAL TOWER KITS. Model
HT-1G

Height 32ft., sq. section 3fr. X 3it. at.base {no stays re-
quirad). Accessorics available as extras.

HT-1G Kit (galvanised) £40.15.0
HT-1 Kit (red oxide) £34.15.0

[ Picasc send me FREE CATALOGUE (Ves/No). ..
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ZASKY.'S

| RAD BY ALL THE

DEMONSTRATION STUDIOS
VISIT OUR NEW HIGH FIDELITY CENTRE AT:
42 TOTTENHAM COURT ROAD, LONDON, W.1.

Tel: LANgham 2573
Tids bravehs is devotnd cactasively to quility High-lidetitn, sovipment Fa reeorders,
Kecord Keproducers, Radios, Tuncrs, cle. Cietom Juilt instullalions provide balajiced com-
i ey Sesronmdoes, - Open wif dag Lenreday, eatty cosies

Saturduy.

Visit our ather apacious showroons af 5 Wotlenhan Court TLoad, 207 Fdgware Rond or 152

In our Demanstration 8t wlion you can examine,
and compare the very latest rodu-t i the realn of higl-Adelity seproduction by all the well-

Rawen mnien

If v ol al plrase seud s detalls of wour choiee of epipment el g chall B0 pleased to quote.

Neo Compliute Systens. " Purchase tazsfres 1tan " for ovcrseas visitors P, Terms available.

3

4-SPEED AUTOCHANGERS
B.S.R. AUTocHaNcERs

AT
LOWEST EVER PRICES!
ANl brand new npd fully guaranteed complete wilh
cartridse and stylus.

1ALL dped maits mordel 24 9 6
LA pend niakng meded £419 6
Trattery model £519 6
speed Tialns ware £519 ¢
Post on et
GARRARD .
Au(nv\llm .\lcmu 2419 8  A70iesscunidge . 21819 ©
AT Y £810 6 \50less cactridy 2014 8
AT Btoren - £ 8 0 11000 with GCS 6 0
0001 it 6 8 8 0 7 70
A'T60 lesn cartridge s 21019 8 Postage on all alove 5
cvdd rualug snole) Lo
LASKY'S “PRICE L Bt R Fost 8-
TRANSCRIPTIOR MOTORS )
CARRD o1 0 2
GARRAKD Lah. 80, less cart [ Q
ﬂulMltD '01 {3trobe) . ] 8
cao/dter. . 8 5
ARIARD Fan Lonpinth . $13 10 8 3
- £219 8 14
[3 2
[
BEADN T'C4T, Stervo B8 18 6 | Auto. start zul stop.  With plekup awl
OISREL I eryatal partriige
Grattaman 11 LMT with Stireg cartt blge . 319 6
Crafteman 111 QELARD TUNIOR  fespel wator ot
Model B . T 6

All nlher :urr!rh mnduls available, Pnshge anall above 5I~ ex(ra

GREENGOAT RECORD PLAYER
2 gpeed model for 33} an 45 £ Complels with piek-op aul
Ated with cartrulge. e with autp. stap anul start

UGS Btk Sl s

STOP PRESS AM/FM TUNER/AMPLIFIER SCOOP

LOEWE OPTA L040  8pec: Vu va Slereo Tuner wuul 1P Amp. (incl, Multlph
Tramistoriced Twin channel pre-tmps. Ond power atps, 20 wats per clagnel.  LW-M
At VILEIUM (emblched APC).  Suporhs mmoderm styling- Boautiful venecre eabinet.
tuntng scalo-11 push hutsan contsols. Uiy list price 84

UISKY'S PRICE 59 GNS, i el g,
ARISTRONG EQU!PMENT

 Lumited qunality

All the Jatest models in stock—
H P, Torms available.

0
(i)
0
o
]
o
]

£14 10

MARTIN HI I AUDIOKITS

WIRELESS WORLD

LONDON’ |
OF HI-FI AUDIO EQUIPMENT

1966

S LARGEST STOCKISTS

May,

WORLD'S FAMOUS MANUFACTURERS

‘ '‘COMPLETE SYSTEMS

A Luskys « Trivileco Pacoel Paskaze Deal ™ allows g0 10 purviiare m rnmplet
7. We atinld be p

ndio Rystem
ivfleged $areet

¥ eelectlone of equipment of iy W‘ml un details of your
P Terms can be nreaned on » Privilege Parcel Packaze Deals.”

requine eata:

HI-F1 FURNITURE

Choose frotn our evtensive
coinels wd selte o

o oipment
il

Homing, + i Fumenne: o
AT xu mu.m mll all types of snip-
Jent, furnbhing sts) Coinplate_instal-
ir choice, ntel ot
expert stafl will be ple .uwummwu
Shawn elantex equipment cabline by tioord
s kaite o o wide range ul equigmeut melodog

(orezy.

moce for rw.nnl and tapy
. cablnet sultable for most Lypes

Shown Ll arvieys
of otor/turu iy

TAPE RECORDERS :

COSSOR CR.1604

SPECIAL BARGAIN !!
PORTABLE TAPE RECORDERS

Miexo recomders are extrenly Lk winlhs
and are Drand new and wwsed.
superh fechuica] features Inchudr:
push button o

and  transistors;
tehing on play bid
i pos. © takea 10

»Imyﬂc

Tin, gl e
e an b il wiin wpanite fol
input, Bk PRy far oot

Ll Iphunes or
speakers fast forward and towind.
Other features inchude: 4 dight posithon fn-
sleator; watpats fur »\tn amplifir, caternal
dyboses

Bpuaker,
xconm lcul Im|

TASKIY SPEETHL PhIGE oh N & e
JUST ARRIVED-THE NEW

GARRARD STEREC DECK

avalluble from  stock—pupery
k. atcreol ot head;

ast lomm and m.

wlml tagn pmunn Tniconss pam <onitro
. T el iy vy

Now s]:ullh o,
1

Contrals. il ked i funetioin o ot =

o ermotels bonliods auto.s tapernl Shon

1Inky motar. cupscitor start und run, lirge e u.mny
el Deck findatusd in K

1., tepth below pilnth Hin
i aperation. e etomc ot 5007

Tucluded free.
GNS.

B

" cunto s rusans ot LASKY'S. PRICE 284

MAGNAVOX-COLLARO 363

Th st 3 speed madel—l{ i, 7-‘

ooy ell)u:r 3 truck or 3 trac

frires ingluds : " dhgital connter:

farvand and re: o fully serecncd

ducilon amiors "ot Bize of top
133 x 31+ Glin. dew

0 \ . mains, 'XU\]}!opcmlimx New unised uml
LASKY'S PRICE .52 £10.10. 0 criay
LASKY’S PRIGE £13.9.6 -

1 traglc
model

SPECIAL FOR OVERSEAS CUSTOMERS

59 or 60 c.p.5. malne now avallable, prlces s aliove.

iy
i

the niew Magnavos-Cellarn 563 Deck far no/x.'., v
Post ta any part of the world 35/-,

He—ihexc kits e al

LASKY'S PRICE £2 7/6
PRICE £1/17/6

LASKY'S
y

LASKY'§ PRICE £3110/6

FRICE

PRICE
S PRICE
PRICE
FRICE

At transistors nd peintal ol

Tateing
n\mul ey \nhm e
 plog

LASKY'S £le5 -

MARTIN TAPE RECORDER AMPS.

Pesignal for us with Callam Stk Tape Dok Yasenblics for immeriate
sive direule, Comprebemise Intructlons make il seebls o siigle os ,..,sgn,\
(hlm; uppled Inclulng valucs, elr Horiny fuclites. " ol output, epect eqrad
AS e, PRICES byt knmmsu/u 1 tract Nolelg12/12
Talw Deek s .mu e Marttn TApe Ang
FTived wiah B G apealecr i complata Witk speiker 85, Ble.

iter,

5t
utes. Thoso Avupiiioes cno in used thoi the Mugnaeos 363 deck 0 @ T viteration to the mountteg
of tie recordlplay sicitel, waremidy.

LASKVS RADIO FOR FINEST VALUE and COURTEOUS™SERVICE '

Ww-—134 FOR FURTHER DEAILS,
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TRANSISTOR RECEIVERS &
CONSTRUGTORS BARGAINS

THE WIDEST RANGE AVAILABLE TODAY

We consider our Construction Pareels to be the finest value quailable o the home
construction market.  If on receipt you feel not competent to build the set, you
may returi it as r;te.w:d cwithin 7 days, when the swm paid will be refonded loss
postage.

THE SKYROVER AND SKYROVER %

GENERAL SPECIFICATION
P Eckraiator plun 2iisle sl d waveband yortable

n I\Yl’lO\! it aud SKYROVER bR LUXE cover
o gl St Wi Ll Shorl Wavoliand 31493
aud al
15

sctory aserabled, wired and tested.
3 complcted i under

of oy
TV lmtlerh! . Coramie Magnet
AL Spentier. Taey togead Dis) Beale. 500 Rty Ouipnt.
Telcscoply Aettal snd Femrite od Acriol

hvrata, supplied with

1

NEW! SKYROVER MK. Il (it Sl i,
Black and grey with ckroms trim, edgewise controls, Conts I Waveband '9 \ Vo) sme Control
‘with onfoll ewitch, Tuning Control- In plastic cabinet, size 10x 6§ x 34in. metal trim and
earrying haudle.

l So boit fos £8.19.6 5,1,,,“ i mmm’ pﬁsulfm?.:’:ﬁ'“"‘

£9/18

Tonc Circult is Incorporated with
The SKYROVER De Luxe one Gomlrl 15 aiiflin (@ Volume
Tuning Control and Wavebanid Select ool cablinet. size 113 X 6} % 3in. covered
na‘h-kmﬂ wateral, with plastic trim 'md carrying h\mlle. Also car aerial sov kk(- I\llbd

| sum.510.19.

Data for each recsiver: 2/G extra

All componenty available scparatel
+ LONG WAVEBAND COVERAGE IS NOW AVAILABLE FOR THE SKYROVER
& SKYROVER DE LUXE A simple additional circuit provide coversge of the T100/1950M
band tinclwling 1600M, Light prodrauime). This Is in sddition to all exisl s Mellas aml Short
traruds, All necesshry compuents with congtrction

Total H.P.P. |

sebarale
Control.

Toat -
extra.

H.P. Terms: 55f- deposit and  Tolal H.P.P.
11 monthly paynients of 16/11, 2121

iided it yon purchase the patvel. Four U2 butlerics 31 extra

uly 10" exire. Post Frce.

ss WorLD

FAMOUS BRITISH MAKE
TRANSISTOR CAR RADRIO

Yee 6 lgh quallty trmaistorn sl ove dfole. Covers full
Bedivm e n‘:blmlnuwll,- 01 | i Lag v

¢ sultable for 1l B
X it xmmpm»lmnmaumn-hm m-unl-x, r to back.  Fused for e on
tiv Connplate with it . tixing [ttt
Btting and operating nateaction . e s By

Meker's List Price was

LASKY'S PRICE £9.19.6

TRANSISTOR POCKET RADIOS

A e ran alwass In wtock Al mplicd cuauley with pessonl eayiccs, battery wnd carrying
iy gua ocd——-ruuh tor mise.

ot i | MPLE—FIDA 6 TRANSISTOR MODEL
5 R LASKY'S PRICE 4916

‘type batter
DE LUXE 8 TRANSISTOR TWO WAVE-
BAND RAD

Bclulng wing amounting cor Hal,

i et b,

THE “TRANSWAVE "'

10
8 8oy trmusistary gl soper segaitive secention over Lh\' Dol et and Long wavehands. Intemal
ferrite hatde chronie toleicoyle actiils. 21fi. black plastic cabluet

L LISKY'S PRIE 95/~ 7t

peulight batterics. Omnp!e.ewlthlmlhtrnsu ot
and eboukler strap. carpicce and batteres. el

2 WONDERFUL SETS FROM THE USSR
| THE “CONVAIR 700"’ 7 TRANSIsToR

ligh wesitlvity clceuit givey oxctlent ncq-unu e, o

Mediu uul o poweriad ol

Uew PL Tope Tatt 3 ¢ pl \m mmu
o, {tor extarnal nurial,

o e A% ok oo uieap, wrplace o ity

LASKY'S PRICE-£5.9.6
THE “GONVAIR 800 ”

Sier quiicy revel e (e £l Yied
I ‘hick lcc!\'\r' ed from zoy 110,

Post 2/

7 TRANSISTOR TWO BAND RADIO

Faie conversion is sultable for Skyrover and Skyrover De Luxs receisers 11((:\(!5

THE “REALISTIC” SEVEN

Fully tunuhle over Lo sod medim wavelunds.  Uses 7 Mullard
ode ORI, ST AR 1 7 Transistor

Superh * FNe Sutpat in, High Dux edker o A —_——————
mmpmuun o m uu a singé printed clreutt bo.l.n]. slae by F_‘ s
sli in ane complsle ssbly. Sk Plastie cabinet, with sl S—mSe——e
Randle, 81z % 10 33in. In blu? grey. s Eany toread dial, J Exter B
T Sident o cur werial, e Tor- frognoney m Xefs. *errhe ol

o *

intemal serl * Operates from P
e dats supplle ity
o eten fully wound rv::ul) foriasdiate secemis:
An ousstuding Neeeiver. .
Same gpocifeation s slandand  model
REALISTIC SEVEN De Luxe A T s Loy
covered in washalle material, with chrome trim and carrsing handle. Aléo {1l vl eiratlar dial,
ONLY £1 EXTRA.
Bith mio 12 rv 3/9 extra, {all componcnts available separately.)
Separately 28, e ou pushisse pareel:

THE LATEST “KUBA”
STEREO RADIOGRAM
CHASSIS

. medium and ehort v
band coverge. pius VLH P
Plano-key waveclar ey Separate

o g Fall

T colts ot Can be built for
Post
/8.

Data and instruction

IMPORTED Af/FM
llﬂf 4

ey
Hy-wheel tuning on A-3. and FAL
Baw, trebls ol balace cosirole.

prluted shewity.
multiplex,
s, Fomsor,

180, Full vision tuning scale size 3 tiin. Overall dimen-
h{xﬁm ae i ey
ot standan

DTS VA s chanoel. LASKY'S PRICE 29% GNS, 7

v Fiee.
* SPECIAL PRIVILEGE PARCEL PACKAGE DEALS"

it M Stereo Chs sty with 3 Pawphoenic S Speaker Systenss anl Garmrd

E CEAS ICE £49.

FE01,

AL Shobe Ut Wit 1ok iy

akers amd attractive 4 speed Afochunger. ... 97
Carrlage ¥

sl Black plht(l Cabiner: 0% el
A gt dey g s i LASKY'S PRICE £6 9 6 .

SPECIAL BARGAIN — THE * DICTORETTE ”
PORTABLE DICTATION/,TAPE RECORDER

High Quatity Briti Mumntactore with mony super ]

. feutares sund de luxo arcepor Y
attery operate] @ Simple c,wzue lmmnx
e {eassette tahes is giving 2x"2m|
1 cording 2330

< ) Sin. spools and tape. 2. Mi
Thene with llpel i il sebnote g control ‘onbles xs
3 type beadset. . Mele-

ut it i epeaker. efer-
. DR LN OUR GUTSTANDING
e A}uiu £1

LASKY S PRIGE T2 GnS..iimofieme.

SPECIAL PURCHASE OFFER—
FAMOUS MAKERS SURPLUS
PORTABLE TRANSISTOR REOEIVERS

7 tronsistor plus 2 disde ruporhet, 6
povlable receiver, Covers \lu. full MuMum T
i Hhort waveland Jl 04,

nd-spread ranges, 35
At Band Bpresd s

4 fong
L. 6)-ex

Telescopic nctial ang Ferrite

Catniiet, size 10%64 % 33,
i B i ettt ot earry:
5 Baitt and factory toske

LASKY'S PRICE  £10.19.6

4 U batteules B/4 extra. Tost Bh-.

TRANSISTORISED BABY ALARM/INTERCOM

¥ty tramistorigod itniatiro intepoom. that bas il mumumnl-uxm) simey it size. Bm((r)

batt
a0 m’ oty (.
aird

conductor Centre. We my these products for g developuient
cer. expecimentor and service . Scml 550 1915 Cavell 81 1l catalogue.

Ou bk it 83 Tatlenhom Ot RA., WL, has been appointu an « Infornationat Seni-
tock th nge of e

ulaly silable far use
S QB. Powe v.PPO or aale,

LASKY,S PRICE 54/6

jasin. - Specitication:
{appros. Tie. 50 houre.
seurdy jduitic cabinets are ih
ahronge stamds. P& 1

e i {Eb = e
20.

SKY'S FOR D.LY. CONSTRUCTION BARGAINS

Ww—135 FOR FURTHER DETAILS,
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FOR THE FINEST VALUE &
SERVICE IX GREAT BRITAIN

HUGE STOCKS OF COMPONENTS, TEST GEAR ETC.

LEST EQUIPMENT
TEST METER ADAPTOR

Typo I'E 220— this §p & fully transistorised devics which enbles
icroamp D.C. Mnlthmeter to be nwd in pluce af a valve vidtmeter
G L v, ol aa teypedupce L mcgohm i3 offeral o hich increases
on the 1,000 6 to 100 megolind. 7 ranges. 00 v, Deakgned
for Ioediate. onmection Lo Avo § an 3 Tusters Lut yulte
suitable for use with xny othrr 50 mieroan: meter. Blze 66 % bin. New
W bowe  List Bries 9 G

LASKY'S PRICE 39/6
NOMBREX TEST EQUIPMENT

MODEL 27 YRANSISTORISED SIGNAL
GENERATOR (illustrated)
Wids range—150 kcfs. , sy better v v,
Direct calbeasion. A¥. RE uod jittery eperated. Ligih

“wright and strongly made. Gombplete with tet leads anat bt
LASKY* S PRICE £9.16.9 oy
OTHER FOMBREX MODELS AVAILL

Wide range AUDIO GEMERATOR

Tost 20
sul of hutteris 775 extra.

10-100 Kefo.  £18/15/0-
MODEL Wide range INDUCTANCE BRIDGE.
1uH to 100H 1n 4t mxe.x \Vrm nre Q £180'0.

£6.10.0

POWER SUPPLY UN v 1.C.up 1o 01 ump, no/q,go\ AC. iny,

MODEL 62 RESISTANCE GAPACITY BRIDGE &

SPEARERS

SPECGIAL BARGAINS FROM SCANDINAVIA
S.H.B. SPEAKER SYSTEMS

Extremely advanced design and minlstu t components
Pionserst by i well-Emms S cdlsh iniiiole ares b e possitle
thesa wouderfully compact lk"f n,\llcu::. with i pertunmnunce
reviousty lmpossible lu such small Buth atilise n double
FS’ et cons drlve syatem mnl:\hwl (:\ a henneticslly sealal cabinet,
very seasitive and smooth response at all kvils, Imliv it

2 dling 8 watts unlistarted

52 por
ls{m ohma; frejuency
15 ohs Rt

LASKYS PRIL‘E Mol B 3}35 Carriage

SINGLAIR SUPER MEINIATURES e voct i comsivi ranse

Lo Miero-b mimiature £219 6 X-10 10 wact amplifier and
SLIMLINE £ t vusllu-rr'ulia £2 9 8 . - £5

15'vite for detafis of par

TRANSISTORS

GET 81, GET 86, GET #0216 817
5/6, by

ALL BRAND NEW AND GUARAKTEED
A, idr 416 ocis, oG . 4/8; 0C4L, OCTD, OCTS,
L2, 0C13, OC73, 0CH2D, 7/6; OCZ0L,

OCaL matct pair 10 00, 516 QL2

b Th1os D0, D 1016: e,
TRANSFILTERS By BRUSH CRYSTAL CO. Availsblo from stock.
TO—U1B 466 kefs. £ 2 hefu, TO—0uUD 470 kefs. + 1 kejs.
TO—O1D 470 kefa. £ 2 kefe 1 455 ko & 3 kel 7/6 EAcH
TQ—O02H 485 kefa. 4 1 ke T — 0 keja. & 2 kefs. Post éd.

GORLER UT 340 FM/VHI-' TUNING HEART

Perzeability tc luMﬂvcﬂnz 87 o 108 Mcjs. Destymed tor wse with oue EOCSD valve. Bullt in
M. Cireuit suppiied.

LASKYS PR”:E 15/11 ECCS3 valve. 9/- extra, Fort sat Packing /-
TAPE DECK MOTORS

Titgh toaiity tape deck, capstan untor mante by T oitund.
nigh, in. x fin, spindic,

LHSKY's pRiCE 15/11 voe 3. )
HI-FI TAPE RECORDER HEADS—SPECIAL OFFER

} track Bioreo Rvord/mpl wy 'np feads.  Iilgh Tmp.  Bizo -§in. wids x nn h(gh X un deep,
Fixlog s by slnigle 8 B.A, berew.  New and anused, LASKY'S PRICE ost fre.

Bi-tirec:

WIRELESS WORLD

May, 1966

ON RECEIVERS
MODEL KT 320 KIT

stages cusure
(nll colls and LF.u
1 Sockets. Statui-

AC. {.
'y By crackle fnlsh. Hioe 15 %8 % 100
n Al parts ness and fully gumnteed. COmblete with foll cantrsetion avs and apers
i

LASKY'S PRICE 25 GNS.
NEW MODEL SR 150

Covern ull inedium waveband and Lo-4.1 Mefs,
L5-11.0 'ﬂc/u aut 11.0-50.0 Me/s. o sepirate
switched band rpread ranges. Two aerials are fitted
il hmp nud ex lescople. Controla
wn

POST

DOST  Also availablo ready built and tested 29 gus.

LP. Terms Avail. oo Kit and Built versions,

. Bensit
n‘cenc intand-1
ll|umlxmlu| fal with Iy

AC. 4 ealve

ging /zso \
plus reotitier. |

meler” Vg
hred i e

Feaiior 4t mocket tur pliones or cxiarnal gpe:
C:Ablmtsxu 13 x 81 % gtin. Couplete with full

ruction
H.P. Teris £5 55 dep. and 11 monthls pagucnts

[ASKY'S BRicE 20 gns. = T AT A

STILL A FEW AVAILABLE - FULLY BUILT
MODEL BES0. 33 Gns.  MODEL HE{0. 18} Gns.  MODEL HES0. 50 Gos.

WE WILL ACCEPT YOUR OLD SET IN PART EXCHANGE

SPECIA NTEREST ITEMS!

lNTERNATlONAL TAPE
ll

Fully Guaranieed al record low prices.

din. Sensugo tag, 1 83in. Long
Sin. Mex 5tin. 8t
S, Meu

&in,
Giin.

sage Tap 1
3iin. Tnplophy, LOtigN i e 15;
s Teiplo 9guit. Sislar ba 17/6
5o lMuhIcp 1200t Myur base 1810
Gin: Loog alay 6001, Acctats base b
Bl tandand pi VG
S Trmle pns L800tt. Aevies vase
ST Dawble |

Lase 2278
3/~ Fout extea por recl; 4 reela and over Tost Free.

CRYSTAL PICK-UP CARTRIDGES—LOWEST PRICES EVER !
iAllllwmpl-(om(‘rmshl.zx:ngsl tandard, " BTEREO
y aranteed, Stan mng wil 5 o
i ot 1.0, e and Hoad, Post 11 Jontts fereo 01 ?oﬂ‘??u"?&e‘fh.,‘ﬁ‘°’ moires
Ronette Stereo Type 105 and di
.P/3tereo aud sapphire st; \

26,

Garrand 0D
ard GCS

Garrard 11V36A
8 G.I G771
AND EVEN LOWER PRICES Baso Mannyl Some of theso amxldm are cheaper thas nyh
AT 1. Somo 2 satybites Sonotone 1. stereo. 19110
Calfary 2 sapphire:
Collel 61 dimona L1, otereo

LIMITED QUANTITY ONLYﬁEXPO_RT MODEL TV

8Boma .
Jmmge i+ extrn et

23

15

825 line T.V. Fitted with Bands 11T
tugret suncr. o chay these bands. P/l suonl
Stade by tuonus tiritish mtsotirer, 16 Sufard valve. B tatie focus/maimetic deflection.
Wi take 17in., 191, 11 ola fited. “urplicd new ol vaused it ail

in. tro
T speaker ang mbmhc) T Giccatt ot

LASKY'S PRICE £14.19.6 oy ihv;gk;:g:;;;-
THE HARROW POWER PAGK
verts your Batiery rudip 1o A.C. mizine,

Buttn, Bize oniy dim. X 2t X PAie. LASKY'S PRICE 29/6

d v
e requlred when ordering.

30/

Stute Vol

TAPE POSITION INDICATOR

Ovan type—as ueed by moet makers.  With reeset kuob. 3 DIGIT 7/8. 4 DIGIT 10 6. post ©. eagh

207 EDGWARE ROAD, W.2.

Tel.; PADdington 3271, Open all day Saturday. Close | p.m. Thursday.

33 TOTTENHAM COURT ROAD, W.1.

Tel.: MUSeum 2605, Open all day Saturday. Close | p.m. Thursday
ALL MAIL ORDERS AND CORRESPONDENCE TO OUR HEAD OFFICE

42 TOTTENHAM COURT ROAD, W.1.

Tel.: LANgham 2573. Open all day Thursday. Close | p.m. Snturdx

ELECTRONICS 152/3 FLEET STBEET E c 4

(FLEET §T.) LTD.
Open all day Thursday, Close | p.m Sa:urd:y

Tel.: FLEet St. 2833,
5 CAVELL STREET, TOWER HAMLETS, LONDON, Tel: STE 48212

WW—136 FOK FURTHER DETAILLS,
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Too™

important new books for all engaged in the electronics industry

RELIABILITY
mmomco;owoueurs PRINCIPLES AND APPLICATIONS OF BOOLEAN ALGEBRA
| o L dowatt FOR ELECTRONIC EMGINEERS

5 - Salvatore A. Adelfio inr., and Christine E. Nolan.

a This new book is one of the few available that have been written specifically for the
clectronic engineer. It is a readily understood textbook—ecach siage leads easily to the
next and check problems are given at the end of each chapter to enable the student to
assess his progress. An invaluable introduction to the subject which will be welcomed
by all in the clectronics industry.

45s. net by post 46s. 6d. 326 pp. 150 illustrations.

4

RELIABILITY OF ELECTROKIC COMPONENTS

C. E. Jowett.

Clarifics and presents all the relevant facts concerning the propertics and stabuues of
various classes of components and materials and secks to provide cach member of an
electronics researeh team with a summary of information based on a wide experience
of testing and evaluation.

42s. net by post 43s. 174 pp. illustrated.

obtainable from leading booksellers.

ILIFFE Books Ltd.
DORSET HOUSE STAMFORD STREET LONDON S.E.1
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ILLUSTRATED LEAFLET
Special Quotations for Quantities

CI.EAR PLASTIC METERS

DE. Curent
Shusassoes”
a

28 Burrest 0r250mary
10 wmp.Liesistance:
O/ ek /60

18" m/—. Poar.se

20,0000/VOLT
TANT SOTMTER

u. il view
2 colour
250/1,00

meter.

028 l ﬂ N ’SO
2a0/1,000 5,000 . ]
0[50 Dbt mA/
10 anp DC. 02K/
</ b MEG, Q1ML
212/1&6 (AR AT

51200

070001.000 v 'n for.'.sl

ERSKINE TYPE 13
DOUBL|
OSCILLOSCOPES
Thookase 2 cfsTo0  kefu,
Beparate Y1 and
flers. U 10 5.5 Mo
calfb. it 100 kfs. and 1 Mefe.
110/230 v. A.C. Guarauteed
perfect. £27/10f. Carr. 20/

ip.
requirciments 95 v,
AL Sumtliu! in lu—lhl
new  cond.,

505, e 200 Sulvabie
230115 5. Trans. 15/8

SOLARTRON
O L

DZOO OR CT3l6
coupled. B

uhll.h el
YLy I

/A8 Upehiogoor
L smp 0.C.
Meg ol

100-6-100;1.
50050024
olm
IS

bt Sk,

ama
pLINEY MODEL PV-58 VALVE
S0mA . YOLTMETER
1ooma U meg. jumt. 7 D.G. v

A00mA g4

P g 1o-Ligo
Type HR.USE.
59

A
volt  ranges 600 .
juooofrenifiol rm el

MODEL TEEBO. 0,00
0.7V, °

WIWWIZ 00/500,1,000,
fl’)w/‘l /W/’MI)IEOOI

20 1oow
Becinets S10' 10 W eg

E/aoimomLD/hkyﬁokm“uk[ Bopplied  brand  pew  with
S meg. £3/17/6. instruct leads uud probe,
£1210-. P & P 3§
TE-58. DE LUXE 20,0000/
Y OLTEMUL By TRANSISTORISED

1,200 ¥ AC.

2 WAY RADIOS

Buperb quallty.  Compielc
with all accessories and fully

£719/8 poir.
o pole

£°2r10/- lmlr
23

(s i
detalls).

G0V - 22,
oy AC, . 22
ur ma 29

/6312103 20/G00)
07.0/6; %[l.,o/ﬁoo/l 200V D.C.
uwx/m/)o Meg.

NID.
7316,

i Jqum izo: n/ro
711

mo 0- 100,.‘\ 4:/8
‘ - 32/8

LS/IBIB l'. & B

ma

i - 16mA

BAKELITE PANEL METERS

Type MR.G5. 2}in. ags
85/

7§78, 20,000 O.P. et

V. PUSH
BUTTOH '\wl.'r(nsn:x

Blmple  operntion, D.C.
o o VOLTAGE
STABILIZER
TRANSFORMERS
Will mabilize vour male:
voltage. Bieal for TV
Lecelvers  uand  lndustrisl
equipment.
Inplll 80-120 v. and 160-240
Cor l a\!l]v\l( LP{UNR
or 20 watts,  Brand
new, guamated.  $10/10)--
Carr. /6.
. 300V AL, | 35
. "‘D/B VU Meter .. 496 Bloving iren, ll others moving coll
MAIN LONDON AGENTS FOR  LONDEX COAXIAL AERIAL
CODAR EQUIPMENT CHANGEDVER RELAYS
it D Coniplete junction box as
vlml {m TR 19 rard new boxed. WJ/lﬂlrmuUO/m/
Jslb Carr. 4/6. v, /l 20/
! llhtcu\xnt lur Qi lm.lthl. Poel e
(l/lﬁlk/lﬂoh, N RISE .
NATIONAL HRO COILS Tnﬁwggzv D
TELEPHONE
INTERCOM
OR703. Communication Re- O‘X\flinﬂ\‘z o\;‘; anmz(ngh ‘oxv:l
o 8 £ ILAREIDECKS press 1o tatk I;ll”{:ﬂxh '.?v\»
i g 9| HEw wmaoyavOX 363 3 SPELD TAPE connection. 1000’8 of app
PRIOX Belf 0 | DECKS, Tﬂck £10/10/- Track titully  sinivhed
R0 @ - htmptior %618 o £13/10- Cure. T o
RG.10X Bel! powered £8 o [ S Ui 65 "’”“ “"“" Tape Deck. S I il brgokote.
AT Amatery TX g #2910/~ £6 . E
580 0 —
* > 2 precision COMBINATION VARIARLE
B el ¢i213 & VOLTMETER/AMMETER VOLTAGE
CC-ADEannCoanI Ui B8 I0 0| ten wrnrate tomuments dousel 1a 3%‘1,,, e TRANSFORMERS
"oatage extra. pollehe 8o, scales i PoE - g
R —————— B < 1} L] Range: Xﬂ.u s 1 -
CT53 SIGNAL GENERATOR | 4.0, un f’n‘."’,"\ﬁs AT 00-600. AC. ooy 8
89155 Mcfs. and 20-300 Mefs. Varlable | and D.G. Curront: 0-25-60-150-200 ¢ llnps Fully Shrouded. Input 230 v.
pn_cLJon attennator, A.C. maios. Buppued Supplh\l complete with shunts, leals 60/60 c/e.  Omiput 0-260 .
perfect opder lexa calibration | eather corrying case. Brand new G
12110[-. Carr. 10/-. ditlon. £6/19'6 cach. Carr. 7/6. ;Elmk &5[/170//- ig mv ﬁg,’ig//-
.4 nap. "
5 nny.y £9 2.5 lmp. yorlalde,
G.W.SMITH & CO. (RADIO) LTD e
10" smp. 217 | foses cte 017

334 Lisle St., London, W.C.2 ALSO SEE OPPOSITE PAGE

WW—I38 FOR FURTHER. DETAILS.
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P.C.R.3 RECEIVERS
Abwalutely
metees ol
Car. 10/6,

brand new. & waschand 19350
Mefs. With sireuit. £8/19/6.

Tlug I power snpply D.C. 19/8: w0 v
AC 851

HAM-1. 4 BAND COMMURNICA-
TION RECEIVER

4 wavehanils covering 53

superhiet elreuit.  Deor

BANDSPRIZAD

) iR, UERRI

0 3 4 valve
meter, JED.
Tl ot

L TELESCOPIC ARRY
Suppticd  hrand
21616— Larr, 104
HA-55 AIRCRAFT RECEIVER

10 2020y
wew with handbook.

stages in

e Tor 11 e estomuanen, sold state. )m\ver
uppdy, adfustab) silde rule
A mel phone

Epraker and
pliod b o e

HA-63A GENERAL COVERAGE
RECEIVER

Recti

4 Bawds 650 kes-31 Mo,
r-BFO-A Tandspreml Tumm: 200,230
Py i e

AM SIGNAL GENERATOR CT394
MARCONS TF80iB{3/S

Frequency range: 12453 Mejs, in § bawils, Vari-
“blo. attenuatlon from .

5 Mefa. Variable
wodnlation depth  Catrier evel . masdutatlon
mMolers litted.  Automatic output level contiol.
Tin. main tuning disl and svsbisry iere
wmental dial, Operating 100 ta 250
il 150 to 250 volts. 40 o 400 u/a. ize 110
2eih X 100ln Weight 67 1bs. Offered In ex-
celient confitlon, fully tested and guamnteed.
£85.

MARCONI TF144G STANDARD SIGNAL
GENERATOR

85 kejas25 Mein = 1%, Ouipat vuriable fom 130\ 1

| Soit.” tyteraat sing wive niodtintlon 409 ¢/ up to 73

depth. Operntion 207 o AL Ofcred t reall

el Conaition. LIS Leted Al gvsennoond

AUDIO TRANSFORMERS
Sien up or step down. - Tapped 0-113-
2002, olls.

PORTABLE OSCILLOSCOPE
CT.52

A compact (8% bidin)
i

Boswiduy 1iStefs. ey
CRT. m

sen:
10 L

50
with mets ]
ds, and

traasit

Vicor hoo: nmun'w il gunrantend:
210/~ Carr. §0/- Supplive com-

£2 S
plete with fnabrictions. wr £15. Cam, 2
{*Tapped 4/!15/230 v. cnly),

LAFAYETTE TE-46 RESISTANCE

PR M FLE, TE20RF SIGNAL GENERATOR
HA230 DE-LUXE GENERAL s X
COVERAGE RECEIVER || Accurate wite runce
Warlerful value, 8 v ‘tifler. e nignal generalor covers
650 el m“;w e g 320 kefs-200 Me/s.
Inml(,lvll\ r,l o) on 6 bands. Directly
oatar feal an calibrated.  Variable
Y. R atiepuntor,
rand | Gpopation 2001210 . 4. Brand new willy
15 | hetruetions, 212710, ™. & ¥. 746,
RALL for detatls
H.A. 350 1080 METRE AMATEUR | GARRARD RECORD PLAYERS
ECEIVER BRAND NEW AND GUARANTEED
A superb receiver.  Dual coirversion swith mechandest Y
2 valveg, erystal v.onLlullul wse., Jroduct £5 1
100 kel emyetal calloator, e tad o i
L.. Tock like ] Brand new 8 1
i et 7 GHB. e 15 for B dckoe 58
Sz e £ 1
AT60 Changee Ste - £9
HAMMARLUND SPG00JX . A0 e ety oo ¢ ¥
LA = 29
COMMUNICATION RECEIVER 101 Trnnscrin(lon . R
3 Al pivs . ¥
iy professiosnl iual eiversion com.
lcation peectvers availible ! T 'm LELAND MODEL 27 BEAT
T s ae m"’,ﬁ‘%"'ﬂfﬂffﬁ;‘.‘,’&ﬂfﬂ NOMBREX FREQUENCY OSCILLATORS
tuning % channel tal controllal. -
e Totn B0 o g a0 | TranstsToRmISED Outyue
ik

Fadve gloit incorpo
|mn|m' '8 metor eto,

" Tl eon05. . Onterci In_cxecllent
wonlition Tally Slifod Al ehicked.  £100 each.

R-278/GR RADIO
RECEIVER

un ceiver desicand by Cofling Radte,
Provides rosepthun o T
an iy ong of 1310 cha s T e requoney

5 @ e n. and simultaneously

annel o the freruency
Tover reqiicty

i 2
Otk 3 watte. tito 500 chane.  Wigd
ders sy, iy cading S
of potuds. _Asaiishle tn s fow comlition, fally
tested, conplete v o eyt £60. Carr. 30/-

Connprete adiaceut ebannel mefection
£9 196 post pakl.

NUVISTOR GRID DIP METER
Compast trie one hand operation, L7 v
oo conpiecs with ll Gots il ceationm. gy»uuf

A
Car,

Jnzaueacy 0:20 Kefo. o 2 mingon,
L. Operation %0250

EQUIPMENT l‘\xppllﬂl in pesfect - t
10/~
ALL Post Paid T5-382 F/U AUDIO
5 OSCILLATOR
With battery l||ch ausits smodein Amerlean tuaton
orised Andio Geterator 10-, [ s oeot (X

000 cs/ Outlnu mmuhm’e] 00g2. Oatpat s

1
Sime or equare wave. £16 15 § ange o)t attenuator fron
b el Sl S am we w | EEMRS LS SR S
Transsforied neitance epadty bridee 1o, | 301000 v Surated 522k 240,
100 Meg 0 1 nl. £9/100-,
Ineductlon. hrld 111004
sm. Mains ojere o pawer uppl TRANSISTOR AN Post
ninit, aotpat 1-1¢ 0 o Nn niA. £6 10/~ SINGLAI AMPL‘(FIERS Puid
iitier 89/8.  Fower padk £0/14/-.
AMERICAN of e o o "";“ﬂ', ';“‘j“ 20 1008, it S5 106
R - wer
B 60Bfe. ik phatic .. B8 20 anplitier buill £6;19:8. Kit,
RECORDING i et | & _'l‘1 f,;‘f £7119/6
in € D1 my 2| Sicro M thtlo L 631196
TAPES . 150! 15‘. ‘\“m. ‘: 5 0” .7‘.‘,[4 "“1:’) ‘n. gg’g,
Micro Amp. 28/6: Moo Injector
First  grade g A '
Gmatits e —t
o el REUTER {-TRACK TAPE HEADS
T X hmmlh\(ullno\ll 1% an stato Decks.
Fuaranteed. High {Inp. Tecon |/piay back, Inw imp. ora
K Brand e, 19 6 1 o Miiilx § tr
o

st b BOra: Mrtimae 1 track cet ot 5
9248, Pose ey

(RADIO) LIMITED

Phone: GERRARD 8204/9155

‘. H/l RN

Open 9a.m.—6 p.m. every day Monday to Saturday.

Cab!es SMITHEX LESQUARE

Trade supplicd.

LONDON, W.C2)|

WW-—139 FOR FURTHER DETAILS.
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Wilkinsons FOR RELAYS

P.0. TYPE 3000 AND 600

BUILT To YOUR REQUIREMENTS—QUICK DELIVERY
COMPETITIVE PRICES - VARIOUS CONTACTS
DUST COVERS - QUOTATIONS BY RETURN

ROTARY VANE VACUUM PUMPS. Koiucs I3 Mark & METERS GUARANTEED Complete list available
MINIATURE SEALED RELAY! Beand new 7 cu £t per min 10 psd. at 1,200 r. 2in. Moving Goil Flush Round
gvsn WJ‘T”’ES IN STOCK. SEND FOR LIST Jize Gin. ¢ diu. splined shaft Zin. x 3in. Ial Microamps (300, 25/-.
VEMENS 1 C. futlet i, dia intemnally scroved 95 Miltiamps 071 or (/10 .
186 RELAYS. 24 volt D.C. 4 \me .1 Breal Yolts ,,,.70 o “,“,

196 5¢/3044 with Dust Cover, 12 § Amps /5. All D.C., 2776 ca.
18:6 SIEMENS MINIATURE RELAYS Type TRLS 154d.. 2iin. Moving Gml Flush Round
21/ 124 volt, 2 change-over coutucts, Iu.wv duty with Microamps 6/50, unscaled
22/6 transparent dustproof cover and base, 07100, 40,-; 0/150.
196 SIEMENS HIGH SPEED OPEN TVPE RELAYS with Milliamps /2, 50 -
18 | ysual adjustments. 1,7000, 1 challl.t. over, 17/ cach. Amp; n/ ;0 26 n,
176 [FANS INDUSTRIAL TYPE. 6. blades Yol Fy)

fousing, adjustable louvres, nlur brand e, £20, 31in. MC FLUSH ROU

5

, post 5.
¢, 10 amp.

14562 -
106002 -

)

45€Y
100
0Ny

0 \Iu:ronmps

182‘“" 15/~ lll/lmuuvs GD,-, o:\nn Milliamps, 58/-, 0/10 .\mns

X 0/10 wups., A sdection of our stoc

2 DI 15-1ONE HOLE FIXING SW|TEHES = mc REGTIFIER A . METERS. 31 'R0 Milliauy

2002k 196 |/ SINGLE POLE Double T DU (M0 oty BEMD GBS

s T e 50 \ oty {:g’"ﬁm‘;‘s‘“o o 1Ps ‘MOVING IRON A. c AMMETERS. 0/10 2Jin. fr. 44 -

2a2bHD  MIIST L 1776 Jor CHANGH-OVER switeh. 1o Pivjection Rouud. 907

2021 MU00 L. 196 DIRECT ON STARTERS by Crabirce 115, 95/
Midg3 196 ]2/ I]EI' dozen, 75/ per 100 WEE MEGGER INSULATION TESTERS 500 VOLT
it 1956 SERIES 3. BRAND NEW in leather case, £18/10,
A1 '9‘6 VEEDER-ROOT MAGNETIC COUNTERS WITH ZERO | AVOMETER POWER FACTOR WATTAGE UNIT, £
15

4ISGEC . 19/6 | RESET 800 COUNTS PER MINUTE. COUNTING TO MEGGER, Scries 2. G
;m{”’ ‘96 959 999 330 vl":lc\EaL ":85 “gﬂl; e ” "‘i Toads. key. ¢ic B%Jaoﬁeimzz‘#fghms ethes
MICA | i
18/8 oo Ti6; 00 i 1 6 005 . AVOMETERS MODEL 7, £13/19/-. Post 7/~

176 40 / u‘ n‘_rg wmdd, 20,01 AT VOLTAGE REGULATOR with Current Limit-

’ p iy Reaclor. Tuput 230y, Outpit to
2 s controlled by {1 Stip ttotary

Stud Switeh * Lnglish Electric,” £20.

SUBMINIATURE  MICRO  SWITCHES

HONEYWELL 11 SM1-TN13 S.1.D.T. /0 ext.

“t i |

2 N2uiCAZL 5,1 0.15 mid
REGTIFIER UNITS. Tupnt 250440 v. AC. .
output 50 v. 16 amps. D.C. &
FREQUENCY METERS 45355 evcles pec
sccond, 230 v., Sin. dia, Klush Kound. brand
new, no/w]

KINSO|
LONGLEY HOUSE LONGLEY RD. CROYDON: SURREY

Phone: THO 0234 Grams: WILCO CROYDOWN]

NO EXCUSES! NO DELAYS! FROMWSTOCK!
AKRIARE | f < 1 | B AS 2 S

INPUT 230 v. A.C. 50/60~. f— ey INvSULATED TERMINALS
BRAND NEW. Carriage Paid. Buy direct | 2)\ available  in  biack. ced,
e

from the importer, keenest prices in the i R white, yellow, blue and
. /3 green.  New 15/ per doz.
P& P lj

country. All Types (and Spares) from | to
50 amp. available from stoc

0-260 v. at | amp. 410 0
6

0-260 v. at 2.5 amps. 517 *230v. A.C, MOTOR %
0-260 v. at 4 amps. 8 7
0-260 v. at § am;gs. 9 0 & REDUCTION

GEAR BOX

input 230 v. A.C. Out-
gt vasiabio 0260 v.

A.C.5¢2.5amp. fitted in
beautiiully finished sceel

0-260 v. at 8 amps. ~
0-260 v. at [0 amps.  ...... 17 0
0-260 v. at 12 amps.

6

0

0

0 = Reversible ,th h.
1910 0 I450rpm 2 in. dia. lin. long shaft. w25 B

0

0

0

R

H
i
i

3 omplete with 0-260 v. at |5 amps. 22 0 Mounted in anti-vibrati
; cmplace [with < ion cradle.
"°.§,’“°§i,’.mf" °‘“r:y’?:g 50 AMPS. 0-260 v. at 20 amps. 3210 Supplied complete with precision 20-1
handle, £9/17/6.P.& C.5 i, 0-260 v. at 37.5 amps. 65 0 reduction gear box, and pulleys.
Wz 0-260 v. at 50 amps. .. 85 0 FM:de To h:ghcdst standard for-computer work. Ex equip.
|5 DIFFERENT TYPES AVAILABLE FO i 1 R
OPEN TYPES 1 AMP. @ IMMEDIATE DELIVERY. price £3/5/0 P. &P 7i6 extra.

Designed for Panel

Input 230 v. pare soré0 + SLIDER 100 WATT POWER RHEOSTATS {7 Amp. A.C/D.C. Vanable Output
~. Output variable. Ceramic construction, winding
0260 y.- RESISTANCES: (NEW) Seramic comstuction nmer.
Lamp. ... <P | heavy duty brush assembly designed for con:
Tamp. T i dinuous duty. AVAILABLE FROM STOCK |
24 amp. 61 1IN THE FOLLOWING 9 VALUES: 10

+ AMP %l ohm 32125 ohm 2a.: 50 ohm 1.4 2.7100 ohm

e iiin=| 1 3.3 250 obm .7 2 a

]

el ohm. 280 mA.; 1,500 ohm, 230 m 555 oien24.; Dismeser

Yin. Shaft length 3in., dia. 2jin. 27/6 P& P16
NOW ALSO AVAILABLE IN 25 WATT
IOohm.lSa,Bnhm I:,Sﬁlnhm, .75 3.; 100 ohm. .5

250 ohm, .3 a.; 500 ol hm, . IS a.; 1,500 ohm,
12 a.; 2,500 ohm, A 1) ae I4[6 P. & P. 1/6.

| ohm. 12 amp. 17/6; 12 8. a7 a
ftobusily son

complete with mlcly nm. neon lm,\lmlor .
\‘o\!mLm( Biz: 17 7o, Weight 36 1b,
oo £34:10/-. t.a.rmz;e “0/-

pert
(lcss knob) 37/6 P &P 3]6

SERVICE TRADING COMPANY —
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ULTRA VIOLET BULBS
Easy to use source of U.V. for dozens of practical
and experimental uses.

12 volt 36 wates A.C./D.C. SBC. &/6. P. & P. /-
12 volt 60 watt A.C/C.D. S8C. B/6. P. & P. I/-.
Translormer to suit tha above, Inpyc 200-240 v.
A.C.. 12 volt 36 watcs, 166, P. 26, Input
200-340 v, A.C. 12 volt 60 wats, zz/s P& P36
Set of 4 Colours FLUORESCENT PAINT.
Red, yellow, green and cerise. In £ oz. tins. Ideal

for use \w(h the above Ultra Viotet Bulbs, 9/6.
plus l/6 P. &P

MOVING COIL
HEADPHONES
Finest  quatity soft  chamois
carmulfs. ' Superb reproduction.
complete with Jack plug, 25/6.

P. & P. 2j6.

SlEMENS SEALED HIGH SPEED RELAYS
H96A, 2.2 ohm +-2.2 ohm, H96G, 50 ohm+-50

H95C, 145 ohm - 145 chm H96E, 1,700 chm -I 700
ohm. All a¢ [2/6 each. P. & P. l/ on cﬂ_R_cle

P.O. RELAYS, Type 3000

100 ahin, SA[n U raake, Im’-k 200 u!vm (, c[a ﬂm i,

1 Heavy duty ofa, 500 ohin.
e, 4 h eak. 16,600 ohn

12!6 each, ’104000 ohm

e
lu(y mnke, Vi 1f P& L

SOLENOID. Overatt Iength 3gin-, stroke in.
4

to %in. Maximum push 8 oz. 12- . opera-
sion. D.C. rosistance 35 ohm: Price 86, P. & P 6.

G.E.C. SEALED RELAYS
M1069 5,000 ohms, 2 cfo. MI0B4 180 ohm, 4 cfo.
MI092 670 ohm, 4 ¢/o. MI095 670 ohm, 2 m, 2 b.
MIJ00 670 ohm, 2 cjo. Ex new cqulpmcm

All ac I1’6 each, plus If-P. & P.

SERVICE TRADING CO

Postuge and Carriage shawn
below are ialand ouly. For
overaess plesse 3k for
quotation. ' We do mot
issue a cafalogue or list.

ts |
H SPEED BLOWER UNIT |
200/250 voll A.C. Powerful 2-: spned motor, 11,0600
and 13,000 R.P.M. 17/6, plus P. & P. 2/6.
AUTQ TRANSFORMERS.
-200-220-240 v. n

Pslpe'e
[

230 v. A.C. RELAY 2 :,0/61 amp. contac

9/6, ex now cauip. P. & P.

Step up, step
Fully sheouded. New.

4/6. 500 watt
1000 wate type

£5/5/- cach. P. & P

UNIVERSAL DEMONSTRATION
TRANSFORMERS A complete com-
k3 posite  apparatus,
comprising 2 7o
bustly builc Trans-
former and cloc-
tro-magnet  with
removable  coils

A.C. These coils are also used for D.C. experiments.
Complate wich all accessorics as shown. £17, plus
10/- carr. Leaflet on raquest.
WIMSHURST ELECTROSTATIC
ENERATORS
£13/17/6, carr, U.K. (B.R.S.} 10/-. Leaflet on request.

§.T.6. SILICON POWER RECTIFIERS
RS300 Series. Al types ).5 amp. wire ended.

LY. RS350, 500 v. P.LV. 8/~
R$330,300v. PLV. 6/~ RS$360, 600 v. PILV. 9/~
RS340, 100 v. LY. 7/~ RS380,800v. P.LV. 10/
4 an be used o make 3 amp bridge. Nor Seconds.
Brand New Scock. Post p

14,000 OHM SEALED RELAY. High Speed
single cfo. Platinum contacts. Super-sensitive,
ideal for Transistor circuitry. “Will operate!
on | milliamp, 25/~ P. & P. i/-.

CARPENTER POLARISED .RELAY.
SA7 TR 2 1,900 turns at 55 Ghms.
e PER Y
1218 VOLT D.C. RELAY

168 ohm coil, 35 amp. N.I. cfo contacts. New,
16/6. plus 1/~ P. & P.

MULTI RANGE TEST METER

Type
Including Base

“casy”
Model B30, D.O. volt 0.6 .
Tieal for 0
I D.C. w0t 10 « o
1,000 ¥ it 4,000 ohm Jut volt.
Ghm, 300 K oinn, 2 megohms,
20 meyeties, - Cotiplety e of simes
available ot stock.  Price includes Test
v Battery, Tnstruction book. I’Mkmg
i Post {L, rica  £/2/6°  Three
additional sucleis availabio.  Pyices from
54- ts £1414 - Leatlet gladly sent on
request.
LATEST HIGH SPEED MAGNETIC
COUNTERS

4 figure 10 impulses per second. Types 100D, 4.1
ohm coil, 3-6 v. D.C. operation. Type [00A, SO0
ohm coil, 18-24 v. D.C. operation, Type (0OB,
2,300 ohm coil, 36-48 v. D.C. operation.. Aay type,
151 each, plus /6 P. & P

RESETTABLE HIGH SPEED COUNTER
4 fzura 1,000 chm/coll 36-48 v. D.C. operation.
£

3/ I0/ &P 6 __ —
FIRST AGAIN‘
OLAR CELL

ey \\ 3 Four .5 volt units
, ’,’:\ o series connected in
N ~  high impact poly-
styrene case, fiying
//] Jead  connections,
Specially designed
diffusing lens system to ensurc maximum. lght
pick-up. Output—up to 2 v. at 16-20 mA. in bright
sunlight, ~ Wider spectral respanse, and thirty
times che offciency of scleniym cols, "As”gaed
o power carth satcllites. 37/6 and I/ P. &
SUST P UBLISHED - SOLAR 'CELL” %
PHOTO-.CELL EXPERIMENTERS’ GUIDE.”
Teaches the principles of light sensitive devices
and their application. 26/-, post paid.

MINIATURE [MMERSION HEATER. éin. x
din., 240 volt, 120 watts, 6/6, plus 2- P. & P.

TYPE 34R SILICON
s

230 VOLT A.C. GEARED MOTORyv

Typs D156 snm 17ln fnch 22/9/6 P L P 2/«

Type DI8G I isi. e 7

Trpe Brag a0
B bank, 25 » way, all non-

UNISELEGTOR bridging, full wlp-:rs twin

coil, 950 ohm. Unuscd £3/2/6. P, & P.

NICKEL CADMIUM BATTERY. Smu.-rcd
Cadmium Typc 129.7 AR, Size: hoight 3iin.,
wide eight : approx.
Ex-RAF, tesced. 126, P. & P 2/6.

LIGHT SENSITIVE SWITCHES
Kic and parts including ORP.12. Cad-
mium, Sulphide Photocell, ~ Relay.
Transistor 2nd Circuit. Now sup-
plicd with new Siamens High Spocd
Relay for 6 or |2 volt operations.
Price 25/-, plus 2/6 P. & P.

ORP.12'and Circuit B/6, post paid.

A.C. MAINS MODEL

Incorporates main transformer, rectificr and
special relay with 3¢5 amp. mainis o contaces.
Price inc. circuit 476, plus 2/6 P.

NEW LINE! PHOTO ELECTRONIC COUNTER
Can_be set for_counts of up to SO0 per minuce.
210-250 v. A.C. powered. Kit of Components
including photo cell. High specd non-rescteable
counter. Transfarmer relay, etc., together with
clear circuit diagram. £3/2/6, pius 2/6 P. & P.

ELECTRIC CHECK METER (Sangamo We:ton?,
200,240 volt A.C., 40 amp. As new 35/~ plus 3/6

ISEMLAUTOMATIC "BUG" SUPER SPEED |
MORSE KEY. 7 adjustinents. precision tooled, |
speed adjustable 10 w.p.m. to as high as desirod.

ch.gm 241b. £4 12/6, post paid. {lllustrated)
TRANSISTORISED FULLY AUTOMATIC
ELECTRONIC KEYER. 230 v. A.C. or Battery
operated. Incorporates built-in menitor Oscdlntorl

ISpn:kex. and Koying

ver, Adjustable
spnnds.Keyingeid\er
auto., scmi-auto. or
hold 4 diodes. 7 tran-
sistars. Prlcellb {78
plus 4/6
TRANS]STORISED MORSE OSCILLATOR
Fitted l‘hn Hovmg Coil Speaker, Uses type PP3
|or easiv. 9 v, bateery. "Compiete with lacess
dosian Mo Morse Key. _22/6, plus 1/6 P. & P

—t

101
Ist gnde TRANSISTORS Brand new
C29° .18/~ 9 .12/~ | AFII5 .10/
Scu ‘30| Sie hn | ARhe ok
oc# .. s;a’ oci7l 191 | AFL7 l9fs
oc#s 115 200 J110/6 | BCZIL .10/~
o7l L8t G led el
ocne . 7= ] Get 101 6/
€73 1.6~ | Ger 105 10/— DICDES
OC75 117~ | Gex 573 126 | OA9l . 3L
OC76 .. 6~ | 25019 ..301- | sx78l .. 4l
oc8l L 8- | Acio7 111 4
OC83* |l 6/— | AFiI4 |11/~ | ZSI0B .. 3-
. *Available in Mazched Pairs. ;
TZENERS 5
AU Y wate 5% ot 10 cach, 43 v, 47 v i .
68 82 v 900 v 10 v.,

)2v.|5v,16v 2v.

t.T. TRANSFORMERS
All primaries 220-240 volcs,

Type No Sec. Taps Price  Carr.
13 32,34, 36 v. at 5 amps £2019/6 6/~
2 30,40.50 v.ac S amps. . L E4IS- 6
3 IO 17,18 v, ac 10 amps. 46
4 6.12v. 3t 20 amps. 6/6
5 17 0 66
6 7/6
7 s/e
8 1 . £8]15/~

AC. AMMETERSO! us 610, 0-15 0-20 amp
F.R. 2%in. dia. All 3t 21/ each.

A vormnsnsozn 0-50 v.. 0-150 v
Flush round all a e A
0.300 v. A.C. Rect. H-Cail 2;. L
0300 v. A €. Recc. Gl |Shin, Typc W23, 55i
0.5 amp. D.C. M.l.Zim. Rnd ........... 17s

0-500 Microamp. sub-min. ) }in. dia. Saaied
0-I milliamp  ............ I~ Postage extra.
VAN DE_GRAAF ELECTRO.

STATIC GENERATOR, fized with
motor drive far 230 v. A.C. giving a
potential of approx. 50,000 valts. Sup-
plied sbsalutely complete including ac-
cessories for carrying out a number of

interescing experiments, and full
inseructions. This instrumens is
completely safe, and ideally suited
for School demonstrations. Price
£6/6-plus 4/- PBP. (fe. on request.

Latest type SIEMENS MINI-
ATURE in  Trans-
parens Case. 2 :Io 700 ohem coil,
size § % 2 x 13in. 15/- includ-
ing bas
Sy 0 G Mig.
GRUNER 4 clo. 3400 ohey ol
New, 12/6, less base.

SGLENOID OPERATED MAGNETIC RELAY
Type Sc/3944, 4 pole /o, 10 amp” contact, 24 vols
_operation. 1216 exch, P8 P. 1/6.

BUILD AN EFFICIENT STRGBE UNTT FOR
ONLY “37/6." The ideal inscrument for workshap
lab, or factary. This wonderful device enables yoti,
to " freaze  mation and examine moving parcs as if
stationary. We supply a simple circuit diagram and
all electrical parts including the NSP2 Strobe tube
which will enable you to casily and quickly consruct
2 unic for infinite varicty of speeds, from | flash
in several seconds to severat thousands per minute,
37/6, pius 3/~ P. & P,

- SANGAMD WESTON
21 Edgemse Meter

7 250 Micro-amp., scaled in

dB.’s. New 29/6, 7. & P,
INSULATION TESTERS (NEW
Test to LEE. Spee. Rugged metal
construction. suicable for bench or
fieid work, constant speed clutch.
Size L. Bin., W. din, H, 6in.
Weishe @b, 500 olt' 500
E: megohms.  Price £22, carriage
paid. _ 1,000 vols, 1 o 00 megohms, €28, carriage paid.

NEW SOUND POWEROPERATED
EX-ADMIRALTY . HEAD AND
BREAST SETS
Two such sets connected up will provide
perfect intercom. No batteries required.
Wil operate up to } mile. Piice 17/6
each plus P. & P. 3/ or 32/6 per pair.

P.&P. 4/

47-49 HIGH STR|
Telepttons: KiNgoion S350
Closed Saturdays.

ALL MAIL ORDERS. ALSO CALLERS AT:
EET, KIN: ON-ON.THAMES

PERSONAL CALLERS ONLY 9 LITTLE NEWPO T

( )
Open tii 1 p.m. Thursday and ali day Saturday.

R’
: GER 0576
F LEICESTER SQUARE
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R S C MAIL ORDERS TO:

(MANCHESTER LTO. | §02 ch:cnncr Lane,

Bramicy, Leeds, 13
Terms: C.W.0. or C.O.D. Ne C.OD.
under £1. Postage 2/ extra under 3. 414 |

. Trade supplicd, S.AE.
with all enquirics please. Personal shop-
pers welcomed at any of the branches

extra under
below. OPEN ALL DAY SATURDAT
10 N h P; de. Tel.:
BRAnFllRll 7_5349?"(Hnl?<::yg;4vced.)
BRISTOL (£, 053 5%
BIRMINGHAM 2025+ Weger
Snow Hill seation. Tel.: CENeral 1279
{No hall-day). Larger premiscs now open.
26 Os Rd. The Spot.
DERBY (Hal(f;;:sb?lld.). m.:‘ué’é’f.
DARLINGTON ' ForsHoue Wond
(Half-day Wednesday)

EDINBURGH 33 :ss &y
326 fe 5 . Tebx
GLASGOW 215008 fNe iy ||

HuL 51 Savile S(rcct (H:I[-day
Thursday). Tel.:
LEIGESTER 7 55 s 4145

LEEDS 55y ez g
LIVERPOOL. 7,2% &, (1
239 Ed, Road, W.2
LONDOR 335522 Trarsdns
Tel.: PADdington (629,
MANCHESTER fEzsgenn
CENtral 2778,
MIDDLESBRUUGH o ?{5:;,‘?""
(Half-day Wednesday). Tel.: 47096
SHEFFIELD &, Wik, Siger
Tel.: 20716, (Half-day Thursday.)
STAFF REQUIRED AT VARIOUS
BRANCHES Futtor Pact Tune. Eapenence
nitceeseary.

R.8.C. 4 watt GRAM AMPLIFIER KIT

Complete set ot parts to bulld s good quility
compact unit euitablo for uss with may reond

pliglag umit, Mains beoky

Nz and ‘Erevle contools,

oluns _gp.eaker. 2

POWERPACK KITSyuu, st

outpat 30 v: 60 mA, LT
16 ampe. of chasei
250 . Doubls weusd, Hrcl.ul:r Cholke,
Electrolytics and cired

G with case tn Jew of chacsls 25-. 19 /11

R.S.C. STEREO/TEN HIGH
QUALITY AMPLIFIER KIT

Vab

L3 31,
g Serame b
coutrats

it

4, wagts bigh quality output ek shan
uscd a3 atralght 10 watt amvlifier.
manged volume,

Tra:

nd

1
i ’swc";ns.

digrams sud  instructions.
wiring detafls snd pvlu:d Tarts Hst 149,
Or supglicd assemble:

50/6 extra.  Deposlt 2 £ns, and
Tainthly paymenia of BAIB (ol E1210/6)

U range of HI-Fl eynipment.
ARMSTRONG, LINEAR, LEAK,
TRUVOX, TANDBERG, JASON,
FANE, FERROGRAPH, RESLO,
GARRARD, GOLDRING, W.B.,
CONNOISSEUR,  GOODMAN,
GRAMPIAN, WHARFEDALE,

ROGERS, QUAD.

HEAVVDUTYSELENIUMREGTIFIERS
12 V. 15 AMPS. P.W. (BRIDGE) 19/9

il | Build a high quality recorder in the

R S C. STEREQO,20 HIGH FIDELITY AMPLIFIER
10

viding.

14 WATTS ULTRA LINEAR PUSH.PULL
VOUTP EL Camil

EACH CHANN
Features xn

* Pour-position tone and compensating Tn-
55 Selestor smiteh.
¢ Sereo/dtono ewiceh so that peak el
ontut of 28 watts oan be obtain
aud "m » and
- eat 3 con:

Bewd B.A K. for ilhisbiate lex
Comilete ect of parts with puint-to-paint wiriny diagruns ad_ instructions
Uarr, 13 G or 'actory issentible nd l'umrllml with our usual 12
124, ns. : for 18 ';xxs. 9

months’ guarantes: 52717/- ruld nhw
montlily pl\'ﬂlllf( 139110 (Tutal 5"0115/8) R 1‘ CATIK
5 TATE, INTENDED Folt HONE “OH STbi0, Lanploy

1033, ¥OLAG, L0186, BOLIS, FOLSS. O m-lumwm
m.m v sectlornlly wound to required epeet
o 18 ohre rpeakersn

'm 20,000 c.p.s. D.8. 8 TIVITY: 15 |ulul\nlL'
o ORI DISTORTION (oo aanne 0 e s b
operalion o J00/250 v. G, nains,
RS.C. Al0 30 WATT AMPLIFIER
HIGH FIDELITY ULTR# LINEAR
TP

86,
Preum
is extpanely |

uul put. RES 1]
OF AKY TYPE OF mcnomon‘s OR PICK.
Teeble

antrols give ot
ol L extra inpu it oot
v i i e oL Lo aeparate gt stich s

cun be iunitancusly ppilia or mixine paross, AN OUREN T SORRER WL
PLUG IS IRCLUDED FOR SUPPLY OF 300 v. - 20 mA. 520 63 1. 15 & FOR &

RADI Price !n kIt forun with ey Go follow wiring s
=ith 12

built ruing latet LR outyat valees
15 GNS. TERMS ON ASSEMBLED
IT AR w3 by

ive cover Wit available for
dsod with High leil) &\.llmmll) Wotind
Negative frodbick

yinents of

Lpe MO outpnt
oot spocialy d._ ,.,mn for Dlkra Lineas operation.
DL, i tnain ooy TED PLRFORMANCE FIGURES Al‘lE QUAL t0

e
of 20

ey

!r\LWcII.-\-l’DB lalion

sty reliable Gompaty e, Ch
s, Power consumption 110 1 b o

e bty sty o ape TALLY

SUTTRBLE FOh THE CONNOISSEUR 08 FOK LARGE HALLS, CLuns, oR 0

$IDE FUNCTIORS. L INSTRUMENTs, sucu

AS STR ASS, CLECTRONIC ORGAX, TOUITAR, siv, FOR D

GARRISON THEATRES, stc.. ole. We can supply chmulmnc, Spoam

iocs or on terma with smplitiors. EXPORT

R.S.C. Al 12-14 WATT AMPLIFIER
HiGH FIDELITY PUSH-PULL ULTRA

LINEAR OUTPUT
" BUILT-I5 'mru: cmmwx, PRE-AMF

e

i ity ectio I.ul) R
iof

ekt Comparable i
| B i, rlo or tape. ot \mswAL RSTROMERTS o1 STRING BASS,

GUITARS, ete.

QUILYL SOCKET ity ik wrodiies 30 00 A e oo cumly
\f & RADIO TU! x"xax in. For AC. ,._
Ulll]v\u (m 3 'md ms ounplite to las (,

fulty o, Pul strnations 4ll|<l Pl polnt wiring s ~<nppln a
it e Sloie). TERME: DEPOSTE 33 3 o 8 Gns.

# monthly , ayments of 24/1 (Total 19710 - S
11 required ouvred metdl covers with 2 cars andles can be supplled i £1,_

AUDIOTRINE HI-Fl TAPE RECORDER KIT
' Only 1 pairsof soldered joinds plus mains

HizSEon
S G

€ class for anly Lans s
Cau be n!semhl:d ln oue | 1876
nl A, E

extra

Cabunct, gia0 appros.
ol b complomeatary
5 era
Nitine ampliier © transeripior provided. A dues IRCLUDE: % 3.SPEEDS

nEsPoNs 50-11,000 cps 5 SWITCHED TONE COMPENSATION
ougr T § wn'ts K HAGIe En:  RECORDING LEVEL

Y MOTOR *
DEVICE + TAKES DIAMETER RERLS OF TAPE * RECLIC IR
UM ENTIRELY DEPROTIVE AUTOMATIC ERASURE,

COMMUNIGATION REGEIVER RX 60 DE-LUXE

e
i Jzul
o

] l[&k
| P s |nmk‘er
*Laml-lly Switch with termipal
mittar.  Built i An-

ide long range oo
Fur 200+

FANE 122/10 20 WATT HEAVY DUTY

LOUDGPEAKERS w2in. 15 oln. = GNS.
With exceptlonaily tnbust 2in
diumster .smmmy Post 5fi

voico cull
Misdel 1227104 with Duni oo 6 @

Izh Hensitivit,
A.C. mains. mo
chromit (!Lcor:ltcd cabinet. 13 HI
| X 53in.
or Dﬂnﬂ
|

and 9 monthly payients 37/8 (Total £21/18;-) Carr. 10/-

R.S.C. TRANSFORMERS
Vully Guwnnteed,  Interleaved and Inpregrted.
MAINS TRANSFORMERS. 'rimnarics 200-260 . 30 e/
MIDGET GLAMPED TNPE, 23 2) x 2ins.

'5 1318
19
' 250 181
200 35
28,

450-40
I

05635

)
5 0-5-6.5 v,

350 v. 150 ., 5
FILAMENT TRANSFORMERS
iar, 55, 15 . 619,

149
89.9
198
239
0 [ S 289
OUTPUT TRANSFORMERS
il Pontel 20000 ta 38 o1 7 88
te 29
8.9
9,8
o0
welly ot 6L,

ity “seetionally wa i oo

I iy rouded
| sstooTHING CHOKES 20
WomA. B 1000 L9 80 m\ mn 4500 519
150 A, T-10H, 2500 11/ G0 x wa‘ 11
Tow s ot S 158 Pailsa 8

LOUDSPEAKERS IN OABINETS
n. |0 WATT. w

s £3 1076,

Or 1 155 o s ondh
i 10/10 (Tate) £512/6).
12in 20 WATT.

izh Quals
liue Hepeuker 16 ohans fn Cubinet, t
@ sbeve. Sizc 18X18) Sin.  GT10/6.
. 85 @ and 0 ncutld;
p.;ilmnlu ul 11‘ (Tom £817:6).
12; T. 1. 000 lines. iy Cari.
Andshint e Dot Do ¥ 10/

9 monthly R
a3

11/10/-.
covercd cabinets for £1 extr.,

R5C. BATTERY GHARGERS & KITS
0.
Eh g%
/1"\7 Fitted Anuncter a
ible charge rate sl
whotor plug for 6 v.
clungtog. Ste
naer tinksh.
:u\«l Tutput Iud:dml
battery elips, 46, Terr
paysnte of 12r~ ol £,
HEAVY DUTY GHARGER KIT 0 6 smss,
Mals braisfomier nnon "n 50 v. 1 \\' (Brldgz), Feening
EHON 9/
pianels, Plige, hxw.l lu* hﬂ”chllld urv.vl

. BATTERY TO MAINS GONVERSION UNITS.

 Deutelt 157 aoid & monthly

(sn'l.h

B Aw s bt
wtor. Sizo B! X i =
O ommptetety epasen but: ==
uply L . sl fos s | =
s a0 |
ba(ur\' pannhh o
—
S tc m 39/9 ar m1d349/9

A A AN
LATEST MAGNAYOX 363 TAPE DECKS

4 speeds 1fin.. Stin.. i robust Ligh quallty
! N idelity recording lieads. Ine
Digital Counter, pavse coutrol, Heavy 4 pale o
sersened ngtor Lieeord Iuteriock (o Troveat aecideatal
erusure,

A

e

TroTrc] O GNS.O s

/‘_\\4 ;
Four 'rmu. £13/1 glew -7

Car.
Warmy on 4 "Trace Mods! only Deyoslt 4719, na @
monthly pasments 28/11 (Fotal £15/8/-)

WW—140 FOR FURTHER DETAILS.
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. Mains Operation
$. CONTINUOQUS

< Power Output

Lantanuos P
1 CIRCUT

N
LATEST MULLARD TRANSISTORS
ADI4n, OCI
0C817, 0G4, ACi07

1 of nine)

EQUALIZA ON  to  Standard
. Charaeteristics for Gram and

FULL TAPE MONI

SENSITIVITIES Magny llf PU A mv.
Crystal A00 1y,
Mlnuplmlw . Tape Head
Radio/Av

FREQUE

TRERIE C

B\ sComul 12 d4.B. ¢

ISI

1o
UM L
DBACK 52 d.B.

Mk bkt bE

3oLy
or C\ ramic .U,
SPON! 2

* »ux—

OUO
NG \nv

FULLY TRANS!STORISED
A

13 olms, 15 WATTS into 3 chms.
watis.

28
((!‘ STRLCTION
o ()L&]/ OCH, 0C44,
5-POSITION INPUT SELEGTOR SWITCH

TORING rAcu.mE's

E
Hﬂ m

AT IO\ '\llsR
EVEL:

WIKELESS WORLD

INTRODUCING TWO COMPLETELY NEW UNIC
ITH TECHNICAL SPECIFICATIONS COMPARING
FAVOURABLY WITH IMILAR
AMPL|FIERS DFFERED AT 2-3 TIMES THE COST.

IMPORTANT NOTE. Rated output figures are
gwen in R.M.S. and not speech and music or
ILHF.M. otherwise we could obviously quote
much higher outputs.

24/
m1 . m~1mn ‘u](H\ s.
1. 1

AUDIOTRINE HI-FI
SURES. All types are of pleasing
g desidn aconsticatly fmed and ported.

alive fins
SE8. Designed for optinum perforu
in. speaker, Sz 22

Dep. 18-, 3 mth
et

Hi
eep.

SE10. For  10in.
specially
Audiotrine H
b 1..;1\, Loin.

.21/ and ‘| mon(h-

Hi-L1 speaker but espec
Tow Tundamen

LOUDSPEAKER _ENOLO-
" slim-
Alterni-
wes of light feak or medivn walnut,

ce with any
wide, 7in

.!ngh Loin.
PYLS.

Total £6/813) o 1/6 £5/15/0

High-Fidelity

Speaker with provision for tweetes.

I recommended

00D speaker.
wide, 7in.
£6/19/9

)

Iy pavunts 15, (Total £7/16)-
SE1Z For outstanding pecformance with any 12in.
v suitable for types with

A tweeter cut-out is

0= extri
o i

S :
h\un 2& U\lﬂ'-'ll 213 14/6)
Hamdwome Waoddii Cabinel,

‘ot
o« i
Or Deposit

tirinhed

A DUAL GHANNEL VERSION OF
THE SUPER 15 Employing Twin Printed Gircuits

% Close Toierance Ganged Pots
% Matched Components

% CROSS-TALK —b
* (oxmm

$oud 8.8.5.
for leidlet,

2 d.B. at 1,000 c.p.s.
5 Position Input_Sclector, Bass

Treble Contral, Volume Control, Balance

Steren'Mono ' Switeh, Tape  Monitor
Mains Switel.

SOUKITS (atchud, Puin) {
(2} Coramic or Crystal P.U.
:lpc fliad Microphore.

Tagnetic
() R'\dxol ux.

)
* Operation of the Input Seloctor Switch assures
Appmmﬂlc equalization.
Ris

18 sav.g. Chassis. Size approx. 12, wide,
hm and 8in. decp.
cia Plate and Matehing Knobs.

INDICATOR.

190 PR ‘monthly pste.
T/ (Totad 2516w
Or unit completaly

Leantully faished b waluil
or tusk 5288, Or nnit factary
bulll and Leated,
wsunl 12 wonths' puarantee
1 Bt Cabivel sneutipnicd

5 A

Depoit ££/(f S W i,
pris. £2 (Iotal £21/9)
AUDIOTRINE HF100D 10in.
15 watt HI-FI SPEAKER
cat construction. Zin, Dismeter VOICE
Dual Cone, piastle trexted purromd,
ot treiency o

ifs, or I 1 and

ments of 15 - u‘..ml £7/16{-).

Autiotrine High Fidelity Speaker Systems

Desianed t pravile w smooth
expans from 0-90,000

frequeney.

i h}ldgul) Amplificr,

w4, or Deneit 157 s

ithly of 10110 (’l‘oul
;3 "o wm Vaid e300,

° mcmux.\) )u)-

e £5/15/0

0,000
ot or 1 G,

R.S.c. JGNIOR
it #ga

TR ev e CRBINEE g e o

Tut it il for any good quabty 9

.
ON. ¥ TE! 1Al HI E] ] aprake A tleally Mued ang ed. Medis ] h
proied S i M s oo i Depst o "Taf‘nnhln' Phert vesi ot i o fintch o foin. ’n‘.u'"m\ﬁ lB'.mml;m"Llc' Hu‘\::‘-
a'ala piies | v = iperb yorodti. ae anly
| 1o ot g7y, Cae a0 ORIY 8 GRS, A0 T £47 61 1476, 8 b 1hta. of A0/4 Crotat £5/7/6)
WW_141 FOR FURTHER DETAILS,
SNIPERSCOPE STUPENDOUS OFFER—£II for £2°

“FEG
SENSITIVE LAYI

1

frLuogEscENT] c

SCREEN e caeston 5
which Bahts up dlike o
athole ray tube) when
e ¢ anes olx':ﬁ(‘
the intra-reid trike

o \m.. . lwxulnp.
& sl oy o o experl
e Bt il \,L mmvnm

[VIEWING WINDOW,

it en

MAINS POWER PACK

MAINS POWER PACK desizned o opernte tran-
fers, Atyustabls ounul § v
30 12 volls for up 1o 500 mA tslass B workin
Taken the phice of auy of ihe tollowns pasierics,
PP3, FP4. PP6, PP, PP, ond others.
] mai mnllo!mex-nemlcn
nd load resislor, 5.000 a
Somdnsets, veer diode and insiuctions.
at oaly 14,6, plus 2,0 Lost.

SPEAKER BARGAIN

12in. Thigh fdelity
tulapeaker g
shu;

ested.

Real snlﬂ

vt
Tagnet Ly with
ether 3 or 15 ohin

by farmtrs uiker.
Irice 29'G. ping

ARMCHAIR CONTROL UNIT

contraller—

5 post aml msurace,

Hemate
for

¢ - s Tt

lagtan

i, anil o thodel
e

way pluz—i1
£3/4/-
m

The eriucoss supert eseribed
below is & very fne little sl that
bas been caralully desteaed for
hieh peelormance.  Onls receutly

{uiler amblher iame of couree)

8 phis 56 past and
Note these et
SMedium  Ware
0 With traveliiog
,mx.m o i
h ol ot spprosimately
fead back

1 30!
fiurance.

o1 et oo oo asen g
2"long 1ifo fror BPS battery '@ Permanent noenet moving ol <pesker

Catinds oize $nn. X S, % 1jin.

You gt ove luo parts dist yalue over £10) Tn facl everytling you awed and e

ta follnw wiring anl aligning instroctions. Dow't aise ehis wonderful offer.

acveral while som Rave the chasse. Use them: ca prosents atel you'

ever. Battury 19 oxtr

“THIS MONTH’S SNIP— "
GARRARD AUTO RECORD
PLAYER Model 2000

e
o it o Sivio o

turn table lor oax. siah
s

netes
ity — hhumm
up droppinz ot

ik heieht—)
3 e in 13E % LLE clamnees 43

ke it et hicomipdnce caitridge for stonec—uad ou. .
supplicd niote W st TIALE A ah

Oiferecd thin month o the Special Snif rien ot 6 0I6: 1ins T/ carr. & Tos.

TRANSiSTOR BARGAIN:

Wi
A

st 1y
wovercd
crone b
laoke ery anirt,
sutadle o
oxiver — il
— extensian s
-
ity o ple £ ot ad
n iree with 1t & a printed vrcuit

wl huildiog, strucuions for fine

Dot ais Lids grand offer.
FOUR-STATION

INTERCOM.

Wil save thae snd fmprave
eliswencs, Feal i ome
o —shop—auricry, £,
comirisea Master it and thece
mastor and

EomgricLe oulil
abstations ench of which can cait t]
hure full two-naw working ' No wiring problema

H'ubs litted it ot mn e and they p\n

Ao inciuicd ia picke
mncr Nothing else to m-sms'-
ost atul insutance.

750 mW TRARSISTOR AMPLIFIER

—nd
g A6

e 1206z b 13167

ELECTRONICS (CROYDON) LIMITED

102/3 TAMWORTH ROAD, CROYDON, SURREY (Opp. West Croydon Station)
266 LONDON ROAD, CROYDON, SURREY (Opp. ABC Cinema, West Croydon)

post orders to: Dept. WW, SPRINGFIELD ROAD, EASTBOURNE, SUSSEX
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FULLY GUARANTEED |
INDIVIDUALLY PACKED

& i

VALVES

Diat

5
8

q

8

o

§

31.. 68 n
10 e g
i1 ., 33 -
o1 el 2
77 ! a3l 5
430 12/8 o
DAVIG = fm
22 L]
o

a

0

L

73 6~ K2

D¥el - FWA/5006,8 g
793 .. §/- FIV1/S008/8 v
90 .. 6~ 1 9/ 0211/~
463" b/~ GETOR PCIAL B
K93 510Ny | YOI B
K96 68 G50/2G " 6/- =h Ue
162 - 180/280 B/6
Los 4/ 18- l-cw x “I—

FT TG

3
341460 35
3ALGT/AL
25

VR g/
VR105/80.

TG TTTiIarT

VRGOS0

i
5
8

Aolumlllah‘

TET T rT T

0 .16/
u5| .. &~ ' 1DSGT &~ '

ara 7~ BA0YBILG
0T 4)- | 2 -

v s
VRIS

A
VeRSIT
VCESITR

VERSIIG
40/-

.

TRTETE TSl I saaad

TTETT

0C16 .20~
0022, 231~

.
s
Lz
o
/6
5
- 17
R Tues | 2Ns8
2X1090 20=
- Clony 5o BNi06 0

Y OTHERS IN STOCK including Ca!hude Ruy Tube and Speciol Valv

All UK, orders £1 P. & P l‘<: over £1 2/-:

orders over £3 P. & P. free: C.0.D. 3/6 extra.

Ovcrsezs Postage Exzra at Cost.

SENIOR TABLE MODEL TYPE SA.
meter and crystal filter in exceflent fully
checked and tesced condition cogether with set of
8 genoral coverage calls and mains £33,
Carriago and p
?OI;I'TO b w5 Pk, Carriage and packing
EVERSHED MEGGER CIRCUIT TESTER.
2 ranges. 0-1,000 ohms. 100-200,000 ohms with
test leads, leather carrying case. Tested £4/19/6.
P.& P. 3/6.

AR8SD. RECEIVERS. Fully reconditioned. £55.

Rebuilt model £85. Carriage paid

THERMAL PLUS MECHANICAL CIRCUIT

BREAKER FOR A.C. & D.C. Current | amp.

Protects against shorts (lnstnn(:neuus cut out a

approximately 8 amps) and sgainst overloads:
1.8 amp. 30 seconds: 2.1 amp. 15 seconds; 2.5 amp.

SIGNAL GENERATOR TYPE
TF 801B/3/S.

MARCONI

Frequeacy range 12-485 Mcfs in five ranges. Directly
calibrated frequency dial. Output waveform: C.W.
pulse A.M. (from ext. source only).
Incernal modulation frequency 1,000 ¢/s. Output:

variable directly cafibraced

8 soconds. Delayed cut off may be adjusted to sinewave AM.,

different currencs and nmes Separate pair of L

contaces Di 3} x 2. norl

PPN from 0.1 12v.—08.5 v. b, high:
T N HANPSTT Saandard G.P.O. fioquency tuning control,

INSET MICROPHONE for celephone handset
2/6. P& P.2/-

2 KW ULTRASONIC GENERATOR together
with powar supply unit for 200-250 v. A.C. Com-
plete’ two _chassis  with i R
Frequency 37 to 43 ke/s adjusted by fine control.
Peak output 2 kw, average output 500 w. Com-
plecely now with valves and manual £65 corriage
paid arge selection of mains and Heavy
Buty LF, TRANSFORMERS.
VARIOMETER for No. 19 sets, 17/6. P. & P. 3/-.
COMPLETE V.F.O. UNIT from TX53. Freq.
range i 4 switched bands from 12175 Hefs.
Two s a5 oscillator and buffer, 807 as
drfeer, tvo 81308 3¢ voldaga stabilizers.  Output
sufficient to drive two 8[3s in paraliel. Slaw
motlon drive directly calibrated in Mcfs, Pro-
vision for crystal cantroi, metering of buffer and
driver staga. Power requirements 400 v. and
6.3 v. D.C. Can also b used as Jow power trans-
mitter.  In excellent condition with valves and
circuic diasram. £5/19% P. & P. |

up to | v. modulated or
2 v. unmadulatcd, output impedance 50 ohms. Fine

carrier onfoff switch,
built-in crystal calibration for 2 Mc/s and 10 Mcfs,
Stabilised voltage supply. In excellent “as new "

Condition. Fully checked and guaranceed. £415.
Carr. 30/

“ CONNECT AND _FORGET, CANNOT
OVERCHARGE " “ESSTRON" MARK |

AUTOMATIC BATTERY CHARGER
Initial charging rate 6-7 amps. The charging rate
aucomatically adjusts itsolf o the chargs fa the
battery. Automatic current and voltage control.
Patented application of magnetic amplification
to battery charging. Indicator lights shaw battery
fully charged, receiving charge incorrectly connec-
ted or favity cefls. Mains voltage 200/250 v._ Built
foror 12v. batteries, Measurcments 7 x5 x5in.
Weigh 84 1b. Price £7/19]6. P. & P. 3/6.

P. & C. RADIO LTD.
170, GOLDHAWK RD., W.12

SHEpherd’s Bush 4946

WELL PROVEN RELIABLE COMMUNICA-
TION RECEIVER P.C.R.3
{Made by Pye.) 3 bands, | modium viave, 2 120-43m,
Overall sensitivity 1-2uV.  S/noise
satio 10748 as &Y. Circuit incorporaces an RF.
stage, two LF, stages, tone control, A V.C. antenna
trimmer, 6V6 output. Set in 2 v ot
togathor with headphonss, Sgenker plug, £5/12/6.
With vibratory supply unit, (2 v. £10/15)-. With
specially buile in P.5.U. for 210-250 v. N (FATHIT TS
Carriage cither set 15/-.
C.R.100 RECEIVER. 60 kjcs.-420 kc/s, 500 kele-13
Me/s. In 6 bands, 2 HF stages, 3 IF stages, AVC o
both phone and C.W. Excellent condivion, corraetly
cuned and guarantced, £31. Carriage 30/,
C.R.I50/2. Frequency coverage 1.5-22 Mcfs
4 bands. Price £3(. Carriage 30/-
ULTRA MODERN POWER SUPPLY UNIT.
Supply voltage A.C.: 105, 110, 115, 200, 205, 210,
220,225, 230, 240, 245, 250 v. Available votages D.C
2:) 1700-1900 v. Stabilised. adjustable approx. | mA.
b) HT2 approx. 45 mA.
) 260350 v. suabilised. adjuscable, appeox. 45 mA.

in

5 v. A.C., 45 amp. common carth.
() 6.3 v, A.C.. 43 amp. common earth.
Svalves, 7 silicon receifiers, 4 Solenium HV rectifiers.

Brand new £9/10/-. Carriage 12/-.
PHASE MONITOR ME-83/U. Manufactured
recently by Control Electranics Inc. Measures

directly and displays on a panel meter che phase
angle between two applicd audio frequency signals
within the range from 20-20,000 c.p.s. to an accuracy
.0°. Input signals can be sinusoidal or non-
sinuseidal between 2 and 30 v. peak. In excellent
condition together with handbook and necessary
connector.  £45. Carriage 30j-.
32/44FT. AERIALS cach consisting of sen 3fe..
Fin, dia. tubular sccew-in sections, 14ft. (7 section)
whip acrial with adaptor to fit the §in. cod, insulated
base, suay plate and stay sssembiies pogi, reamer,
aminer occ. Absolutely brand new and com
ready to ercct, in canvas bag. £3/9/6.
20-480 FREQUENCY METRE TYPE T§ 323/U
High freguency version of BC 221, Acturacy bettor
thao 0.05%. Battery operated (6 v. and 130 v.).
In as new condition with proper ¢alibration charts.
Laboratory tested and guaranteed.

I Open 9-5.30 p.m. except Thursday 9-1 p.m.

PERSONAL CALLERS WELCOME l
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PORTABLE OSCILLOSCOPE CT.52

A compace general purpoge inscrument with
many unusual features. Size in. high, Bin.
wide, 164, deep.  Time base. 10 <js. 1o
40 Kefs. Y phce sensitivity 40V per cm.
Tube 3in. Frequency compensated amplifier
up to 38 dB gain. Bandwidth up to | Mcfs.
Single sweep facilities. Operates from A.C
mains 100-250 volts 50 cfs. Complete with
all cest leads, metal cransic casc, instruction
book and circuit diagram. BRAND

Tested and guaranteed. £22/10)-. c:n IOI-

MICROAMMETERS

R.C.A, 0-500 micraamps. 2kin. circular
flush panel mounting. Dials ar¢ engraved
0-15, 0:600 volis. As uscd in the Amrican
version of the No. 19 set. {5/-. P. & P. 1/6.

AR-88 SPARES

R.C.A. Headphones ... 12/6
Escutcheons (Windaws). .. 816
niobs. Mediumsize. Ses of 8. 19/

Knobs, Large size . ... . -
Block Condmser(B <4 mid.) .

WIRELESS WORLD

SIGNAL GENERATOR CT-218 (FM/AM)
MARCONI TF 937. Covers 85 Ke/s to 30 Mcfs in 8 switched
ranges, Effective length of film scale is 50ft. Output level
variable in | dB steps from iV to 100 mV (750). Alsg IV

utputs dawn to O 1xV from an outler ac 7.5(). Int. mod. ac
400 ¢fs, | Kcfs. 5.6 Kefs and 3 Kejs. FM frequencics above
394 Kefs. Variable mod. depth and deviation, Crystal cali-
bratar 200 Kc/s and 2 Mcfs. Monitor speaker for beat detec-
tion. Fully mecered. blower cooled, Panclimatic. A.C. sins
109 to 150 and 200 to 250 volts, 45 to 100 cjfs. 17 x20}
174in. Waight 117 1bs, Fully tosced and guaranceed, Undor
109 of original price. £65. Carr. 50/-.

NTEL EQUIPMENT
ELECTROLYT[C L APACITANCE AND INCREMEN-
L INDUCTANCE BRIDGE. No. 3660

Amodera mstramont. i 3010 state, which accurately Messures
the capacity of clectrolytic condensers fram O+IiF to |,000nF
under operating conditions. Leakage current and polarizing
voltage are separately metered. Inductances from H
to 100 H can siso be measured with currenss up to 100 mA.
A.C. mains operation. Unused wich handbaok.

WIDE RARGE CRPACITANCE BRIBGE. ‘Mo, 1868,
A matching instrument to the above. All solid stace. Mains
operation.  Measures (rom 0.002pF to 100F. Unused with
handbook. €100,

H.F. SIGNAL GENERATOR
MARCONI TEEDIA, - Covers 10 o 300 Mcfs (4 hnnds)
DIRECTLY calibrated. Int. Mod. at 400, 1.000 and.5,000 ¢
Attenaated or force output. Guaranteed overhauled, K
and in perfect working order, €32/10f-. Carr. £1.

HAMMARLUND $P-600-JX

20 valye dual conversion superhee receiver covering 540 kefs
to 54 Mcs in 6 bands. This is o professional quality receivar
of recent design with stability of 0.017% or better, Second

channel rejcction 74 dB down and spurious responses are
at least 100 dB down. Bandwidth from 200 ¢fs to 13 kes.
Crystal filter with crystal phasing control. Operates diractly
from A.C. mains 90260 v. 50-60 cfs. Original cost £510.
Supplied overhaufcd and in first class working order, £100.
Fufler decails on request.

AVOMETER MODEL 7
Complete with leather carrying case, leads and
bateries rondy for wse.  Fully guaranceed.

13/13/-. Post 7/-

PHASE MSNITOR ME-53/U
(A

Designed to measurc dlre:lly the phase
angle between two applied audio fre-
quency signals of from 20 to 20,000 c.

17}, Direct indication on a pancl meter.
Inpu: can be sinusoidal or non-sinusoidal
from 2 to 30 volts peak. Of recent manu-
facure (1957) by Control Electronics Inc.
and ex-U.S.A. Air Force. In first class con-
oLl and A com st seTescE
ment with 19 vatves. £40. Carr. 30/-.

T.C.C. METALPACK CONDENSERS.
0.1 mfd, 500 v. D.C: wkg. 2t 70°C, 8rand new,

AR.88D RECEIVERS
A goad selection is available for callers at
from £30. All are in good condition and
are functioning perfectly. Realigned.

HEAYY DUTY TRANSFORMER
Input 220 volts to 250 volts at 50 cycles
tapped every 5 volts, Secandary, 50 volts
at |15 amps. Very conscrvatively rated.
Size 72354 % Tin, We. 28 1b. Brand new.
£5/19/6. Carr. 76

SILICON RECTIFIER. 800 PLV. The
Modern Marvel.” in.xdin. Can be used
to repace TV recifiors up 2o 500 M
{4042 Baltase resistor). 7o

TS-175 HETERODYNE
FREQUENCY METER

A high frequency version of the well

known BC-22!. Accuracy 005%. Fre-

quency range 80 to [,000 Mcjs. As new

condition with original calibration book.

Tested and guaranteed. £75.

LABORATORY pH METER

Marconi type TF.1093/L. Range 0-14 pH
direct reading. Full temperature compensa-
tion. Scale expansion providing discrimina-
tion of 001 pH. A.C. mains operation,
Brand new complete with electrode stand
and manual. Full detalls on request. €35,

CINTEL OSCILLOSCOPE |
A [2in. demonstration oscilloscope with
all conerols at rear. BRAND NEW £80. |

SANGAMO
WESTON
VOLTMETERS
$I. Dusl cange

05 and 0-100
D.C.'FSD | ma.
3in. scale. Recent
manufacture. Ideal
for schoels. Com-
pletein super qual-
ity canvas carrying
ae, with st
*  prods and leads.
BRAND NEW. Boxed sBle. Post 26,

PCR-3 REGEIVERS

These receivers are in as new condition. They have 3 wave-
gands with 3 frcquency coverage of 190-570 metres, 2.3-7.3
Mcfs, 7.023 Mcfs. R.F. stage, 6 valves. Output for 3 ohm
speaker. Require s ol Pawends applyKosdesnl Bot hecad
with internal Mains Power Supply for €2 extra. Circuit
supplied,  Fully testcd prior to despatch. E8/1906." Carriage
10/6. Vibratar Supply Unit for operation from 12 v. car
battery for caravans or boats, I5/6.. Carriage 7/6.

DISTORTION FACTOR METER
MARCON;} TF-142E. This instrument measures the percentage
of total_harmonic”distortion in the fundamental frequency
range 100 to 8,000 cfs. The lowest scale engraving is 0.05%.
Will_handle 2 watts and will give
readings with only ImW input. Mains operaced.
impodance 600 ohms. Very good condition, €30, Care, £1.

wrapped., 7/6 doz., or £2 pcr !DO
TCC METALMITE 350v, .C.
0.1 mi Ny 0,05 rars (COIBN): 01
mid. (CP 32N) 1II at 5/é dcz or 11/6 pcr 100.
SPRAGUE METALCASE EN-
SERS 0.0! mfd. 1,000 v. D.C. wkg 5/6 doz.,
or 32/6 per 100,

T.C.C, VISCONAL CONDENSERS.
mid.

800 v, kg. at 71°C. CP
I$2 v. Size Exlf Sin. high.  BRAND
NEW (boxed), 8'6 cach. DUBILIER

),

NITROGOL 8 mid. 330 v. D.C. whe.
at 71°C, Size 13- 1} high.  With
fixing clips. BRAND NEW boxed) S
cach. T.C.C. or DUBILIER. 4 m

600 v. wkg. CP I30T or similar.

{23 43in. high. BRAND NEW. (boxcd),
4/6 cach. All post paid.

MINIATURE RELAYS 240 v. A.C. coils. Contact assembly
. 5.amps. Size 2% 1§ % lin. Unused and

" makes " and |
Femoved from brand new ¢quipment. 8{6 post paid.

B. & R. RELAYS Type CO3. 230 volt A.C. coils, Very ey
dury coneact assembly, 4 maks, Size fin. X 3in. x T in.  weight
/6.

21b. BRAND NEW. 27/6. P,

HICKOCK OSCILLOSCOPE OS-8BfU
A high grade general pur-
pose instrument made ta
exacting U.5.A, Navy speci-
fication. Detachable cover
with carrying handle. Com-
pact (13f X 6 % 8jin),
weight |7 Ibs. Green trace
3in. tube. Bandwidth Y
amplifier D.C. to 2 Mcfs
(D.C. coupled). Sensitivity
40 mVjem. X" amp.
simifar spec t

Leads are housed in case.
or A.C. mains 105 to

cn be used separatcly.
Y amp.

guaranteed. £25. Carr. 0]-.
Auto transformer 15/6 extra.

CHARLES BRITAIN (Radio) LTD.

Il UPPER SAINT MARTIN’S LANE
TEMple Bar 0545
(Opposite Thorn House)

LONDON, wW.C.2.
Near Leicester Sq. Station.
Shap hours: 9-6 pm. (9-1 Thursdays). 'Open aif day Saturday.

STANDARD TRANSFORMERS
Vacuum impregnated, interleaved, E.S.
goreen, universal mounting. Site 4335 %
24in._ ALL BRAND NEW. 24/ cach.
Past

Type I. 250-0-250 v. 80 mA. 6.3 v. 3 a.
tapped at 4 v. 4 2. 63 v. | a. tapped at
4v.and5v.2a

Type 2. as above-but 350-0-350 v.
20 mA.

Type3, 30 v. 23 tapped ac 12, 15,
20 and 24 v, to give 3-4-5:6-8.9-10 v., otc.

Trmes 06508y I vien for chargers.

LOW CAPACITANCE BRIDGE

MARCON!I TF 1342, Range 0002 pF. to
LI pF. Accuracy 0-2%. Three terminal
transformer ratio arm bridge allows * in
situ ' measurements.  Internal oscillatar
frequency 1000 cs. "12x178kin. Weight
152 Ibs.  A.C. mains 200 to 250 and 10D to
158 v. 40-100 c/s, With leads and handboak.
ABSOLUTELY BRAND NEW.
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20Amp LT.SUPPLYUNIT| YVARJABLE VOLTAGE

LATEST DESIGN

HEAVY DUTY
12/24 VOLT D.C.

Output: Adjustable

up to 20 amps

CONTINUOUS
at 12/24 volts plus “ '
St S WORLD FAMOUS “*SLIDE-TRANS™ AVAILABLE ONLY FROM 1.M.0.
230210 VAC 50
cycles

ESELY  rusep. * RATED CURRENT CONSISTENT AT ALL POINTS ALONG THE WINDING
Neon indicatar, 0-20
amp. meter.  Size:
16 % 12 X 20in.
high, in heavy gauge
steel cabinet, Grey
Hammer finish.
Weight: 50 ibs.

ONL’
G5 D™ £29.10,

CONSTANT VOLTAGE TRANSFORMER
AUTOMATIC MAINS STABILISER

Output: 0-260 V. Input: 230 V. A!C. 50/60 c.p.s,
Shrouded fully variable transformers for bench

or panel mounting.

I Amp.  £4.10.0
2.5 Amp. £5.17.6
5 Amp. £9. 0.0
13 Amp. £18. 5.0
20 Amp. £32.10.0

Carr. & Pkg. extra.

Insct shows latest type brush Gear providing | volt variation.

Maingain * spot-
on” test gear

readings ac all PORTABLE TRANSISTOR TESTER
Glosr SUITABLE FOR PRODUCTION & LABORATORY USE 3ﬁft AERIAL
MASTS

SPECIFICATION.
ata S- LATEST PATTERN
Dm0 NEW +uBGiAR MAST

*No Maintenance

Alpha 0.7 to 0.997
*No Ateencion.
SmA

Capable of measuring

Specification

nput: 240 v. A.C. 4+20%—50 cycles. GERMANIUM  AND || Check these vital points:
Qutput. 240 v4 A.C. Capacity: 250 w. SILICON DIODES. *Made from 63xilin. dia. Shera-

DESIGNED WITH RE- glll'nd sldcel lsec{ions, for dura-
SISTANCE SCALE 200 ility and strengeh.

ohms to | Megohm as | % Extrastrong locating base.

an ADDED FEATURE. T th fitced m d \
Housed in heavy duty | Fponges? Wih feeed pulley an

fastie case, efw in-

phesticHcase Me/ *2 sets (8) Rotproof Guys.

KRussproofed Steel Fickesin
777/ - | s, ¢

Accura 1%. S Theet x . high.

Weight: 21 Ibs: Fitted Carr. &

signst Tamp and swiven. £11.10. Ep
CORRECTED WAVE

Modern design in 2-tone grey hammer steel case with
fondie. Completo with lead and plug.

1,000 WATT MODEL

Plus §/- P. & P Only

Input 240 v, A.C.220%. Output
socursey 1% Fiteed sig n:l b £2910.0 oNLY 10.0 = Y
s " i TRANSISTORISED MEGOHMMETER § ~ &13-10:8 S I}
PORTABLE VARIABLE A.C. POWER Y PUSH case 20/, v

BUTTON
. use 196 | AG/DC VALVE VOLTMETER

whose requierm EQUIPMENT
&y £35.00

Call for a vitual indication 500v. 1090 Megohms.
%11 megohms per volt,

of volts applicd. j
OUTPUT: Superb portable in-
steument. Supplied
*5 mV¥-1,500 V. D.C.
100 aV-1,500 V. D.C.

o 260 1
= 14 ames. c/w batterics, probes

S0 v 50/60 ep.s. Fitted and carrying case.

vith fuse, voltmeccr, safoty indicator, an-oll switch ONLY
d tead. Size: 85X Sin. high. *0.1 ohm—1,000 Megohms.

—— £23.10.0 %1 Kc Oscitiator Test Source.

erice £8.10.0 corr. s e, 105 Carr. & Pkg. 7/6. *Complete wish test probes.

IMMEDIATE DESPATGH

FULL SPARES AND SERVICE AVAILABLE

DIELECTR!C BREAKDOWN TEGTER AMP. A.C. & D.C. YARI.

VARIABLE HIGH VOLTAGE UNIT —“T'-O ARl Asurely Uit | 30 Amp. L.T. SUPPLY UNIT
* nznge- infinitely variable up to 3,000 volts, ,tp! Specification: 0to18V D.C.WITH SMOOTH STEPLESS

0.1 a Outpur: 0260 V.A.C. VARIATION.
k Entirely suitable for continuous testing. - 0-240 V.D.C. "
X Automatic safety cut-out. Input: Mains voltage. ﬁ ‘ ] kSmooth stepless voltage | Designed for CONTINUOUS use a: max.
Input and test leads with clips. £32 variation from 0-Max. toading.
Model T30 *Currenc consistent through- | Fitted volimeter and ammatar.
i KAm the controlled range. . § kinput and output fully procecced.
WALKIE TALKIE ‘88’ SET ,m ed, and Neon indicator. " tnput: Mains A.C. robust construction:

Made by E. K. Cole & Co. Weighs S} Ib. (approx.) Fully fused input and output. 2 tone grey hammer finish. Sreel case.
and measures 3}x5* Skin, | Crystal comtrolled. § Strong stocl cage with carrying handlcand pbberfee. | £49 40, 0 Carr. & Pkg. 40/~
Dry battery— T. (i'e. Vidor 15537). 11in. X 7in.x I4in. high, MADE IN ENG - . G.B. {Inland)
Supplied to Sietsens PRICE Carr. & pk 5. 40/- Entircly suitable for plating plants. laboratory
Govts. onvy £10 eack £30 o (Gt. Britain inland) supplies, ete.

BUY DIRECT FROM MANUFACTURER
(Dept. WW4), 313 Edgware Road, London, W.2. PADingion 22334

(ELECTRONICS) LTD.
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NEW 1966 CATALOGUE 150 PAGES

Fully detailed and illustrated components, equipment
All types and makes.

500 Transistors and Devices, 1000 Quartz Frequencies.

The Finest and largest Range

A mine of information and with FREE

Price 6/- post paid.

and Hi-Fi.

800 Valves and Tub,

available.
vouchers.

HENRY’S RADIO

303 EDGWARE ROAD LONDON W2

LTD.

5000 Stock lines.

PADdington 1008/9
Open Mon. 10 Sat. 9-6. Thurs. | p.m.
Open all day Saturday

(1) ROADSTER

MW/LW CAR RADIO |

Supplied as  Preassembled
Pancls.  Permeability tuned
superhet.  Push-buteon wave-
changer,  Push-pull output.
Fits any er. 7 X 4 X 2in.
12 volt (+) earch

Assembly €8/19/6, p.p. 3f6.
o

I cos
(S;;c)zker/B:fﬂchar Fixing Kit

(13) VHF F.M. TUNER
Sensitive  Superhet  circuit.
Covers 87-105 Mcfs. Geared
tuning. 9-volt operated, Up
< | volt output. For valve or
transistor amplifiers. 4 3¢x

in.
Total cost £6/19/6, p.p. 2/6.
<o buil

(Cabince assembly, 20/ extra).

(14) MINIATURE
OSCILLOSCOPE
MODEL CT52
High sensitivity 'scope, fully
;rt1ble with Mullard DG7/5
in
e 40 Kefs, FREE running
Time Basc. | Single Sweep.
Pulse Monitoring 50 m/scc. to
0.1 u sce. Y Plage Sensitivity
v. per cm. 3 dB 25 cfs. to
Y Mc/sand up to 35 4B Gain on
Amplifier. Full Input Facilities
and Controls. 110 to 250 volt
A.C. mains operated. Com-
plete in portable case with
leads. In new condition.

£292.10.0 Carr. & Pkg.
FULL HANDB’OOK

SPEGIAI. OFFER

{6) GLOBEMASTER
MW/LW/SW PORTABLE
Full tuning on 3+ wavebands.
ush - butcon  wavechange.
Superhet  circuit, I Ware
push-pull.  Arcractive cabinec
with :hrcme ficeings, 11 x

% 3fin. (S.W. 17-50 mm )
Toul cosc £8/19/6, p.p. 3/6.

bulld

(12) MULTI- METERS

2734 1ko)/vole 5
£2 9 &

£3 15 0

LJ 17 6

419 ¢

!Tl 22(leIvo|((|Hus) lJ 9?6
TPSS 20k{)valt .. 19 &
L3k SokO Tl £6 10 0
500 50kQjvolt. . £8 17 6
EPSOK sukq/m: £ 150
o

<PIDOK OOkQ/vo\( £l0 10
(4) 25 WATT AMPLIFIER

8 ‘transistor plus 2-rectifier
design,  Output for 74 to 16
ohms speakers. 1SOmV input
0 33K ohm = | dB 30 ¢/s ta
20 Kefs. For use with valve
of transistor prc;\mpllfcrs for
rms  output—50
wates pesk {ovorall size 2% %
2% - &fin.
Suitable for prumplurcrs
{10M) and (10) b
~md Tested

Mains Uniz 516, p.p. - 2/6.

(9) POWER
AMPLIFIER
10 wates R.M.S. output.
10 mV. sensitivity, 30 ¢/s to
20 Kcjs. MPA10/3, 3 to 5 ohm
Speaker.  MPAIO/I5 12 to
16 shm Speakers. Panel size
430285 lin. HS size 4 |
‘MPAI0/3, £5/10)-,
*MPAIO/I5, zsum pp z/s
(Mains Unit, 59/6, p.p. 2/6.
State type required).

;

ALL UNITS SUPPLIED BUILT AND TESTED WITH FULL DETAILS AND INSTRUCTIONS
FULLY ILLUSTRATED AND DETAILED LEAFLET ON REQUEST

) GARRARD DECKS-BRAND NEW-FULLY GUARANTEED-WITH CARTRIDGE UNLESS STATED

1000 monn 010 0 Brovetereo  £1019 € ARG omo 2818 6
1000 stereo 266 0 oram 813 1 6 Seen 16
0 miona 508 0 Aol 110 0
stereo £ 8 0 ATiOmono  £1010 O
Oimaterso  £3 18 G ATGDererco L0 18§
USiecsscart,  £018 § Jierun 21310 @
2bwnno | £10 10 0 LALSD lesscart. 85 0 0
e e —

10 AND 20 WATT HOND AND STERED TRANSISTOR AMPLIFIERS AND PREAMPLIFIERS

Pri
(B) 55 valt g
lin. dia, Price m/. ijs.
_ BRAND NEW 518&s

BATTERY CHARGER
Completely  assembled
moulded tase. 110.250 volt
fully transformor iso-
lated, to charge 9.6 volt and
3.6 volt DEACS as abave.

Price 45)-, P. & P. 2/6.

(2) NEW MW/LW TUNER
SUPERHET TO BUILD
MWJLW Superhet tuner. Out-
put up to + volt peak. Fall
Covernge with excallent sen-

sitivity and  selectivity.
yolt aperated. Complete with
front panel,

Total cost to build 79/6, p.p. 2.
(18) REGENT-6
MW/LW POCKET SET
6 Transistor Superhet, geared
tuning.  Push « pull output.
Attractive cabinet 5x 3 L}in.
Total cast 6976, p.p. 2/-, to build.
SPECIAL PURCHASE
__ LOWERS PRICE
(8) BUILD A QUALITY
TAPE RECORDER
‘THREE-SPEED RECORDERS
Using New 363" De:ks

TWO.TI

Arnphﬁcr m/u/-.
Cabinet and Speaker £5/5]
Complete kits with FREE 7in.
12005, tape. sparc spooy and
Aces 40 Mic, £36, p.5. 86

% _F CK. Daock
£I1[IO/-A Ampliﬂcr £12/12)-.
Cabiner and speaker £5/5/-.

Complete kits with FREE 7in.
1200fc. cape, spare spool and
Acos 40 Mic., £30, p.p. 8/6.

FREE New 16- prae alve

MAINS ELIMINATOR’
Transistorised and Zener Sta-
biliscd power supply, Output
9.6 volt 250 mA and 3.6 volt
300 mA. Fully isolated, 110-
250 voits, A.C. operation.
Assembled in moulded case

Price 67/8, p.p. 2/6.

|

|

| (7) VHF F.M. TUNER

Supplicd 35 2 _Presssembled

| Panels, plus metal work Sup

hec desAgn 88-108 Me/s, 9 volt
ted.

' Toent cost £12/17/6, p.p. 26,

|

|

(3)5-WATTAMPLIFIER

6 Transistor

push-pull 1o
3 ohms. 6 mV to | k. input,
1218 volts operssed.”  Sixd
only 2§%2% 14in., 25 cfs to

| 16 kefs. "Ideal general purpose
sensicive amplifier with S watcs
RMS outpu
Builcand Tested 7906, p.p. 2/-
(Optional mains _unic, S4f-)

(10M) MONO
PREAMPLIFIER

For 10 watt or 25 watt amplificr
Full range of controls. 8 inputs
from I mY. _ Sel./Trebie/
BassfFultor/Val, Congrols _ For
use with Valve or Transistor
Amplifiers. 150 mV. RMS
outpuz. _Size 932§ X 2in
*MP2 £5/10-, p.p. 2)- (Fronc
pancl 8/6).

sistor cei
fier and quartz :ry:tal et
logue on request.

QUARTZ GRYSTALS
1 mefs. HC6U (mmmure) 10/-
100 Kefs 3 15/~

HC6U6/I2vnIzED“ .
(5) NOMBREX TEST

EQUIPMENT
150 Kefs.-350 Mcjs.
RF Generator.. £9 10 0
Resistance/Capa
ance Bridge o
Transistorised Power
Supply £6 10 O
10 ¢/s-100 K o
. L£1615 0
Sensitive Inducrance
Bridge ........ £8 0 0

Cotmplece Range of Test
Equipment in Stack

(10) STEREO
PREAMPLIFIER

Two Channel_Preamplificr for
(2) 10 watt or 25 watt amplifiers
8 inputs per channel. Sel.]
Treblc/B:ss/Bwlancc[Vol Jete.
Controls. - aput.
For PU Tuncr Tape, mic.,
o 5.3

‘srzr:m/n/a pp 356.

(Frant Panel (2/6).”

SPECIAL PARCEL PRICES FOR HIGH FIDELITY
EQUIPMENT—LET US QUOTE—ALL MAKE

ALL MAKES OF VHIGH FIDELITY EQUIPMENT IN STOCK. VISIT QUR HI-FI ROOM.
LET US QUOTE FOR YOUR REQUIREMENTS FOR EQUIFMENT AND COMPONENTS.
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MAIL ORDER & ALL ENQUIRIES TO: DEPT WW, 3-5 EDEN GROVE, HOLLOWAY LONDON, N.7.

LONDOR:

18 Tottenham Court Road, W.1,

m Tottenhar Court Road, W.1.
300 Edgware Road, W.2.

109 Fleet Street, E.C.4.
162 Holloway Road, N.7.

MUS 59290095

NORth 7941
Member of the Pantiya Group of Companies

o Suﬂolk House, George Street.
BRISTO)
2 Merchint Street, Bristol 1.

. NORth 8161/5

5. RODney 2875 LIVERPOOL: 52 lLord Street. Royal 7450
PAD{ington 5607

- ; Blackfriars 5379/5248

MUNieipal 3250 he Moor. Sheffleld 29833

Bristol 20261 Nottingham 45833
J H.P. TERMS AVAILABLE FOR ALL GOODS OVER £13-10-0

TTINGHA
Eastown House, Lincoln Street.

SUPERB NEW STERN-CLYNE F.M.I. VHF TUNER

Features
sparkling
performance :—
inherent
stability.

Specially desigued for_the
Amatenz huiller, 8 new,
sensitive tuner mnit {bst

provides  stadle, Inler~
Torence-ires recoption. ot

Exceptional offer of
AM/FM Radiogram Chassis

Superd mew six valve mnit corerion long
BBC

: Ry Sensire
R0 o rocetvos ot sttions hrout
internal serial, separate FM input employs
femous Gorler tuning heart.
2 scli covrrs wholt frumtal arca and sisplifics
16 gns. {; LAl Gt L cxiting exbintta OF buikiiog
i it ontesorars. hookshelt © Extr
Jarse Huminated diadnd dual conotutig soutrol for vl nc sol
ouly 1 matehen atandan 3 of
Rhane pickwy. For 200/350 +

on an tuniag simplity
oo bpeaies. Toynts
- A.C. opera

h n
Drovbis tor exteral AN aad ¥ aarlula wmd
Bize overall 15in. x 63in. x 7in. deep.

Hish quall
sl ensures aptiuun per-
rom ry T

dsting makes for harmonions mainlation o
exisslig equipment. clable, ligoed ci
[ ed-grhl red.
i llmlk’[ % mmo Deteotor.
os. 100 Y. lnrwal st leas at full sevi
WL AL Panel black 1|u|ll|\1t((!t).u(m! x 5in,

Randbook only -
it free

vea are 4 X EF9L )vlm"dloden nj

fon. Power frei. 00 v. at 20 nA and

Chassie: caumivm plated. o\cmuucpm um

FM1 Kit of parts with Instruollon Handbook, £7/8/6. corriawe 1+
Fs

FM1 Asssmbled and testod, £10/0,8, earriaze 4
Optional Power Peck Type D Kit of cartiune B Descriptive leafles
Blwer Pack Type D, assembled and Lesied, £3710-, carsiage 3/ o requert

w, iehly devsioped. - NEW ADVANCED DESIGN - Veritone
?:,“x‘f.’l, sty “‘“’:" Compact Communications Receiver

able radin proportions an
DX perlormance compar:

atlo with msny highly ex-
peasive, prolessional re-
ccirers. Frequency pover-
#ge i coutinuous from
bi¢ Kefs Lo 30 Meju bn 4
baiilg, plus band-spread on

cncica

i drequc of 35,
7,14 and 28 Mcfs. Leatuces
inelude: xtra karge clearly

7 Carrluge and
DRt 20 gns. Gl
Sl decp, Valves
ine b Visteners
Supplicd with 128

include phuwe output juck. ol 13§

AG und GOCS plun silicen rect r . Sers,
sed o e soiely fulshed tet.d oo

riveices World Guade 1o Girondeasting 5

TEST 8 MULTIMETER 57/6 fei

Compact ull purpse tester with 12 speslallyeclectad
and mintorcar wiring and serslein
ining, sectrarle. hoby work
construiction employs urged
T

large

nbyinte switeh wear deforts anid snoure
motal hwktd et redlting ome. It
4130-500-1, 1 D.C. (sens. 100 ohms per
S 1omn A DG et 01000- 100000, Sms

% 3} x 1lin. deep Complete
tery.

stance.  Bize nnly
with test loude aul b

JURLITY RECORBING TAPE

New American branded tape by world renowned manut
Eplice frev, red oxil

iorers aad equal ln qusliy to ¢
te: [ v
i

of

Ranges avsilable: Acelate

Both tupes post and packing i, G001 Standard 8/6

1. prroveel. Four or more  Fin. B09It. Lons Play 10°-
vorls post free. 5. 1,2001t. Long Phay 1276

B,
Tin. 2.400f.

Danble i

POCKET
MULTIMETER
39/6
Carriage /-.

A qeally ver-
satils instro,

Measur
or i wltage i Chres rauges of 0-15- o
Kestatanca 0s100,000 ubins, and

Giirent 0160 w16, 34 %
o x o v lnxemaus R4 dea\xn
providing &

Piete with battery. o i

DUAL CHANNEL PRE-AMPLIFIER

. Justly famous—superb
DeSZI ne b ULLA < BCF dosigns fram the
[o} y Mullard  Applications

Research Laboratory,

Interpreted by QTERNsman i

and tested units, or in Stern.Clyne's famous Homebuild Koe Formm Exrher
way provides performance per £ unequalled anywhere. [fyou are working
to a budget, kits offer a real saving plus real building satisfaction. Each is
absolutely complete and backed by comprehensive, casy-to-follow build«
ing instructions.

TWO VALVE PRE-AMPLIFIER

Spectally desigued for use wlth the Mullant
su «of 3, 10 20 watl amplifiers dmt

rely gultable o 1T po e ot
nqvmixxg Jipatof more, thun 920wV

ﬁ)’ ﬂ) Jor il outpat, estore Tuche injats tor
j ) ) ) e ammable celucinate Jickus

* varitone Sith RIAA m\mhmmn pins

tive wnd tupe replay direct or

from pre-amp. vmnml. include’ 6-porition

lector. volume. and wide range bass and

Assembled and tested £3-10-0 LSl o

v X
b tigh. ol 10 % 2Ein. Ro
3

h\
mA. and 5.3 v. at

Ltad - currtage. ki £8- 6.0 400 +.

THREE VALVE PRE-AMPLIFIER

u"lo mplh\er but &
high quallty wnld requ
r full culput.

F RoC
gk e 145 g

Asseubied and mm £13-13-0
A G- enrriage. £10 -10 -0
Actually twin ‘Tuo-Velve Treamulfs viich togeioer 1y ¢

srangument for the Tor,

extreny o and sensitlv
e ammgier o page of the Passive % itrol Uit Peatares Tnctude
bteres Magy Varinhie Reluctanse,

dusl mputs for wono
a1 T Gerale piekuns, dusd inpis or direct
tapa playhack aud rulio; separate, continuously varizble Base.
i Sntanes £aptats: Switehiu born (s Moso o

npliited
Freie,

anl Velarao rea
opecation, liquulition ooufarms to REAA on tee 100 o
gt 260/950 v- .8 mA. 20 04 5.t 1 . Size 11 x & % Ain.

[ TR
socrmbled i tested and augplied complets with
Ten plus Ton Amglifier,

£34-0-0
£27-0-0
£15-0-0
£12-10-0

Kit Add 10/8 Carrlages.
Dual channel pre-smplider oniy—Assembled and
toated

Kt Add 5/- Ourriage.
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‘ELEGANT SEVERN' MK.

POWER SUPPLY KIT to purchasers of Elegant Seven parts, incorporating mains-transformer,
etc. A.C. mains 200-250 v. Output 9 v. 50 m,

COMBINED PORTABLE & CAR RADIO. The Radio with the STAR features, 4in. SPEAKER.

* T7-transistor superhet. Qutnut 350mW.
K Wooden cabinet fitted handle with silver
coloured fittings. Size 12{in. 84in. % 34in.

% All components, ferrite rod and tuning
assembly mounted on printed board.
% Ogorated from PP battery.

% Eull comprehensive instructions and point-
to-peint wiring diagral

% Printed  circuit board,
with all comporent valucs.

% Fully tunabie over medium and long
waveband.

% Car acrial sockct.

* Full after-sale service.

Farts list and circuit diagram 2/6. Free with parts,

% Horizontal tuning scale. size 1bfin.
2§in. in silver and hlack lotrering.
% All stations clearly marked.
% Ferrite rod internal aerial.
% LF. Neutralisation on each stage. 460 ke/s.

* DL coupled output stage with separate
AL, negative feedbac!

back  printed

"MAYFAIR® 5-Transistor
TAPE RECORDER

74 and

FIRST QUALITY PVC TAPE

S}m é(d 850ft..... 9/~  5in, LPBSDI:

Capstan-driven, bat ted. 7 - 2516
apstan-driven, battery operates T, 1 i

3% i.p.s. Precision made. Push-button con- 51‘1" 3

trols. High quality Z’-m speaker. Push-pull 7in. /6, Tin. TP 3600
circuit,  Output: mW.  Frequency P. & P. on cach |/6, 4 or more post iree.
Fosponse: 2007000 kc/s Fast rewind. Up to

[ hour ewin track playing time. Autcn\ TRANSISTORISED

ing for re-recording. Dimension
33, Weighs oniy 7lb. | Takes Sin. spools.

40W. FLUORESCENT LIGHT KIT

tacorporating GEC Chake size 84in.
13i

. 2 bi-pin holders, "16

starter and smr:cr holder.
& P 4/6.

Simifar to above: BOW. , Fluorescent Light
Kit incorporating GEC chake size (13in, x

. % din
2 bi-pin holders, starter znd starter holder. P. & P. 5/6.

SIGNAL GENERATOR
Size Stin. < 3tin, . Ifin. For LF and
and A F. output. 700 /s
lrcqunncy coverage 460 Kcfs to 2 Mcfs.
in switched frequencies.  Ideal for
alignmen: o our Elcgant Seven and
usetce. Built and tested.
P& P. 36 39/6

POWER SUPPLY KIT

In metat case. size 3in. % 2in. X in, incorpgrating
mains transformer, rectifier and condensers. 230/25!
C-Mains. Output: 9 v. 100 mA. Price 10/é plus 3/»

GYLDUN A.M./F.M. PERME-
ABILITY TUNER FOR ALL
TRANSISTOR 0PERAT|0N

Size 24in. x 24in. apprex. By famous manu-
faccurer, | AMALF. 470 k:/s FM-LF. 107
Mefs. A.M. coverage lrom I 610 ke/s.-S25 kefs.
“ F.M. coverage 108 Mr, Mefs.  Circuic
o dmcam 2/6. Ist, 2nd,

OSCILLOSCOPE
for D.C. & A.C. Applications

Push-pull X amplifier: Fly-back suppression:
Internal Time-base Scan Wave form svaitable for
exceraal uss: pulso output available for checking
TV dine OfF Translorme:s, cic. Provision for
gxgernal—i/P and CRT. Brightness Modulssion.

A.C. mains 200/250- v, £18/18}-. 10/
FULL 13 MONTHS. GUARANTEE INCLUDING
VALVES and TUBE.

FREF WI(|| Tuncr
3rd AM.-LE.'s, Ist, 2nd, 3rd 'md‘ h ;M/FM‘ . Osc. choke A.M -F. :r:p
All the above are the R.F. end of an rc:clver car

radio, etc. The above items: £2 . o o

N

SILICON RECTIFIERS 250 v. P.I.V. 750 milliamps. Six for 7/6, post paid.

RINGO
3 to 4 WATT AMPLI- BURGLAR ALARM

BSR MONARCH UA16 With FULL-FI HEAD B G5 oo’ 20om2 %0k § Ac vins “aooiio

Dasbl 4 mains trame. @ volz  Fire salvage
4-speed. plays 10 records 12in. 10in. or Tin. o6 16, 33, 45 or 78 rpm. Invormixes er on s rans
7in 12in. rec

former, output transformer. slightly tarnished.
, 10in., and ordsof the same speed, Has manval play position: folour. olireNand@toneRconsrolsh ist price 7  gos.

brown. Dimensio Jin. Space required above baschoard 43in.. belov fume and_tone concrolsl BiCur rice. compleca
Drabaard Shome Beted it FUE £4.19.6 P&rie V6, ECCBI and mesai [| with double gong boll,
turn-over crystal head. . . Fectfier.  Circult 1/6, free | five micraswichos an
with kit.  29/6 plus 4/¢ § full inscructions.
P& P rars-  A9/6

CYLDON
U.H.F. TURER

Complote with £C.88and
PC.B6 Valves. Full vari-
New_and

. Size 4fin. x 5in.

% I4in. Com- .

pictoweh en- 39

cuic diagram. Plus 2/6P.&P,

FIXED FREQUENCY
SIGNAL GENERATOR
Cryzual coptral in metal case, size 10in.
3 6in. % 6in. lncorporating 2 FC13 valves,
mains transformer, metal recsifier, choke,
indicator lamp, crystal and numerous
components. Modulated and unmodulated
putput sockets,  Originaliy ysed for LT.V.
(requencics. 39/8, plus 7/«
P. & P. A.C. Mains 100(150 voles.

RADIO AND T.V. KCOMPONENTS (RCTON) LTD.

Goods nat despatched outside U, Al enquiries stamped addressed envelope. Terms C.W.0.

MAGNAYOX COLLARO

Set of
These are made for 110 v, but suitable
auto, transhrmer |s supgplied. Three
motors, 39/6, P. & P. 6/-.

threc Tape Deck Motors.

21 A HIGH STREET, ACTON, LONDON, W.3
SHOP HOURS 9a.m.- 6 p.m. EARLY CLOSING
WEDNESDAY
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Beuvision

remote
supervision...

C.C.T.V. CAMERA

TRANSISTORISED - AUTOMATIC

INDUSTRIAL

For DOMESTIC and COMMERCIAL USE
[B.Y2! D50 TRANSISTORISED TV. CAMERA

the

Bricain's lowest priced Domestic Closed Circuit
TY Camera is fully transistorised and is designed to
operate in conjunction with standard VHF domestic
television receivers on either 405, 525 or 625 line
syscems.
The per is ing, and it i
signals over ¢ mile of coanial without amplification
and consumes only 15 watts. Supplied complete
with a high quality 25 mm. /.9 Tclevision Lens on
D) o type C mount with fully adjustable facus and iris.
2% Mgfs resolution. Operates on 200-250 volts a.c.
Mains supply {or 110 volts to order). Price 79 gns,

Write for leaflets fuily descriptive
=T of the models in which you are
L interested.

e } e
BLECTRONIOS
BAN [y

— A 126,

ST

HAMILTON ROAD, WEST NORWOOD,
Telephone; GiPsy Hill 6166 (PBX), Day and Night Ansafone Service.

May, 1966

A fully transistorised Video T.V. Camera.
Fitted with separate Mesh Vidicon Tube and
employing a highly sensitive type of automatic
photocell light contra). The resolution is
5 Mc/s. Supplied complete with high quality
25 mm. /1.9 Television Lens, type C mount
with fully adjustable focus and iris. With the
Beulah Model 1400 Transistorised Monitors
(14in. screen), it provides the lowest priced
Transistorised Industrial System available,
with fully stabilised power supplies on camera
and monitor. Total consumption only 45
watts, Can be operated from a [2-volt car
battery, using a small invertor.

D.80 Camera ............... Price £140 0 0
14in. Model 1400 Monitor Price £93 9 0
84in. Model 850 Monitor  Price £89 5 0

Suppliers to: Ministry of War, G.P.0., Government Communication
Headquarters, North Thames Gas Board, '8.8.C.. Education Committees,
Ford Motor Company and many other large industrial concerns.

Build your own T.J. Camera with the BEUKIT
Buy it and build it in easy stages with the famous
BEUKITS—

Kit No. I Spec., principles of vidicon tube, scanning
assembly and optical system diagram. £18/17/6.
Kit. No. 2. Printed circuit board and assoc. components,
circuit, diagram, layout instructions and Manual. £16/10/-
Kit. No. 3. All transistars and semiconductors, 8.
Kit. No. 4. All metal work.
Plus 7/6 P. & P. for each kit. (Kits cannot be split.
Instruction Manual cannot be supplied separately.)

SAVE MONEY and buy the Combinacion Kit comprsing
1-4 for only £40, P. & P. 7/6. Less Vidicon Tub.
(Expcrlmcnters Fube £12) and TV, Lens (Lens £13/15/,

See the complete Beuvision range on

Stand G19
I.E.A. Exhibition

Olympia, London. May 23rd to 28th

LONDON, S.E27
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A PREAMPLIFIER FOR PERFECTIONISTS

For years since its introduction, the Dynaco preamplifier design
has been generally accepted as one in which the noise and dis-
tortion are so low, and the sound quality so high that attempts to
improve it would be laboratory exercises rather than commercial

However, our avowed philosophy of perfectionism has kept us
looking for some way to improve the circuit~—and this has now
led to the first major change in our preamplifier design since it
was initiated. This development (on which patents are pending)
is applicable to all continuous tone control systems and im-
mediately makes them superior to the far more costly switch type
controls. We have kept the infinite resolution capability of the
continuous control, but ali frequency and phase discriminating
networks are removed from the circult when the control is rotated
to its mechanical center. This new design, which combines the
advantages of both step-type and continuous tone controis is now
available at no increase in price. And, a conversion kit TC-3X is
available at nominal cost to update any Dynaco PAS-2 or PAS-3.

Can you hear the difference? We doubt it. The preamp was
amazingly good in the past. We have improved it for the sake of
improvement, not because we think it needed it. it has always
surpassed every other preamplifier without regard to cost. And,
it is superior on more than measurements—listening tests prove
that the Dynaco preamp adds no coloration to the sound and
that its inclusion in the hi fi chain is undetectable. Partially dia-
grammed below is the performance you can expect from the PAS-
3X—why you can never get better overall quality regardiess of

enterprises. how much money you spend. Complete specifications on request.

S R R L % —
60 & 7000 cps, 4:1 ) LI
23} Residual instrument distortion 0.025% | ssp—esdu?! '"5;'6’:;"‘ d;:g'““z%?fc%_
e 0020 2volts — 0.05 005  0.08
5 3 vote_0.045%, sl 3volts — 005 005 0055 __|
oA Svolts — 0.05 005 0065
5 volts—0.07%
s s
% 9 100 1KC SKC Z0XC
YOLTS QUTPU’ FREQUENCY

intermodulation Distartion Harmonic Distortion

N
~1
e
7

EILEY

1xC
FREQUENCY

Four cycle 20KC tone burst from generator
(above) matches PAS-3X (below)

There are Dynakit amplifiers in all power brackets which will do justice to the perfectionist’s preamplifier.

Tone Ceontrol Range
10 KC Square Wave

All are rated for RMS cantinuous power,

Stereo 70 Stereo 35
35 watts/ 17.5 wattsy
channel channe|

.,‘.—-izn' i @.

at

[ — DYNACO INC. 3812 POWELTON AVENUE, PHILADELPHIA, PA., U.S.A.

UNITED KINGDOM—Howland-West Ltd., 2 Park End, South Hill Park, London N.W. 3 ® FRANCE—High Fidelity Services, 14

Rue Pierre Semard, Paris 9 @ HOLLAND—Acoustical, Postbus 8, ‘S-Graveland m BELGIUM—Dynex Audia, 20 Reyndersstraat

WESTERN 20, Antwerp W AUSTRIA—A. Weiner Ges. m. b. H., Karl Schweighofergasse 12, Vienna VII m SWEDEN—EIfa Radio le-
vision AB, Sysslomansgatan 18, Box 12086, Stockholm 12 w SWITZERLAND—Arnold Bopp, Limmatquai 74, Zu‘rich 1c]§]
EUROPEAN Studio Phanovox, Gerechtigkeitsgasse 44, Berne [} Hi Fi Studio des Bergues, 5 Rue Guitlaume Tell, Geneve [] Walter Eggen-

berger A. G., Steinentarstrasse 18, Basel ® SPAIN—Alberto Llorach V. S/A. Pasaje Luis Pellicer—10, Barcelol 1
GERMANY~-Transonic Elektrohandelsges. m. b. H., Schmilinskystrasse 22, 2000 Hamburg 1 m ITALY—Pr’od~ErIE§. rT.aA..lVi:
Monfalcone 12, Mitan @ DENMARK—Quali-Fi Ingenigrfirma, Kristianiagade 1, Kobenhavn K @ NORWAY—J. M. Feiring A/S,
Litletorvet 1, Oslo m FINLAND—OY Chester AB, Uudenmaakantu 23A, Helsingfors. '
EURQPEAN SALES DIVISION: Audiodyne A/S, Christian X’s Vej 42, Aarhus C, Denmark.
WW—142 FOR FURTHER DETAILS.

DISTRIBUTORS
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BENTLEY ACQUSTIC
CORPORATION LTD.

38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS Telephane PRIMROSE 9090
ALt GOODS LISTED BELOW IN STOCK
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Just Published

MARINE RADIO
MANUAL

&. L. Danielson and F. C. Mayoh

For many years therc has been a need for an up-to-date
book covering the sylla-
buses of P.M.G. exami-
nations. This book,
written by authors
whose day-to-day
concern for many
years has included
the training of those
preparing to  be-
come ships radio offi-
cers, meets this need.

624 pages, 369
line diagrams. 80s.

From your booksaller or in case of
difficuity complete the order form

below:—
ORDER HERE . 5
Please send nc......copyjies ol

MARINE RADIO HANUAL
80s. postfrce. | onclose £ ©

NAME ...
ADDRESS .

PW566
Simply complete this order form
and scnd it with your remiscance
to GEORGE NEWNES LTD.
Tower House, Southamplon St.
w.c2

WWwW—143 FOR FURTHER DETAILS.

SPECIALIST SWITCHES LTD

the fastest switch
service in the world

ROTARY AND LEVER TO SPECIFICATION

New customers are generally very surprised when we
tell them their order will be despatched roday or tomorrow-
Jatest. They are even more surprised when they receive
the switches on time. They cventually get used to all
their following orders also turning up within 24 hours—
and they keep coming back.

Where’s the catch?

There is no catch.  There are one or two limitations
of course—all switches have 2in. long spindles, with
no locating lugs, but this is a small price to pay for the
fastest service in the world.

The Secret

We only make small quantities of switches to specxﬁcatmn
—Woe do nothing clse. We are small and fle ible—We
necd the minimum of internal pnptn\ork—\\’ are
SPECIALIST SWITCHES

Quantities: 1 to a dosen or so—24 hours. Around, say,
250—7 to 10 davs. If vou want more—come to us for your
carliest vequirements and go to the ‘big three’ for the rest.
Ask for details and prices:

SPECIALIST SWITCHES LIMITED
23 RADNOR MEWS, W.2. - Paddington 8866-7

WW—I44 FOR FURTHER DETAILS,
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LIND-AIR *LIND AII! *LIND-AIR « LIND-ARR

TRANSFORMER&—
FULLY
SHROUDED
XW% sals, brand
3;‘:‘;'&“ freo g

T50 20000+ ad0
¥olt 50/60 cycles.

1,000 walt
2000 watt
2600 witt

m@@@@@
38!
-
iy
comnan

24 10
Fost free.

ADASTRA 3.3 AMPLIFIER

Guarantcad

eribnluser
A

ol sallo amplier
unhmutmzls Volum:

and  Trebl
a ullard KOLSG, EZS0.

Cumplete with ative e annt gold
brush metal front panel, Knobs, Circuit
diagram and operating netructions for
Ahnpln Tastnltition into. your  exinting

Frice: £5/0,6. L/Plx. 3/ad.

Now a simple Low

Cost Servo Synem

within everyone's
reach

50-VOLT
SERVO
SYSTEM

A tidquc osfer of a palr of S0-valt, 50-cycle
Lervos tiat enable Tumnte Indication of

1he eomivrt of tha home, or (ho positlon
©t an geiiad eyetem for amateur bioud-
casting cnthusiasts. The exs l Wlﬂnn
of i zoulette heel conid b gucesed
by a nwgician vaing our eystem.

I »huuld be noted that 50 v. {a readily
abtinable, by using th 300 ‘50-valt 43D
o any malog transforns
» of mq:hpmo(or ﬂm * Tin.

Const of pair, 30y P.yP
SWITCHES Larse seicction.
2 pule 12 way at 21§ post fre
“§’” BAND
SPECTRUM
ANALYSER
MARGON}

Type TF-984/1

The Sprctrum ¥
Klystron Oscillator; Spare also included;
OV 2161, trequency modulated up Lo
10 wejs, Tho input icnal is mixed with
the Qscillator muput‘ i, detegled
i tal to the plates of the C.R
Tobe.  The tes are supplied
T Tiue ln.e licuit, which i o

ap on

ity for & . Dictlection,

im
Baiw it 190 DG/ for 1 T down.
Pover Requiremente—I180V 120650 c/a.
Diuernlona 12l % 173l x 374
Weiht 82 b,
PRICE £75.
yully Overharted st “Gnoranteed.

1t requi
et mmmm wl!h "AG: mins Baver
iittons) cos.

ANOTHER _ FIRS!

D-AIR

XPERIMENTAL
PRINTED

CIRCUIT KIT

Thls Kb for

amaranm for  constructing  every(hlng
tron TR
vren a man womsn dis-
ortt

argalu of the minth a only
35t e RN 5.
The plans are wortt Wal stoms:

fSMITH ’ 1/10th second
RECORDING
STOPWATCH

UNREPEATABLE
AT ONLY
Tiwe  thoso  epirilng
events, reconds, ilus,
.mm..t exonervice time
oitered ol sock
Tttom barcal brie. ¥ X
Tactomed L3 attmbent goseminent wpecl-
featiors, .v.mum riovenent,  1/10th
015 mhu.  veister
S imetions With thice peeesures art,
stop and return) ou crown. 14
Approval lor cash. 12 Moni

Grade A1A.C.
VOLTMETER
0-150
Volts

hulrumun. x.)-
vercet

E uuccumhu
th Gl

5

el A sup-

yiled 1t has &

23! ova-

ment of 37 mA. A0, of 120 mA. D.C,
W priate rosistors. a 50 ofa seale
of higher voltages can be read accurately.

e movement Is Jowelled and parallax.

bt aceurate reading;
Bln. x Oin. incluling

ok case.
Offerd at the rienluus price of £/
P 1. 3

TIMER AND REMOTE
CONTACTOR

IMER
irsuar panel wownting innyalss opetated
contactar, 120 impuises tei

o pevonithes
Slhite it of BBt duty conacts ks
ety U pevvlntion.  Disl at polnter
thow pasition by wmeans of o
diad.  Resis O il 165 e
gating ol &
WEMOTE CONTACTOR

Sprins tuetor (Uv0g heavs escapernent
Which operatis pur of heavs duiy cons
tacts at L2, livater e
Shermtal s tempaatue
o Lulls

—’E

o
o a0 2  implee elock
u e |nu(lcl care.
26 p

GALVANOMETER
DETECTOR

Higinly snsitive twin
collgalvanomster
smovement (with locks
vrclosed i1 mah

Lden far cosverting 1o
fuulation toster. el
Yhone elrewt check-
tig, ete.

RICL 25/-,

SEFRAM RAPIDGRAPH
Five Channel
High Speed

PEN

A 9Clunnel high speed Tan Recorder,
i 40 . chart por Glansel. 7 chr
spiels b provided 1 through

et £ec. 230 V. B0 oy
Slae 19/

ng sre quickls
and wre fully joterclungeable.  Colling
20yl oo witl ormoeting waplier.
Input Beneltlvlt mA. F.
AFirst Cloes pofersionsl fngtruincot i
brond_net cindition. AU wall uaer
maker's list py
Decctiutine Lael avaiags on spplication.

ORTA
PEN R EGOR DER
Battery Oporated

Migh | Speed—Fonr  Chnunel
Part e ery Operated, Supplied in
three nnits. l. Recorder, 2, Amplifier.
3. Power aapply,  PRICE £138/10f-.
£.A.L. for Leatlet.
TRANSISTORS, DIODES,
RECTIFIERS & VALVES
GETS73 @ 15/, 64+ 18 walts, 12amps.1.c.
615 218 0Cis © 1
@6 XAN: @18

@ ocus @ 8-
04 @ 9l 25101
Tackiger 24 I8 @ 1o m@@lﬁll}l
#end 8.AE. for comlote ilitatrated

POT CORE ASSEMBLIES

Sbort election of our siok:
LAZ100 ... 19/6 | LA250:

3 FI8 L 10k
sl packmg on above 1/6.

PROFESSIONAL
ELECTRIC INSTANT
HEAT SOLDER GUN
Ideal for mmelel mae

"+ rhaped
m"mmm‘hm BN
is a irected  onto
et of bit uh- n ONJOPF trigger Js in
e, 22 watt clement with rpecial venula-
ton, (mplete with 2-pin. G sap. plug.

10-: lzx lll< Brarca 49/6 1-!-_!-6
SELECTOR

DRIVE

A very fnterest-
fnr ftem with
unwnerotis appll-

b
AL i e
Gasth whiel, A
o ieh water 3
S0 this und ‘are
o for 10 pulacs and o
o ettty sumtact 4
n(vmnlly ot buy ol do e in every
conpivtn with  uppressor
rish coutmft to Mheiizate
$1u wlutely idest
for whuiow dpla, mum 7 Lamaps or
13 rauet Few and
¥

odela, Iy,
Boxed, 1846, e

RECORD PLAYER AMPLIFIERS
“ADASTRETTE ™

An ideal basis for buikling your own

rlable record plaer. dust dd apraker

and tumtable st you will have an above

erage hiodel Tor  mare raction. of fhe

Gort o 3 e one. Dodimed 1o 1t caslly
v ot

ON
Ory, 10\! LO‘U I.uh AND VOJ \l)‘l
eolaurml seli-agheslve escuteheon. Bn ar
ves: K780, NCLS: and  comnposite
lastaliation, Colplete with wpmnng
Instruction hmk let.
Pricc: £3/LYB.  TPKg. 36l

STANTELUM
CAPACITORS BY S§.T.C.

B sty professional expaciions for
e where quality is of prime fmpostance.
047 mntd. 100 v, n\'vrllhk.dechn\l ic,

100 v. seversible electrolltic, 3/6.
4. 200 v reversible electrolhtic, 3
By mid. 1 v rovenible dectroltic, 4

raflile clectrolitic.
v reversiblo sicotrolilc, B
10 udd, 20 v, Teversible dlectrolitic. 5/-.
30 10t 190 ¥ revcrsibie electrilte, 716-
20 mtd- 12 v. pape
150 nutd. 16 5. n'\cu!bl; electrolitie. ,/6
PLESBEY CAw also

2

P &ln )/- T Send S for £
m-mmuum and ” comprehenive it

TRANSDUGERS AND
AOOELEROMETERS

WE_HOLD A COM-
PRRIEANIE 1t ANGE
OF PRESSURE TRAN
DUCERS & ACCELEI o
METERS XN  BTOCK

"""""”l

PRICES
FROM
£15

=
L

”
Sewd for our detaited leafict,

METER BARGAINS

Here ave
sew of the
wany meters
in stock:

@ 1
S with ehaul
22/8

1506
the diove T
O Ikoss st dis

4
Fosluze and packing o
Bonf 8.2

ROTARY
TRANSFORMER Type 72
2 v

Oulp\n TT2s0
e

2

ke
rade,

e reevnle
Thno bz A da i appnox
B /6.

35/

T.TIN DA XER (Electromnics) I td.

53 TOTTENHAM COURT ROAD, LONDON Wi
COME AND SEE FOR YOURSELF! SHOP HOURS: 9-6 p.m. THURSDAYS 9-1 p.m. Open all day SATURDAYS

LANgham 3653
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C. T. SUPPLY Co.
THE CAR RADIO SPEGIALISTS
10-12 HAINAULT ST/LFORD.-ESSEX- TELILF 4564
OFFER THE BEST CAR RADIO BARGAIN EVER!
BRITISH QUALITY WADE FOR LEADING BRITISH

CAR MANUFACTURER

FIT ANY CAR- ALL TRANSISTOR
FULLY GUARANTEED Money refund guaranteed
if not the best radio bargain in the country

LESS THAN Y2 PRICE

MODEL 1. 2-Wave full coverage.

AR

or £3, 0. 0. deposit. follawed
by 9 monthly instaiments
of 15/-d (total £8.15. 0)

Mare facts about Car Radjo

1. size 7" x 5" x 2" STANDARD SIZE FIT ANY CAR. ‘
2. 12 volt positive earth.

3. Medium Wave (187 mm — 550 mm) ‘
Long Wave (923 — 1935 mm) Full coverage.

4. Aerial trimmed ESPECIALLY FOR PIRATE ‘
STATIONS. 4
5. 3 Watt output, FRONT PLATES MAY VARY
OPTIONAL EXTRAS 7' x 4" Matching Speaker 12/6d 3 4
stage telescopic aerial 2848 18/6 POSTAGE 6/6.

_[m“ﬁ[ ‘ v]m MODEL 2.

ﬁBE[H

Mare facts about Car Radia.

1. Full Medium Wave caoverage to get Home/Light and ‘
all Pirate Stations.

2. size 7" x 54" x 2° STANDARD SIZE FIT ANY CAR.

3. 12 volt posilive earth.

4. Aerial trimmed ESPECIALLY FOR PiRATE <

STATIONS <
5.3 Watt output. FRONT PLATES WILL VARY
OPTIONAL EXTRAS 7" x. 4" speaker 12/6d 3 stage
telescopic aerial 18/6. POSTAGE 6/6d.

MODEL 3.

1005,

£4.0, 0. 8 monthly payments <
= of £1.9. 6d. (Total £17.5. 6).

5— Push button. Medium/Long Wave "EASI-TUNE” {

British Made 4 watt output— instant station selection.

Fully Transistorised and guaranteed.

12 volt negative or positive earth. Easy fitting to any car.

FREE Fitting Kit "FREE Speaker and baffle.

. FREE AERIAL  FREE Insurance against Theft. '

rUse this coupon as your ready made Order form. _I
Please send me Car Radio. | enclose cash/cheque
/Money Order for:—

VVVVV VOOV T OO TIYIVVIEYYY

NAME e com el i - ommces [ Model 1. £8.8. 0.
or £3.0. 0. deposit.
ADDRESS ..o [] Model 2. £6.6. 0, I
[J Model 8. £15 4. 6.
. . o5 1 e e or £4,0. 0. deposit.
J 18/6. Aerial. I
O Toirroate ) 12/6 Speaker.

 POSTAGE/PACKING 65d.
E. T. Supply Co., 10-12 Hainault St., llford, Essex.
— —— — — —

= TEL:ILFardASGu
— — —

May, 1966

5 and casy duild
bt septately o i i

GVERSEAS POST 10j

NEW TRANSONA FIVE

=es—6 transistors and 2 diodes.
Teuwler Bands.  Incorporating
r volumo cantrol, it v

%

Cuvers M, st L. Wa

fetite vod wrelal, unlag con
pe fne tono eler dsusmic viin. speaken, stimdtine canc.

S 1% T appren 42,

Total fost of i paris NOW ONLY /6 rA

Pasts price tist and easy build plane 2- (Pree with kit.)

POCKET FIVE

% 7 Stages—5 transistors and 2 diodes. Covers Medium and
 uatunly fonud in anly
xembenne

iR o
Total vost of all yaris NOW ONLY P,

Patls price list and eain baild plonz 16, (Free with Kit.)
ROAMER SIX NEW!
* 8 S!nxﬂ—c trausistors and 2 diodes.

ebn
* Faw Whh Phllco micro-alley R F lnmuwrs
Listen to stat hanlf :A wnrld G
Tunable on \I l L.
Puh-pull outpit. 8 rlic ol seria 1
Sur short e e i
with gilt lllr.mml slzc T % 58 x l ilu. % Extra band loz euur
tuning of LUX.

Tots mn of all parts NOW ONLY £3.19.6
Larse price tist and easy Build plans -, (U'vee with ki) Corcaing siocp US cetra. 1. & . 38,
NEW ! ROAMER SEVEN Mk, IV

BAND PORTABLE OR CAR RADIO

A
AMAZING PERFORMANCE AND SPECIFICATION
a.(_ WITH PHILCY MICa-ALLOY ILF. THAS-

(ranler ham

s vicnabie on sl wsvebands.
siages—3 trasisiors 404 ¢ diodes
AT B Waves, Trantor ti

€0 syprox. 15 Mietres,  Tuni- .,-m -uLwn for T
yoleme from rich toued Tin. ¢ o Alr s
tuning canden Fermite |1l 2 M

A elesnpic aerial for 5.
ot shhier g o
portal s (e Sheal ear Fadin
adlable auy where).
s asier tunin of picate statious, sto,
oaivon ata Jats NOW GNLY £5.19.6

Darte price it v oy buivt
VoS BB s Tje. (Pree with ki
SUPER SEVEN

% 9 Staves—7 trasistors and 2 diodes.

0 L Vo and Teawler Bund.

The Lieat radlo
teap for onbidi

Salable areherey.

Total cost of all parts NOW ONLY
Faets pirtee liet aud cary build plass 2f-, (Free with Kit.) I* 4

NEW!! TRANSONA SIX

8 sages—$ brasion and 2 diodes
N

rel

where.) ! N
t

3‘:’:« e Tittwnd caees ot plous 1. (i'res with Wit

MELODY SIX NEW!!
* 8 mgex—n |umlslou and z x"nﬂcsd Oue l\usx L ,mpm- Iy
= x

gl

T
switeh, it
erful rieptin o
Comtininial station o
auly 52 Do %
Y sbiider straie. Tl ost of ah paste

Fats yieice ligt aud casy buitd plas 2. (Fre with ki),

@ SEND S.AE. for list of COMPONENT BARGAINS @
6l HIGH ST., BEDFORD
Cailers side cntrance Barratts Shoe Shop. Weekdays 9-5 p.m.

'Phone: 22307
Sats. 9-12.30
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LONDON’S LARGESTSUPPLIERSOF 3
ELECTRONIC EQUIPMENT

js&m GHAPELSTREET :

LONDON, N.W.1
AMB 5125

HOURS 9.30-6
OPEN ALL DAY
SAT.

HEAYY DULUTY LT TRANSFORMERS |
ALWAYS IN STOC

ALY SYiMARIGS 335240 VOLTS. TER-
MINAL BLOCK CONNECTIONS.
*DENOTES SHROUDED TYPES.

c Taps. Amps Price  Carr.

£1215 0 15

(19 6 96

£510 0 66

£2.7 6 4-

£310 0 46

£5'5s 0 96

£I0 5 0 96

£ 5 0 86

£19 8 86

£5 5 0 66

£17 6 66

5101 6 66

£19 6 66

£417 6 66

£5 7 6 86

£ 50 6~

a1 0 s

I7T 6 6

£115 0 46

£2.2 6 46

£315 0 5/6

9.6 46

£115 0 4/6

£ 76 46

£ 1 6 46

17 6 406

196 3f6

196 36

£ 9 6 46

£ 2 6 56

£2 7 6 56

e 9 b b6

£419 & 6/6

£215 0 S

29 (2v.... 50 € 5 0 86

300 12243648 v. 15 €719 6 96

MULTI-TAFPED TRANSFORMERS
All an:\rles 100 130 250

Amps.
5891012 82024

v 296 4/-
B 3-4-5-6:69.10-(2-15-18-20.24-

30v. 4 426 46
€ 3-4-5-6.8-910:12-15.1820-24-

0v. 5 49/6 56
D 34-5-6-89-10:12-15.18720-24

30v. 65~ 7)-
E 6.7-8-10-(4-15.17:19-25.31-33-

4050V, .. . 4906 5/6
F 67-B-10-14-15.17.19-25.3

4050 v. 6 97/6 7’6
G 121820 10 77/6 76

YARLEY A.C. SOLENOIDS
BRAN

200240 v. very powerlul
Base size 23 X 2tin., h. 24in
Lengeh pulling spindle, 2in.,
22/6. P.P.2j6.

D.C. types 180 v. Size 1§ x
% lin._Lengeh of spindle |§m .
66, P.P.2f-. 50 v.D.C, 7/6.
PP,

BLOCK CAPACITORS

New and Guaranteed. Send for List, over 2,000

in stock 3t a fraction of maker's price.
LATEST ARRIVAL!

240- 110v.2,000
watts,  Com»
pletely enclosed
in beautifully fin-
ished case. Ficred
with 2 two-pin
American sock-
ets or terminal
blocks,  neon
indicator, onjoff
switch, and car-

£10/9/6.
7/6; 1,500 wam,

716,
able, complerdly shrouded, fitted with 2-pin
American sockets or terminal blocks.
Please state which type required.

Wateage Price Carr,
000 19 & 76
£15 0 6/6
29 6 5/
£119 6 416
£112 6 4/-

Maker Med. CV. Tcmp Price  Carr.
whe.

T.CC 10 750 60°C  10/6 26 (
T.C.C 10 30 60C 66 2-
T.CC. 8 1500  60°C 17/ 3=
T.C.C. 8 750 6°C 86 26
T.C.C. 8 600  60°C  T/6 2=
T.CC. 8 400 71°C 6/ 2/~
T.C.C. 2 000 60C  12/6 2=
8 600  £0°C  7/6 2
4 800 71°C  5/6 2/
| 3,000 100C 17/6 2-
y 05 5000 60°C 1766 20
Dubilier . 140t 6000 71°C 8j6 2

A.C. SYNCHRONOUS GEARED
MOTOR!

S
200250 v., very powerful. 40 R.P.M. Size 24 x
2 x 1,in. Easily adapted to oscillate up to half
arevolution. 12/6. P.P. 2/6.

JUST ARRIVED AMERICAN OIL FILLED
APACITOR GUARANT!

Mid Peice Fosge | T REDCLIFFE HT TRANSFORMERS
wke, “C" core type, table top connections, PRI T
15 11969 226 36 | 200250V, Ste. 3, separate windings of 130 v.,

:é | m :3/2 grg 450 m/A, 45/-. Carr. 6/6.
8 AR ale GARDENERS. Fully shrouded table top- con-
H 66 206 Nzusc(ionlsol;R\T 20@4%72 chec zlsg vo 187 miA
s 3. amps., arr, armeko
10 tubutar 5% 18 2 Totally cnelased "¢ 00-250 v.
s v 160 My et v 195 A3 v

SOLARTRON POWER SUPPLY SUB.UNIT  3A63v.16A63v. 1.6A5 . 28A.45/6. Carr. 6/6.

TYPE AS955.2
A.C. input 100425 v. and 200-240 v. Stabilised D,C. output
continuously variable between 100 and v. at 200 m,
Also two 6.3 v, AC.ac 6. and onc at 2 a. Supphcd BRAND
EW with instruction manual,
deposic of (0/-. £42/10/0. Carr. 10/-.

PARMEKO NEPTUNE SERIES. PRI T 200-
250 v. soc, 5060500 v. CT 120 mi €3 . 5A,

9]
Fully_ shroude d vC
Manual seat on a returnable \ Sec 350 v. 200 m/A. 250 v. 20 m/A, 6.3 v. 2.8A,

6.3 v. 3A,

P.P. 6/6. GARDENERS.
core PRI T 200-250 v.

Sv.

6.3'. 3.85A, 49j6. Carr. 6]6.

10 WATT AUTO TRANSFORMERS
By famous maker. fully tropicalised. Tapped 200-210-
220:230-240-250, $0-75-55-100-105-110-150-160 v.

Table top canncctions, 49/6. Carr.

OVT. LT. TRANSFORMER BY

EAMOUS MAKERS G OARAR TEED. ALL

PRIMARIES TAPPED 200-250 v.

No. 1 50-0-50v. conservatively rated at 200 warzs.

Comgletely enclosed, £3/19/6, Carr. 7/6.

No. 2. See, 70 v. SA Parmcko Neptune, 75/

Carr, 7/6.

No. 3 Sec, T. 35:38.5 v. 11.8A, enclosed in metal
rr.

P.P. /6.

Eo 6. Sn: T. $3.655.2 v, 6A, 1 C " core, T/
arr.
AR 6A, suitable for projector lamps,
19/6. P.P. 3(6.
No.8 Sec. 6-i2 v. 85, 39/6. P.P. 5.
v.3A,Sec. 210V 0.1A, Sec. 3.

nsy 06A.17/6 P 4l

- 10.56c!LT. €5-130 . 85 mA, Sec.2.6.3v.5A

See

11 Sec. 1.223v. 0.9 See. 2. 21 v, 60 mA,
P.P. 20

45v.25mA. | v. §A, IS/, P.P.2J6

. Sec,

LOW RESISTANCE SMOOTHING
Shrouded type 0.05 H 0.76), 2 amps 39/6. P.P. 4/-
203 H 40 4amps, 49/6 P.P.4/6. 0.02 H 0.25
8 amps, 55/

WODEN ISOLATION TRANSFORMERS

Completely enclosed PRI 200-210-220-230-240-
|

250 v. See. 230 6.5 amps., £8/15/0. Carr. 10/-.

DAVID BROWN GEARS, LTD. RADICON WORM
DRIVE REDUCERS. Reduction 25-1. Size ljin. RHU.
Drive spindie in. dia. Reduction spindle jin. dia. Brand new |
in maker's carton, 65/-. Carr. 5f-.

SMITH 4 MINUTE TIMERS
Switch Contaces 15 amps, 250 v, . Cnmple!u with ¢hrome
bezil and knob. Brand new, 17/6. PP, 2/6.

DRAYTON THERMOSTATS TYPE CT
Flow range 100-200 deg.F. Switch contacts |5 amps, 250 v, A.C.
Make, break or change over-circuit. Complete with metal
straps, flexible conduit and data sheet. 35/-. P.P. 5/-. Brand
new. t

!
TEDDINGTON AIR PRESSURE SWITCHES TYPE |
13AJA(B

Single pole 15 amp, 250 v. switch contacs.

Approx. 41b.
pressure, [2/6. P.F.2/6. Brand now.

EAC LTD. A.C. 0-300
50 cycles, bin. flush mounting, iron case. protected.
Pancl haole 63in. Supplicd new, in scaled cartons st a
fraction of maker's price, 75/-. Carr. 5/-.

v. METERS

BRAND NEW SLIDING RESISTORS
FRACTION OF MAKER'S PRICE
hms

Amp. Type  Pricc  Carr,
12 17, 36

300 125 STGD 4=
52 2 TTGD 5/-
78 15 6/-
400 1705  TTGD 6~
758 07 T 6/~
762 1 sT 6~
1004 | ST Vs
1540 05 ey 6‘6
12000 003 TIGD 66
0.4 24 STE 3/6
2 16 STE /6
130 16

STF 7] 2
S$T=Single Tuhc TT=Twin Tube. GD=Gear
Drive. Fe=Fixed.

L.T. SUPPLY UNIT TYPE S.E.I.

IS
Mains on/off switch
Built in strong metal
in. An ideal seneral purpoze
supply unit for operating

tactors, battery charging, etc. zv/n/a G, 716

ing. Fitted with panel fuse.
and D.C. cutput socket.

case, Size 15x6%
LT,

SIEMENS MINIATURE RELAYS |
Plug-m type 9,00002 6 makes. 16,000{) 6 makes, 5,! 500(7_
Complete with base, all at B/& ea, /6
& PO, 3008 ype 0502 ‘6 change over contacis 151

LT. SUPPLY UNIT TYPE S.E2
. input 200-240 v. D.C. output 50 voks
5 amps. Built in metal case size [5 x 6 x &in.
Fisted with on/off switch. panel fuse, and out:
pu socket, £9/19/6. Carr. 7/6.
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52 Tottenham Court Road, London, W.1. e Open 9-6, including Sats., Thurs. 9-1 e  LANgham 0141

YISIT OUR NEW * MANL‘.HES‘[ER—XO Withy Grove, Manchester 4. Tel.: Deansgate 3357 * LONDON, N.7—162 Holloway Road. Tel.: Nerth 7341

BRANCHES * SHEFFIELD—Sumberiand St., The Mocr, Sheffield. Tel.: Sheffield 28983 * GROVDON—'Z Sufiolk House, George St., Crn)don Tel : Municipal 3250
* LIVERPOOL—S52 Lord Street, Livurpoul Tel.: Royal 7450 * BRISTOL—26 Nerchant Sln:et Bristot I. Tel.:

CADMIUM SULPHIDE POWERPHOTOCELL | ETCH YOUR OWH PRINTED
¥ R CIRCUIT KITS 21/-

3 Each eantatus over 50 . | board un safficleut

STANDARD Spesialy wade, bich Crade, Solegolis, 1o | chomire 1) 3 ek, plas snyehe:
basic_ frame sizes and for 12 v, D.C. | iwstruction sonlatine 1l

SOLENOIDS or 840 5. A.G. Tl o pash operation. Siats | eticul o

requiremonts.

TYPICAL UNITS TYPE L Max. pull 9 vz Stk Jin. 60 Zin. St
il Balt dis gl © [t w

PROOPS
MULTI-TESTER

TYPE 2. Max. pull 18 oz. Stvoke L, to i
st

\

sheekfue, Extmely ot oo
ale Dokt wanemente, s

pact resliting tagh phasti

volt

26 oz Btroke Yin. 1 Jin. alzes 2 }in. lng (holt i) <

TYPE 3. M.
high. Boll di. L,

N
(N
P

i

12 oz, Btroks L to Vs, Sie 3 fin. loug (bolt Im e
sk 1l .m Tack tamstated
o st

PHOTOCELL SWITCH

Ice cube

f 1t ouly e i
el Gl e £ v holge lu\ulltm\l ta vl
arase don 0Tt i, bEEIAE slarms and sufel x| Les 2 sl ko 4 s .
L overadl msmovwa —New ) andible

St gor i, Reribees ouly 3 whi ~pechur

DEKATRON TYPE GS10E CODE PRACTICE OSGILLATOR- vy
by Dricssom, mpuliod braadouv, boged utel complete il E it it oo, U

U peronaance st comcetion waitg spord:
Tk £10] - Cattiado

e o
applled with Joatin s,
kil ipdicatbon aver fhe range 50 tu 2n
Gt b 2 toreh, bulh Ko <o 2 plete

e e :m(hcnnlu T

L& I
or cerawin iy
Ing room. 30!

| aes 3 ohm speid.er and sust-
-

Yyt |

I3
or warning push-bntion 10 coraple
is for alarms. ete. 2846, 1. & L1/

alse 20
D b drode
o4

/=

/= e

) Design of Low-Noise Transistor
important new Input Circuits

ILIFFE William A. Rhcinfelder

Written for both students and circuit design engineers
technica| books interested in low-noist circuit design.  Throughout, the

book gives a multitude of time-saving graphs and design
—curves for the practical circuit designer. The suanL deri-
vations of all important formulae are so presented as to cnable
the reader to obtain an insight into the fundamentals of

Industrial Electronics Measurement practical low-noise design. :

Edited by Alexander Schure 30s net by post 3Is {60pp. illustrated

‘This book presemts the theory of clectronic  measurement
devices as used in the industrial electronics field. Though
written primarily for the student at technical schools, it will

also be found particutarly useful to the clectronics technician, simp“ﬁed Modern Filter Design
ISs net by post 155 7d 128 pp. illustrated Philip R, Geffe

This book brings together the various modem or merwork-
Electrical Interference synthesis methods of modern filter design, and cnables the

engineer to achicve practical designs with a minimum of
engineering cffort.  The difficult calculations of modern
filter design have already been worked out and are presented
Gives the design and field engincer, programme manager in extensive tables of numerical data.

and technician a broad view of the importance of inter-
ference in modern clectrical systems. Shows the entire field
as a unified display and makes it possible to solve the problems
that would be cncountered in equipments varving from a
missile system to a small radio receiver,

Rocco Ficchi

50s net by post 5Is 182pp. iltustrated

obtainable from leading booksellers
50s net by post 5ls7d 260pp. illustrated

ILIFFE Books Ltd. DORSET HOUSE STAMFORD STREET LONDON SE!
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BAROAIN XTAL PICK-UF ARM Comnlele wilh ACOS
LP-38 Turnover Head and Stylii 20/ for
SPEAKER FRET Tysan vati

10- !t.: 26w, vide Irom 5,
EXPANDED METAL Gold

FULL WAVE BRIOGE u'lmm RECTIIER
c 12 v. gutnats, H ln;:l! 8i8:28.11/3: 41.. 17/6.

ﬂ.\RGm TRANSFO Tappod lngt. 60550, v, for
ehas r1g v, Ilmv 15/6: 2 wnps., 17/6: 4 smps..
ot locedat, ‘Awmp meter 5 100
G o1l MYLTIMETER, TE 7

v. A.C./D.C., obmy O to 100K ete. 476
‘xo\ma v:nn. mm‘rmm EPLOK. 79/6
0-1.000 €./D.C.. 0kms 0 to 3 meg. cle.
SEOVING obis. MOLIMETER. BPSOR.
92300 v. D.C. 20,000 ahumi per volt, 0-1000v. AC. 9O/
Ofms 010 6 meg. 50 Microazaps fill scale,

NEW MULLARD TRANSISTORS

Transhtor Holdars 1o
VALVE HOLDERS, EAS0 g4. MOULDED Int. Ocr. 6.

Mazda

m
Vaive buse plugs B7G. BOA. Int, Oet,, Z/J

TRANSISTOR MAINS ELIMINATORS 29/6
PPL-6 volt, PP9-9 volt ‘(Ali same sizes as batterien) 80 mA.
Dounies g6 PRL. PPl FPOLTRO. FPLL—

POVWER PACK 9v. mA.
Tapped mnlnl inpat. Chnses size 364 o, 451

EYRAD P50 — Transistor les
RAIW 5 m Yerriie Aerial | Spare Cores
uul\ @ mul 12 Driver Trans, 86
Bitten Gty POAL. Ready
dritled and prinied.
P, T

Fally vmoothed.

Lanz spladles. Mideet slse | Semi- " Gatle
5K ohms leg, LOG or 4 yd. 1714 251~
LIF. LS 8f~. DF. 5 oW lots, SIB. per * oo,
Stereo L'S 10/8, D.P. 14/6. at 800 mo/s. 1/6
inear or Log Tracks. Tdeal 653 lines 5d.
COAXIAL PLUG 1f.. PAREL SOCKETS L LIh‘E SOCKETS
+ QUILET BOXER BURFACE OR FLU: 48
ALANCED TWIK FHEDERS 64 yd,. 800
TELESORIC CHROME ARRIALE i, nstonds to i, 66 ea.
CAR AERIAL PLUGS 1/ Sockels 1/3.

RETURN OF POST DESPATCH Minimun P.P. Charge 1]6 per order unloss otherwise stoted. full List if-. C.0.D. 2/6 extra.

1965 GRAM
CHASSIS

Thice Waye ive Valves: ECHB1,
Lo, Med.s 0. EBCS1. ELSA. EZ80,
L onth, Cosablee. A.C. 200-4 250 v. Ferrite Aertal A,
Neastiye Feedback. § watts 3 ohun. Goassiy 13}in.
bizh x 5in. deep. Glass dia) size 13in, > din. Los

wording. Two Pilot Lamps. Four Knobs. ‘Nivoed caibrate
Ohassta isolated lrons manes.

BRAND NEW £10.10.0 ,...x...
With SPECIAL 12in, BAKER loudspeaker £15/10,0.
STERED RADIOGRAM CHASSIS €14 19/6 Pn 5/6
‘With Long, Med. &nd Short Wavebands. 151, <9,
HIGH GAIN TV, PRE-AMPLIFIER BAND I B, B.C. Tunable
ch:\nn!ll l m 5, Gein 18 dB. ECCB4 vzlve Kit price 32 G
. power pack. Details Gd. (PCCSY valves i
Duh‘nﬂl an 0.3a heater chai ).

H

BAND I LT.A.—samo prices. Tunable channels 7 lo 13,
Dand 1 oc T, Golls atd fhm\l( ouly. 916, Chassls
.B.C. stor trag

2! ready built. 75

1S
ey

ALUMINIUN P:\‘lELS 1
123 Bln., B/6: 10 % ¥in. 2091

NEW GARRARD GRAM MOTORS l

also suitable for models, tapedecks, fans,
100-130 v A.C. 15/- pair for 200/250'v. (i series)

B.S.R. TAPE DECK AMPLIFIER T.D.
Wilh pre amplifier osciliator, all val

indicalor, maieking fin. x gin
o e amplifier erpecially built for B.S.R.
HBE. Tabe Deck. Botis directy 15, tape. dhek chaosis, Only a1%
Souneetions ta solder. Tuputa foF ke wud radiojgram,

obmis. A.C. 200 250 v, Ready huili. £8'13
B.S.R T.D.2. TAPE DECK. £6.15.0. anble cabinet £3 10.0.

macio eye  funing
- londspenicer and crostal micro-

RADIO COMPONENT SPECIALISTS

Written guarantec with every purchase.

(Export.

Send remittance and extra postage. no €.0.D.)

% RADIO BOOKS 4 (Postage 8d.)
Badio. T.Y. Vaives, Diodes, Transilor equivaleats -

‘.z

Ergctial Radlo Insile Oy
it-Finding, s Msiaiod
udio Amplifier Manusl
Shnn\nnt Trausisior Receiver:
Transisior Communication Sets
Tnternational Rudio Siatlons List

JACK SOCKETS Sul. open-cireuit 246, closed-cwciit 4/6.
Lead socket @k, Grandig 3-pin chassis mountirg 3/3; Lead (6.
. Banana PL - Sockets 1/—
dlg 3

4 0-pin 6/ P66 6-pin 13
TORS. Pu!nrmd valuss, 19 ohms to m meg,

w. 3
anemd Slice, 16 ohius 16
54

o
{8

o 10 ohms to 6.800 ohms

PPERS M!d:ex Wb sliders. 0.3 0., 1K, 0“ l .

2K, - each.

12K 015a. b ;-
LB CORD 00 ohsea . Wi pios esiacanee. 1

o
051082
IR WOUND RESISTORS

WIRE-WOOND  4-WATT | ERouND 2-WATT
075, Mistace V. Type. | STANDARD  SIZE  POTS
AH Is!Lel Jﬂ obm: 25 K. NG SPINDLE  VALVES

Car 8 lo 50 K. 6'6:

C.R.T. BOOSTER TRANSFORMERS
for heater cathode short

T
instructions

failing _emission.  Full supplied,
mains input. Optional 25¢ and 507, boost
2v.or 6.3 v. or 12,6 v.

State voitage required. PRICE I5/6

CALLERS WELCOME
337 WHITEHORSE ROAD,
WEST CROYDON Tsieghone *
Buses 133, 68 pass deor S.R. Stn. Sethurse.

GEE’s TAPE!

Attractizely boxed, gummmuz Brand Nece.
5il it. .

As suphlica to Goul. depls.. in = s
SPECIAL DISCOUNTS YOR QU
SPARE SPOCLS i

Si: :
for comprehensive Tape Lisl.

AUTO CHANGERS
MODEL q f
Ao 95 GNs.

GARRARD
RECORD PLAYER

:\'YODEI.B GNS.
BARGAINS [
" MODET 6 GNs.
Brand  new  with Ly

maker's
Send $.AE, for
of other Gai

Guaranlee.
fuli Jist
its,

AUTO

SLIM- 5 GNs.
SINGLE PLAYERS
MODEL g 1

S5 9% GNS.
MODEL

Kes- 87/6
Carr. 5.- each. All
complete with tio
crystal cartrlge

6GNS.

Carv. 1216

@ﬁ&

Complete system comprisivg Contral Unit, 2 Tan-

nor ond” bailers, Spetis and - wieioplion
.. h. Low battery deaii. [ro-

Visiont fio] :nlu/m, 1wo (atrn speaken S walls
svstem {or mobile use

m Ties,

garden

lundreds of
cartons. Exira spez

u.\ullcd Hmml
crs, 38 6. LANEN

SUPER _ POWER
LOUD HAILER.

Hearin ke
10001 Light-
weight sel
tained

Dynamic

icro-
phone with cardoid

tioual type mi

ol dizphrag.
Fully transistorised
puwer  amplifier.
Long battery life.
tdeal for all ontduor
events. Brand new and

faranteed erice 12 ons.

TRANSISTORISED “ BULL HORN "
[ for Sports meetings, building sites, ric. Range
up 0 00ft. Simply press irigger switch and alic

Tength 11’~m 2Lib. Cmnplele ith
batteries and instruclions.  £4/15/-, P. & 1. 2.

SUPER WALKIE TALKIES
13 TRANSISTOR

NEW mpaoven MODEL
MODEL HE-100B. Crystal
coulrullul Travsmit and Re-
“.C. Squeleh, Push
Uit Guipu: Range
up 10 7 miles under fav-
ourxbie condi Luilt-in
separale speaker and mike
for bette e lucdulation—gives
increasil range.  Complete
rTYing  cases,  bat
ud Leloscopie. aer
din. wude, 9in,

"

i high,
AC. POWER PACK FOR

ABOVE. Heavy duty

115/
Replac i

s 8 penlight

9 TRANSISTOR AND It GG

1 DIODE 3ol omzi Teose £22.10.0 .

MOREL, 1A 904 £717.6 .,
VORTEXION
PORTABLE
AMPLIFIER

Al cliss anpliser for
2007250y,
operation. \nlt " poal
pushpall output_matshod

15, 250 or 300 ohms.
lm:crpumtes Taputs . Tof
mike and_joam, volume
controf aud bass and treble
Jood condition,

O £13.19.6

oitdoor  horn
available—details

e rl'qut ~t.

GEE sros. RADIQ vmo.

I5 LITTLE NEWPORT STREET,
LONDON, W,C.2. GER. 6794/1453
Op¢n 9-6 Mon-Frl. 1 pm. Sat. Adjoining Letcester Bugare Tube

‘WWw—145 FOR FURTHER DETAILS.



us

WIRELESS WORLD

you

fingers

Business may be brisk, with everyone working ; but
where are all the profits? Something is robbing
your company of its expected returns. Labour
costs are rising 8% a year; values of factory space
and production machinery are rising fantastically.
Under-utilization of these high-cost productive
elements through inefficient handling operations
is your worst enemy, and British industry is
estimated to waste £800 million yearly in this way.
Even if your business is not large, don't ignore the

anical
handlfing exhibition

10/20 MAY, 1966, EARLS COURT, LONDON

everyone can mechanize and profit .

g

big savings possible with mecnanizea nandiing.
Many new ideas are discovered at every Mechani-
cal Handling Exhibition--a survey in 1964 revealed
that 47% of visitors had seen something new.
Mechanization is your best investment—simple
low-cost devices often produce remarkable resuits.
See thousands of new ideas from over 300
exhibitors at the Mechanical Handling Exhibition,
Earls Court, 10-20 May. Don’t miss this important
event—mail the enquiry coupon now.

Mail this coupon now for free tickets and further details

To the Manager, Mechanical Handling Exhibition,
Dorset House, Stamford Street, London, S.E.1

NAME (please print) ...

FiIRM

ADDRESS ...

May, 1966
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6 VALVE AM/FM TU NER UNIT 7 VALYE AM/FM RADIOGRAM CHASSIS
sm and VUF 180m-550m., 86 Me/s-103 Mofs.. Valve line-up. ECC85, ECH8!, =~ NEW 1986
tals EF89, EABCS0, ELB4, EMSL, L B NA%%?&A:?.VEI

ires and metal rectllier. Self-cont
V3001350 . operation. Masieere indiggiory
bution controls, onjoil., Med.,

Thxee anmnd i Smu:hml Gnm
positions,  Med.
1,009,000 1. \'m/u

Vhilips” permeability \nning insert
cin. i on FM and combined AM/FM I¥
ik £10118/8. Ditto transformer. Lateat, clmultr) 1ndml-
Ie' over ok ED108. v s, Crecnlt and Const. detlls. 4/@. Froe with kit. ing AVG ang Meg. Teedba
ot Beadeny o n:pm
duction ot ‘a very Hgh ‘stundird,

WULLARD “3-3" & *5-10" HI-FI AMPLIFIERS | |5 i Mhoful? culi it

11j x 3jin. Vertical poluter. nenmnm

3 OHM & 15 OHM OUTPUT station named. Gold on brown backiro
*3—3 " Amp. Rvalve Hi-Fi quality at reasonable cost. Bass Boost and Treble . A.C. 200/260 v, operation, Magie-oye mnm._, Clreult,
controls, quality scctional output transformer, 40 cfs-25 Kc/s & | dB. 100 mY. dlagram now avallable.
for 3v7v lcssé:m ls% dvlsvmrunn dBronxed egsclulz&hcon panel. Complete Kit Mligned and tested ready foruse  $13.19.6 Carr. & Ins. 7/6.
only 7 gns: Car ired and teste -, il ) ;
MULARD "s-lo’" AMELIFIER—S valves [0 W. 3 and 15 ohms output Sﬁé’,’&l‘«‘;.f'l':ﬁzrplfu"ﬂ,ﬁ?";’;‘%i‘;ﬂ5""" and 174 Sockets, 4 Rnobs—waluut or fvory to
Mullard's famous circuit with heavy duty ulera-fincar quality outpue ir. Bas B 31 Brihor uly rere, Ksonmmenied Quiiy Speskes 10 1.5, 27/6. oia
xmphhcr kit prics £9/19/c. Carr. 7/6. Ready buile {1} gns. 32,6 0 Wit Lwcoler, 396, LA.L 131 x Sin. 4316, Carr. 3,6,
2.VALVE PRE-A| NIT, Bascd on Mullrds famous 2valve (2 x EF86)
o it fot cquﬂvsanon with vaiume, bass, treble. and 5-position selector -
switch. Size 9in. x Gin. x 24in. Ready built, wired and tested, £1/19/6. Electrolylics All Types New Stock 12 lbia. s 12 x il 4 M et
posker Ca ot coustia
Emil TUBULAR CAN TYPES ng. approx. in. thick. wide, ‘any
2525 v. 5012 v, 1/9 &-+8/430 v. 4if u gl cut 213 b e ED
Vowm: CO\TROL&—\AI\—“M: ohms, 3in. am\m.r:s Jon NTLE MIDGET TYPE Llin. 50/50 v. 100,25 v. §- 32:-32/276 v, 4'6 ANODIZED METAL. ~ Attwnctive gilt finkh
e GUAM - veor EOG o LIN. ration. loas 8. 3/6 DB7B (. Twin Slarco lessBw. 716. am e mso: 2/3 50--50/330 v. 66 1 x 1. dlamond mesh &6 sq. ft. )xumpl»-
T o et B2 9i8. Some log/ anth lpg\'\l\ e lesa S, B 5’6 6012501235 v. 17/8 St S out. Sa.wize sit. % A1 4778 plos curr
aoyag 450 v G/8 100 +300/275 v. 1%/8 CONDERSERS anm Miea. All mm 2 pL

to 1,000 pf. ach,  Ditto ceramtes 9‘-
TRANSISTOR COMPONENTS — ] g A
g-;:geé;,rm Kcls Fin. diam first, second or third, ca. . 506 ﬁﬂnﬁ:}éﬁmfzi“"f”a ’,“ﬂm;’l TGO, 31D, stes ater b

b A I 9 - b
Midget Driver Trans. 5: % oy

13 [ u L \]nxlnﬂed
3 4/&

b, 3§ v
i . end. 1% Bt n,

TS 25Nbin Tmss;;ggm ;‘.’ get Type | mid. L ea e Toh e B e o, mu. 718: 1. ; o
v kg 15 chake Only a few Terms: C.W.0. or past and packing 4fb. 1f- |ib. i{9,
%?N’?Etldsi'lls Iggw?rk;r;% sm Eduaoz mfd., .03 mfd., .04 mfd. 9d.; il v bt 3,_ 5535, Bib e, ec g

D o listed from
MIDGET TUNING CONDENSERS. J.B. " OO " 208 pf. and 176 . n/a
ditea with mmmers 9/6. 18 220 ol and 105 of. cane. slow motion 10/6. 3 °”'h‘°"." RADIO GOMPOHE"T
singie 7/6. Sub. Min. #in. Dilemin 100 pf., 300 pf., 500 pf., 7/ each. prehensive
FERAITE ABRIALS T1oB LW, carasrt el 573, stock. " SPECIALISTS =stebriched
MIDGET VOL. CONTROL with edge control knob. -5 or 10 Kfohms, with | Write now = b
swich, 419, Diteo less switch 33, for fult S~
SPEAKERS: P.M.: 2in. Plessey 75 ohms 15/6. 2fin. Conginental 8 ohms 13/6. | pargain 70 BRIGSTOCK RD., THORNTON HEATH, SURREY
7 x din. Plessey 35 ohms 23/6. 24in. Continental 8 ohms 13/6. lists, 3d. Tel.: THO 2188; Hours 9 a.m.—6 pm. | p.m. Wednesdays.

AUTOMATIC VOLTAGE REGULATORS, carbon pile, by

V.H.F. MOBILE RECEIVERS by Pye Newton Bros. (Derby) Ltd., 115 v. A.C. type 4, for alternators.
Pile Resistance Range 16/250 ohms. Price £10.

65-100 MC|S 12v. D.C. SUPPLY CHOKES, smoothing, 50 m.a. 5/-, 60 m.a. 8/=, 8 henries 100

m n lOI- 2 henries 35 ohms 300 m.a. 10/-, 12 hc.uncs 90 ohms

21/-.

CAPAC[TORS T.C.C. Metalpack tubular .05mfd and .1mfd,
350v. D.C. working, 6/6 per dozen. Dubilier 1 mfd,, 350v. D.C.,
1/9 each. T.C.C. 2 mfds., 10,000 v. D.C,, £10 cach. T.C.C.
.02 mfd., 11,000 v. D.C., 351~ each. T.C.C. ImfdA, 11,000 v.

5 £2 cach. American 5 mfd,, 7,500 v. D.C., 25/« cach.
B.IL Cablcs, 01 mfd., 5,000 v. D.! C 2/6 cach. Jackson Bros.,
132 p.f., single varinblc, 5/- each. Largu laboratory type variable,
sumblc for (mmmx(te:s ctc 30/«
T.C.! 000mfd. , T.C.C. /Spf 5000 v. tubular, 1/9 ea.
INDUCTANCES, tnnsmmcr type by Redifon, with 9 turns
approx. Sin. diameter, and sliding cfips. Very suitable for
laboratory use. Price £3.
METERS, moving iron prcyec(mg type, A.C./D.C., approx. 4ia.
dmmn:[cr,() 150 v. Price£l.

These are 11 valve double Superhet receivers operating on fixed frequency. RECTIFIERS, Westingh " 3 P
B s ghouse metal, 12 v., 3 amps. Price 12/6.
Ji?::L::nzrollcd Speaker output using midget valves. Give away price, ROTARY INVERTORS. Type 8a. Inpur 24v. D.C. Output
DESK CONTROL UNIT cantaining speaker, switches, etc. 10)- post frce. §115le %kagic‘:{é(l){)i_}gcﬁ,sl 8\??25‘?“‘1";1‘;::1_;317}:“ covering
A Ma .
RADIO RELAY EQUIPMENT 18-33, 3358, and 150-300 megacycles. These are offered by us
f ;&ODV\&V"‘ N"D'L'ﬁef’ W'!h‘;ReSCSB"W Amplifs brand new and as recuvn.d from Government sources, at £10
3 ate Amplifier. X ate Amplifiers. cach, with instructien book. Carriage and packing 35/- extra.
7200 Wate Amplificrs. 3% 100 Wate Amplifiers. TELEPHONE TRANSE ORMERS. R nd 55 Price
2000 % 8in. Loudspeakers in Polished Wooden Cabinets and various other i types 34and 35. Pricc 5/-.
sadio relay. Only reasonable prices asked as space is required. SIGNAL GENERATOR, Service type No. 8, SHF, with
STABILISED POWER PACKS (rack maunting). Mains input. Qutputs equipment, Price £50.

%ggv S?D mA.,ZzO ,ZOOmA SDéJVAﬂ)lOSOmA.‘:1 »xs%v.—lso v., 500 mA.; TRANSFORMERS, heavy duty zype in scaled container,
v, v.—150 v. heavy duty. X 231 v ?
STURC, POWER URPS. Typs 2461LU. 3o4ma Tow, V.H.F. Amplic o o pit] ;2;:%561;\/ el (RIREILeBeED) @ €l
e andisocatcdieauipment Y TRANSFORM.I‘:R,pmpur 230 v. Oul%u[s 4.5y, C.T, at 6 amps.

clement Yagi Ac <
PRSI Receivers with egils,  Transmicters PT.C. 4.5v. C.T. at 6 amps. 4.5 v. C.T. at 20'amps. Price £3.
8in. Loudspeakers in polished wocoden cabinets, Illé ea:h or 22/6 pair. Other types available.
Post Free. WESTINGHOUSE TRANSFORMERS, input 115 v,
Callers only, Osilloscopes by Cassor, Erskmc. Solatron and others. 400 cycles, and various L.T..outputs, Pricés on request. Also

AR8EReceiverilS2Reccivers 41 O7IREceivers pulse transformers. Postage or carriage extra. Prompt despatch.
M.A.C. MORLEY) LTD.,

MACHINE(RY AND COMPONENTS SOTONIAN TRADING CO-

Head Office: Troy Rd., Morley, Nr. Leeds. Tel.: Morley 2334,
Shops: 38 Meadow Lane, Leeds. Tel.: Leeds 26026, 53 The Avenue, Southampton, Hants. Tel. 56537
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PEN RECORDERS

partie miltiane

vecorliuy

wA. ¥ED,

spuune

t Yo, and
! s filted

\mu. m. B et or Y
viddu of th

Curvitinear
0

RECORD PORTABLE RECORDING ML

ee sre similar to th ove Tt are smew] aalier and
ter, and D i ut. ce nl the muvtmcms ls -ums) Other
detaile as above. | PRI 2210 0
Pucking and carringo lﬂl-

THOMSON VARLEY
POTENTIAL DIVIDERS
\nn Imluetive d-iiccade patential divhler with total resistance
9 Nt Inpu woltago 500 . Juik-in alsanos
o 245.

WIRELESS WORLD

V75200, 250/250 V. Outjat 115 V.

b at 450 ¥
G0-1004E al 275 V.
Al voltagen uro .

CT53 SIGNAL GENERATORS

Frequrney range 8.0 ta 300 me s Accuracy £ 1%. Oufput
v, TTWmsL s "
tion,

Dexteet canitlon, with now eall

Tnput: 110/230 v. AC.
Output; 240 v. :L3%.
Mav. Curtent 1 AL
SLVAL- P s,

Square ihinge 4500, % 4.6in. fush

monnted. seale longth lin Tody
B8in alin. % Lin. deep. Calibrated
Otolma, Pree.... 851

le Frang-
il paniel

Portatle vover Uit fed with L5 ampe Var
former, awiichod and fusd, Veitmeter
indicatar lanp, £8/10f- 1'1’ ap.

TRANSISTOR CIRCUIT COMPONENTS
/Lt Coile

i 3
4000 Frlgewise volume coutsol with switch .. 4
Fackiug and carciage 1/ per item

VARIABLE AUTO»TRANSFORMERS

et

55 19/6.

Wave, 10 amps. with pratecting

TYPE SEO_ il
AU

fnse. £18/5)

Type SR, 3 am 2,
T b B30, 20 mps, 53"
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s.T.C. SlLICON JUNCTION 3-AMP. HALF-
VE POWER RECTIFIERS

=810, HI» v k'

0. 2m0 v, 86

g

10.-

MISCELLANEOQUS SILICON HALF WAVE
POWER RECTIFERS

G
e
36
8
ar
5
96
40 A, e 1516
Aps.. equizalent to 10~
MICROWAVYE DIODES
G 12,000 3eis) 3776
CVI01 46,000 Meja) &~

(U102 6,000 weja) [ EC

CVIUL (12,000 ¥e/a) 8-

EVIII;.‘!‘AI’WO Meps.) 8/-
o } Q2,000 Me/-) 376

I (12,000 Mc/) 3%8
1) (39,860 Mejn) B3/

TEXAS SILICON FULL-WAVE
BRIDGE RECTIFIERS

B2OKI0 100

B0k 0.

i, 10
148 pex rectiliee.

Taat,

GERMANIUM JUNCTIO)
S5TUD MOUNTED POWER RECTIFIERS
€T3, 200 D 200 il .

CATHODE RAY TUBES

.m'7 B sl trage, o persistonse v, ERT
LA 13

e
\!Aewmc nxnscﬂan

preen tmer.

il pmmuw. 7,
1000 ¥

(k1aa)

m:rlllun perdieneer BT 050 Y i oA 200/~
£ (e, short b Caniine e, Met
B e, 500 T 11 T bty

TYPE 108.IT MULTIMETER
preciston port
0-2506

é

0 I et WS P Tt
60 olias v uuiput calbry
A ohus o £5.5.-

i zohus.
G

POCKET MULTIMETER TVPE U1
A0V, 11 ange

m\lunu V. D
Tanzes 2000

WW-—145 FOR FURTIHER DEIAILLS,
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Head Offic
44c WESTBOURNE GROVE, LONDON. W2

Tel: PARK 564112/3 Retall branch (personal callers only)
Cables: ZAERO LONDON 8 TOTTENHAM COURT RD.,

A R.8. Approved far tnspection and

releasc of ofectronie valves. tubes, LONDON W.2.Tel: LANgham 8403
kiystrons. cze.

Please send all enquities, correspondence ond Mall orders to fEgd Office

TRANSISTORS ENER DIODES
Haw 0% nz\unm v. lil)l.,m\)‘
260 m! 00

VAZ0E .-700/-

VST 2001

IPTO-0: "
1200/-

ove2sl ..300/- 018 25
CVE2L .. 250/ Qh-’”ﬂ " "1500r
COUNTER TUBES
R104—10-wa register-indicator tube 45/-,
G L et 1oway computing tube, duubl
o Qs B0

of-ten counter, 35/

13101 it ¥ selector
GS10H —an i e Dhyaiclly amall, 40/-,

gle phlse operation, /-
ube, BB/

By8d

s alg
PY500 Blg
PYBOL 8/6
T230 10/

3Y7A
]lm:S 00! 1 12/6

P i
it 3 o L ohh 8B |EeG BN e
12116 A !
o & EMBY 8-
FME? /-
EN30 g5-
Q-

6827 11 | 68Q7 T L12BHTA 7/~ % TC88 12 nu 10 | MT67 80/
/8 GSL 1 BT GOT 0/ 4/ 2 z 7!

TED e T

07 10/

6CAS TG

oLy - g1
Lt

DR

G55/1K
1
GDEAW’

GS10D 55,
G3101L 40;-
GILITGA

CI30812/-
0190 1976
CLAY G-
CLs2 Blo

G: pl
113130
fnee

kil
PCLAC 976
.63

TR 60 -
! 10/~

T rdm T

& \l)LBl}SrQ
Tarae o-
Ubcht

T BTG TE OB C R BT e

8-
3 Ov4007 7le
j| Samant So K4t a ) 2 CV011 10/-

ACHIL) - v 3 - | teos CVA013 10/

sl e mre e[ D dg |veew b G g
D10 ¥ K 35/- | PLS2 g | uCim g g | CVIS 8
CYVi0L6 20:/-
V4 8-

il

i - | Agmn / |
i ~ 20'- \o/\-rzm"
ACHPIN

o= Yo

o 1730

. A(IJ'{I 00 . 3 - T 8/
- | 35 2 | 31y Ao ; Lo g 59 UFES 13-
20 it 86| “240 55 i g | 2 Fs 98
e

- 5557 ARTS 8L 2 7 6l -
- m' 5635 Anpl2 Ll 140 |LLS L 60 | ULit

2 b Lo ' VLAl g
700 | & - GT - | a5 6351 Azt - L N PYs: 68 1Lt 68
80- | inze_6- - 6 | 716 4% Ryl | i | I X L 10
WHEN ORDERING BY POST PLEASE ADD 2/6 IN £ FOR HANDLING “AND POSTAGE. MINIMUM CHARGE 1/6
PLEASE OFFER US YOUR SURPLUS STOCK OF VALVES, KLYSTRONS, MAGNETRONS. ETC. WE PAY £1.10.0 FOR 723A/8 AND 2K25 KLYSTRONS, SUBJECT TO TEST.

WW--147 FOR FURTHER DETAILS,
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STATION INTERCOW

Cur Price Only

',v/ﬁﬁ 7/15/0

Solve your comumunication problems with this
new 4 -Station  Transister  lntercem systeny
1 master and 3 subs), (n de-laxe plastic cabinets
tor disk or wall mounting.  Calljtalk,listes trom
Maslnr to Subs and Subs to Master. Operates :m
one v battery, Onjoff Switch. Voluuc control,
Ideally suitable to modenise Ofliee, Factor:

Warkshop, Warehouse, Hospital, Shop, etc.,
instant |nler~rlep:xrln\u|mlcnnl'u.l\ Complet
4 conmcting wires, each Gft. :md mnv
orics. Nothing clse ‘o tuy, Poxl

Why not jucrease efticiency of Office, Shop and
Wandiouse with this incredivh De-luke Portable
ransistor' TELEPHONE  AMPLIFIER  w
Rowary Caleudar and PeaiHolder which coabl-=

ke down foug telephone miessages or

R T e A Status
syubol? Ves, but very Onjoit
switel, Volune Control, s on one Y v,
batters suppliea) whveh | 5. leady

n operate, 6 in

WEST LONDON DIRECT SUPPLIES (W.W.),
6 Chignell Place, W. Ealing, London, W.13.

May, 1966

// Usuatly & Gns.
Our P:ice Only

59’6
This \\undcrful TWO-WAY TRANSISTOR _IN-
REOM cansists of twa nunts—Master and Suli—
in Ivory plastic cabinets with chrominm stan
Opcerates on one inexpensive battery,  Cal
or Disten from Master to Sub wod Sub to Mast
tnfoff switch. . IDEAL AS
A BABY ALARM. (h commumcate with vour
neighbowr or lsten for telephone bell in other
wom,  Hundreds of otles uses,  Indispensable
in Liome, Shop, Nuss Surgery and Ollice,
A boon lor:,m;lc: and diabled, o3 s
and walking iip and duw s the ;m—
GUiL |'onn«:tm" Ltead and a hat
operate. . & P. 2/6 in UK. ‘./ “abroad.

DO YOU STILL USE A HAMMER AND CHISEL
TO GUT A SQUARE IN SHEET METAL ?

Don't any more

We have a Hand-operated Tool now to cut any
straight sided shape. Square R/Angles slots for
Louvres. All you do is simply marlk out your shape @
and follow the lines. You can also convert the Tool
to a Punch-Louvre Forming and Riveting Tool.

NG DISTORTION OF METAL
ON EITHER SIDE OF CUT

Also o number of Bench Type folding machines
EXPORT ORDERS DESPATCHED IMMEDIATELY

AVONLEA TOOLS, WOODEND MILL, MOSSLEY, LANCASHIRE.

MOSSLEY 2687

Introduction to Laplace Transforms

for radio and electronic engineers
W. D. Day, A.M.LE.E., A..
Presents the theory of the Laplace transformation in
y understood language, dealing with clectrical
circuits from the very first paragraph to the stage when
transforms are used to investigate transient conditions.
The first part of the book is designed for home study
while the second half is designed as an introduction to
more advanced texts,
32s 6d net, by post33s 6d

ILIFFE Books Ltd

DORSET HOUSE, STAMFORD STREET, LONOON, SEI|

LI

R.E.

JSrom leading booksellers

THE HIGH - FIDELITY
MAIL ORDER
SPECIALISTS

GOODS DESPATCHED BY RETURN
Carriage, Packing
& Insurance (U.K.) FREE ! !

AMPLIFIERS TUNERS SPEAKERS
MOTORS - PICK-UPS - MICROPHONES
CABINETS - TAPE RECORDERS

A.D.C., ARMSTROSG. B, & O.. BRENELL. CELESTION
CHAPMAN, CONNOISSEUR. DECCA. DESIGN FURNITURE
EDDYSTOSE RADIO. F.I. FERROGRAPH. FI-CORD.
G.K.D,, GARRARD, GOLDRING, GOODMANS, GRAM-
PIAN. K.E.F., LEAK, LOWTHER, LENCO. LUSTRA-
PHONE. ORTOFOX. PHILIPS, PYE. QUAD. RADFOKD,
RECORD HOUSING, REVOX. ROGERS, RONETTE. 5 M.E..
TAN%OY. TARDBERG, THORENS. TRUVOX, VALRADIO
VORTEXION, W.B.. WEARITE, WHARFEDALE. ETC.
CASH OR TERMS— CALL, WRITE OR PHONE

WORLD WIDE EXPORTERS
OVERSEAS CRDERS SENT FRE

OF PURCHASE TAX AND SHIPFED
PROMPTLY AT MINIMUM COST

Fully illustrated catalogue 45 bd. UK.
(Export Ts.0d. or $1.00). Rcfundublc agoinst
(st purchase volus £1. Gs. 04, or <20.90.

C. C. GOODWIN {SALES) LTD.
(Dept. W74) 7 THE BROADWAY,
WOOD GREEN, LONDON, N.22.
Telephone: BOWes Parx 0071/¢

| minuve fron Wood Green Undarground
0pen 9-6 Mandzy to Satuiday (Thucsday 9-1 p.m.)

BRAND NEW
POLYESTER P.V.C. & MYLAR
RECORDING TAPES

also

Pre-Recorded Language Gourses

Both manufactured by world reputsble German
and Bricish ficms, They are boxed and havo fitted
leaders, these tapes are not to be confused with
sub-standard, off-cuts, or imported inferior tapes.
This is a genuine truly genuine less than half-price
offer.
S.P. 3. ISOR. Y-
Sn. 600t 6/~
Siin. 9007t 7/-

Zin. 11,2006,
L.P. 3in. 2200c 1(6 Postage and
Sin. 900ft. Packing on all

5%in.  1,200fc. Iﬂ,‘é “goods 1/- per
7in 1,800fc, 13/— | tape. 3 or more
3in,  '400fc 4/ | postfrec

D.P.

Sin.
Sim. i.800f. 16/

Special limited ofier.

y naz learn a foreign language che casy way
from one of eur brand new pre-rccorded tanguage
MAN—FRENCH—SPANISH and
Eath tape consists of 26 step-by-step lessons
recarded at 31 i.p.s. supplicd complete with
handbook.

Price only 20/6 cach.
per course
Fully guarantecd. you will be defighted with the

" STARMAN TAPES

26 LINKSURUFT AVENUE., ASHFORD, MIDDX.
ASH 53020

Normal retail price is 59/6

Communications Equipment

H. F. TRANSMITTER'RECEIVER. RE
~ R

s cted ervstal channels,
FELHO N O prese el

aifable-—RE D !t)r 1.6
It for

Suitable tor
tion:

ervice in extreme elim
15 nsed i antaretic expedition
TRANSISTORISED P.S.U. Sii
mmL u-nmcmum of ol Lransormer
sy i 52, .
FIELD TELEPHONES FT.1A., Rux
lightweight, (or point-to-point use or witi
tope of manmal switehbogd system v
e for separate switching.  Perfornsmes
t0 higdiist standard,

FIELD TELEPHONES FT.2A.
cased, exto sealed  and
Aagiinst extreme wealher eonditions.
CARRIER TELEPHONY SYSTEMS. 1 +1
and 144 —all ~pares,

Sieel
pratected

FREQUENCY FILTERS.  Andio anml
Cartier frefneneivs,

LINE TRANSFORMERS, COILS RE-
PEATING, INDUCTION RETARDA-
TION — PROTECTIVE DEVICES AND
ACCESSORIES far SWITCHBOARDS,
OVERHEAD AND UNDERGROUND
LINES, otc.

R. GILFILLAN & CO. LTB.,

43 Dominion Road, Worthing, Sussex.
Tel: STH. Cablos: “GILY,
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DISPLAYED: £5 Ss per single col, inch.
LIng au. o
Where an

is placed in advance.

BOX NUMBERS: Replics should be addressed to the Box number in the advertisemeni, cfo
gL

eacs (run-on): 6/= per line (approx. 7 _words), minimum two lincs,
crtiscment includes a box number (count s 2 words) there is an additional churge of 1/-,
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided « contract

Advertisements accepted
up to MAY 5 for the JUNE
issue, ub)ecl 10 space being

Wireless World, Dorset House, Stamford Sireet, London. S..

No responsibility accepted for errors.

ITUATIONS _VACANT |

TVILIAN Grade 11X
tions:—
POSLS for men fully experienced

in the mamtenance
oi radio andsor lerlrm.I chan u\Lllmg v.-uummenl (:n-
cl.ldmg ancillary equibment such us tele
fHacinnes and. Celepuone uc)ungcsr o tmch
Sig:

m techniciuns nnd ossession of appro
pmzu NG G & G, certifieates ot eau qu:
neal uble.  Selection by written examinution

Hae ke view

Sr\ TING salary :sva (at age 21)—£1233 (al age
or_over) risini 1.366.

PRDSPECTS of pcnsmnnhle appolntment and promo-

OPPORTUF\ITXES vxist for further lechnlml study
and Duy Release will be granted where possible.
AECRUGOATION ‘may Be provided. for’ Mugle and
Tor unaecompanied married men On 8 temporary basis.
WRITE for anclication form to CEPO, Peronné Lines,
Catterick Camp, Yorkshir

ELOESE W B Mas: 1966, [1481

EFGBEER D! Wircless
Service.

THE mmamuc Wireless Service have vacancies for
jhoul 20 posts in "Ly} Grade If, () Grade
TS Depiinon dperates a Yotld-wide network of
Fatlo, commumication stations whieh 13 in_the. brocess
of beinz modernised und expanded and the most up-
radio teleprinter systems are
duties of engineers i this field
ve instal. modification, malntenance and
Speintion of fatio tansmitters and. receivers ot the
5t modern nms rmmcl\ tuned aerial stems,
teleprinter and frequierioy "Lelegran: auihment.
In uddition sevcml high powerc: asting statiops
relaving mes in both the R and M. bands,
Ko transmitiers (nvorved dhciude Some of tie hienest
pomers vt nroduced for s . %Tng Gutice
is field melude the installation, modifications, ma
fenance and operatio o of these véry high powel ©
mitiers. e m Tecolyive, caulpmet, npe
Corcers.  diesel etorating blunt, De
Inent's palicy 15 1o encourige versatiliiy :md w0 sy
it s "much  installation and mpdifica work as
posstble with 16§ own stair, = The mnnl ipoininents
will be cither to Crowboroug or Hauslope,
Bug

ain-

Liability for servi

:
QUALIFIS coincal or Mechunical
Epeincertie or o Cits wad_ Guilds Toecommunicntio:
toc: rical, Muchnn(csl Engineering  Techuicians
Eoruioate (Ros Equivalent qualifica-
tions may b ccepted. Hightt analincations wil
an_advantage
ALARY Raviogar Interim): {1) £ 129-£1.288: (b)Y
Lrss fat ame 2. or ove:)-£1.129.
oot rospects. o camnbumn pension.
TRTR (pre‘e'nhl\ by posteard) to Civil Ser
mission. | Savile Row, London. Wi for :\m)ucauun
formus, duotine 5/611 i/65. Closmg (ate extendec to
966. Cmdxdates who have aiready upnhod

feed hot do )
N OVERSEAS CAREER with Internutlonal Aeradio

mites
TQ mwet the requirements of constant growth and ex-
o e nvite applications from, lechniolans and
enzince 4n overseas career i North. West and
Eds .’\!nca " ihe Mo editerranenn mea and the Arabian
Jou have recently  com mpleted JSeevice dn_a

und Wireless Fitte ¢ R.A.F..

Artincer In the  Roval Navi of
;u‘; other experience n the mnln-

lectrical

WHY STICK IN

A RUT?

WHEN YOU CAN

PROGRESS... with

TRANSIPACK’

A GO-AHEAD, LIVELY COMPANY

TESTERS

DEVELOPMENT ENGINEERS

LAYOUT DESIGNERS - PROJECT PLANNERS

POWER ELECTRONICS

FOR BROMLEY OR HASTINGS

for informal chat—phone or write

INDUSTRIAL

nm
INETRUMENTS
LIMITED

Stanley Road
Bromley Kent
Ravensbourne 9212
Telegrams
Transipack Bromley

houls e mierested to hoat

trom’ )a Sucuu ul’ cundidates would normally spend

$iX weeks af our Rodw Engin neering School. Sutha

A -d(ll:»\t‘x belnrv Droceeding Tseas, but some

Ses. stafl wilh sultable QUAACALIONS. and. esperionce
I oifered immediate poumz

¢ a tax-free saldry with

- Js provided free: other benefits include en- |
lfeave and membership of an excellent pen-

ife assurance scheme

LN applications, please. lo Personnel 3

International. Aradio - Limitod, Acradio House,

Rd., ﬁoumun ‘\if:(dlcs ex.

mager,
Huyes

3 FOR ‘
SALES ANO WANTED
ADVERTISEMENT FORM

TURN T0
PAGE No. 141 !

SEEKING ALTERNATIVE EMPLOYMENT?

Our dynamic organisation is geared o obtain for you the best job available
If you are suckmg employment in S

in the arca you require.

have at least two years’ experience in British industry, contact Electronics
Appoinuments Lrd., who are the foremost source of ¢mployment in Great
Britain.

Ww.C.2,

Write or phone for details of our free and confidential service.

Electronics Appointments Ltd.,
Norman House, 105-109 Strand,

. Bngland and

TEMple Bar 5557-8.




124 ~

May, 1966

VAGANCIES FOR PRODUCTION
M A RI N E : INSPECTORS AND TECHMNICAL

AUTHORS MINISTRY GF DEFENCE

SERVICE TECHNICIANS (NAVY DEPARTHENT)

Assintant, Froduetion Inspee

o ke require - ¥avy Deportment lor a wirlr romae
oncerne anlution, Jurge x
¢ tatio Commimaniension. “or
i, M Veagion Control, wil Computere: T
ok el ol Liap.«thnh i factorke, Teatio: auni
Touing of Wespon 53 Quali-
N DA :
@ A |

1 di re ilabie with the Canadian Marconi Company in Quebec, |
Onzario and “the Marmme Provinces.

Tz p
s m-n;m‘hmn\ Develop
the deh 6f
Anitharw Lo prepare Feehmical
e of Weapon wid 3
et oo e

TPortland, Slourh aml
hulldiug centres. AL 1 rttand
b patictions of «
T, Fremoutn wiit Risdar aand Comumfention

l'lnhll)l» ale e normal base for mobile
omaible for weltins. o ork, tmimg and te-(ing

_C

nd:

. N q q : ifean W iy I whip., Iml posts ari t
S_mrnng sataries.will be in the order of $450.00 monthly depending on the qualifica. et firy mi:\;!wml:;mﬁ v‘“m
tions of the individua! candidate. | pmlm.lhm S Surtace amd Uikers ey W

with \i'l\!ﬂcalmn 6Lens ‘d.( nrll ¢'uptmac

Junpectio i Cadin
Applicants must be experienced with marine radio and radar equipment. 2nd PMG et et st Bt Fortacntn, Postiu)
or amateur certificate as well as some sea-going experience could be useful. wnl flough

QUALIFICATIONS

srience i the above
slent) in lecironic
of Higher Technical

Vil appretioesi
1 of

Those applying must be capable of working independently with a minimum of super-
vision. Candidates familiar with the {ollowing types of equipment will be given

ftrlcal Enginees
tleations an advautage.

first consideration: Radar: K/F, W/T and RfT; VHF, FM and R/T; M.F.D.F. and Echo SIA’IARY SCALES
Sounders. tinnal rate:
. £1.120 per anunm by
Please write with full details, quoting reference WW2990.8 to: s Orbant reretnents
£ 2 e

Technical Staff Officer, English Electric House, Strand, London, W.C.2. Assistant ll’nmudlmn Lnirpe

Tony (Tecbnicat Class Grade
iy

smum - au '.m 2
e £1.038 per
anmum to £1,129 per
antium by four anbial
increments.
A wtes ander review. Posts in London area attract an
Promects of peraluntic engivyment aud promotion (o

shve grade post
APPLICATIONS
Weild 1o Superiute of Fraduetion Tool (Naval),

nt
Minlutry of Devrice (viny) Otteon, bnpice. Botel, Rath,
Homerwer for Application Form

e

PYE CAMBRXDGE WORKS, Ltd., Hulz Rd. Cam- RAMPIAN REPRODUCERS,

Lid., Hanworth 7 Au. EL]:C’!ROM(‘ S rnce Enzhocrs required to service
my Estate, Feltham, Middi ion L
cer 1o

Glesex. require nal Equipment

or
T development of mudip frequency tras sies

S SINGLE sidevand eautpment on i ind Querseas. vl
2 VHF Tadiotelephone equipment. torisec equipment N public address applications. 11905 Thl o Seyieator o, 4”9('3' Spur Road, Feltham,
L BIFT reproducdon ccuiipment, sex.  Tr tham b (a7
1 fon testiny OLOUR television enkincer. well versed latest tech-
or production testing | i Tt ai o % development company . IRCRAFT Raclo Rudar Ductngors apd Mechauies

i wor

a m appls 'in, contidence, Kiving sge, detalls o espenence!
E 1 DBk W WSa Cro Wireless Tolloving:
ot .‘k

experience in _one of the
VOR. ADF;

FULL-TIME technical expertenced Salesman re- | an. X

Eiagjucies, for, persons, of less qulved for retail sales; write giving detatls Of 3EE. | Lid.. Willtw R . («Ql,m-f,aﬁ

S5 ,, m§“ ,\’( ,m‘" G {131 | previous experieuce. sulary requirtd_to—The Manarer

9 — ] Henry's Rudie, Ltd., 303, Edgwarc Rd.. London, W.2. Oppouwmw for man to join_ electronics team

ENIOR Elccrronics Fugncers—Vucnncles extat for g exmaed on wide vaticty o Spbhcations (o seien
enpineers.” HN.C. ] valent, | QALES eneinery wilh rood hlov\l:dulﬁf Hi-Fi egnip- | ific APl ¢ e

Loty

c.ummum mus i ethnieions Sih Some ment “and - the cetronic ae oilered Stungiird. ang huve . eSpmiens
e hepeitenct. and e be FABABIC of Adminle | responcibie Mud remiuneraciv on_in anl ol ciegtronic: cquipmert a well a5 s g e
D tien A cacrsination ol completa Drojecta.  Eon- | of e, Dated Kingcom. CBpienats are . invic 0 lo £1450 " Genterous leare.
siderable Deriods will be sient adroad and orly single | write ¢iving uils of pasL Work to: Britimoex, Am»hcmm AR IR s Gniver-
menwiil e considered.—Box W W. 1462, Wireless | Ltd. 16-22, St B Lotdons WO | sty Collexe " London, Goiver o c
World. I Ciiem 1383
— ||
|
i 3 |
: | BOROUGH POLYTECHNIC
* Borough Road - London ° S.E.!
* A well-known American Company based in the Pennsylvania area of America, at ,\|\p|h':x(lmw are inv \A lnr Hu hl!o\»lna posta Iu the Lepart-
* present engaged in the design. development and application of Semi-Conductor BlhA upineeriug:
ch):l Tenhulmn n:lmm iy
* devices, o | cmel ‘l;‘chm(cmn :Eliptl m;:;;almwmiﬂhov Tnstrument-type)
* q % echrician (Electrical Machines
eatictan iesirioal Muchiz
* re UIre Technician (Eleetronic:
. . " N . - 'I\L‘lk.l]ll'(l iechanleal wo
I @Qualified engineers experienced in Semi-Conductor Iwork to {oin the c?mpany. ety “I P ,f..m“u,,m,“;";,“,,';',f ot
A f i ' f alor puets.
" Top salaries will be paid to the successful applicants, plus an excellent relocation g B e
s allowance including fares for their families. Helle would b mioel apprpriat
. 1] #adars, woconding to age, expericnce and gnadiications:
* APPLY IN THE FIRST INSTANCE TO :— ghiel Tecmiclan:  SL1S0-£1200 ser anoam
Senior Techpici 25 per annumn
* TEMTECH AGENCY LIMITED ] i Be5b-2030 s srams
:_ 7, Southampton Place, London, W.C.1. Telephone HOLborn 7033 A B oo o s
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The Civil Service

Professional and Technical Appointments

POST OFFICE
EXECUTIVE ENGINEERS

Forty-five posts in London and Provinces for mechanical,
clectrical and clectronic enginceers to develop and design
communications systems and postal service equipment.

QUALIFICATIONS: Degree or Dip. Tech. in Mechan-
icat or Electrical Engincering, Physics, or Applicd Physics
or, exceptionally, very high professional attainment. Final
year students may apply.

SALARY (Inner London): £877—£1,806. Salary under
review. Promotion prospects.

AGE: At least 21 and normally under 35 on 31.12.66.
Somc extensions for service in H.M. Forces or Overseas
Civil Service. (Rcference: §/322).

ELECTRICAL AND MECHANICAL
ENGINEERS

For design and installation of Heating, Ventilating and
other building services urgently required by Ministry of
Public Building and Works to fill 30 posts in London and
the provinces. The work is varied and will provide
experience in latest techniques. A further 150 vacancies
for Electrical and Mechanical Engincers exist in other
Government Departments.

QUALIFICATIONS: Degree or Dip. Tech. with Ist
or 2nd class honours, or have passed all examinations for
AMILEE, AMIMehE, AMIERE, AMI
Prod.E.,, or A F.R.Ac.S.

SALARY (Inner London): £1,143 (at 25)—E£1,718.
Salary under review. Promotion prospects.

AGE: Normally at Icast 25 and under 35 on 31.12.66.
Some extensions for service in H.M. Forces or Overseas
Civil Service. (Reference: $/85).

ENGINEERING DRAUGHTSMEN
Vacancies in Ministry of Public Building and Works,
Ministry of Defence, Post Ofiice, and in other Depart-
ments for Engincering Draughtsmen in the ficlds of
MECHANICAL, ELECTRICAL, and HEATING
AND VENTILATING ENGINEERING.

QUALIFICATIONS: O.N.C. (or equivalent) in appro-
priste subject, three years' training and, in addition,
at lease one year’s drawing office experience.

SALARY (Inner London): £718 (at 20)—£1,108 (at
28 or over)—£1,209. Salary under review. Annual
leave allowance 3" weeks and 3 doys rising to 6 weeks.

AGE: At least 20. Promotion prospects. Where appro-
priate, time off for further technical study may be given.
(Reference: §/68).

The above posts are pensionable and APPLICATION
FORMS are obtainable from the Sccretary, Civil Service
Commission, Savile Row, London, W.1. Pleasc quote
appropriate reference.

Computer
servicing

English Electric Leo Marconi is
Britain's foremost computer company.
Ever increasing sales mean that we
need more engineers to maintain com-
puters on our customers’ premises.

Experience in the development,
testing or servicing of transistorised
electronic equipment and the ability to
understand the logic of advanced

computers are the qualifications we

are looking for.

Training, salaries and fringe
benefits are all that you would expect
from a leader in the computer field
and prospects are limited only by
ability.

Jobs exist in most parts of the
country, but the greatest number of
vacancies is in the London Area, the
Midlands and South West Lancashire.

To obtain more information write to:—

The Personnel Officer,

Dept. WW.M.186,

English Electric-Leo-Marconi Computers Ltd.,
24, Minerva Road,

London, N.W.10.

AN ENGLISH ELECTRIC' COMPANY
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LIMITED
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Kent

ADIO Engineers, Junior Electronics Engineers re-

R

AS I8 amired b lmrm\lumnllii Enguny onzulmmou, o
Al didates mi lW e, medically Ht aned prepared to
TECHNIC SISTANTS speng. period seazs ubroad: qualtiication
Vacancics ¢xist for technical assistants or 1\1mlmwn a5 clas:

firs il
Foretess™ wortd

mechanic.—Box W.W. 1161

to Project Engineers to cover day-to-
day handling of a wide range of radio,
electronic and clectrical control gear.

RADIO an

and mdm Jechnicians required for tho opera.
d developnient of dlrhurue
a fiying unit in North

nd euul)mh lls

Applicants must have had a good Srany week v it overtinie: e el
and wide expericnee in handling and b Aerenene oS and Herand,

organizing installitions, testing and
servicing in the field, control of reports,
spares demands and supplies. Resi-
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TELECO\
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on _contract for

IMUNIGATIONS TECHNICLANS Feauired b
Government of Zambiz, General Posi Office,
one four of 36 months i the first
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A su) ent of nat less th d n
SERVICE ENGINEERS pavablo,  Gratuity 356 of total salazs drawh.  Libers]
| leave” on Tull salary or terminal payments in' lieu

Our Scrvice Division has vacancies for Froe Do Quarters at low rental.  Childrer's
both marine and industrial Service g
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£1, should possess
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and experience in
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VHF TEST
ENGINEERS

CAMBRIDGE WORKS LIMITED
have vacancies in their cxpanding
Test Organisation for men with ex-
pericnce of VHF Transmitiers and
Recavers.

Men with Service training in VHF
equipment would be suitable.
Progressive rates of pay and promotion
and good facilities for training arc
offered.

Apply : Personnel Manager,

o 2 N i Radl A =t o—a
cither be ex scagoing Radio Officers or ll{*kr(l;nluc Mnccmh Oveisets 15 Cambridge Works Limited,
i il ole - ey . & G. Certs. and & knowledge . - q
industrial clectronic servicc men. Ex oo disuBution sxatems Sad Sube Haig Road, Cambridge.
nava} Chicfs, Petty Officers and Radio Ploers ol "ﬁ,‘.}"“fu gould be adiantigeous. Age
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ey (s cale rising 1 2 yead slmuld ssess
Instrument mechanics. I) Jea dmo abproniate 048 ) SO :’ S
. N have had Woars Srating Wi comeriones
Applicants for the above posts must be | n "one or " more olowitg biaches of tles | TEST Mugecrs required (o testing, entibration
willing to travel, be of British birth incerin m!xem}xlerg,mund ang overtiead | : 1]ﬂn(l1 < on o variety ol vilve an 2
and hold a clean driving licence. Tstalintions. s exvenience " Inter. T L "",”.".“,.‘,‘,.9
| desirabie but 4l years esverisne
5od B G Tttt i RIS nsomss ol i Helds Wil be condlerad. —ABBLY: Mius Tand:
Apply to above at Shepley Industrial {ilecomms. engineering would be ad adhmtmou g¢ | Electronic Instrumen:s Ltd.. Richmond, Surrey. [1963
Trading Estate,  Audenshaw, Ronl 2 Grown Ment 1. Bepe. 4. SHlibank, London. W LoncnFAcroCIuL in (Mg o
Manchester. 1 for annllgglm‘xhp{ro? A futther lmrucularsd’ lichnsed, engdneers Wil o
Statidg name. viafls of an
- propositions may be T
U ad quoting the efevant Teference. 1T | Ui (GORGEE Sraltim Airfeld. near Naidenlyad,
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BRITAIN'S CAR RADIO SPECIALISTS
Urgently seek to interview:

RADIO SERVICE
ENGINEERS

Due to continued expansion it is now desirable
that we should increase our technical staff,

and opportunities for advancement are readily
available for men with the
right experience and ability.
We are able to offer highly
competitive rates of pay,
with excelient conditions
of employment, which include
Superannuation and Life
Insurance Schemes.

Fisl|

Please apply to the Personne! Manager,

Mr. G. J. Sharkey,

RADIOMOBILE LIMITED,

Goodwood Works, North Circular Road, N.W.2
Telephone GLAdstone 0171 Ext. 129

A SUBSIDIARY OF =1 SMITHS INDUSTRIES LIMITED

D10 mnlr\rzm—.hnlo— eloctronics engineers

auired by - inlern. tionally known organisutio

aici 5t be sisle, modically m and S

to cneml Sbetiods of b 10 1o alis

tions: .C. o xust»d&es smllcd radio
Box 1175, W

mechante.
cireuit le'lnuckm: De'vo'l
aganeies {or a
l”nnted CXTC})'! Tech:
su

Westward
lm\ccd

Eood pay and prospects bie mnlmml:
2l should write or rd Circu:ts,
Limlited, Ottery St S Tiazi
HE UNIVERSITY OF LIVERPOOL. 4 seecial tech-
nickun b xespongls le for the
ny 4 ol e Semit
{the msnumvm 15 an SEMB-B) which I shared
5 ihe Departments aoloyy and Botan Th

up
ply forms may ke
AT Brveraty Liver bool,
W 1373

|Smmmum G IRCAon

obmumf “troms 1
Plense quotc Ref.

TELECOMMUN'CATIONS
ENGINEER

Required by the GOVERNMENT OF
UGANDA for service in Ministry of Intcrnal
Affairs (Police) on contrget for one tour of
21-27 months in the first instance.
(in¢luding,_overseas addition) according to age
and experience in scale £1,188-£2,202 a year.
Gratity 25% of total cmioluments.  Educa-
gomd liovinces. | Ouilt allowance  £30,

i cave on full s ccommodation
provided it Zintat, of hotel
in licu.

Candidates, between 30 andd 45 years of age,
must possess & City and Guilds Final Certiticate
course 49 or equivalent qualification with at
least 6 years' | experience including

of fized and

bil “M. an iy
H l‘ nmdxum .lnd Jow power 8. SdB .'md D.S.B.

cquipment; St diesel and petrol clectric
gencrating plams.  Dutjes will also involve the
supervision and ynstruction of local maintenance
staff under training.

arply to CROWN AGENTS, M. D,
4 Millbank, London. S.W.1, for application
form and further plnu.ul irs, stting name, agc,
brief details of qualifications and experience, and
quoting reference M271/G2331/WF.
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Instrumentation Technicians
and Mechanics

If you are a Technician or Mechanic we invite YOU to apply for one of the
several vacancies in our Commissioning or Laboratory Section.

What do we want?
You must have experience in the operation and/or commissioning of some
of the following systems

(a) RELAY CIRCUITS, MAGNETIC AMPLIFIERS, NUCLEONIC I[N-
STRUMENTS, PRESSURE TRANSDUCERS WITH ELECTRICAL
OUTPUT, HEALTH PHYSICS INSTRUMENTS

or (b) FLOW MEASUREMENT, TEMPERATURE MEASUREMENTS,
CONTROL VALVES, PNEUMATIC AND HYDRAULIC CONTROL
SYSTEMS

What qualifications must you have?
(a) H.N.C. ELECTRICAL OR MECHANICAL
(b) O.N.C. ELECTRICAL OR MECHANICAL
(c) TRADE APPRENTICESHIP
What can we offer?
(1) FOR APPLICANTS WITH H.N.C. AND CONSIDERABLE EXPERI-
ENCE, TECHNICIAN GRADE I
(2) FOR APPLICANTS WITH H.N.C. AND LIMITED EXPERIENCE
OR O.N.C. AND CONSIDERABLE EXPERIENCE, TECHNICIANS
GRADE Il
(3) IF YOU HAVE SERVED AN APPRENTICESHIP AND HAVE
SOME EXPERIENCE IN INSTRUMENTATION WE WILL OFFER TO
SUCCESSFUL APPLICANTS THE POST OF MECHANIC, AN
HOURLY PAID JOB WITH GOOD PROMOTION PROSPECTS TO
TECHNICIAN GRADE
The successful staff applicants will be required to participate in our super-
annuation scheme and will be given assistance with removal expenses in
appropriate cases.

All applications to be addressed to the Personnel Officer,
quoting reference IT[1

& C O (Shipbuilders & Engineers) Ltd - Birkenhead
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racal

Need a technical author

Racal Instruments Limited have a vacancy for a Technical author
to prepare handbooks for their new range of Digital Measuring
Instruments. Candidates should have formal electranic training;.
some experience in the application ofloglcal techmques ‘would be
an advantage. Consideration will be given to englneers who
.have a desire to enter this field but have not had previous ex-
perience as Technical Authors. The work calls for personal initia-
tive. The successful applicant will be based in the Reading area.

And a technical publications writer

To work on a range of publications dealing with HF Communi-
cations Systems ond Digital Instrumentation. !deally, candidates
will have had a basic training in Electronics, or at least 2 back-
ground knowledge and be willing in the first instance to generally
assist in the production of Commercial Technical Publications.
A good educational level including ‘O’ or*A’ at English is essen-
tial. Candidates need not have had previous experience in this
type of work and will be assisted and encouraged by experienced
writers.This is an opportunity to train for a worthwhile and interest-
ing profession:

Attractive conditions of employment are offered includ-
ing entry to the Company’s Superannuation Scheme, etc.
Applications in writing, enclosing full personal details to ;-

Personnel Manager
Racal Electronics Ltd.
Western Road, Bracknell,
THE RACAL GROUP Berkshire J

RADIO TECHNICIANS

A Dumbir of suitably wnallficd candidates S b
anirod for rainlag, lea e to pormanent and pousiaabl-

reieo abroad or lppnmum'nt o otier LA establ o
meuts hu:lmllux Lowiou
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ectronic W' nrk!\m]\

acoonitng to age, eg. at 19 £747. 2962
25t pay on entry) rlatng b) h)ur sunual [ncnmcnn T
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£1.104.
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wannnal GV Service alok leave segulations apyly.

Recriilment Offirer (R'/3),
Doverntuent Comusunications Hewdguartere,
Oukley, Triors Luad, Cheltenhian, Gle

ATRCRAFT Radio gngincers and Mechanics with
speelfic workshop  experience pn one of ihe fol:
lowing: VHF, HF, or ADF. 4D-hour week, 3 weeks'

lmuday. Pnnsion 'Scheme.—Apply  Managing Dirvctor
harters) (C.L). Lt Willow nu‘d

Combront, Slougn. " Bucks. {148
NTERNAFIONAL ALLOYS LIMITED. Aylesbury, re-
ire Electronlcs Technician for maintenuncé und
fault Snding on direct reading specirographic _equip-
ment; experience on this type of cguipment desirable
but ‘not essentinl; expe et o hugh voltage equlp-
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hours paid i mcrumc XIlLa. he Ccmpa
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INsTITUTE OF CANGER RESESRCH: ROVAL
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TELECOMMUNICATIONS SUPERINTENDENT

Required by NIGERIAN RAILWAY CORPORATION on contract for two tours, cach of
18 months in first nstance. Sulary £2,475 gross a year, Gmuuy at rate of 20%, of total salary
drawn. Quarters provided at moderate rental, Free passages. ‘Liberal [eave.

Candidates must be experienced t ications o d
University Degree/Diploma, or be AM.IEE. or AM.LERLE, P M.G. Ccruﬁmtc desirable
but not essential. They should have sound expericnce of railway telecommunication systems,
and be capable of advising the Corporation on problems urising during the installation of a
complex communications system. Possibility of secondment will be considered for successful
applicant.

Apply to CROWN AGENTS, M. Dept,, 4 Millbank, London, S.W.1 for application
form and further particulars, stating name, age, brief details of qualifications and cxperience,
and quoting reference M2R/62781/\W'F,

ELECTRONIC
ENGINEERS

Scrvice Ingincers required for London Area
and Provincial Otlices of well-known Compan
Imimadecturing llecteonic - Dotk Catentis
Machines. Applicants should possess u sousd
knowledge of basic clectronics with cxperience
in ummmcs, Radar, - Radio and T.V.
Similnr feld, . Position s permanent and
pcnsmn.\bk Comprehensive training on full

will given to successtul applicants.
Plcxlsc scnd fu]l details of experience to:

1 Service Manager,
| SUMLOCK COMPTOMETER LTD.,
J 102/108 Clerkenwell Road,

I London, E.C.1.
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Commissioning Organisation

SENIOR WEAPONS ENGINEER

An experienced electronic engineer with administrative ability is required to
control the weapons section of our machinery test organisation.

i Likely background would be that of a commissioning engineer on radar, radio
andfor sonar equipment with some control over other engineers.

Salary will be commensurate with qualifications and experience. The success-
ful applicant will be required to participate in our superannuation scheme.

Assistance in appropriate cases will be given with removal expenses.

Applications initially to the Personnel Officer

CAMMELL LAIRD
& co (Shipbuilders & Engineers) LTD
IRKENHEA

Electronics
Technicians

The Job

Servicing a wide range of high quality electronic instruments
—oscilloscopes, digital and valve voltmeters, power supplies,
pulse generators, etc. Location will be at Farnborough, in
one of the most medern and attractively situated companies
in South East England.

The Men

Radio and T.V. service engineers; technicians leaving the
armed forces; men with industrial experience. The real
requirement is a good knowledge of electronics and experience
in fault diagnosis and rectification, preferably backed up by a
sound technical trafning (City & Guilds Telecommunications
for example).

The Benefits

Good pay; first-class fringe benefits; up-to-date workshops,
superbly eguipped; on-the-job training; day-release for
suitable candidates; prospects of career advancement and
broader industrial experience within the Company; security;
companionable working atmosphere; assistance for people
willing to move into the area.

The Right Thing

to do now is to get yourself an interview; talk to the
people in our Service Department, and find out for yourself
the advantages of linking your future to SOLARTRON,
Write a descriptive letter to:

C. S. J. Mardell, Personnel Officer,

THE SOLARTRON ELECTRONIC GROUP LTD.,

VYictoria Road, Farnborough, Hants.
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TECHNICAL CLASS VACANCY AT R.A.F. CHESSINGTON

The Ministry of Defence (Air Force Department) has a vacancy for a Civilian Technical Class
Grade I1I officer at No. 248 Maintenance Unit, Royal Air Force Chessington.

Duties

The review of serviceable stocks of medical electronic cquipment held at RAF Chessington and 1
testing before issue, the small scale production of locally-developed equipment, and the servicing
and repair of equipment at hospitals and other medical establishments,

Qualifications

([Ephcams must be British subjects. Thcy ﬁl\ould lmw served an appr:nm:cshlp,l;ﬁnd hold the

DIt

ONi
field with techical knowledge up 20 ONG standard will be considered.
Pay

£796 at age 21 i by annual

TELECOMMUNICATIONS

We have vacancies for Fault Finders,

at £1,009. These rates are under review.
Prospects for Pension

Lstablished appointment (for pension and gratuity) can_be obrained by pussing Civil Service ing HL.E.
the ONC or an equivalent certificaie is held.

Commission Open Compemmns once ¢
Studies for ONC, H|

Holidays, Sickness, otc.

couroged by saleass fam work one day a week and by payment of fees, etc., by Department.

of £1,129. Age 28 and over start
Testers, and Inspectors to work on in-
teresting and advanced equipment mclud-
SINGLE SIDEBAND,
RADIO TELEPHONES, U.ILF, MINI-
ATURE EQUIPMENT.

Transistor experience is desirable but not

Five day week, Annual Jeave three" wecks, three days at start increasing to six weeks.  Sick leave essential. Vacancies exist at all levels and

benefit.
Sclection is by interview at Chessington.

Application forms from:— Officer’ Commanding,
No. 248 Maintenance Unit
Roval Air Force Chessingion,

Chessington,
Surrey.

training will be given where necessary.

Apply : Personnel Manager,
CAMBRIDGE WORKS LTD.,
Haig Road,
Cambridge,

BERRY’S RADIO

Require
TECHNICAL STAFF,
ENGINEERS AND
SALES ASSISTANTS

GOOD PROSPECTS, PERMANENCY

Write giving full details of experience, past
situations, etc. in confidence to

25 HIGH HOLBORN, LONDON, W.C.1

ANCASHIRE CONSTABULARY

Wanted Radio Techmicions

The Lancashire Constabalary has vacancies for Radio Technicians in the Wircless Work-
shops at Hutton, Preston.

Candidates should have a sound fundamental kaowledge and practical experience of
Frequency Modulated V.HLF. Radio Telecommunications Engineering. Salary, £820
per annum at 21, rising by cight annual increments to a present top rate of £1,104 per
annum; subject to an efficiency bar at age 25.

Lancashire County Council Contributory Superannuation Scheme applies.

Application forms and Conditions of Service from The Chief Constable, P.0. Box 77,
Lancashire Constabulary, Preston.

Science Research Council

RADIO AND SPACE RESEARCH STATION
Ditton Park, Slough |
Physicists, Flectrieal Engincers and Mathematicians required for the following postsi—

(1) Senior Scientific Officers/Scientific Officers for work on
The propagation of radio wives thruu"h ‘the munsphcrc and the troposphere.
b in T

ELECTRONICS
TEST ENGINEER

An opportunity has arisen for a capable
man to fill a vacancy concerned with the
testing of electronic instruments and
sub-assemblics in our modern scientific

Study of the upper

rockets und satellites.

instrument factory in Cambridge. Ex-

‘The use of an 80(t. radio t(,l\,‘*co[m in the :Ludy of mdm \m;les and their travel through the
o]

perience of electronic fault-] -finding,

ionosphere and tr and other F ; ¢ h

nmmms for use in these m\c'-ha‘\ilons inspection and testing OR radio and
© E ol E Offoers to assist the sclenitio stal ia television servicing is desirable. Tech-

dosign and development of apparatus, n L\DEl'lmen(',a and analysing results nical qualifications at an intermediate

Backgronnd in physics, cleetrical engineering or applicd mathemalics neces:

Opportunities for overseas servi
Qualifications required:—
5.0 ;

at lenst three years e
Suitahle Degree, Dip.
" fevels in soigntific swbjorts,

0. Drebween £026 and £2
3.0, Retween £568 and £1, 1‘34.

Senid for details Lo
T

he Secretary, S.R.C. Radio and Space Research Station, Ditton Park, Slough, Bucks. |

51 or 2nd Class Tlouours Degreo (or caulsalent) I appropriate subject plus

T,

AR level would be an advantage.

This appointmen: will carry staff
status and an attractive rate of pay.
Please apply in confidence to:
The Personnel Manager,
Unicam Instruments Ltd.,
| York Street, Cambridge,
| Telephone: 61631,

ivalent), or iff nnder age 22, two

May, 1966
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ETHE RANK ORGANISATION

projects engineer

Due to the of the G ion Division of
Rank Relay Scrvices a vacancy has arisen for a Projects
Engineer with detailed knowledge of closed circuit television
and audio techniques.

He will be required to produce work costings, prepare
tenders and liaise with customers. In addition there will be

work of & more practical nature in the way of surveying,
commissioning and supervising installations.

The post is based at Whyteleafe, near Purley, Surrey, but
considerable travelling throughout the United Kingdom
will be necessary. It is desirable that applicants have some
formal qualifications such as H.N.C, or City and Guilds
Telecommunieations although men with good practical
experience should certainly apply. An attractive starting
salary will be offered along with Company Car and compre-
hensive fringe benefits.

Please write showing how you meet the above requirements

Vacancies in Cambridge

Considerable expansion of our Radio Communi-
cations Division is planned and immediate
vacancics exist for the following techmical staff—

(1) Senior Development Engineer for S.S.B.
Radio Equipment. Experience with solid
state circuitry cssential.

(2) Enginecr familiar with micro-miniaturis-
ation techniques.

(3) Three Assistant Circuit Development
Engincers with expericnce of H.F. S.S.B.
equipment.

(4) Six advanced Test Engincers and fault
finders for work on sophisticated apparatus.

Really attractive salaries with ample opportunity
for advancement will be offered to selected appli-

0:— cants. Send details of your qualifications, back-

The Personnel Officer, o e ; " B
Central Personncl Depart- ground and experience, which will be treated n

ment, confidence,. to:—
@ The Rank Organisation
' = . lﬁlo:‘c;“d\v:;'ll‘ﬁiEGAolgémne Personnel Manager, Labgear Limited,
s s
Surrey. Cromwell Road, Cambridge.

ARTIOLES FOR SALE |

secondhand Ferrographs olten avuilable. —Reg.
2745 (L(m b {110

2, LShuips 20 iape machines. 2 track stereo:
€550 et ew it condirion;  oliers.pox 1469,
Wireless World. |
UBLIC Address Amplifiers.  muins opernted. 254
ow £50 crnai
T

output, £15; 40w £25, 70w £35, 120% £
entrani ioudspeaker, '£6 10 e iy Sup-
e Lid., 435, G-een Lanes, Loncon, N4 Mod. 52d1.

DISC, cuter with power awpliter. uoulizer allid P
it i, vover waple, sy, Sl ELECO NICATIONS LTD
Spare head.beverti” hianks, e PR .
l'n'iher (lel’uls Mareani Dise Ru.m(lmxs 592, P{vss’]le )

NEWMARKET ROAD, CAMBRIDGE

M }:\ sgies 600 professional vecording tape. Cipe
1A complete’ \\nb
le.n.(mr £3,

require Systems Test Engineers for testing complete electronic
switching systems.

on sale.
215, -comprising, achai,
play unit. motor wliemator,
sor, niegnifiel
Tipe 2185
ticulars _aid aderess plic:
Counts Supplies. Oficer. Counts Supblics - Depatiment,

Applicants should have some experience in the field of transistor

gandling Road. m.dxiane, 21\;1"5\' # etk offers |“1"st§ itchi hni
be returned on o7 before 2ad May, ;
) LECTRONIC \ollmrlcr and umnmucr (Electronic switching techniques.

Aligninent

P, . . .
Successful applicants can expect to receive a salary in accordance
with their experience and qualifications.

aph: qud
stors, capacitors, sen
x‘ecmm_ [lectronies

W, Burl

Apply to:

THE PERSONNEL MANAGER,
TELEPHONE:

CAMBRIDGE 61222

A e
i et hmned
B approx.
L(»cLA%ml Tirre momitor enclo-

th
Price 125 suinens oo ©
R, Frov. 30. Aonekton Courl

e
" Melbur
£}
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TEST ENGINEERS

Due to Company expansion, The Decca Navigator Company Limited swishes to
recruit the scrvices of Test Engincers for the testing of Radio Navigation and
Survey Equipment.

We arc world leaders in this ficld and have an extensive and interesting programme
planned for the fururé.

Applicants with a first-class background of T.V. and Radio Servicing or Tele-
communication Electronic and Control Circuiting are required.

The salary paid will be commensurate with ability and experience.

Please apply for interview giving bricf details of ecxperience, qualifications and
present salary to:

The Personncl Officer, The Decca Navigator Company Limited, 88 Bushey
Road, Raynes Park, London, 8.W.20. Tclephone: WIMbledon 8011,

ELECTRIC
CONSTRUCTION

ELECTRONICS ENGINEERS

for work on Thyristor applications. Some experience with transistér circuits
desirable.
MINIMUM QUALIFICATIONS H.N.C.
Pensions and Life Assurance and Sick Pay Schemes in operation.
Modern Restaurant and Recreational Facilitices available.
Apply
Personnel Manager,
Electric Construction (W'ton) Limited,
Bushbury Engincering Works,
WOLVERHAMPTON.

E(CIC

Owing to continued production expansion within our Radio Division we urgenily
require Male Inspectors and Testers, There are vacancics on day work and a
night-shift is being started to cope with the additional load.

Applicants must have had at least two years broad cxperience of inspection or fault
finding work on assembled and wired cleetronic units used in the Radio Comimunication
and Aircraft Navigational Aids field or alternatively some years experience of Radio and
Television scrvicing.

Good rates will be paid to suitable applicants whe will also enjoy an excellent variety of
welfare amenitics, including a sickness, accident benefit and pension scheme.

Write or telephone the Male Employment Officer, ENTerprise 1234, Extension 437, or call at
the Personncl Department,

Standard Telephones and Cables Limited

Oakleigh Road, New Southgate, London, M.li, between the hours of
9-11 a.m. or 2-3.30 p.m. Monday to Friday.

BOROUGH POLYTECHNIC
Borough Road, Londen, S.E.L
Applicatiens are invited for the post of:
HEAD OF THE DEPARTMENT
\ or ELEC'I'RICA LIECTRONIC

L AND
NGINEERING
Yéﬂd‘ wilk bccomc vacant on the st Scptember,

established  Honours Degree course (C.N.A.A.
full-ime and part-time courses in preparation for
the Part IiI Examinations of the Insttution of
Electrical Engineers, and a wide range of special
courses of post-graduate  standard.

The whole of the Department is 1o be rehoused
in a new bulding, on which work hus recently
commenced.

Candidutes should Bossess high

lectrical

and huve held a senior te: ‘ng post in this subject,

|| Responsible rescarch, ntinati] foe administrative

experience would be an added qualific

Salary Scale: Head of Depuriment (Grade V)

£2,000—£3,140, plus “ London Allowance” of
£70 per annum.

Further mruculnrs and Application Form ob-
tainable from the Clerk 10, the Governing Body,
to whom completed applications should be returned
within two_weeks of receipt, but in any casc not
Iater than the 10th May, 1966.

[ 28th Maurch, 1966.

The work of the Depurtment includes a well-
)

ademic and

| —F —— = S—

ARTICLES WANTED

'V cameras, any npo—\vzsmn 11,
56378, 85

T

w X‘unm\'kllc Ave., Leeds 8. Tel.
(GARRARD maguatny 1o tupe dnchs please send
tatls '.D Smye-Rumshy Lurmnm(nn Co.. Ltd.,
2. Queen St.. Dover. Kent. (1468
ANH‘D all types of u)mmummum)s lccehoﬁ
test  equuipment.—Detal 0 1.
rlectroula L(d Ashville Old Ha \ll Ashuille Ré., L0n~
E.L" Ley. 4986 {140

* TAPE RECORDING ETOC.

SAVE: on cost of hi-fl. Sec Audio Supply notice (advert,
111). 109

'APE to dlsc
cutters:

52, Hest B'\Hk L'ulc L'm( 1e)
QU ougiit 1o send for a gopy Of  Parcliology and
er.pex le.\(hmg te 3, York House, Hudder:

tield— o/9 ost s 3

try

itest feedback  disc

leatlet.—Deroy,
a4

.mer usivg
Bly' -4

o et
i Cowit Rd.. Lomr‘.o.
1

ransfer editlng: duplicating: i

oility” atier (esheclally with L

jbes). consult Brita Al's  oldest

aling records published for
—Sound News

chy 3 s {(Ia
actons, 10, cmrom ‘st.. London. W.

VALVES
ALVE_cartons by 1 prices:
for all samples ;mrx Hs( ~J & \ Bomn) cN 154{
| Goasln St Bradior. 111

old n
b retun Ralbons ieiess Stoves: 15 Cleh St
Wolverhampton. 115

TELEVISION
SERVICE ENGINEERS

Here is o cndid opportunity for 0 widen
your splu.n of kanowledge and join an c\ panding
Company munufucturing Television  Test
\ Equipment,

itions available carry staff status and
crous sularies with good prospects of
advancement.
Tf you would fike t0 know mote about us, why
not come wong for an informsl chut?
Apply: Mr. D. G. Greatrex,
Gresham Lion Electronics Limited,
Twickenham Ro:
HANWORTH, Middlesex.
TWlckenham Green 5511.
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IZR Electricity

CHILTERNS SUB-AREA

MEASUREMENTS and
COMMUNICATIONS
SECTION

A vacancy exists in the Measurements and Communications Section of the Sub-Area Engincer’s De-
partment for 3 craftsman who has a sound i i i
V.H.EJUHLF. radi i i
Leighton Buzzard, Bedfordshire.

and preferably experience in
and The successful applicant will be based at

Salary is in accordance with the National Joint Industrial Council Agreement, Group * G, and a stagger

pattern of working is in operation for which an additional payment will be made

Basic rate of pay: £16 11s. 9d. per week including incidental overtime allowance.

Plus 10s. 6d. per week productivity bonus.

Plus £1 10s. 0d. per week stagger payment.

Total pay £18 12s. 3d.

Also an additional 7/8d. per week will be paid after two years service and a further 7/8d, per week
after three years service.

Applications shauld be made in writing, stating age, expericnce and present position to the
Manager, Chilterns Sub-Area, Eastern Electricity, Prebend Street, Bedford, as s00n as possible,

COMMUNICATION

networks operated and maintained by International Acrudio are constantly increasing in
complexity and demand and new commitments appearing.  Fmmediate posts are available
for

ENGINEERS

and rechnicians capable of carrying out installation and maintenance services on airports,
in radio maintenance units and communication networks, 1f you ar¢ interested in taking
up 2 progressive interesting carcer

OVERSEAS

living in free furnished accommodation with tax free salaries, married and family allow-
ances, generous UK. leave, air travel concessions and pension at 55, apply 10

INTERNATIONAL AERADIO LIMITED

Applicants nust have sound praciical experience of HF and VHF conmunications and pre-
Serably at least Intermediate C. & G. qualifications.

Applications are also invited fromt technicians with an clectronic background who are prepared

to undertake intensive conversion training at our oten training school at Southall, the first
course commencing mid April.

Write with details of age, qualifications, experience and Jamily status 1o Personnel Manager,
International Aeradio Limited, Haycs Road, Southall, Middlesex.

Philips Technical
Library

COLOUR TELEVISION
SERVICING HAND-
BOOK, Part 1: Fundamental

Principles.
W. A. M..Hartwich

Deals with the three-colour theory and
with the transmission technique from
the recording camera up w the com-
plete transmitter signal, and describes
the restoring and the reproduction of
the colour information in the receiver.
Bascd on N.T.S.C. but main principles
apply to other systems,

216 pages. 164 illustrations. 14 colour
illustrations.  50s.

COLOUR TELEVISION
EXPLAI N ED y Second Edit.

W. A. Holin

A popular book in which Dr. Holm
uses the same pictorial methods that
made How Television Works so suc-
cessful. It cxplains with many line
and colour diagrams the fundamental
features common to all the various
systems.

118 pages.

68 illustrations. 21s.

FROM MICROPHONE
TU EAR, Fourth Edition,

G. Slor

A widely appreciated survey of the
technique of sound recording and
reproduction——{rom microphone to

loudspeaker. This is a practical book,
prompted by querics that reached the
author from all parts of the world not
only from sound technicians but also
from music-lovers without technical
training.

260 pages.

144 illustrations. 27s. 6d.

APPLIED MAGNETISM

—A Study in Quantitics.
Eigel Olsen

A general introduction to applied
magnetism based on the fundamental
terms and definitions necessary in the
various branches of alternating current
technique.

144 pages. 79

illustrations.  42s.

MACMILLAN

Little Essex St.,London, W.C.2

WW-—148 FOR FURTHER DETAILS.
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or process control

Cheshire border.,

8taff Officer,

design engineers

The Control Gear Division at Kidsgrove is continuously expanding
its activities in the field of Industrial Control.

Vacancies exist in the development teams for
tronic design engineers, qualified to at least H.N.C. standard.

The successful applicants will develop semiconductor eguipments
which are generally associated with the control of clectrical machines
applications.

KIDSGROVE is situated in rural surroundings on the Staffordshire/
Houses are readily available at attractive prices,

Write, giving full career details and quoting Reference WW0306B,
to the Technical
London, WC2,

"ENGLISH ELECTRIC’

MEASUREMENT, CONTROL
AND AUTOMATION

experienced clec-

English Electric House, Strand,

DINSDALE AMPLIFIER
Frlnted ercultsand parts for Mono and Sterco units
TUNER, Princad Circuies and all pares
av:u!nHe lncludmg R.F. Asse
MU D PI-MODE IUW ANPLIFIER Official
Mullnrd Bo:xrd now available, also Printed Circuit Pre-
amplifier for Guitar usa with two channel input and

tremolo.  S.A.E. for fists.
| HART ELECTRONICS
[:m Great Western Street, Manchester 14

WW—149 FOR FURTHER DETAILS.

WTANNOY:-#

For Sound Sense

WEST NORWOOD LONDON SE27
GIPSY HILL 1131

WW—150 FOR FURTHER DETAILS.

SPECIAL OFFER!
ALLARMSTRONG
UNITS on NO
INTEREST terms.
12 Monthly P mnts.
A.L.stamford Lid,
88 WeymouthTeer.,

ondon, E.2,

SHO 5003

GLASGOW .—Recorders  bournt, sold, o\ch u’u:!:dv
etc., exchanged tor recorders ot

333, Arssle St.. Gln*gb'av

versa.—Victor o

120
i SERVICES OFFERED
EAVE it o us.
FOR all mctromc wimu;

cation. eng
ety etven:
PRLY: O

rge or smull. metal fabri- |
petitive prices and excel-

racty \nnancr Shirehall Electronics, 1id,.
B0, : Gréen, Sevenoaks. Kei [15

Setion d,
Borougn Green 878"
Jom aucio Supply assocition. /6 ba. (E5-pa

1 tising) hi- e

gutaloxues, a/o; your bt quide for sife buying. 10, |
d St., Lendon, L

LhCTROMCOV, Hd F rom druwing board o pro-
duction witih minlmum deluy; l\: us he your ree
ceveiopment, design and vpe_ depariment
$Hiot production Ths & Specihity —175 Lythalls Lane,
Coventry. Tel. Nunecaton 2353 or Goveniry aGSM[. s
1

EXCHANGES

purchase for spot cash. modern used hi-fl equip-
ment. " qualley  tave " fecorders, - communication

eres cull, write or telephone,
Lest prices gwen Niiifer 5. Radio. 364, Newport Goure,
Iru vards trom Lelcester Squgre Underround ‘station:

Est 5. Buyer can coliect \H}lnu

3638.
08" mmios” eaais.

DEIMOS 5

RESEARCH, INDUSTRY AND

PROFESSIONAL AUDIO

single and multichannct
B8CORWELL LANE, HILLINGDON, MDX.
HAYes 3561
WW—151 FOR FURTHER DETAILS.

AELS

Free lance and full times Sales Engineers
are required by this expanding company
specialising in Industrial Electronics.
Applicants should have a good broad
knowledge of industrial techniques and a
proven- sales record.

Apply to the Sales Director,
Anglia Instruments Ltd.,,

61, Union Street, Stockport, Cheshire.

WW—152 FOR FURTHER DETAILS.

HAMMERITE

HAMMER PATTERN BRUSH PAINT
The pattern is $u the tln, Al you o fs rush 1 on.

40 B/, 6., up to 10/-.
, over 107, 219,

o0
*Heut by

1 pint 167,
Yram compouent ehape or direct from u.; atutacy
FINKIGAR SPECIALITY PAIRTS (W), Hickley Square
fleld, Northuniberland, ok

WW—153 FOR FURTHER DETAILS.

“WIRELESS WORLD” TEST INSTRUMENTS
Complete sets of Metalwork, machine engraved Front
Panels. Special Tag Boards and all spccified !st grade

For pr and por-

formance: Send 6d. in stamps for lists
MALVYN ENGINEERING WORKS

Egsingars Yo the Radio and Eluctrowic Indusiries
CURRIE STREET, HEREFORD, HERTS.

____ILLLI‘HONE. HERTFORD 2264 __\

40 Semiconductors commonly used_in _Electronic
and Radio Circuits consisting of 20 Transistors
QCH42-45-71-81, erc.

19 Silican Reccifiers 50-800 PIV 200-800 mA. Inc,
BYI0D's plus 10 Diodes QA70-79-Bl Zener and Gold
Bonded.

All brand new. Valued over £5. For only 40/-, plus post

and packing 0:
-PAK SEMICONDUCTORS
8 Radnor House, $3/97 Regent Street, London, W1

WW—I154 FOR FURTHER DETAILS.

ROD, BAR, SHEET, TUBE, STRIP, WIRE
No quaniy’ top small. List on appiicason.
BRASS - COPPEI BRO
ALUMINIUM - LIGHT ALLOYS
STAINLESS STEEL
H. ROLLET & Co. Ltd.
Howie Streer, S.W.IL. BATrersea 7872

ALSO AT LIVERPOOL, HIRMINGHAM,
MANCHESTER, LEEDS. GLASGOW

WW—I155 FOR FURTHER DETAILS,

240<ELECTRIC POWER murZEE

ﬂmmlfrom 12+ CAR BATTERY
" AMERICAN DYNAMOTOR UNIT

351121, eotoet 200/250x 3 150 3 20watts |
Perlecl for TELEVISION. POWER TOOLS aad 31l
wairsal A€/BC £LECIRICAL EQUIZMENT, e
¢ waatatiol sesulie. Price ONLY £ 1]+ 20t 1 ey

S22 stamped enrelop for {oi fsslrated detads
Deat  SCIENTIFIC PRODUCTS, CIEV[[EH izes,

WW—156 FOR FURTHER DETAILS.
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AGGESSOBIES

INSTRUMENT CLEANER
is anti-static

Surfaces stay clean
longer, hecause

they do not become
statically charged
and attract dust.
Specially formulated
for cleaning tape
heads, delicate instru~
ment panels, plastic,

chrome, glass, printed
Instrument surfaces and the
Cleaner ' exterior of all kinds of

taos i oo
A T

electronic equipment.
non-flammable and
does not smear.

Size A

4/6 (subject)

THE PROFESSIONAL
TAPE SPLICER

WirELESS WORLD

SOUND SYSTEMS

AUDIO EQUIPMENT
MANUFACTURES
STANSTED, ESSEX.
Phano: STANSTED, :3132
WW—158 FOR FURTHER DETAILS. ‘

|
|
SERVICE REPAIRS |

B.B.C.., TV, RADIO, TAPE
Conplete - conversion s, or tuners
n-ls - separate send fred
A facturer complete (HF it o
(1 un £ IF patel,

an, an
28010 "vom 516 TV |

., Goss Svista:
“NeAtic h Enbre

m €]
Rvucnmne Tltra, H M Scan _¢oiis.
O, Frame ose., Lis dns sound O B
| tra width Tui coils  my dropners  dual |
cm\lmle. etc.: Tuner Units, Fireball. mercmenhl -
RTS Muliard. 14

rets, channel cous
2lin

10/-.  Tape Rec
0ea compouenis. s
rets, (ransf

MAN:

vu: quQanh% i
aldews Mano
Hieh Rd,

518" Gias).

ndo:
ear (:r.mvllh. i
Spe. 3032 (M[l’)

NW.I1.
N, Fioenley, N
oben all week I
PEEDY ¢ cxpere tape recorder and hinf repairs
By Enclncs leacing nig shectalists CTelesgnic,
Ltd. 92, Totlenham Ct. Rd.. London, W.L. Mu
8177, 1156

MANUFACTURER'S agents, alre'\d) calling on radio

and  electrical ' con. Birmingham

and Manc htsner. x\re required l)s mgh qul\hly lccord-
with

ing Jwe produc Reply in frstInstince ull
detat ed at pres R n Sadets
Rindioe. 18 Box WS V181 Wirelos

T Y PRESS-BUTTON TRTER-COM
' vl Sl W4 B
£6 lD v i

bwie on

All metal— plated tin

size. Easily and permanently altached tu a mm mluc (509
tape recorder. Clamps hold the ar -

leader tapes in the precision cut channel— SU?FR‘I‘?.?‘. 1:‘.{“‘:-,”? xf .(,..x T?mn::xv o '»‘u ntul mkm','fn I
no damage to the edges. Right angle and belt, £2 1

obligue cutting slots. AC. wains,_wpeed autochnzer.
Complete with Razor cutter § 8/6 subject) y‘&"n"“ 15}” SR P

Bib wiRe sTRIPPER
AND CUTTER

< This efficient tool strips insu-
lation, cuts wires cleanly and
splits plastic twin flex. It is
adjustable to most wire thick-
nesses.
4/ (Subjecty

If you have any difficulty in oblaining these
ilems they will be sent post free. (U.X. only)

MULTICORE SOLDERS LTD.
HEMEL HEMPSTEAD, HERTS.
TEL: HEMEL HEMPSTEAD 3636

WW—157 FOR FURTHER DETAILS.

oLL ttochangers complule
AR Vot B o Mordel Kuo31.
Appros. e X, H:Ighl T £8. P&

QUARTERLY ELECTRIC SLOT METERS.
42 G; 1 52!5

onditioned 13
20 4. 536 Uther

W 3

TELEPHONE TYPR HAKD GENEHATORS, 50

20-WAY PRESS-BUTTON
akelite o b oz,
snted. €715 per Com

BRASS JACK srmPs

L1

i e,

SpEARLE

L ot 10/

1.

lsising o 6.

INTER-COM TELEPH!

Tharouzhly o
% Tt

m | rk \ochl
!

L8 Dands halt wipe £2/15/

& bt lite cases cemplete With hand cot

MAGNET!E COUNTERS,
P4 e lin. Single coil, i
WIRELYSS sEl‘

Wl
Treedn

M prices inglude carriage in United Kingdom except
where otherwise stated.

23 LISLE ST. (cen 20e9) LONDON, W.C.2

Closed Thursday 1 p.m. Open,ail day Saturday

135

EXCLUSIVE OFFER

PERMANENT OR
TRANSFORTABLE STEEL
60-FOOT AERIAL TOWERS
As supplied to
British and other Governments
* Unique design.
* Scientific Construction.

having the following vemarkable features.
* Ennmy selt lﬂDWllln? 1

ikes, o2

sy pttechment o the

cround.

% Fitted with step Indder (0 the
fop und baleony with ralliogs
all_ round. ~ (You Ik
right round the top with both
hunds free.)

J 13 teet aquare at base taper-
ink to 6 fret squaro at fop,
fuey sre quil tafe when yub
ject 1o gale force windg and

..
fuire ire ground e of 50 fost

% Wil support 1z (o 2 tomp o
rquipment on top, the whols
tower can completely
lawered to tho eround
3 n 20
minotes and raised
in the same time.
% Can be completely
erected  and  dis-

: 0
torty into parls casily handled by 2 men;
il loose patis, no nutg pr Lolts 1o Fet 103 OF damaed:
ol serews nnrl adjustments uro hully prolested rom rus{
nd 5o designed fo be fjee from damage when trans-
Poried or 1ot Joose o 1ke. eroun
Foolotaol—{he Tower eannot be erected {1 not sssembled
osrectly. labour is required and no special
ools are meceseary.
€37 be raised and lowered umed 2nd dismantled and re-
mored ax many iimes s
Everyiliox necessary lor e comnlm tower to be put
101D Ja¢ And Tatoed and Iowered 1s providedr hl Arawiaps
2nd instructions.
Thewo ine Towers wore nate In England by B:1.6.C.
oxt fhe Gavernment £2,900 each. Trey are BRAND e
and in maker's orisinal paciinz. You can see one erected

at our premises. Gost £2,200
Price Brand New
£345

Hst of over 1,000 different uemu in stock
available—keey one by you

*

*

*

 SP-000 Hammarhund Reccivers - s
% E.M.I. BTR/2A Recorders . sgsp
¥ Saveou S.5.5. Receners HE-22 312 miés.. £140
* 9 toot HC-610 Whip Aerials ey
* R C.A. 42 . Yazi 5 el. Bramy £2 1
% Model 15 Teletype Pase Brinte s £99 1
% Hodel 14 Telatspe Tape Ruaders £o5
* Model 14 Teletype Repertoral £95
* RL watt Froleior Lougupeaiers, mn(;!

N £14
% Metro-Vickers Vacunm I'umlu 200w AL, ERR )
 Erecision Mains Filter Uni
* E.M.I Re £12 1
* B Geiger Connters £7 1
* PLileo W.S. o. 48 Trangmitters 330W, ... £75
J Metro-Vickers HS.500 Warelorm Monitors. . £13%
* E Weselorm Monitors on frolleys  £45
% Motorolu 8 v. Mobile Transwiters 3040 Mjes  £12 )
* Pen-izpe Personal Dosemeters 1
% E.M.I-BTR-1B Tape Recorder
% Bosiorn Blssteio Rilar Lest Se's 1-191 1
% Hovitae Tune 96 aud Pover Culis S OE7d
J Marcom TF 1053 Kois £45
* AN UPM 17 Speetrum  Analyssrs 10/16660

Me P.U.R.
* é‘" ugm 33, 94, :ss :nsl Gcnmleu mn/ .
* 2 R £17 10
* SATRY ot WD ha ARY V.0l

Sets ..o VR

Carriage cxira al cost on all sbove,

We bave a large quuntity of “bits and pieces ™
swe canuot lst—please send ot your requirements—
we ean probbly Lels — all enqnirics nuswered.

P. HARRIS
ORGANFORD - DORSET

WESTBOURXE 85051

WW—159 FOR FURTHER DETAILS.
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BSL “ FOUR * AMPLIFIER KIT
4 WATT  USING
780 VALY ES,

rontrots,
boost and _cut
mininann Inserton was. K Beasy negatlve fecdbick luop over
1 otagis eapores bhsh oRtpAL AL CrocHent ‘RAULY FiIh
diatortion foctor.  Suitable for unt with gaitar, ulh.mpllnm:
or rovord player. g Crovision sols
ecliizectoaelasctedfa iislaliailalonliol) el
7 e x in. deep. Overnll o, S A enmponeats
ant irnd new. g Ve Ehr e comies s achions
cnable even the ncxpercnond uiuteur (o sonsiruct it [00%
plied complete with valves, ontpd traus-
Mes, sereened lead, o, s, Loits, oier
PRICE 78 6. P. & I 0/~
i, proc tical layout and parts lisl
with MIt). This kit withough simliar in apperance io
MA3S emplogs antirely diffscent and altraneed ehenitrn,

3-VALVE AUDIO AMPLIFIER MODEL HA3S

voline
7

HARVERSON'S F.o1, TUNER MK, 1

M. tuning beul
mnul paker,

& Fermeatity
tusiog. @ Prequencs
5o B9-100 Me/s

iod

ugea
inalone” &'

dlodL 17 % in. um)
el ushig o
o aure main e forer asd
valve rectliier. @ Valves tsed X
Grostifier). @ Tl

[
ased at ong time £5/19/6, 86 I.E. i
sairaotions A8 ot biee.bineke 1 Vers

onplele with wiglc ese, freht ) il U
£6/12/6. D 8 Y Version as Mk 1 bn
U T R kR §7-

‘URCHASE! TURRET TUSERS by faraaus maker,

Complcte with 4 1'Ciue
st for. Chatn
e, OKLY 25

SPECIAL P
Braay | mow and unused,
9 Mefs. LI

maiis
1 b

af
opration.
i plate 3 KIge

W
Indorporates
valven., e

uible wound
ontpat  trnsloner
b speaker e
volwme coubiols,
o fealbuc line Trout panel can
P ke et et emme.« for tinante ot ol oy
The HA3S hau been speciaily ol far us sl our quantity
Oriltr oot e 0. Gt Lt bRt bl b, e
et witud und tsted for only £4.5 &P

STEREQ AMPLIFIER
e

seorinl
transtart
put 4

tone and solume
controle  Absas
Jately cotplete.

BARGADL PRKCE ONLY £4/19/6.
.

SUPER DE LUXE vorson ot uhovu Iy ting

sepurnta Tobla Comtrotm ats| ful negativ
8 Gas. 1 nm

UALITY RECORD PLAYER AMPLIFIER

A top- qmuu mcum slager splider. | This anaplier (shich
g ina 3 stsnloys heas s inty doible
wouud mains b N1, s
. tietds and solume contral
c r mstehed for 3 ohm spenker.

esdy it ot e 69/6.
T inounted o boaed v th orthg o e
i Bla. epeukor ready to 8L o enbinet below. PRICE 80/6.

- B/

UALITY PORTABLE R'P CABINET

Unent notor borad. VI toke Moo i o

AREARD Autochanger or Single lecord Dlayer
slzuls x 14 x Biln. PRICK £J19/l5 Carr. 770,

PRICE

Gniv

3-SPEED PLA‘ZE)L UKIT BARGAINS
Al braad ne fn ker's or
INGLE PLAY

GU7 with onit mountel
Garrard P25 de luxe

TO. GHANGERS.  Uarr. 0/6 ou euch.
Taateyt B.BIt, UAUS Super slim . . £8 2
£9 10
tosilm, 4 pole molor, v

itg ard compicte with ta
1 bo supplied with rtrreo head

Dhlee styli or
BRAND NEW CARTRIDGE BARGAIN !

ACOS GP87-1. Muno. List price 21/-. Our Price 13 8. 1.5 I'. (/..
10114 WATT HL-FI AMPLIFIER KIT

A styltdbiy, dulbsbiod ron ——"

woral anpliger witl an
outptt of 13 watts trom
i pshogl

roduction
and

apeech.
hun,

iy

Glmu.u Eax rum:u HEAD. 83100 Mrefeo 107 Mejs. 11
150~ - { i

valve 86 extra

ANOTHER HARVERSON 'SCOOP! PM/AM TUNER HEAD
Beanttfully devigiued and procison

® sariner aul Wads-
Winth LAk, Suppied oy Bitel
with vl 6000 (uning sondensr
for c fon. I seotlon
S, LT outyut

<fs. Couphle with HCO~
Tt o 1 e

dinseam of tuner
peealigned 1M
& rrsbles ns o offer
Drrhruulnk]\‘ Luuited ik alee st lible
el b drte, 30

Cact 1. & 1
with previ-in geared

BIOK GAIN S TRANSISTOR PRINTED
CIRCUIT AMPLIFIER K)

@ Teak outpat
in excess of 1}
g

Al standar}
Sriion o

UL Aransomsers. @ QutRNt tramafrmies taypeid
s 13 ohu sheckers, @ Trsustators QT 114 or 81
\|u|] i ocsm 3o satched bz at 0C31 o

it mcuom mnl st
I\lll Tarts cold o

e, Also ready hum uml eaten 5218
e o Thic ot for ater

g i iy “lu{ L),
PRICE 45/- L.

B.5.R. MONARDECE (Sinylo specd) 3Hin. por sec. sitaple contiol
s S1in. apaols. £6/15/-, plus 7/8 carr. and lus. Tapes extra.
ATEST CDLLAEO MAmmvox 383 TAPE DECK DE LUXE

brec wjeels, 2 track, takes up to Tin. spool. 10 gos. Fius
/6 carr nm\ lns (‘l.qu,‘l Xt
QUALITY P ALE RECORDER CASE. Beani new.

Beautifully R il

4149 6. F. & P

BMAINS TRANSFORMER. 4x trussietor pover supplica. Tapped
Sec. 40-0-10 wt 1 amp. (swith eleotyontatic sereen)

v T ‘5amp. lo;.l:. Lampe, ete. Drop throngh imotating.

1i x 8
Biootii oo £l lulhblelurr\hmn 4000, 1 40+,
size iln. dla, BEa - 316 e 2

- Wt QUTPUT

25 v, 1, dia.x
ruh-pull Lo 3 ohim

. & V.06,
710 wait ULIRA' LINEAR OUTPUT TRANSFORMERS i«
uitich palr of ECL8% in pusl-pull 10 § obu output. ONLY

MATCHFD YA].B o! 2} WATT TRA\S\'STOR DR“ER AND
OTGTPUT TR:\\SFORMERS Btack size I % Pln. Output
> Lopge s 8 olm i 18 obud output. Torl e st
it dele
DRIVER and O/P TRANSFORMERS.
ohny aud l-; ohm. uuL;mU
prox. 1 watk outpui, 25

e
and

{Tappel
by |u. 4 mllnblu Wrausiglors giviux
2.

LW 3 ol 1Llo\‘.u)sm-:mu:

1% EM.I 13}
3 high hnx o snic magnet, 42 (15 oh 4 51-).
10 andl §2in. 56 per

apc Am:
BRAND NEW 10ln, 15 watt H/D STEAKTRS

Open all day Saturday

170 HIGH ST., MERTON, 5.W.19. CHErrywood 3985
Early closing Wed.,

secflan: wouR| 3o 13 o Gurment production by well known Thitieh maker,
output transformer te Offere Lelaw i, price 5 5 O 3 altar wacdel
mateh I -lukc‘r £5/5-) (35 n1(v.zmlm tresdal
and 3 independent 7o SPEABFR&CABI T FABRICS « 5

’ pprnx Gl wile. Teusily
e controle, sad sevarice b i tretle ceutraly | 350 yand. 6 pnr 3 )
2 I.Hc el ‘ “ 85/ sard. Our price 13/6 pir 1. Ength, samples,
fa B0 rockitor. Suple ton : N A.C. MAINS INDICATOR
parta  parts sold lep.\mlu\y R Ao v panel n\u\mlm;{, oML ot 5 ze 1 gin. deep, ine,
816, alble ruads built, nm!‘k‘ﬂhd Ehtistets Sl e sl Teun, :hmn Ui e B
hadand b Tant sockets, GQ5r & b malne 2007250 v. D6 cach,  1p & or o yost frec.
HARVERSON SURPLUS CO. LTD i o, Sout

Wimbledon Tube Station,
{Please write clearly.)
Overseas P. & P, chnrzed exirs,
S.AE, with all enguisies,

I pm.

g
E
E

TRANSISTORS FOR
TEGHNICAL COLLEGES

This book will be of particufar value to studencs of
clectronic engineering in all types of Technical
Colieges. With its practical approach it will also
serve as an elementary design text for the many
industrial enginuers,

L. Barnes, M.Sc. Tech. AMLEE,

25/-. Pn:(:gc 1=

MOTOROLA. SEMICONDUCTOR DATA
MANUAL. 30/~ Postage 3/-.

THE RADIO AMATEUR'S HANDBOOK
by A.R.R.L. 1966. 40/-. Postage 2/6.

MODERN ELECTRONIC COMPONENTS
by G. W. A. Dummer. 63/-. Postage /6.

BASIC INDUSTRIAL ELECTRICITY. 2 parts.
18/-. ea. Common Corc Book /6.

ELECTRONICS POCKET BOOK by J P.
Hawke and 1. A. Reddihough. 2l-. Postage If-,

NETWORK ANALYSIS FOR TELECOM-
MUNICATIONS & ELECTRONICS by R. A.
‘Lampitt. 63f- Postage 1/6.

COMPLETE CATALOGUE -

THE MODERN BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books
1921 PRAED STREET
LONDON, W.2

Phone: PADdington 4185
open 6 days 9-6 p.on,

SQIGNAL penerator:
voltmeters,

etc.. ete.. in st
ville Old Hall,

\<ln it om Halt,
19886.

ete.
k)r st!l "millie and capstan work ko Lo 2
ETAL Chapran

EQUIPMENT .— SURPLUS
'ND SECONDHAND

e
t oc! T, & 1. Klectramics, L
Ashviile Rd., Loudon. E 11.

sunm.us AND SECONDHAND

Laughhomugh
URGEVILY wanted maunals i

Alr
93,

CR100, BRTI00, G209, S64
T &L Betonies, it
Rd., London. Ley:
142

lc., AR
©li stock
Ashyillé

Ba

ETALWORK, all ivpes cubinets, chassis, racks,

0 5OUr own Specificntion, capacity available
ba

WORKS, Lid., [SLI,

n or
I eu-upmen it}

rnd(u o

Force le
Wardou; . Londox,

ct.
AN

R, C & L BOXES

%ﬁﬁﬂﬁ

CAPACITY 15pf to 1t1pk
RESISTANCE 0.1 to 100K Q
INDUCTANCE 1mII to 10H
VOLTAGE DIVIDERS and
WHEATSTONE BRIDGES
LIONMOUNT & CO. LTD.

BELLEVUE ROAD, NEW SOUTHGATE,
LONDON, N.il, ENGLAND.

Tel: Enterprise 7047,

WW—160 FOR FURTHER DETAILS.
3
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EQUIPMENT GABINETS
OF DISTINGTION

LOWFLEX

@ Iustrated in this advertisement are
1wo fine cabinets {ram the Lewis
Radio Range.

These Cabinets are just two of a
really extensive range.

Each one carefully made by British
Crafismen and soundly constructed
from the best materials av

Fill in coupon belaw to obtain FREE
catalogue showing this wenderful
range of cabinets.

IMPERIAL

Ieg THE NEW LEWIS
IF RADIO CATALOGUE I
Designed Lo assist vour choice of cabiner |
| The new Lewis Radio Cabiner Catalogue—|
e Most cumpnhumw ever prepared  Sent

Iabscluuly F!
I Please send your I‘RI ZE cabinet catalogue I

JnamE

106 Chase Side, Southgate, London l

N.14. Tel: Palmers Green 3733/9666 ]

WW—161 FOR FURTHE_DEAILS.

i MINY WALKIE TALKIE

The fatest crazet Pusk-buston aperation; erysta
risel (3 12 cirenit)

Tremendons commncml

nm luuer, and 8-s¢

V. PP Battery and overates np

w0 nm e opes rouniny /eun o 53

Freuueney 27125 et

ONLY 26.19.6 pair
(Post & Insurance 4/6)

Ligerve i uretseary if this sel 1s need b

ans
B

SPEAKER BARGAINS

Hanufsctured by fassous Euzlish Somoans.

10in. 3 or 15 ohms 24 & (P. & L. 41-); 12

L wiin bum-m Toceier
in. §8:

. 15.-; 8in. 19,6,

(19 oo oA, i Ao,
ot 3 or 18 oluns (P. & I enoly.
S e ampligier speaker £5 B

NiCKEL CADMIUM
Rechargeable Cells

Ko corrosion, Bo casHng. Lo maintcnance.
Why keep buying batieries when you cau pur-
chsse one of the mew rechurseadle wickel
cadmium cols, Py for itell over und over

quv PPG ‘17/— E'I"IV U718°6: l'ml[v PP
quiv. Eguiv. Uil 21/6.
150 caen Ehsreing wara avanabe,

@:&%WH TELEVISION AERIAL

for fringe-area B.B.C.-2
More and imoee areas are able lo receive BBC-2 and )x!r your
ke reflector fring 1 3t

Luum‘d no:h S0 huery!

State ehannc mmuéd nmd area.
ONLY 52 6 ¢

Co«axial cable ys r\l Set of govkets 26,
ELECTRAMA, Dept. WW30
‘Windmill Hill, Hailsham, Sussex
Tel. Herstmonceux 3

R & R RADIO & TV SERVICE

MARKET ﬂRFET BACUP LANGS.

Tebephone 4405
SALVAGE VAL \ES
14 5/ "L
%ot
Ti-  Irt
i
i
o
-
G- 91
)
5t

B1Ge 3t ez pos
T AIG carir uu

Turret Tuners, §
Soan Coils. o
ALyt
b it o

@

t sith sll cnguiries aud
5 wm mhku to satislaction er

A
PEGIAL RADIO
HASSIS 0FFERS'

Magnificane " Continental.”  Stercophonic
Radiogram Chassis with piano key switches,
built-in ferrite ro¢ aerial. Come: complete
with £wo 10in. clliptical Joudspeakers, plus &
monofstereo  4-speed  automatic  recar
changer. Compleze £29/19/6 (Units svailable
separately if require

Speciat et available o{ n/m/- deposit
followed yments of
Qg e H. P of g 33/|3/s) ot 15 P.p.
Send £8-5.0 na

The Imperial stereaphonic 4-waveband chassis
has the most advanced spccifications yet
offered in this country. There is n built-in
ferrite rod acrial, seven piano key buttons,
contralting monofstercosclection. Gram Long.
Medium-Short-FM-ON/OFF. The unit comes
complee vath two (Oin. elliptical loudspeakers
olus a mono/stereo 4 speed automatic record
changer. Complete £41/9/6 (Units available
separately if required).

Speciai tetms zvailsble o( no'ne deposic
followed

Qs {toral H.P. eaa/n/a) e Te o
Send' £11-5-9 n

)

| EMPRESS RADIOGRAMCHASSIS

SPECIAL OFFER
1 wate S.T.C. 300 Mc/s. N.P.N. Sm:on Planar
1002, Transistors. Limited stocks, £1 for st

3/- each. QC44, OC45, OC70, OC7I

. ocsl,
OC8ID., OC200, GET!6, GET20.

SUN SOLAR CELL KITS

24-page booklet on Experiments, inc. 4 Sun Sofar
Cells, [1/- set

4/- each. AFl14, AFIIS, AFI16, AFI17, OCI70,
CClI71.
Send 6d for full lists :—Inc. S.C.R., Zeners, ctc.

RSONS,
78 BROAD STREET,
CANTERBURY, KENT

WW—162 FOR FURTHER DETAILS.

This fabulous " Empress i radiogram
chassis is offercd (ompkw with 10in. loud-
speaker plus 4-speed auto-changer. At only
£24]3/0 this is the bargain of xhc year. (Unics
avaihable separately if required.

Special terms available nl ca/:/o Jeposit
followed by

£1/34 (eotal H P. am,n) s ISI-'PIP.
Send £6-18:0 n

Al Lewis Radio equipment including
valves are fully guaranteed for one year.
Send your cheque or P.O. today while
seocks last to Depe, W.5.

LEWIS RADIO, 100,CHASE SIDE; SOUTHGATE
LONDON, N.14; Telsphone: PAL 373379666

WW—163 FOR FURTHER DETAILS,
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i . Orders welcomed for oll_items advertised last monih
TECHNICAL TRADING Lo- F.M. Tuners, Dulci, FMTS, Highest AUTOCHANGERS with carcridge.
For value and Service visit us at:— Finish Normally £21/13/5. GNS.
*LONDON«mTonenh'\m Court Rd. Tet.: MUS HITACHI Tape Recorde:
PORTSMOUTH—350-352 Fratton Rd. Special Bulk Parchase TRQ:uu
+ SOUTHAMPTON—T2 East St. Latest Pormblc Battery 2-spoed
% BRIGHTON—Devonian Court, Park Crescent Place <capstan. 11} 3%in. Normally 35
All Mail Order and 24-hour Robophone service Brighton 680722 ;PKSASE;CCHETM lukr ﬂ’lrl:ISIC 1882 19 GNS.
: 1A s 4-Tr: ains  Hi
BULK | AMIEM D5 LUXE RADIODRAM CHASSIS (Yoruwaly 190w 012 00s, 2 REEDS 1 STk Gvarpiay. Een
BUY *© Al.( m; LUXE xmmouxAM CHABSIS (\.m, 17 Cx\» ) m Goz.  stereo tapes. Normally 44 Gns... 29 GNS.  S.A.E. list of 1,000 bargains.

LAWSON BRAND NEW
TELEVISION UBES

YRS.’

“ Century 997 range of C.R.

manufactured by Brit

Coutrast and Light output; together with high reliability and
cery dong fife.

j Cemtury 99" arc o complue rangs of tbis, o all sizes
Jor all British sets manfactured 1 ’ i

Our stocks are very large and we Lun xu[vply the EXACT tube
Today's Orders despatched yculregisiteb it
Coday, and fulf fning instruce 12— £4:10:0 LAWSON
tions ara supplied with every ” R
tions 14" —£5:10:0 TUBES
T A 17— €5:19: 0 18 CHURCH DOWN RD.
erms: C.0.D. or CW.O. MALVERN, WORCS.

197-21"—£7:15:0
164 FOR FURTHER DETAILS.

Carriage and insurance 8/6. Tel. MAL 2100,

T S | RESERVE covuty avaisble mechanionl, electros
mechal s b ( mb) l d
H USE names in gold leaf on woed, alnx16in, |J()§',‘ Wiring a ime sl
tree’ 57/6 trom Wood Lodge Studio. Hifltown, Noi. | and wmmumz te \mm! smme B, Junity Sasurance
1155 466, Wireless Wol
¥ N ASSEV{DLY and \llrin: facillties availuble for the
- A AL production o all types

of “electromc equipment.

L nd ciegtronle s caprigiy avatl- | Drototypes and production run: esigns. —

COol 1“.‘3%35 :ln‘\:’mL adies s Lade Tadmilnm | Woodstock  Apetieics, L (,om Oftices.

Wors itrerar T Malmesotr s Witephone z53, | Brigiion R Lneing, Sussex. Linciig 243,
ECTIFIERS, Selenium and Silicon units supplied

for_all spplications, keen prices, eged ‘deliverl

1. R. SERVICES & E\'X-LOPMEI\T&. 231, Rivermull,

Haflow Estex. oL, e rlow 1706. 1112

i serably wiid

trafsistorised_sub-

4 Rd.. London. | tion,
107 | B

IRTRONICS, d.. for
wiring of clwr.ronlc eunhm‘m
1 i sl eet
um ) Tel. Lie Green 1706,
RAhS‘?O RMERS: Winding and design of

tC,,  sen
(Dept.

trans:

6-hiike
521\), 29, Wiichts Lane. London w

46
& Guilds Exam:nations.

cllon

FOR ALL YOUR PANEL WORK
WRITE FOR ILLUSTRATED
BROCHURE OF PARALEX
& LUFBRA ADJUSTABLE

F“LL HOLECUTTERS
WITH MORSE
G“ARANTEE TAPER OR STRAIGHT
SHANK  DIA.
SHANK
Tihe continually increasing demand for tubes of the zery highest UP TO NO. 4
Jornance aid seliabiiy 5 oty betg it 6y th s Laeion
“ Contury 90 are abmluhly vand wew tibes chrovghan,
s largest C.R.T. mantfacturers. - They
are guarantced to give absohutely Superd performance; nesdle A——
Sharp definition, screens of the very, latest Types Sicing mazgint H

HOLES ACCURATELY BORED
FROM lin. DIA. TO [24in. DIA.
AKURATE ENGINEERING Co. Ltd.
CROSS LANE, LONDON, N3
TEL. FITZROY 2670

WW—167 FOR FURTHER DETAILS.

For

wl and Y, Ferfioates. Gz
gl tomes, | Shgkes ot ‘,’,ii“‘ﬁ‘:.'mm e 5| Pt SR Bl Sotea il WAL | ACCURACY
power Lransmr ers 20 KVA: ] ?‘dm' [Cvzsn e‘s‘c[‘m?omsl:ll“x‘):'ngriecll‘\:;“ it) Id.
P e T icamatives will Be plebsed | Tamois 1.C.S-—Weite for ires Do 5,
5011 tipon, sou o alscuss your appiicitior | fect. 10 Titernational Correspondence RELIABILITY
Ehoatronie, L. Manor Works, Old, “Town. 343, Interzext Hou =Ra.. London. & w.
London. B.W.4. Tel: ntac. 4226/7/8.
. — PRICE ECONOMY
ou can q
YUKAW e oianovne HAMMER FINISH nvow: f Y Weisefor
L PE ifustrate.
"‘lli SP“ So professional . . the YUKAN acrosol woy! i _ DEPEND grpch:rc&
rice List
YuEAN o 16 uz requirad. 7 on

Aerosol gpeas Lit o No stove
y. 81 sl bt on nelf-apray cau,
(or 18711, cazr. pall

{Closed Thurs. aft..
ty) also avoilable. spen all day Sats.)

o
AN, Dept. WWS, 309a Edgware Road, London, W.
Chotee of 13 self-sprey piain colosts and primet (Motor cor du

THE QUARTZ CRYSTAL CO. LTD.

Q.C C. Works, Wellington Crescent.
New Malden, Surrey (MALden 033+ & 2988)

WW—16§ FOR FURTHER DETAILS.

WW—168 FOR FURTHER DETAILS.

Radiospares Lid.

FOR ELECTRONIC. COMPONENTS-BY RETURN

WW—166 FOR FURTHER DETAILS.

TRADE
ONLY
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ROTARY TRANSFORVIE?S. [nput I2 v

Outpul 273 v. 110 mA. Brand New.
500 MICRO AM. TERS,
mmmure Iyp: | dial. Brand New

12/6.
VARI E TW GANG Sahd d)L]thnc i90-210

pF.
llFT WH]P AERIAL

steel and painted.  Dia. omplete with
mouldes i

ase 2 / st 1/6.

TR EECORE AERIAL MASTS. ™Tiputar Steel
copperized spray finish. Ring cam locking on cach
scction provides fof full or any height required..
Suitable all fixings and base locations.  34ft. (6 sec.
tion) dosed . i Wot. 20 Ibs. Basc dia. |jin. 75/-.

Carr, 3/ 01, (4 scctions), 55/-.
SIGNAL GENER TOR. Tym 106, Coverage 5.3

6 sections, copperized

Megs. to 55 Mes. ax. Sig, O/pur 10 Mjvalts,
Bnnd New. Maputaciured \.][ord ]usls £5. Carr. 10,-.
3 KVA, AUTO TRANSF! RS. 110250 v.

Maunted in_steel case uuh uxcmnl lmml vollage
regulator. 7 Taps. Brand New. £12. Carr. 10 -
HEADPHONES. Balanced armature, DLRS, Brand
New. 96 pr. Moving coil type, with car muffs for
noise excluding, 12/6 pr. Same hited with moving ceil
niike, 17/6 pr. Carbon hand_mike. 7/8 cach.
TANNOY LOUDHAILERS. {deal !or all outdoor
uses, enclosed in waterproof »eodm case, complete
with steed baffle designed toproduce directiona.
reproduction at 5 wauts, 7.502. 27/6 each, Carr. 2/6.
R220 MkIH. RECE]VERS#Supuhcx complete
with 3in. ahm, buili-in speaker 230- 250 Mains
power pack.  Easily converted to uulr ands.
Chunsnnl) Complete with valves. Less Real, £3,15/0

3/
SMALL GEARED MOTORS Working voltage 6-12.
v. D.C. Overall 2 2in. 15,-m Carr.

i 1/6. Minia-
ure blower motor 6»[ 2y 6 each. Carr. 176.
TRANSMIT['E . part of T/R. SCR.522,
Chassis only. Com )|v.h with v:|\cs except 832's, and
elay. Range 100 l c/s. 21/ ca. Carr.

LINEAR ACTUATOR 240 12v, D
100 1b. load in either direction. 3in. travel through
motor opcrated gearbox. £4/10/0 each, Carr. 3,6
38 SETS A.F.V.-6-3 Mc/s. New condition. Complete
with valves. Untested. 21/- ea. Carr. 3/-. 37/6 pr.

Carr, 5/-,

SlEMENS MINIATURE RELAYS Size 13 1.
iin. Res. of coils 700 or 250 ohms. 2
ontacts, contact rating up to 2

< 2 amps, 6/~ ca. P.P.
SIEMENS HIGH SPEED RELAngOI 1961 1yp.

10/8 ea.; l'yp i3 1,700 ohms, 14/8 ca
CARPENTERS TYPE RELAY 5HM52 Omraunu

C. Will 'gperate

=
S
o

coil triple cail, 1.2 ohms, 100 tarns, 150 ohms, 30
turns, and 250 ohms, 3000 !urns‘ 15/- ea. G.E.
Sealed type 670 ohms. 2 b, 7/6 cac

POST OFFICE TYPE RELAYS 3. O(JU sers. 2 clo:
m.; sluKRCd coil 140 ohms.: 2 cfa.
ghms.: 2 c/o. slumck cail 500 ohms. .
D4P.C04 AERIAL CHANGE-OVER RELAY. 12 .

D coll. hewss silver comtacss. - American Surylus.

17/8 each. 1i-.

MORSE. KEYS complete with leads. lerminals and

cover, 6/6 cnch.

PRESSURE GAUGE.  2in. round hrass case.

0.160 Ihs. 9/6 sach.

MINTATURE PLUGS AND SOCKETS. 8 way.

Jones, 3/6 pa

VIBRATORS. 6 4 pin. 12 v. d pin: 12v. 7 pin.

Sya. Al B- e

BrocK CoNbENsERs. Paper. 1.7- 1.7 Mid.

3RV, /6 en. 2 Mtd. 230 v. 4/6 ca.; 8 Mid. 600 v. 6/~

ga 10 Mid, 350 v 776 o

ELECTRIC PUMPS. 24 v. D.C. Overall size 7% 21

%3%in. 7 G.PH. Brand New O3 76 ca. Carr. 2-.

NEW COMPONENTS, Min. con. |64 Mid. 15 v 1/8
- S0 12 v 2l

E

at RN Sund JucL 3]».
Screened 3/9. Sockets 2, or 3/3. 3.5 mm. plugs and
sockets, C. 5k, 10k, 25k, 50k., llJUk.. 250k.‘
301 s AII at 3/~ With dfsw. 5/~
. 2:6. values § watt res. 4d.

. No lists.

iature. 200 P.S.1. WT. i1b.
din. travel 3in. screwed extension.  Gimbal fitting one
end. 9in. long. cylinder 2! 3%in. Brand new, 30/~ ea.
incl. carr.

SAE. all enquiries.

108 CHESTER ST.,BIRENHEAD‘CHESHIRE

P. O. 3000 TYPE RELAYS
AT A PRICE YOU CAN AFFORD
Reconditioned as now.  Bui
uirements,
CATALOGUE 2/6 POST FREE.

RADIO CONTROL R 93 NORTH ROAD
7H
" BRICHTON o * 5 BRIGHTON
65806

Built up to customers’ req-
Return of post delivery. Letus quote you,

E.R.
I 1sed 1(:5 home-: gy
| —F

DIO officers see the worl
appomtments.  Trainee

Grants available. my and boar
for ))IOSD(‘C[ veless Collese.

exam.
1.C.5 (Dept. 522),

& Gu

\
Nete. Broo
My and security.  Thousatids of passes. For d

LERE., Clty ilds, G.C.E..
ChmiGis or Liehnalopt Sor hii

& Gmlds and RT.ER, exams., spccl.\l-
col il ensure success,

ana diplomi
e urcn-omus. alsg new practical
varkgate
[106

exams, and courses 'in ull brunches of engunoerin
bullding,  «l cs, cte., write for 156-page hand
(Dept. 151K), 29, \Vn?-hvc

&  Guilds.

MIERE

5 iThousands

rome Traming Courses (1'clud|nx ™
all hrmrms of radio. T.V.

for rn0ok—FRE

Tite
(Dept. 150K).

Chiy
hcmm or Refund
T detiils

Ac-
and

OSMABET LTD

A NEW RANGE OF
RADIOGRAM CHASSIS

The latest * Continental™ AM/FM Stereo-
phonic Radiogram Chassis. Piano Key Opera-
tion, 4 Wavebands, S.M.L. plus VHF'FM, provision
for tape record and playback, together with many

other outstanding features. A superb chassis.

Hodel PBST.
Our price 24 Gns. + 15/ p.p.
The latest * Continental * AM S(erenphomc
Radiogram chassis. 3 wavebands S.M.L. Piana
Key Operation, Internal Ferrite Rod Acrial, etc.
ctc. A chassis of outstanding performance,
Model PBS6.
Our price 15§ Gns. -+ 15/- p.p.
The latest © Continental " HI-FI AM chassis.
3 wavebands S.M.L. Pano Key Operation.
Internal Ferrite Rod Acrial, ecc., ecc. Betrer than
the best in its class. Model PEAMS.
150- p.p-

ur price 13 Gns.
We offer a full range of chassis in addition to the
above, full deteils in our cataloguc, 6d. stamp ploase.
We supply direct 1o user. and give the finest valuc
for money.

(S.A.E. all enquiries) Mail Order Only
46, Kenilworth Road, Edgware, Middx.

Tel.: STOnegrove 9314

|

NEW FRO? PITMAN

Transistor Electronic
Organs for the
Amateur

Alan Douglas|S. Astley

This is the fourth book by Alan Douglas,
who is probably the leading writer on this
type of equipment. It presents not only a
detaited design for a full scale organ, but a
complete explanation of everything to do
with transistorized organs. Woritten in
simple style especially for the home con-
structor, and profusely illustrated with
clear diagrams. [8s. net.

The Silicon Gate-
Controlled Switch

Edited by G.H. Pridham

Aimed at H.N.C. and higher level elec-
tronics students, this short monograph
was originally .presented as a symposium
by experts from four major electronic
companies at Enficld Coliege of Technology
The device is a transistor-type mechanism,
recently developed, which has found wide
applications in computer and other elec-
tronic circuitry,

i2s. 6d. net.

Connectors, Relays
and Switches

G. W. A. Dummer |
N. E. Hyde

This is the sixth volume in the series Radio
and Efectronic Components, and is the first
book in the world that covers the subject
of electronic connections. This subject is
now of extreme importance, because of the
improvement in reliabifity of both conven-
tional components and integrated circuits:
requiring similar improvements in connec-
tion methods. 50s. net.

The Radio and Electronic Components series is
designed to meet the needs of the rapidly
expanding electronics industry for information
obout specific components. The first books of
their kind in this field, they fill ¢ wide gap in
present technical literature. Titles in the series
are:

Vol. | Fixed Resistors 28s. net.

Vol. 2 Variable Resistors and Potentiometers
45s. net.

Vol. 3 Fixed Copacitors 45s. net.

Vol. 4 Variable Capacitors and Trimmers
32s. 6d. net:

Vol. 5 Wires and R.F. Cables 47s. 6d. net.

Vol. 6 Connectors, Relays and Switches 50s.

net.

|PITMAN" PARKER ST.-LONDON W.C.2

WWw—169 FOR FURTHER DETAILS.
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RESISTANCE WIRES SURPLUS HANDBOOKS - AB.C'S. of SILICON
EUREKA - CONSTANTAN
Syl CONTROLLED RECTIFIERS
e o TRl &w"“ =2 pai AT tOF BB R
NIGKEIPSIIVER Wavesaie Class D Insirucion Hacdbook ARRLRRy ;"“;‘db""k B @b By

COPPER WIRE

ENAMELLED, TINNED, LITZ,
COTTON AND SILK COVERED
SMALL ORDERS PROMPTLY DESPATCHED
B.A. SCREWS, NUTS, WASHERS
soldering tags, cyelets and rivets
EBONITE and BAKELITE PANELS.
TUFNOL ROD, PAXOLIN TYPE COIL
FORMERS AND TUBES. ALt DIAMETERS
SEND STAMP FOR LIST.  TRADE SUPPLIED

POST RADIO SUPPLIES

33 Bourne Gardens, London, E.4
Phona: Glissold 4688

WW—170 FOR FURTHER DETAILS,

BAsic, Mgnemines
By F. M. Colebrox
“sed b eniarged b
prezents in readable

(or_ Radio_ung  Electronics.”
ok, B.Sc. : D4I C .C.G.

J.
orm a_eoi

and ‘lcads on g the more advanced branches of
mainematics of Increfed  lmportance to radio” en
glneers. In edition the chapter w.Eﬂng the
e ont ot ‘mathomatiss s

new  sul covered lnciuds
Equations Elementa

Caleulations and a

aud enlarged. while
Stapility, Linear Differential
MML!I\CS. Shart Cuts ln Nurmel

‘N.A. (Cantab.).
ple{c Couts i hasie
et entaties Trom engliecring. sfudents of all Kinds

radio has been revised
e

e
£ |

Siter tire ‘Diagram and Details (- i

MAIL ORDER OKLY TO INSTRUCTIONAL HANDBOOK

SUPPLIES (DEPT. W.W., TALBOT HOUSE. & Tasor
GARDENS, ROUNDHAY, LEEDS, 8

Sound Mixers, building and using, by Steclo

30/-. P.&P. I3,

How to build Proximity Detociors and

mm Locators by Shiclds, 20/-. P. if-.
ow your Sigral Generators, by I‘hddlcmn

10/- [

Tr:nus(ur Packet Book, by Hibberd, 15/

P &P 1/3.

T i1 i d and ituti
Handbook, by Techpress, I5f- P. & P. i[-.

WW—172 FOR FURTHER Dl'

DAMAGED METER?

Have it repaired by Glaser

Raduce overheads by having your damaged Electrical
Measuring Insteuments repaired by L. Glaser & Co. Lid,

We specialise in the mm?
INSTRUMENT = 3

all types makes

ic Guitar Amplifier Handbook, by
D;:r, 245, P, & P. 1/,

W your, Tess Meters (VOM-YTVY)
AU i

Where passlb!g 24-hour service guaranteed

UNIVERSAL BOOK CO.

12 LITTLE NEWPORT ST., LONDON, W.C.2
(teicester Square Tube Station)

by

Valhneter: Ammeters, Micro-
amme Test
REPAIRS ez W

As contractors to vnnoux Government Depariments,

wo are the leading Blectrical Instrument Repairers in

the Industry. For prompt estimate and spoedy delivery

fzndndaltechve instruments by registered post, or write
e

L. GLASER & CO. LTD.

1-3 Berry Btreet, London, E.C.1
Tel.: Clerkenwell 5481-2

introduct Mabru e c'se
\chout Derions Rnowledge of the subj:c 17/6 net

trom all ksellers. By post 18/6 from llllro Bonhs
Ltd.. Dorset House. Stamford St.. London.

— IR.ELESS ervicing Manual.” W, Cock!n:

LLEE This i8 the tenth edltlon 8 bool
which slnce 1936 has been kno: o Tadio servicem
eversw able, lhDrouzh nnd

ment of the mode:

to tramu:on a

r
devo!
St Sfhe anthor o e Manual

I
Is well known to n wide circle ol rv sdvr\ ns wrmcr

editor of ** Electronic Fechnology ™ and now
dustrial Electronics.™ is crisp luctd style maLes Ll
handbook of utmost value fo th

umateur alike.  25/- ret, 26/
Boaks -, D

orset  House, Stamford St.,

RN NN E——
ELECTRONIC

SERVICE Quems

WE DESIGN, DEVELOP
AND PRODUCE TO YOUR
PREGISE REQUIREMENTS:

TRANSISTORISED
AMPLIFIERS
INSTRUMENTS
TELEMETRY AND CALLING
SYSTEMS

RADIO DIRECTION FINDERS
TAPE REPLAY
PROGRAMMERS

VHF REMOTE CONTROL RADIO
RECEIVERS AND
TRANSMITTERS

D Cemme=
RCS ELECIRONICS

HATIONAL WORKS, BATH ROAD,
HOUNSLOW, KIDDX. MUD. 0933

o=
o=
&=
o=
O

)

comprehensive
rublems that arise in the

thn presenc ‘edition & mujor nddi-
nd transistor

service man _and
by ‘post from Liile |
London.

g
b
a1

ern

s |

|
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THE ONLY

COMPREHENSIVE
RANGE OF RECORD
MAINTENANCE
EQUIPMENT

IN THE WORLD !

Send stamps value 9d. for 16

page bookletand supplcmenc-

ary data sheets Nos. |.a

giving the fullest and Iales\:

., information.

shazket CECIL E. WATTS LIMITED
Darby House

Sunbury-on-Thames,

A GUIBE 4 <

L& STEREO
RECORDS

Middx.

10 ALL

Manufacturers, Wholesalers, Importers,

etc, of the Radio and Electronic Indus-

tries

We are spot cash purchasers for all types

of redundant and surplus stocks.

Phone or write Hillside 2713

Stonegrove 7624
Broadfields Disposals Ltd.,
8, Broadfields Avenue,

Edgware, Middx

or
Mayco Products Ltd.,
21 Lodge Lane,
N. chhley, N.12

WW-—176 FOR FURTHER DETAILS,

WWw—I174 FOR FURTHER DETAILS.

COMPONENTS POSTAL SERVICE

S SWITCH KIT. Includes quality 2 aad 8 button
% push-butcon Switches, Ratary Switch and
Control Knabs 136
% SLIDER SWITCHES, Profcssional_grade
P.D.T. Specialsilver contacts, voc. 2off  5/9

* nes|s'rons_s Hi-Scab Carbon  Film
MO (f ward)s 10 off. ono standard

* CAPAC]TORS—PaIyes(cr Foil IGOVDCIIOO
VAC.

3/6
5/-

10/~

33 pF to .IuF: 5 off, one standard value. .

.154F to ,47uF: 5 off, one standard value

+ ASSORTED RESISTORS—Hi-Stab.

300" (% ar burter] s
.55 56 par order. WO

ELMBRIDGE INSTRUMENTS LTD.
26 Ganghill, Guildford, Surrey.

WW—171 FOR FURTHER DETAILS.

WW—175 FOR FURTHER DETAILS.

Y SIEMENS.

MAD 200/250 A.C.
T mp et

Ones ON once

B FE overy % 4 at any magually

pro-uet iats. Lot bt puntech bl Jos

garsteot,  Wiring insteictions weppllel.

Wit} ietal case—nn 1l—7/8 extra
NN ELECTRIC IME SWITCRES,

4
meuntiog base. Mstal caso for abose 1
VENKER 40~DAY m.ncxwonx Hhneswitcs, 45/-
;0 2w rating. Switelies on overy
ciode fron three to thirty 1*P.4/G.
e i

200:250 v.
AL %
amps.

Yor d N:klnz electricity
Beoonditiued ool perivet.
fally suar

uwo WESTOX 40 smp. m modl 5/
. ou eacli item 4/9.
4 Hand Seto—ny battesien

consumption.

Ex Admimalty Bo\lm\ Powered
eidred G5/ par ol 1L 31,
il meters guaranteed two years.

State volmg QUANTH"Y DISCOUNTS
ot feters avatlanlo—send for Price Lixt.
Bml 365. Kingswood swhes (W.W.3.}
4, Sale Place, London, W.2. PAD. 8189

WW—177 FOR FURTHER DETAILSH.
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BROADWAY ELECTRONICS

92 Mitcham Road, Tooting Broadway, 5.W.17
BALham 3984

(four minutes from Tooting Broodway Underground Statior)

GARRARD 4 SPEED DECKS WITH CARTRIDGE
arochangers: ATED, 1071015 3000 £8/B/-; 2.000
117/-~ 1,000 £6/8-; Aumsll Dc Luxe Auto-
slim with plug in hea 6f-.
Single players: SPZSLW/IO/ SRPI2£5 GRrrard Plinch
W.B.1 £3/12/6. p. and p. 4/6 for_plinth.
CARTRIDGES: Ronecte Stereo 25/.; AcosGP6715/-
G. AT6 Shelis 5/, p. and
FGPEY3. Sierco 201
SPEAKER EMCLOSURES: “TONY” Corner
Cabinet 20 x 10 x 7in. takes 10 x 6 spcnkcr covered in
grey Rexine and Vynair 45/-, P. & P.

“BLAKE™ [2in. heavy ducy et 244in. x
18in. x 9in. The baffle is 3in. thick. Covered Rexine
and Vynair £5. P. & . 10]-

*BLAKE DE LUXE” vencered with woodgrain
Farmica and scanding an smart 6in. logs £6/S) P. & P.

havoon - 164 x 15 x 74in. Fabric covered suitable
for 12in. speaker 45/~ P. & P. 7/6.

Grystal ik 200C" replaces B3 30/~ P. & P. 2
Stand for same 2/6. P,
Guitar Pick-up with S(recncd Lcnd 12/6. P. & P. Gd

Neon Panel Light Arcclectric 240 v. A.C. 2/6. P. &

6d.

BARGAINS IN TRANSISTORS

ACIZT AFLI4. 115 116, 117116, 115, OCtes.
T 172 56 . OCT2. 7583, 36, OCTL BIM 3}
RF Packs | OC#4, 2 OCA4S 8/6, AF Packs | OC8
2 OCBL 6/~ AF Pack a GET 118, 2 GETI19 §/6. OC26,
2% 716 ORPI2 Light Cell 7/6. Diodes OASI 2/3.
OA P. & P. on all these

EARFIECES with cord and 3.5 mm. plug. 8 ohm
magnesic 3/ 250 ohm 41; 170 of.m magneic wich
clip 6/6; Crystal 4f-. P. & P,

SPEAKERS: ELAC Heavy Du(y Ceramic Magnet
11,000 fincs._10in. cound. 10.x éin. 15 or 3 ohm 42/6.
P. &P 3/6. 8in. round 15 or 3 ohm 38/6. R.A&P.3f.
E.M.J. 134 x 8in. (5 or 3 ohth 42/6. . & P.

Stockists for Eagle_Products, Gootmins. W.B.,
Wharfedale, Bakces, Tripletone, Linear, all makes of
Amplifiers nnd speakers supplicd. Lec us quote for
your requirements. S.AE. please. NO C.O.D.

TELECOM MK.
Pocket size
V.H.F.
118-136 Mc/s

TRANSISTOR
RECEIVER
. complete with
telescopic aerial,
loudspeaker and
battery.

£26.0.0

e

London, WC2

BRITEC LIMITED
17, Charing Cross Road,

AIRCRAFT BAND

carr. paid in U.K.

W Hitehall 3070

WWw—178 FOR FURTHER DETAILS.
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812
520" drom Titte
Londen. S.E.1.
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AMERICAN

TEST & COMMUNICATIONS EQUIPMENT

ANJARC-3  V.H.F. Transceivers.
ANJARC-33 . Transceigers ag detated
AN/TRC-24 Tcrml sl or
quip cmsxoo/womqs
AN/VRC-19 X Afobile F.M. ‘Frans-
Freq. 152/194 Ac/s
0. 25W.
Supply/V 24 and 12 respec-
tively.  Price £10 and £12,
ANJURC- & AN/URC-1H | VHLE UHLF.
band  * Handy-
Toide

ANJARN-44 Compass Receivers
Po\\cr supplies DY-66DY-66.
N b Radar Beacons.

BC-610/E  H.E. Transmiters, 2/18 Mcfs.
BC-1332 Trunsmivers (B.O. ANJMRN-3
CU-168/FRR  2/32 Me/s Antenna Couplers.

AN/PSAM-6 Muhimeters 1k-20k opv.

N USM-24C Mmsu'm;: Oscilloscopes.

239 “ Lavoie ” Oscilloscopes.
Precision R-C Bridges.

7/U  General purpose Multimeters.

1S-38’D/U AF,RF Signal Generutors, 20
€ps, 200 kefs.

TS-305B/U Vivolimeters de/500 Mc/s.

TS-147A'UP  Radae Test Sets.

TS-917A,CG  (Stelmz TDA-2) Telegraph Dis-

tortion Analysers.
ME-22/PCM  Deaibel Meters-45/--25 DBM.

* GENERAL CATALOGUE AN/10! 1/- %
sia.e. for current additions to above.
SUTTON ELECTRONICS

Salthouse, Nr. Holt, Norfolk. Cley 289.

PLEASE

in advertisement.

@ Box No. Allow two words plus /-

crossed *

@ Press Day 9th June for July 1986 issue.

INSERT THE ADVERTISEMENT
@ Rate: 6/~ PER LINE. Average seven words per line_

@ Name and address to be included in charge if used

® Charges ecc,, payable to “Wireless World"” and
Co.

NAME..

ADDRESS ........

CLASSIFIED ADVERTISEMENTS :

Use this Form for your Sales and Wants

To “Wireless World™" Classified Advertisement Dept., Dorset House, Stamford Street, London, S.E.!
INDICATED ON FORM BELOW

REMITTANCE VALUE

.......... ......ENCLOSED

Please write in block letters with ball pen or pencif.

NUMBER

OF INSERTIONS
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Appointments Vacant Advertisements appear on pages 123 to 134
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Acoustical Mfg. Co. Led. ..ovvninnnien.., 4
Adeola Products, Lid. 22
ADS. Relays. Ltd. 79
Advance Blectronics, Ltd. 11, 51
Airmee, Lad. . §2
Akurate Eng. Co., Ltd. 138
Alma Components, Ltd. 10
Anders Electronics, Litd. 57
Anglia Instruments 134
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Bulgin, A. F., & Co.. Ltd, .
Bullers, Ltd.

Cannon Electric, Lid. .....oooviinn,
Carr Fuastener, Co., Ltd. .

Celestion, Lud. ..
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19

i1
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E.K. Electronies (IA), Lid. 56

137

42
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- 65
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Gardners Transformers, Ltd. 41
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Gladstone Radio .. 84
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Glaser, L., & Co., Ltd. _..... .40
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Hart Electronics . 134
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K.G.M. Lud. 48
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Lind-Air. Ltd.
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London Central Radio Stores
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Post Radio Supplies
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Racal Instruments, Lid. 5 8
Radford Electronics, Ltd. 62

Radio & T.V. Components (Acton), Ltd. .. 109

Radio Component Specialists . 17
Radio Contcol Specialists .. 140
Radio Exchange Co., The 114
Radionic Products . s8
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Ralfe, P. I, .. 84
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Rank-Wharfedale, Ltd. . 16, 30, 34
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Rollet, H.,, & Co., Ltd. Rt
R.S.C. (Manchester), Lid. .. . 102,103
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Sanders, W. H., Ltd. .
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Silentbloc, Lid. ..
Sincluir Radionics, Ltd. .
S.M.E, Lid. 6o
Smith, G w. (Radlo), Lud,
Smith, H. L., Co,, Ltd. .

Smith-Kelvin, Ltd.
Smith, John, Ltd.
Sotonian Trading Co. .
Speclalist Switches, Ltd.
Stamford, A. L., Ltd. .
Standard Telephones & Cables, Ltd 80, Oover iii
Starman Tapes 122

Stern-Clyne. Ltd.
Suatton Electronics

Tannoy, Ltd: «ieeiiiiioiuenainiinenas,
Taylor Elec. Insts, Lid. ..
“Technical ‘'rading Co. .
Tekwonix, Lid.
Telegraph Condenser Co., Lt
“Telequipment, Ltd.
Teomex, Ltd, .......
Thorn, AE.L Radio Valves & Tubes, Ltd. 76, 77

Thorn Special Products, Ld. ... 43
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Universal Book Co. ..ovniviieniinnns 140

Valradio, Ltd.
Venner Electronics, Lid. .
Vitality Balbs, Ltd.
Vortexion, Lid.

Warts, Cecif E., Ltd.
Webber, R. A., Ltd. L At a B
Wells, ], (Metals), Ltd, Harl Electronics .. 134
West Instruments, Ld.

West London Direct Supplics . 122
Whiteley Electrical Radio Co., Litd. .

Witkinson. 1. {Croyden), Ltd. 100
Wolfendale Electronics 30
Wright & Weare, Lid. 65
Yukan 138
Z. & I. Acro Services, Ltd. ........ 120, 121
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Yes, STC Components Group
is able to supply you with about
five times the number of
different types of components
shown—off the shelf. And the
range of components is being
extended all the time. If your
requirements are urgent, STC
Electronics Services Division
offers same day despatch.

Only one-fifth of the story!

Each STC Division maintains an
Anpplications Department with
Engineers ready to help you
choose the most suitable and
most economic components and
circuits for your equipments

" or systems.

Wherever your location on the
map, STC Components Group,
made up of nine successful
Divisions and a single mobilized
field force, can put the finest
components service right on your

doorstep. The Group is
represented in practically

every country through ITT
(International Telephone and
Telegraph Corporation).

To obtain your copy of the STC
‘Designers Digest’ write, phone
or telex STC Components Group,
Footscray, Sidcup, Kent.
Telephone: FOOtscray 3333.
Telex: 21836.

high-grade components by

COMPONENTS GROUP

63420
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5 core solder so fine

May, 1966

it goes through the eye of a needle

ERSIN MULTICORE 5 CORE SOLDER NOW AVAILABLE IN
GAUGES DOWN TO 34 S.\W.G. GIVING UP TO 4,950 FT. PER LB.

From 16 s.w.g. — virtually the costs. The table shows the lengths as Standard | Diameter | Diameter | Approx. No.
standard gauge ten years ago—the compared with 16 and 18 s.w.g. G‘Z/,',;,‘E inches i 6%’{{;;4’;‘,'_:2;,
trend huas been to 18 s.w.g. in the . X ) .
production of clectronic and tele- 60/.40alloyis available from stock in 16 .064 1.626 102
vision equipment. Today the trend is  even gauges from 225.w.2. 10 285.w.g.
to even finer gauges and, recently, the and can be supplied to special order 18 048 1.219 182
demand for ERSIN MULTICORE in cven gauges 10 34 s.w.g. Other 22 028 71X 536
5 CORE SOLDER in 22 s.w.g. has alloyscan be supplied in special order
Increased considerably. in all these gauges. 24 .022 .558 865

New plant installed at our works 22 s.w.g. which has hitherto been 26 P18 46 1,292
in Hemcl Hempstead now cnables us  supplied only on 1 lb. reels, can now 28 014 375 1,911
to provide ERSIN MULTICORE also be supplied on 7 Ib. reels. Gauges ! 5
SOLDER with five core of flux in from 24 s.w.g. upwards are wound 30 L] 314 2,730
even gauges to 34 s.w.g, effecting on 1 lb. type recls, ! Ib. of Ersin 32 .0108 274 3,585
substantial cconomies in solderirg Mulricore Solder per reel. .

34 -009 -233 4,950

For sawmples and literature please write on your company’s letrerheading to:
MULTICORE SOLDERS LTD, MAYLANDS AVENUE, HEMEL HEMPSIEAD, HERTS. (HEMEL HEMPSTEAD 3636}

WW—083 FOR FURTHER DETAILS.

iMIA



