


Save where you see this sign. ™

It’s the sign to bank on for cost
savings in the quality inspection of |
completed printed circuit boards. |

Marconi Instruments Automatic ||
Electrical Inspection system pays the |
dividends. If you produce say 1,000
boards per week of thirty different
designs with 12 new designs each year,
then you will br2ak even in a year and
save twice the cost of the equipment
within three. Even with a much lower
throughput of more varleties the
savings are great. And the resultant
increase in reliability of your product
can save you even more in the field.

Requiring only unskilled labour to

| mox | T ‘

— operate, Autotest locates, identifies
oo o and prints out al! faults diagnosed
at an early stage, thereby saving on
E functional test costs:
- > ‘ Allin a matter of seconds.
The system is weil proven, with
= more than 40 in constant use

; =, at major production companies

= T throughout the world.
‘ A new booklet, iltustrating the
advantages of Autotest with graphics,

pictures, diagrams and case histories,
wili be sent to you when you check

=

our number on the reply service card.
y For further details, just ring the
‘ ' Autotest Division on St. Albans 59292.

n
5

Mi: THE PRODUCTION COST SAVERS

MARCOM! INSTRUMENTS LIMITED
tongacres - St. Albans - Hertfordshire - England AL4 OJN - Telephone: St. Albans 59292 - Telex: 23350

WW—001 FOR FURTHER DETAILS

A GEC-Moarconi Electronics Company.
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“SEE US AT E.P.G. EXHIBITION, BLOOMSBURY
CENTRE, LONDON, WCI1, 21st - 23rd Sept. 1976".

LEVELL] MULTITESTER TYPE TMM “‘

MADE 1N
LEVELL ELECYRONICS LT

b

b

120 BASIC RANGES

ACV, | &dB . 50uV/500V fsd, 50pA/500mA fsd, -90dB/+50dB mid scale, Acc.*1.5% fsd above S00pV & 500pA .
Response 3Hz/200kHz above 5001V and 500nA. Input R = 100MQ on volts.

DC Vv, | & NULL . 150uV/500V fsd, 150pA/500mA fsd, polarity reversible. Acc.*1.5% fsd above 500uV & 500pA.
Input R = T00MQ on volts, 5 Null ranges have centre zero lin/log scale covering +4 decades.

RESISTANCE . 0.200/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circults.

LEAKAGE at 3V . Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ.

VOLT DROP at 10mA : Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to 10mQ,

30 OPTIONAL RANGES

RF VOLTS : 0.5V/500V fsd, 10kHz/1GHz, using RF Probe. Price £20 + VAT,

HIGH VOLTS +1.5kV/50kV fsd, AC/DC, using HV Probe. Price £14 + VAT,

HIGH CURRENT ¢ 1.5A/50A fsd, AC/DC, using Current Shunt. Price £14 + VAT,
TEMPERATURE . =150°C/+500°C fsd in 7 ranges using Temperature Probe. Price £36 + VAT.

The instrument operates from a § volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted.
Size is 240mm x 150mm x 80mm. Weight is 1.75 kg. Meter scale length is 140mm. Leather case is available at £12 + VAT,

LE VE L L BTN

MOXON STREET, BARNET, HERTS., ENGLAND, ENB 58D.
TEL:01-4496028/440 8686

WW — 07% FOR FURTHER DETAILS
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3009+SL120

This turntable by Technics offers the mechanical excellence
of the SL110 in a more compact form.
Ideally suited to our precision pick-up arms,
its use is detailed in information sheet No. 15,
a copy of which will be sent to you on request.

Write to Dept 0638A - SME Limited - Steyning - Sussex - England

i ] \ l —
]
\:?) J / ==
The best pick-up arm in the world
WW — 068 FOR FURTHER DETAILS
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How do you advertise a Horn Tweeter?

We had thought of showing a picture
of a French Horn—aesthetically more
pleasing than a Horn Tweeter-but
instead decided just to proudly include
a photograph of our
NEW HORN TWEETER

‘-EHIFI-Baustein'ié—'« HIFHE

e

We are excited about this new addition to the product line and feel sure that you will
be too, when you examine the specification and listen to the sound.

We are confident it will not be long before this Horn Tweeter joins our other successful
products like the Dome Tweeters KK7, KK8 and KK10. There are, of course, many
other drive units to choose from in the Isophon range including bass units, dome mid-
range units and assembly kits.

Why not send for the Isophon catalogue containing 28 pages of useful information which we

will be happy to send you, free of charge, on receipt of the cut-out coupon.

Hayden Laboratories Lt

dy —ommmteTTTTTR

]
Please send a free copy of the 28-page Isophon Catalogue.
i ‘ i
ChUTChfield Road, ' . (NG cooonacaecan0a000000000000000000000090000000880000000 .
IS On\ Chalfont St. Peter, Bucks. SL9 9w ]
Tel: Gerrards CI'OSS (02813) 88447 ' (XCYTES  5nocoooo00000000000000000008000000000000000000a0000 '
ENGLAND ] ]
' .......................................................... l
B ]
HAYDEN 1 |

‘----------------‘
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The world over_ For high quality electronic valves,
semiconductors and integrated
circuits —and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
throughout the world. Haltron product

[ ]
best SerV|ce quality and reliability are clearly
) confirmed. The product range is very,
f | very wide. And Haltron export
rom Haltron expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
! Electron House,

Cray Avenue, St. Mary Cray,

Haltron Orpington, Kent BR5 3QJ.

Telephone : Orpington 27099
Telex: 896141

WW — 047 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN) LTD.

“BROADLANDS" BAGSHOT ROAD
SUNNINGHILL, ASCOT, BERKS.
TEL: 0990 23732/6: TELEX: 84584

Of researChI--”on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

STETOCLIP €TOQ SENIOR
JUNIOR 60 STERCLP
HEADSET HEADSET g HEADSET

Y
d =

N STANDARD &
SUB-MINOR PLASTIC
'ﬁESSSé’TNE TNl EARHANGERS

2,5mmand 3,5 mm
JACK PLUGS &
SOCKETS

SUBMINIATURE.
i SWITCHES

- "DXNASON
DANAS@UND INDUCTION AUDIO
HEADSET

WW-—052 FOR FURTHER DETAILS
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LOOK WHAT HAPPENED WHEN ALICE
AND PETE GOT TOGETHER . . .

They produced the Alice-Keetey Q.A.M.3 Quality Assessment Moritor
Loudspeaker. A development of the |.B.A. approved A.701.

It is fitted with an integral 100 watt ‘Current Dumping’™ amplifier —
need we say more?

For professional use the Q.A.M.3-P is available with balanced input
and thermal power limiting.

The four unit, acoustically loaded bass reflex speaker is the result of
countless hours of development time, aimed at producing a unit to
complement the superb quality, of the amplifier.

IT DOES!

The Q.A.M.3 is the first in a new Alice range of Hi-Fi equipment, with
professional facilities and performance

Soon you will be hearing about the P.S.C.1 stereo pre-amplifier and
P.200 stereo power amplifier

For up-to-date information, contact Barry Porter,
ALICE (STANCOILLTD.), ALEXANDRA ROAD, WINDSOR,

BERKSHIRE
TEL: 07535-51056. TELEX: 849323
‘The amplifier fitted to the Q.AM.3 incorporates output circuit techniques patented by the Acoustical

Manufacturing Co. Ltd., manufactured under licence by Stancoil Ltd

N
transformers

mains, audio, microphone, ferrite core
and other wound components

A wide range of transformers TRANSFORMER
manufactured in production WITH UNIVERSAL
quantities to customers 0N AR TES AT

: g . TURRET LUG CONNECTIONS
individual requirements

Prompt Prototype
Service available

MICROPHONE sl TRANSFORMER WITH
TRANSFORMER IN TWO HOLE CLAMP AND
MUMETAL CAN SOLDER TAG CONNECTIONS

Drake Transformers Limited

Telephone: Kennel Lane,
\ Billericay 51155 Billericay, Essex. )

WW—027 FOR FURTHER DETAILS
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DO~
Al \jOU need \S

an ultra- violet
hght source '

No tra\nm%
needed.

instruction panels, warnmg plaques,
nameplates, instrument dial faces,
circuit diagrams, badges etc.

COLOURFUL A choice of colour [ 7o D.Graddon. Decorative Products Group!
combinations for maximum eye- Complete the coupon for your )3M United kingdom Limited, FREEPOST 18|

appeal and visibility. London WIE 1YZ. Ishouldliketoknow |
more about vour Photolabel System.

. - FREE
TOUGH indefinite indoor life. DEMONSTRATION ’l[:] Please arrange a free demonstration.
|
|

1-3 years outdoor life. or for your [] Please send me your introductory kit.

SELF-ADHESIVE No screws to
fix, no holes to drill. |NTRODUCTORY payable to 3M United Kingdom Limited.
ECONGCMICAL Labels cost about KlT | [ Please send further literature.

| enclose cheque/POfor £2, made

|

|

|

|

|

2Ysp per square inch. : LLE - II
QUICK Easy, three stage process  £2 NTRODUCTORY KIT | e |
takes 5-15 minutes. No darkroom, you prefer, send £2 with the B |
no warting for outsiders. coupon for a complete introductory | NPUSTRY |
FREE DEMONSTRATION kit. All you need is an ultra-violet | ADDRESS |
Return couponto arrange a free light source. Your £2 kit contains | : |
demonstration on your premises. everything else for your first set |  wwozs |
And discover for yourself why of photolabels. G |
corporations like British Rail, BAC D KON LTED | |
and the RAF are making their marks Regd. Office 3M HouselW|gmore Street, Loncon WIA IET I
with ‘Scotchcal’ Photolabels from 3M. S éercica e rade marks Regd No 241888 L_P_Dgio_lg_b__el____ﬂ'_*'_l
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FAST RESPONSE STRIP CHART RECORDERS

Made in USSR
W o e  Type H3020-1 T
] i K ype H3020-3
(L: o L Single pen Three-pen
| &
Specification Recording: Syphon pen directly attached
to moving coil frame,
Basicerror............. 2.5% curvilinear co-ordinates
Isigls‘;::lll‘::ay o ggAschD Equipment:  Marker pen, Timerpen, Paper footage
Width of each channel . . . . s0mm indicator, 10 rolls of paper. connectors,
Chart speeds. selected by etc.
push buttons. . .. ... ... 0,; _(]1225_(1255_'“ |m _/iesc_ Dimensions: H320-1: 285x384x16.5mm
. Pl ‘ H320-3: 475x384x16.5mm
Chartdrive............. 200-250v 50Hz PRICE: H320-1 £108.00
H320-3 £160.00

Available for immediate delivery Exclusive of VAT

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

WW—057 FOR FURTHER DETAILS

I ELECTRONIC
INDUSTRIAL THERMOMETER

(FYLEE)|
TRANSDUCER and RECORDER )
PLIFIERS nd EMS

&

i -
v A
=y "
e
C

reliable high
performance &
practical controls.
individually

1 powered modules—
mains or dc option
single cases and up
to 17 modules in *
standard 19" crates
small size—low
weight—realistic

1 prices.

[EYTLD= fon

49/51 Fylde Road Preston Laboratories

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure tempergture of Air. Metals. Liquids, Machinery, etc.. etc.
Just plug-in the Probe. and read the temperature on the large open
scale meter. Supplied with carrying case, Probe and internal 1Y,
volt standard size battery
Model ““Mini-Z 1’ measures from—40° G to + 70° C
‘Model “Mini-Z 2" measures from—5° C to + 105° [H
Model “Mini-on Hi"* measures from + 100° C to + 500° C

PRICE £20.00 each (VAT 8% EXTRA)

Write for further details to

HARRIS ELECTRONICS (LONDON), aasLrY Limitad,
138 GRAY'S INN ROAD, LONDON. WC1X 8AX
(‘Phone 01-837 7937) Telephone 0772 57560 J

WW—030 FOR FURTHER DETAILS WW — 044 FOR FURTHER DETAILS
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Gardners The easy

W
TheBest to a PCB...
Of BrItISh ..the Seno 33 system!

ENCAPSULATED POWER SUPPLIES
DC Input — NV Converter Series
® Fully stabilized

® Input/output isolation
| ® Short circuit protection
® Fully shielded, low radiation
® Commutation spikes less than 20 mV P-P
— TYPICAL
Nominal DC OUTPUT REGULATION (Volts)
- 'nput Voltage Volts Amps LINE LOAD
NV 7300 5 2x15 0725 006 006
NV7308 5 180 0.05 25 2.5
NV7312 12 5 1.00 005 024
NV7314 12 2x 5 1.00 005 024
NV7317 12 6 1.00 009 o021
NV7319 12 2x 6 1.00 009 023
NV 7323 12 2x12 0.50 014 on
NV7328 12 2x15 050 019 (3R]
NV 7336 12 24 05 07 09
NV 7342 24 5 1.00 004 024
NV7344 24 2x 5 1.00 004 024
NV 7349 24 2x 6 1.00 008 023
NV7353 24 2x12 0.50 010 012
NV 7357 24 15 1.00 024 021
NV7358 24 2x15 050 015 012
*NV7366 24 24 05 07 09
NV7368 24 50 025 3 2
NV7372 50 5 1.00 002 024
NV7383 50 2x12 0.50 007 on
NV7388 50 2x15 0.50 010 012
NV 7396 50 24 0.5 07 09
*NV7398 50 50 0.25 3 2

éased on :«;mblen; 2_0°€, .1_0(qu n healsmk—
*modules facilitating polarity changes
Additional designs are fully described in GT.218.
AC Input — Minimod Series -
® P.C. mounting interchangeable
with most American types

® Linear stabilization ot

e Foldback current limiting e ]
i Z et

e Wide temperature range e

® Modules available for U.K. prm

{210-250v), European (200-
240v) and American (106-121v) requirements
e Supply Frequency 50-400Hz

QUTPUT Short Circuit % Regulation
Type Current mA line & load
number Voltage® Amps {Typical) (Tvpical)
PUOY 5 05 370 0.3
PUO2 5 10 770 0.5
PUO3 15015 010 37 0.1 3
PU04 150 15 020 84 0.1 H
PUOS 12012 0.12 45 01
PUO6 12012 0.24 120 02 £
PUII 18:0 18 0.15% S0 01 i
PU10 15 0.10 37 01
PU12 12 010 45 01
PUI3 18 0.065 23 0

* Voltage tolerance Sv models * 0.1v All other models * 0.2v
Nickel-Cadmium Cell Charger Units
Constant current outputs permitting up to 10 cells to
be charged in series. DC INPUT NV7304 AC INPUT  PUO7
["ALL UNKTS DESCRIBED ARE NORMALLY AVAILABLE
FROM STOCK. SPECIAL DESIGN SERVICE. CUSTOM
RUILT UNITS FOR APPLICATIONS REQUIRING
DIFFERENT SPECIFICATIONS ARE PRODUCED AS From your usual componen'
PART OF OUR STANDARD SE RVICE. TRY US FIRST. SUpp'iQ! or direct from

The DECON LABORATORES L1
len Steet. Portsiade.

Gardners Transformers Limited Labomtoty Brighton BN4 1EQ

Christchurch - Dorset BH23 3PN = b Telephone (0273) 414370

Telephione 0201 5 2284 In a pox Telex - IDACON BRIGHTON 87443

Telex 41276 Gardners XCH :

Approved manutacturers of Allprices post & VA™ inclusive Data sheets free of charge

% - electronic transformers, modular

power supplies, inverters and converters (o Defence Standard 05-21

0

WW—065 FOR FURTHER DETAILS WW — 037 FOR FURTHER DETAILS
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CONTRACTORS TO H.M. GOVT. P.O. APPROVED

OF ELECTRICAL
) B s

Industrial and Precision Grade
TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

STOCKISTS

'ALSO SUPPLIERS OF GEC
A RISSO AND OTHER
| 7 MULTI-RANGE TEST SETS

GLADSTONE WORKS, GLADSTONE ROAD, FOLKESTONE, kENT (STD) 0303 57555 & 59341

DIRECT DRIVE

TORQUE MOTORS
TACHOGENERATORS
BRUSHLESS MOTORS
SERVO MOTORS

for
Aerospace/Military
applications.

DC SERVO
AMPLIFIER

EM-1800 SERIES
25-300 WATT MIL SPEC DESIGN

Features:

Small size for package

flexibility Applications: Inland products are
Wide band-width for fast servo DC Torque Motors available from plants
e SE Other DC Servo Motors in USA or Europe.
Vol curentesdonckie 5o o otors o apedrives.
output. SCRTENTEIES r:s‘)titjamn:r:tlzzs;':nd
ﬁgil;;itﬁg:?gainfor maximum Low Inertia Motors. also available,

Current limiting to prevent
demagnetization of a DC torque
motor and for short circuit

protection. ‘%
] Inland UK Representatives
ll t@c 219 Kings Road, Reading RG1 4LS Berkshire
Telephone: Reading (0734) 68980/65929 Telex: 847032

COMPONENTS LTD.

WW — 045 FOR FURTHER DETAILS

NEW PRICES

CALCULATORS

ALARMS “Built-in alarm : Tilt operated snooze
AM/PM indicator: Power failure indicator

"DELTA™ £8.00
12 hour from [ ] “ALPHA"
4 RED 0 5" LED:

STD |ALARM/| 4GReEN© 5 DIGITS .. £9.00
Module Kit . . . % . ... ... . (excl. case) 8.00 10.50 12 24 hour
Module: Assembled .. ... . . {excl. case) 8.50| 11.00 STD
Complete Clock Kit. . .. ....... Incl. Case 10.36| 12.91 Module Kit . . ... . ... ... (excl. case) 9.00 12.00
Ready builtClock . .. .. .. . .. Incl. Case 14.00| 16.50 Module Assembled ... .. (excl. case) 10.00 13.00

Complete Clock Kit ... Perspex Case 11.50 14.88

Genuine Teak Veneer Case or Ready-built Clock . . . . . . Perspex case 14.50 17.

Perspex Case Colours: Black, White, Red, Blue, Green, Orange. Available separately . ... ... . ... .. .. . . .
Built Alpha Units: State 12 or 24 hour GS%OVUS CALCULATCZ:ESM) Send SAE
-YEAR GUARANTEE ON READYRUILTCIOCKS | OO0 ... ... .. ..... ' teli
2-YEAR GUARANTEE ON READY BUILT CLOCKS 8s0 ... £6.75 r::‘qwmnet an iy “,, e

CWO. PULSE ELECTRONICS LTD. (W2} 202 SHEFFORD ROAD. CLIFTON, SHEFFORD. BEDS. Tel. Hitchin (0462) 814477
WW—060 FOR FURTHER DETAILS
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Sweet sixteen

The Quad 405 is only the sixteenth and manufactured with the concern
product to carry the Quad name, forreliability which have been

each of which, has made a the hallmarks of Quad egquipment
significant contribution to the for twenty-five years

development of sound reproduction
and acquired a following of loyal
and satisfied customers

For further details on current
dumping and other Quad products

write to
The Quad 405 currentdumping
amplifier represents another step Dept. WW
forward 1n amplifier technology. The Acoustical Manutacturing Co
executed with the attention to Ltd, HUNTINGDCN, Cambs
engmeering and aesthetic detail, PE18 7DB Telephcne (048C) 52561

Design Council
U D Award 1976

for the closest approach to the original sound for twenty-five years

QUAD /s a Registered Trade Mark

WW — 013 FOR FURTHER DETAILS
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The AMCRON range of DC-coupled power amplifiers are used by Government, and University Research
Departments as well as by Industry for a variety of applications ranging from Shaker, and Vibrator driving, to
driving both AC and DC Motors, providing variable frequency power supply, or high voltage material testing. All
models are DC-coupled throughout, with Intermodulation, and Harmonic Distortion below 0.05%, damping

factor of at least 400 from DC to 1 kHz, and the ability to operate into load impedances from 1 ohm to infinity even
into highly reactive loads

M600 DC 300A D150A

RMS power out 750 watts into 8 ohms

1,350 watts into 4 ohms 500 watts rms into 2.5 ohms (1 chan) 500 watts into 2.5 ohms (1 chan)
Power bandwidth DC 1020 kHz + 1 db -- O db DC-20kHz + 1 db — O db DC-20 kHz + 1 db, 0 db
Phase response + 0' — 15' DC -- 20 kHz +0, -~ 15’ DC to 20kHz + 0', — 15’ DC to 20 kHz
Stew rate 16 V/ usecond 8 volts per microsecond 6 volts pet microsecond
Hum & noise 120 db below 600 Watts At least 110db below 150 watts At least 175 db below 90 watts
Dimensions 19 std rack, 8%’ H, 16"’ Deep 19" Rackmount, 7' High, 9% 19" Rackmount, 5%’ H, 8%'' D

Deep

MACINNES LABORATORIES LTD. | MACINNES FRANGE

3 ’ 45 Rue Fessart
Macinnes House, Cariton Park Industrial Estate

Paris 75019, Franc
Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2515 Tk 203300

WW—026 FOR FURTHER DETAILS

The F~4 ¥ range, Japan's premier electronic instruments for
: laboralory and productiontest applications, now
available and'hacked in UK by & # service.
* Wave Memories (Transient Recorders)
* Function Generators ¥ Low Distortion
Oscillators % Auto-Ranging AC Voltmeters
% Variable Filters % Automatic AF
Distortion Meters

Exclusive UK Representativ=s

LYONIS INSTRUMENTS

Send for delailed lilerature Hoddesdon Hesls EN11 9DX
and prices 1oday 1o Telephone 67161 Telex 22724
A Claude Lyons Company

WW — 008 FOR FURTHER DETAILS

fault finding-
no fiddie

With the AVO TT 169 in-circuit transistor tester
Go/Na Co tests almost any transistor, diode or

lllustrated the Si452
Distortion Measuring

Unit—Ilow cost distor
2 0 60 O

tion measurement down

; o M E to .01% £48.00

thyristor without de-soldering, without damage. A G D ¢y - ’

Find out how it can save you time, save you ®

money. ) .

You'll find the price is no fiddle either. Si451 . _£60.00 si453  £60.00

Contact your local wholesaler, or us Comprehensive Millivoltmeter  Low distortion Oscillator
350 Volts 20ranges sine square RIAA

prices plus VAT

AVO Limited, Dover Kent CT17 9EN,
Telephone: Dover (0304) 202620
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501
CARR STREET. CLECKHEATON, W. YORKSHIRE B19 5LA

WW-—-040 FOR FURTHER DETAILS WW—021 FOR FURTHER DETAILS




How every hi-fi dealercan
increase his sales
and improve his service

The Ferrograph RTS 2 is a
complete. single-unit audio
analyzer Used by leading
manufacturers and dealers
throughout the world. it is the only
single equipment available that can
run exhaustive checks on hi-fi-
including amplifiers. tape recorders,
equalisers and mixers-making it
an invaluable aid to sales and
service
Increase your sales!

By using the RTS 2 in your hi-fi
store. your salesman can quickly
prove to customers that the hi-fi
system he is demonstrating is as
good as it sounds. In a matter of
seconds. up to ten different tests
can be carried out, using just one
pair of leads. (The push-button
operation is so simple. even

Ferrograph RT'S 2

the complete, single-unit audio test set.

Send me more information about the RTS 2 audio test set.
| would like a demonstration. Phone me to arrange an appointment.

Name

Address

unskilled staff can make accurate ¢
measurements.) "y 4

Result? The customer is
reassured. confident he is getting
value for money. So you sell more.
more easily.
Improve your service!

But the RTS 2 is much more than
a cost-effective sales aid. Used In
your service department. it quickly
identifies faults, making your
after-sales back-up more efficient.
And more profitable. You don't
need a variety of incompatible test
gear-so there are fewer
connections. no hum-loops. no
time-consuming frustrations. All of
which means you save money.

Wilmort Breeden Electronics

Ferrograph Rendar  Wayne Kerr

Wilmot Breeden Electronics Limited.
Durban Read. South Bersted
Bognor Regis. West Sussex. PO22 9RL

Telephone Bognor Regis 25811

Company

STD Code 02433)

Tel. No.

wWWwW

Ask us for a demonstration of the Ferrograph RTS 2 before your customers ask you. Send off the coupon today!
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NEW!

il —
G JOVIRE IEGA SO 191

Sine-square oscillators

® 10Hz to tMHz

e Upto12Vp-p

e 3Winto 3o ~LFP1

2 Low audio distortion

@ Low bounce

¢ Mains/battery operation, meter

and TTL output - LFM4

FARNELL INSTRUMENTS LIMITED

SANDBECK WAY, WETHERBY, WEST YORKSHIRE LS22 4DH
TELEPHONE0937-3541 TELEX 557294

LONDON OFFICE: TELEPHONE 01-864 7433 and 7434

WW—074 FOR FURTHER DETAILS

III!I!II ygup Iillllls hanou
il 6ase...

» L |
special quality industrial |
tool kits and cases

Send now for details of the superb Jensen range of tools
meters and accessory equipment, all in the most handy and
robust cases — also available separately. Jensen products are
specifically designed for industrial use, perfect for all
engineers, technicians, electricians, instrument repairmen etc.
Choice of more than twenty kits and cases.

Write for free Jensen catalogue to:

SPECIAL PRODUCTS DISTRIBUTORS LTD,

81 Piccadilly. London W1V OHL, Tel: 01-629 9556. Cables Speciprod umdun Wwit.

WW—0609 FOR FURTHER DETAILS

FREQUENCY COUNTERS

Higher performance instruments from 1/10 Hz to 1.2 GHz. measuring
frequency, period. time. freq./ratio and calibrated output facility. Fast
delivery.

A selection of our products will be displayed at the MIPEL Exhibition in
Budapest on the stand of Avionic Systems (Heathrow) Ltd.

“TYPE 1001M

CRYSTAL OVEN
OPERATING MANUAL
TWO TONE BLUE CASE

Fy'
£670 i.é GHz
Sensitivity 10mV. Stability 5 parts 10."

301m J32MHz 5 Digit £82 | 401 J2MHz 6 Digit £121
501 32MHz 8 Digit £178 | 701A 80MHz 8 Digit £195
801A/M  300MHz 8 Digit £305 | 901M 520MHz 8 Digit £375
801B/M  Z50MHz 8 Digit £262 | 1001M 1.2GHz 8 Digit £670

Start/Stop versions plus £12 Memory versions available if not
suffixed M £25 extra
Type 101 1MHz 100KHz 10 KHz Crystal Standard £85
Type 103 0ft/Air Standard £85

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Dept., Crystal
Manufacturers and Electronic Labomtom)s world-wide

R.C.S. ELECTRONICS
6 WOLSEY ROAD, ASHFORD
MIDDX. TW15 2RB
Telephone: Ashford (Code 69)
53661/2 ,

VVW — 023 FOR FURTHER DETAILS
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CROPICO
DECADE RESISTANGE BOXES

ACCURACY v ow g ar R P & - 4,50r6
0.1% at full rated current ; L i Decades

Suitable for use in
d.c. and a.c. Circuits

o ® 5.00019—10MQ

FOR RELIABLE AND REPEATABLE VALUES
AT A REALISTIC PRICE

RELIABLE because all components are manufactured in our own factory under
our strict supervision and stringent quality control procedures.

REPEATABLE values because all decades use the Cropico SP1 switch which is
renowned for its low and constant contact resistance. The
resistance coils are wound from specially selected high quality

Manganin wire.

CROYDON PRECISION INSTRUMENT CO., Hampton Road, Croydon CR9 2RU
Tel. 01-684 4025 and 4094

WW-—098 FOR FURTHER DETAILS

GJt's the cat's whisker§!

A fascinating excursion into the past. The author has
unearthed some 400 trade names from the crystal set
days, along with nearly 200 manufacturers—giving
the name of the set, technical description and original
price. He also reviews the first days of broadcasting
and looks at the difficulties experienced by crystal set
users. Concise information and over 40 iliustrations
make this book a valuable work of reference as well
as a rare piece of nostalgia for collectors.

I_ £2.80 inclusive direct from Wireless World, Room 11, General Sales
Dept., IPC Business Press Ltd., Dorset House, Stamford Street,
London SE1 9LU.

pd
)
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fm tuner number two

The New FM Tuner from Ambit.

1.2uV for 30dB SN, adjustable output voltage, ultrasonic suppression
better than 70dB. 6 presets, geared manual drive. Double IC stabilizers.
Supplied with prealigned Larsholt RF/IF and decoder module. Com-
plete with black woodgrain cabinet, and solid aluminium front panel.
Kit £565.50 (£62.43 inc. VAT)

Built and tested £79.75 (£89.71 inc. VAT)

{Carriage £3.00 extra)

modules for rf, if mpx: (12v)
audio and general components

NEW 7020 Dual ceramic filters, 2 stage preamp into the
improved CA3089E (HA1137W), with mute,
AFC to suit ANY varactor tunerhead, meter
output and edge terminations.
kit £6.25 built £6.55
NEW 92310 The MC1310 mpx decoder, with twin audio
preamps, and BLR3107 ultrasonic block filter.
kit £6.35 built £6.65
NEW 71197 A new varicap tuner for MW/LW, with ceramic
filter, 80dB AGC, low noise and distortion.
kit with ferrite rod £9.65 built £11.35
NEW 5800 The state of the art in FM tunerheads. 6 double
varicap tuned circuits, 2 MOSFET AGC contro-
llable RF stages, double tuned |F output stage.
kit £11.35 built £14.00
TDA2020 kit A stereo power amp, with the TDA2020 15W
RMS 0.1% THD IC from SGS.
£7.85. (Special extruded heatsinks 75p each).
LINEAR ICs (* at 8%) DISCRETE DEVICES
CA3089E 1.94 LS8038 3.10 ZTX107/8/9n 0.14
CA3090AQ 3.75 NES60 2.50 2T X212/3/4p 0.16
MC1310 2.20 NES61 2.50 ZTX551/451pn 0.18
SN76660 0.75 NES62 2.50 B8F256 0.34
TBA120AS 1.00 NES65 2.50 40673/MEM616 0.50
TBA651 1.81 NES66 2.65° 40822/MEME15 0.38
uA720 1.40 7805UC 1.65° BD535n{60v - 50w} 0.62
LM380 1.00 TDA1412 0.95* BD536p(60v - 50w} 0.53
Lm381 1.81 78M20UC 1.20* BD609n{80v - S0w) 0.70
TBA810 1.09 uA723 0.80* BD610p(80v - 30w} 1.20
TCA940 1.80 NES50 0.80° n = NPN type
TDAZ2020 299 NES67 2.50° p = PN Ptype
VARACTORS FOIL TRIMMERS| POTS
MVAM2 1.05 3-12pF 0.18 100k+100k LIN 0.60
MV104/BB104 0.45 4-30pF 0.23 100k+100k with....
BA102 030 6-45pF 0.26 50% tap 0.65
BA121 0.30 {7.5 diameter types} 20 turn 100k .
diode taw 0.35

TOKO COILS, FILTERS, TUNERS FOR AM/FM AND MPX.
Full details of standard types in lists:

10mm IFTs for 455-470kHz 27p  Linear Phase fitter for 10.7MHz 2.25
10mm IFTs for 10.7MHz 30p  MFH41/71T mechanicals for 455 1.65
Ceramic filters for 10.7MHz 50p  SFD470 new Murata ceramic block 0.75
Ceramic filters for 6.0MHz 80p  BLR3107 19/38kHz notch (stereo) 1.60
Ceramic 455kHz type CF X104 1.50 Variable chokes 11, 23 & 36mH .30
CFT455B/C, CFT470C ceramic  60p  EC3302 low cost varicap FM tuner  5.50
CFU0500 470kHz ceramic 65p  EFS5600 5 stage varicap FM head 12.50

Send an SAE for a free price list and stock list. There is a new Larshoit
Signalmaster FM tuner and more details on our range of wireless pro-
ducts. PP 22p per order, VAT is generally at 12%% - and the min.
CWO charge is £1. Min. invoice £7.50, Catalogue 40g. (* 8% VAT).

37 HIGH STREET,
BRENTWOOD, ESSEX.

CMI4A 4RH a1 216029

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14

days delivery. Other Ranges and
special scales can be made to order

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, w.C.1 Phone: 01/837/7937

WW — 031 FOR FURTHER DETAILS

Servos
synchronous
steppers
dc motors

gearboxesand - ° «
control systems

Stockists for ime Motors molmnan

McLENNAN ENGINEERING LIMITED
Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8

WW—005 FOR FURTHER DETAILS
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rampian) slot easily into this
modularage....=—% 1

Line Output

Grampian introduced the modular plug-in concept for building multi facility
sound installations, together with solid state audio switching over three
years ago. Since then maiy hundreds of complex installations have been
supplied and have set a scandard for raliability under the most stringent
conditions. All equipments are built to a necessary engineering standard
GHAMPIAN REPROD"CERS LTD_ and not down to a price with its ultimate high cost of ownership.

All amplifying equipments supported by an extensive range of manufac

HANWORTH TRADING ESTATE.FELTHAM,M'DDLESEX, tured microphones, loudspeakers and all items required for sound
ENGLAND. TEL: 01-894 9141 installations by the firm of forty years standing in the sound business.

X222 WW—062 FOR FURTHER DETAILS

INSTANFI' SINAD MEASUREMENTS

with the

o DATA AND
SLYEE | | COMMUNICATIONS

H The SINADDER is a specialized
| distortion meter for Sinad

i Measurements. Just connect it ™

to the audio output and read
SINAD directly. No adjustments
to make. Automatic circuitry

Teletype 28, 32, 33, 35, 40

£120 +p.&p. & VAT TermiNet 3G, 300 & 1200 (30 and 120 cps)
Teleterm 1132 and 1200 series (portable / fixed 30 cps)

‘ LYONS INSTRUMENTS with integral coupler and RS 232C)

Hoddesdon Herts EN119DX Tel: 67161 Telex 22724 Other page printers (by Siemens, ITT Creed, etc.)
— G GRS By = * Spares, repairs, overhauls and maintenance
WW.— 007 FOR FURTHER DETAILS * Other types and models available
. * Refurbished units also available
ELECTRONORGTECHNICA * Short and long period rentals

* Minicomputer interfaces

carbon fllm RESISTORS * Quantity discounts

* Immediate delivery

g and Yaw 70°C 5% tol. E.12 1
EX-STOCK TELEPRINTER EQUIPMENT LTD.
PER 1.000 70-80 AKEMAN STREET,
£4 50 ’ PLUS TRING, HERTS., U.K.
. OF ONE VALUE VAT
Contact John Gingell Telephone 0442-82-4011 :
: AERO SERVICES LTD. Cables RAHNO Tring 88 g SHHN
44A Westbourne Grove Telex 82362 . ] : esessnse
& London W2 5SF A/B Batelcom Tring B e

TEL 01-727 5641 TELEX 261306

WW—077 FOR FURTHER DETAILS WW—017 FOR FURTHER DETAILS
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Jointhe DDigital
- Revolution

Understand the latest
developments in calculators,

.computers, watches, telephones,

television, automotive instrumentation . . .

Each of the 6 volumes of this self-instruction course measures
11%" x 8% and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories,
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and
computers.

Design of Digital Systems.

plus 80p packing and
surtace post anywhere in
the world.

Payments may be made in
foreign currencies.

Quantity discounts
available on request.

VAT zero rated.

Also available — a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics. )

Ay £4.20

plus 80p P. & P.

1. Basic Computer Logic

2. Logical Circuit Elements

3. Designing Circuits to
Carry Out Logical Func-
tions

Offer Order both courses
for the bargain price £9.70,

4. Fiipfiops and Registers plus 80p P. & P.
Designer These courses were written so that you could
teach yourself the theory and application of
Manager s digital logic. Learning by self instruction has the

Enthusiast advantages of being quicker and more thorough
than classroom learning. You work at your own

SCIe.ntlSt speed and must respond by answering questions
Englneer on each new piece of information before
Student proceeding to the next.

Guarantee—no risk to you

If you are not entirely satisfied with Design of Digital
Systems or Digital Computer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

— e e — e —— — — — — — —— — —
To Cambridge Learriung Enterprises, Dept COM
FREEPOST. St. Ives, Huntingdon, Cambs. PE17 4BR

‘Please send me . . . . set(s) of Design of Digital Systems at£7.00 each,
p & p included

‘or ... set(s) of Digital Computer Logic and Electronics at £5.00 each,
p & p included

or...... combined set(s) at £10.50 each, p & p included

Name

Address

“delete as applicable
No need 10 use a stamp — just print FREEPOST on the envelope.

Wireless World, September 1976
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A really up-to-the-minute kit, with all these Plus Features . . .
@ 9 integrated circuits ® Fully isolated power supply

@ Thick film resistor units

® Ready-built and aligned .

@ Glass epoxy printed circuit @ Fuyll technical construction

e High quality components @ LT supply requlator

Buy as you build - all Forgestone Kitsets are for the constructor of
today, each section of the kit is available separately. Please send stamp
for further details of these quality products.

Forgestone Colour Developments Limited

for those N

who

appreciate Quality...
a complete electronic kit
The Forgestone 400
high quality
colour television receiver

® Plugs and sockets for easy
panel removal

Each module kit available

IF module separately

panels manual

Ketteringham, Wymondham, Norfolk, NR18 9RY, U.K.

MAIL ORDER — Barclaycard B Access accepted

Telephone: Norwich 810453 (STD 0603) “ J
|

WW—010 FOR FURTHER DETAILS

Switching problems?

Rely on Zettler.

rProducing 30 basic types

of relay and 15.000 variants
with regard to contact
stacks, terminals, energiziny
current and contact
material, Zettler is among
the largest manufacturers
of electro-mechanical
components.

Our product range ﬂ
comprises:

Low profile (flafform) -
Timing - Miniature - Low
contact capacity - Herme-
tically sealed - Stepping -
Mains switching - Latching
Contact stacks - Solenoids

Hybrid Relays AZ1435...1441
AZ 1435 Voltage monitor (9... 30 V)
AZ 1436 Pick-up retarder {1...30 s)
AZ 1437:Drop-out retarder (1... 30 s}
AZ 1438 Pulse time limiter
{50...1500 ms)

AZ 1439 Puise shaper {monofiop)
(560...1500 ms)

AZ 1440 Pulse generator {multifiop)
{0.1...30s)

AZ 1441 Pulse-operated relay

{flip-flop}
{24V +10% - 15%,
approx. 30 mA max.) J

Brember Road

We resolve your switching problems rapidly and expertly. Please
contact us for further details.

ZETTLE

Zettler
UK Division

Harrow Middx. HA2 8AS. Tel. (01) 422 0061

A member of the worldwide ZETTLER electrical engineenny givup, est. 187/

Please visit us at
Internepcon °76, Brighton, 19-21 October, 1976

Stand No. 3314

WW—011 FOR FURTHER DETAILS
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’Phone-in

When you can reach them. And theycan reachyou.
Anytime.You've got aDymar system.

Computer controlled VHF radiotelephone network Sounds
great The coming thing, At Dymar it's come! And that's the
Dymar difference.

Dymar designs systems that take all the local conditions into
account. Terrain. Geographical distribution of the labour and
the customers available to the user. Emergency situation
control. Channel congestion. 4he lot.

Dymar does it with common frequency coverage using quasi-
synchronous transmitters. With a CCIR compatibie selectwve
calling system. With automatic signal level selection. With
computer control of signa) routing.

Tomorrow's systems today. It's what you'd expect from a com-
pany 100% devoted to the radiotelephone business ... and
nothing else.

Discover the Dymar difference. Make contacting Dymar part
of today's programme.

w the name in radiotelephone systems

Dymar Electronics Limited Colonial Way. Radlett Road Watlord.
Herts WD?2 4LA Tel: Watford 37321 Telex: 923035
Cables: Dymar Watford

WW—056 FOR FURTHER DETAILS
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@) QRARK-TENRIK  DNZ7 GRAPHIC EQUALISER
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Better Performance than any Graphic Equaliseron the market

BUV BRITISH BUY KLARK-TEKNIK RESEARCH LIMITED
Summerfield Kidderminster DY11 7RE
Tel Kidderminster 64027

WW—016 FOR FURTHER DETAILS

Problem

IN SOLDERING

Iso-Tip Cordless
Soldering Iron

Ideal for factory, field servicing,
laboratory or home, the Iso-Tip
Cordless offers a great advance in
soldering. It 1s completely portable,
heats in 5 seconds and recharges
automatically in its own stand.

Where to obtain a low-cost device to use as a linear
output stage for mobile and marine radio under
SSB conditions. [

Solution

M-OV long-life beam tetrodes.

A single TT21/22 gives The lsoT

p 1S powered by
100W PEP at 1200V JGL 1L, long-life nickel cadmium batteries
and one TT100 delivers giving tip performance up to 50
180W PEP at 850V H.T. watts with a temperature of 370°C.

Tips are available in five different
sizes ranging from Micro to
Heavy Duty to meet all soldering
requirements.

EEVand M-OV
know how.

LAP BC

Greenwood Electronics
Portman Rd, Reading RG3 INE. England.
Telephone: Reading (0734) 595844,
Telex: 848659

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE.
Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. SEC -
WW—055 FOR FURTHER DETAILS WW — 033 FOR FURTHER DETAILS
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UEROLUIRE: GET THE CONNELTION

m A new and ideal wiring system for proto-

types, Breadhoards, and limited production.

®w Achieves a permanent interconnection of
components, at high speed, on a very high
density.

mBased on the use of Verowire(R) wiring pen
with unique spring wire clamp for wire
retention, advancement and retraction.

®m Moulded wiring combs fitted to board route
the wire from point to point neatly holding
and stabilising the wiring layout.

m By using a specially designed tool, I.C. legs
are deformed and positively held in the
hoard enahling the wire to be easily
wrapped around them.

®mUsing a self-fluxing polyurethane coated
wire, no pre-stripping is required. Connec:
tions are completed by soldering, melting
the insulation and at the.same time making
a permanent soldered joint.

m A complete introductory Verowire kit is
available consisting of a wiring pen, spools
of wire, terminal pins and all tools neces-
sary. You only require 3 temperature
controlled soldering iron to Verowire a
hoard. A sample hoard from the Vero high
density D.L.P. hoard range is also included
in the introductory kit.

Available world wide through
3 subsidiary companies and
25 agents.

Vero Electronics Ltd.

Industrial Estate, Chandier's Ford,
Eastleigh, Hampshire S05 3ZR.
Telephone: Chandler's Ford 2956
Telex: 47551

WW — 081 FOR FURTHER DETAILS

TELFORD COMMUNICATIONS

TG14 DITIGAL
CAPACITANGE METER

(R}

nesr
A Ter @
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i

ugags TEM

Measures 1pf to 1uf accurately to =0.5% * 1 digit, instantly
displaying the value on a 4 Digit LE.D 0 3" display having
leading zero suppression. Stabilized and Protected P.S.U. for
Mains or D.C. (Neg. earth) operation

Attractively styled and finished in dark grey hammer stove enamel,
wth white front panel, contemporary style push button-controls
and test terminals. Chrome plated tilt bail. 12 months’ guarantee

Price: £108.00 + 8% VAT

For further information on the TC14 and our TC12 200 MHz
FREQUENCY COUNTER contact

TELFORD COMMUNICATIONS, 78B HIGH STREET,
BRIDGNORTH
SALOP WV 16 4DS. Tel. 074 62 4082

WW — 014 FOR FURTHER DETAILS

DEFapproved
STAN 05-21

Belling-Lee

/

\Wethaero
vr/» . -~ -_,' : ‘

@ Wide range meets European and International specifications
@ Automated production area for high volume cutput
@ Polarity and insulation tests on every assembly /

@ Customised designs /\ / L

® Ask for literature

Bellingand Lee Limited, Great Cambridge Road,
Enfield, Middlesex. Telephone: 01-363 5393.
Telex: 263265. Cables: ‘Radiobel” Enfield. weu.ia

WW — 085 FOR FURTHER DETAILS
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Precision Measurement of A.C.

Calibration of measuring instruments
Certification of performance
Standards room reference

The J.J. Yorke A.C. Potentiometer

@ Brings the A.C. Co-ordinate Potentio-
meter up to date

@ Eliminates tedious, cumbersome
techniques of traditional instruments

@ Is set up and calibrated for use in a few
moments

@ Requires no accurate knowledge of or
stability in the test frequency

@ Measures up to 500 V. and up to 10 A,

@ Gives the ultimate in A.C. measurement
precision

@ Measures phase angle to 3 minutes of a
degree

@ Frequency range 40 Hz to 10 kHz

Send for our illustrated catalogues.

J.J. LLOYD INSTRUMENTS LIMITED

| | " Brook Avenue, Warsash, Southampton SO3 6HP, England.

Tel: Locks Heath 4221 (STD 048 95)
INSTRUMENTS Telex: 477042 - JAY JAY - SOTON. Cables: Eddymes, Southampton.
WW — 071 FOR FURTHER DETAILS

vacuum record -
cleaner

|, | TRANSVERTORS GROOV/A
TRANSISTORISED INVERTERS

or s

Yoy

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE
WORLD FOR MANY APPLICATIONS, INCLUDING: VIDEO TAPE
RECORDERS, SOUND TAPE RECORDERS, ALARMS,

LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER Clear visual evidence of ¥
TYPES OF EQUIPMENT. ability to collect matter
SOME TYPICAL TYPES ARE: A Hi Fi News, May "76
D24/500S 24y DC input 500 watts sine wave output 230v Silent and most effec- QRGN KN
AC £217.20 tive Hi Fi Answers, Aug ‘75 B enCER
i tput
DI 2 D fﬁpm .1_‘r’.o_v‘_'étfsls_q_ué'_e_vf'évve_z_3_0\'52‘17_%"5 Can you hear the * STRONGER SUCTION
D24/60S 24v DC input 60 watts sine wave 230v output ‘difference? Definitely Supplied with -—
] £66.95 yes Gramophone, Dec '75 both magnetic and
il . / self adhesive mounting
We also manufacture Frequency Changers, Power Supplies and Exha_us_t S e”ce_’ virtual- nozzlefcl'eanlng brush
Standby Systems, and we are always happy to quote for your ly eliminates noise :ZaL::ta't;ghei ht
special requirements. All prices plus VAT Gramophone, Dec ‘75 ! 9
Price £15.95 inc VAT. p & p 75p Leaflets and Reviews available

Please send for full details to-

VALRA v . Kernick Road, P
A DDLESEx, Twi3 e TELTHAM. =x AUDIO St
Tel. 01-890 4242/4837 s Telephone Penryn 72753

WW — 082 FOR FURTHER DETAILS WW — 042 FOR FURTHER DETAILS
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C

Display up to 12 different

messages . . . symbols, numbers,

commands, status indications.

Display them as bright, sharp, l
clear images . . . in any size, l e
colour, form that suits you. In ‘

figures from 4mm up to 1562mm high, or complete legends
up to 250mm. wide. That's the capability that M Range
displays offer. You may not have met them yet...more
complex systems tend to steal the headlines. But M Range
can do more for you, because its simplicity makes it so
much more versatile. More dependable, too. Engraved
characters are edge-lit from low-voitage bulbs . . . no
delicate electronics, no specialist maintenance or circuitry.
If you could use a display system that fits in flexibly

with your control needs, you'll find it all simply explained

Read about
weense  UNIQuUEe Mrange
_ edge-lit
- display
freedom!

Clock Tower Road, Isleworth,
Middlesex TW7 6DU, England.
Tel: 01- 568 0151 Telex 934120

WW — (189 FOR FURTHER DFETAILS
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il ELECTRONICS
= UMITED

(T[RADFORD)]

Amplifier
Specifications

Almost all audio amplifiers are used for the reproduction of
speech and music through loudspeakers. It is thus very
difficult to specify objective tests which have some
relevance to the end use. Arbitrary performance
parameters have evolved which are obtained by
standardised universal measurement techniques, which by
familiarity, have come to be accepted as valid criteria -— for
the want of something more meaningful.

Discriminating listeners, professional and others, have
always been aware of the disparity between promotional
specifications and practical performance of amplifiers.
Subjective tests have been carried out by music societies,
audio groups and hi-fi magazines which reveal the poor
listening performance of popular present-day conventional
transistor amplifiers when compared with valve amplifiers
of 10-15 years ago, such as the Radford STA25 and
STA100. {(For example, see Hi-Fi for Pleasure Magazine
December ‘75 and subsequent correspondence.)

A common weakness of the present-day popular transistor
amplifier is its inability to maintain its rated output voltage
into loads much below 8 ohms and supply current to a
reactive load. Loudspeakers present a complex load to an
amplifier and some nominal 8 ohm systems have an
impedance of less than 4 ohms at some frequencies
together with a stressing phase characteristic. This
combination produces listening fatigue and a sense of
unease, due to transients produced by the switching
operation of the protection circuits, and the crossover
switching of the quasi-complementary output stages when
driving practical dynamic loudspeakers near the rated
level. Published tests have shown that some transistor
power amplifiers rated at 100 watts output cannot provide
as high an effective sound pressure level as a good valve
amplifier rated as 25 watts output.

The HD250 is an integrated transistor amplifier with true
complementary symmetry output able to drive practical
loudspeakers without distortion. Reviewers have calledita
“musical’’ amplifier. It is rated at 50 watts per channel
and is the present-day equivalent of the SC22/STA25
valve separates.

The ZD100 is a power amplifier only, rated at 100 watts
per channel. It uses true complementary symmetry output
with additional circuitry for neutralizing crossover
switching transients at high current drive. It maintains its
maximum output voltage before clipping into loads down
to 2.8 ohms before protection circuit operation, providing
90 watts into 8 ohms, 150 watts into 4 ohms and 200
watts into 2.8 ohms per channel with plenty- of current
reserve for nominal 8 ohm and 4 ohm loudspeakers — and
at virtually zero total harmonic distortion!

The ZD22 Stereo Pre-amplifier Control Centre and the
ZD100 Stereo Power Amplifier represents the best audio
system of 'separates’ available today.

Why not learn more about Radford amplifiers by
requesting descriptive leaflets, or visiting your dealer
for a demonstration?

Radford Audio Ltd.

Ashton Vale Road, Bristol BS3 2HZ Avon
Tel. 0272 662301

WW--075 FOR FURTHER DETAILS
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ESP 100 A ESP 200 A
1pFto 10 uF 1 pF to 50 uF
Portable Wide scale
£42.00 + VAT, laboratory model

£82.00+Vv.AT

ESP 300 A
1 pF to 2,000 uF

Autoranging
capacitance bridge
£185.00 + V.AT

Electronic Services and Products Limited
Cross Lane, Braunston, Near Daventry,
& Northamptonshire NN11 7HH

lelephone: Rugby (0788) 830672

. e )
Capacitance measuring

ot ey

A complete range of British-made
instruments designed to
simplify capacitance measuring

® Accurate and sensitive

® Requires no manual balancing

® Takes less than a second to
measure a capacitor

® Updates changes in capacitance
automatically

® Wide range of applications

Send for technical literature and free

booklet: “*“Modern methods of capacitance

measuring”’

Suppliers to. Ministry of Defence, Post Office,

B.B.C., Government departments and

Electronic Laboratories world-wide. /
7819

KWP'E5P2

WW—036 FOR FURTHER DETAILS

New low cost microcomp

uter for Ierning

the how ’ of microprocessors ....

b A XY . -~ :

For instant information, please contact :

limrose electronics limited

241-243 Manchester Road, Northwich, CW9 7NE Tel, 0606 41696/7
WW—069 FOR FURTHFR DETAILS

Now, there is a new Microcomputer to
provide "hands on" experience to master and
apply microprocessors - the Limrose MPT8080.

It comes ready to use. Nothing else to buy,
debug or assemble. Just plug it in and you
have a powerful microcomputer ready fo use.
No need for a Teletype, but if you have one,
it can be hooked on using a plug-in card.

The comprehensive instruction manual is so
straight-forward that even a person with
imited technical knowledge can rapidly
learn how microprocessors work .

The Microtutor MPT 8080 is not just a
learning module - it's a full 8-bit, paratlel,
microcomputer with an 8080 CPU, 1K RAM,
and various input and output ports. |t con
be single-stepped or run continuously to
facilitate o thorough understanding of
hardware/software interaction and progrom-
ming of microprocessors.

The MPT 8080 can also be used as o
prototyping computer and expanded with
additional memory and ports

prices £249
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instrument
Technigue
Performance

0 0.5 to over 300
90 dB noich

12 dB per octave
0.5 percent THD

NEW

Accept
Reject
Hi,Lo Pass
Osciliate

FILTER OSCHLATOR 631
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FILTER OSCILLATOR 631 £98

631LF £104
631-0 IHzto100KHz  631LF-0.01Hz to10 KHz

Delivery 1s normally ex-stock — telephone for confirmation
Prices correct at ime of going to prass. subject to change without notice

OM B electronics, Riverside, Eynsford, Kent. Tel 0322 863567
WW—041 FOR FURTHER DETAILS

+£2 p&p
+ VAT

PRECISION PETITE LTD.

119A HIGH STREET, TEDDINGTON, MIDDX.
TEL. 01-977 0878

Now with the:

*NEW MK.IIDRILLe

10,000 r.p.m., 120
cmg.

“MORE
POWER —
MORE
TORQUE”

12v. - 14v. DC
DRILL ONLY £8.00
(P.P. 35p)
STAND £4.00
(P.P. 35p)
Incl. VAT
(Together 50p P.P.)

SAE for illustrated
leaflet and order form

ew

It's not just
aprettycase

The main difference between our new low price
multimeter and most multimeters is that ours is an -
AVO. Through anc through. it starts with some
innovations—-most of them unique at the price: real
overload protection, sensitivity of 20,000 Q/VDC,

a really useful set of ranges including ACcurrent,

If you try to measure the 240V mains on the 75 pA DC
range, it’s only the instrument fuse that blows. Then
there's the case-really rugged enough to take the
toughest knocks. And in this case, Beauty's more than
skin deep -inside you'll find it orderly and well laid out.
That means that, if servicing is ever necessary, it'll be

‘worth doing. Because when AVO make an instrument,

they make one 7hat's worth keeping.

In short, the new AVO Model 73 is much more
muitimeter for your money-and that's what makes
it an AVO.

UK Trade Price £33 - VAT from Distributors

AVO Limited, Archcliffe Road, Dover Kent.
Talephone: Dover (0304) 202620

Tihern Measurement Control and Automation Division

WW - 080 FOR FURTHER DETAILS
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THIS IS IT!
Fully built and tested NOW IS THE TIME TO BUY!

for immediate use In - T Our prices were reduced in Aprit. Now
ANY tuner using £ ¥y . VAT has been halved. Will things ever
Vari-cap control il —— Y be quite this good again? Make use of
- your credit card and buy now with
confidence.
We give full after-sales service and
guarantee with all parts and kits.

6 channels plus manual.
llluminated touch buttons.

20 volts supply.

Full instructions for use.

Fully built and tested.

Available now, post free.

Introductory price £16.71 inc. V.A.T.
See May’s advertisement for full lists

TOUCH TUNE PRE-SELECT UNIT and prices, or write to:

Shown here with meter drive components from Kit K12
mounted on same P.C.B.

Our Tuner is now fully updated and improved. If you gZﬂ %yz

intend to build, you must buy our new bookiet fully 33 Restrop View

describing our updated tuner
(50p post free, refundabie on orders over £10) Purton, WILTS.
SN5 9DG

Superrocker
range-935¢eries

W Slow make-and-break action, AC duty with limited
DC capability.
M Design includes popular snap-in fixing, with
alternative 2-hole mounting.
M Internationally approved
B Choice of colour and termination
B Huminated versions and .omplementary.
pilot lights available

Send

for the

new catalogue
section S8

for full details.

Arrow-Hart (Europe) Ltd.
Plymbridge Road, Estover,
Plymouth PL6 7PN

Tel: Plymouth (0752} 701155

WW — 067 FOR FURTHER DETAILS
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ANADEX CF-700

1 GHz COUNTER
FOR £620

i e : et i
s B e e S v e
4
i LY
g _ . =
| 0 -
! iy RIAOLLIION mOoDE
O Eew iNnni
) - -

Features include: —
* 1 GHz count rate with 1Hz resolution
* 30mv sensitivity with high overload capa-
bility
* 8 digit 'SPERRY" display
Also: Mode! CF-710 giving 0.001Hz resolution up to
10k Hz

a S p e n electronics limited

2 KILDARE CLOSE, EASTCOTE
MIDDLESEX HA4 9UW
TELEPHONE: 01-868 1188
TELEX NO. 8812727

WW—043 FOR FURTHER DETAILS

|
Strumech Engirearing Limited

Coppice Stde, Brownhills, Walsall, West MidTEnds i
Telaphone: Brownhills 4321 o~ ¥

WW—020 FOR FURTHER DETAILS

3%z Digit Voltmeter
Module

MODULAR DESIGN IN KIT FORM WITH
FULL ASSEMBLY INSTRUCTIONS.

*Accuracy 0.1% X 1 digit

*Range ¥ 1.999V % 199,.9mV option
*Automatic Polarity selection
*Input impedance 1000 Meg. ohm
*Signal Current 100pA

*Displays % inch l.e.d.

*Supply voltage * 15v to 19v d.c.

*Positive Supply current 100mA approx.

*Negative Supply current 20mA approx.

*P/C Board sizes: Process board 98mm x 75mm
Display board 42mm x 75mm

Price: £28.89 inc. VAT (inc. postage &
packing) .

Del: Allow 14 days

Send cheque or postal order to:-~

ECM (EUROPE) ELECTRONICS LTD.,

Graphic House,
Pangbourne, Berks.
Tel: 07357:4611
Telex: 847544

EE e mame
v o~

WW-100 FOR FURTHER DETAILS
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The name that means a wider range of electrical
instruments.

_ With P.| L. fast becoming the most comprehensive instrument stockist in the U.K., offering instruments
manufactured by over 60 established world-wide companies, and the expertise of 1.E.C. in the repair of
virtually any type of electrical as well as many types of electronic measuring instrument, you will.see why
you are dealing with companies that are experts in the field of electrical measurement. !

So remember, the next time you need our kind of help — take a generous measure of P.I.L. or .LE.C.,
you can rely on it — always.

Precision Instrument Laboratories

Instruments Electrical Company Limited
Instrument House, 212 liderton Road, London SE15 INT

Tel: 01-639 0155 Telex: 8811854

S— s
WW—066 FOR FURTHER DETAILS

, — | {1-16 PEN LINEARCORDER
i est }U(,[l]]]f)lllent with even faster response

Multimeters

The Eagle range of multimeters
covers every possible need of the
electrical or electronic engineer.
They cost from about £6 to £58
(inc V.A.T.). There’s at least one
which suits your job precisely.

We have a lot of other test equipment too.

Send the coupon and we'll send you our
| complete catalogue.
F-------------
IPIease send me details of all your test equipment

B MAME
| sopress

\ 0.5mV/cm
‘ : DC-100Hz
e 8cm per channel DC-50Hz
e 4cm per channel DC-90H:z
e Servo pen motor - non contact feedback

e Z fold or ROLL chart ® Qver:range limiter
® 12 switched chart speeds.up to 500mm/sec.

ENVIRONMENTAL EQUIPMENTS LTD.
Eastheath Avenue, Wokingham,
S I S B J; Berks. RG11 2PP. Tel: Wokingham 784922,

WW — 035 FOR FURTHER DETAILS WW—087 FOR FURTHER DETAILS

Eagle International Ltd.. Precision Centre., Heather Park Drive, Wembley HAO 15U
Tel(01)-902 8832

r
I
I
I
I
I
I
I
I
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A Mini Mixer with a true

s &
@PROFESSIONAL STUDIO SPECIFICATION®

10 input Channels, 4 Output Groups. Auxiliary Sends and Echo

Returns. XLR Connectors to balanced Mic Inputs and Line

Returns. Normalled Insert Jacks. Low Noise and High Output
levels. Portable. Extension units, PPM’s, Limiters, etc., also

available
SOUTH AFRICA BELGIUM
Prosound ARC, S.P.R.L.
Musicians Sound Centre Brussels
J'burg Tel. 771-30-63
Tel. 642-87-21 ENMARK
?"‘é‘c’)"s odad Limitad gud'\ilophil
MEal;jrid ociedad Limitada Copenhagen F
Tel. 221-5606 Ul (A1}, B
HOLLAND WEST GERMANY
Pieter Bollen Elmus GmbH
Eindhoven Berlin 12

Tel. 040-512777 Tel. 030-312-2012
, P = Downham Market, Norfolk
Raindirk Ltd. v (036 63) 2165-3617
000000000000000000080

WW ~—072 FOR FURTHER DETAILS

Stop Ruining Your I.C.’s And Wasting Time Soldering

Only £9.72 (cheque with order) Including VAT and P.P.

The Only Professional Quality Breadboard That

29

BIMBOARD

Plug Into The Revolutionary New

BIVIBOARD

Accepts All DIL Packages With 6 To 40 Pins
Incorporates Bus Strips For Vcc And Ground

Includes A Component Support Bracket
Has Over 500 Individual Sockets

And Allows You To Use And Re-Use
IC’s, Transistors, LED’s, 7 Segment Displays,
Diodes, Resistors, Capacitors

Special Quantity Discounts Available For
Radio Clubs, Retail Outlets, Distributors

BOSS /KOUSTRIAL MOULDINGS LTD

Higys Industriat Estate, 2 Herne Hill Road, London, SE24 0AU, England
Telephone 01-737 2383

Telex 919693

brenell

PROFESSIONAL
TAPE TRANSPORTS

and mul_ti-chan_nel eleptronics
for studio and industrial use

25mm mode/

*  Tapewidths up to 25mm

*  Speeds: 3mm/s minimum up to 152c¢m/s max
Finance Reel Ca ic?tn du4 Stge;gcnr:10dels
available ey B

Remote Control Facility

Tape Tension Control

Automatic Interlock against misuse
Special models to customer requirements

BRENELL ENGINEERING CO LTD

Pambroke House, Campsbourne Road, Hornsey, London, N.3.
Tel: 01-340 3291 Telex: Batiste Ldn 267727

* K K X ¥

WW — 076 FOR FURTHER DETAILS

* % % % %%

»

160 KHz — 220 MHz on fundamentals.

8 clear scales — Total length 130mm.
Spin-Wheel Slow Motion Drive 11 — 1 ratio.
Overali Accuracy — 2} %.

Modutation, Variable depth and frequency.
Internal Crystal Oscillator providing calibration checks throughout all
ranges.

Mechanical scale adjustment for accurate alignment against internal
1MHz crystal oscillator.

Powered by 9V Battery.

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET,

MODEL 41
R.F. SIGNAL GENERATOR
Price £54.85

PLUS VAT

Trade and Export enquiries weicome
Send for full technical leaflets
Post and Packing £1.00 extra

NEWTON ABBOT, DEVON, TQ12 1NE
Tel. Newton Abbot 68297

WW—050 FOR FURTHER DETAILS
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1A

UK's Leading
Tape Equipment Specialists

Japan’s largest
manufacturer of Industrial
Broadcast & Tape
Duplication equipment.
The wide variety of
products include stereo
and multichannel
recorders, in-cassette
duplicators and tape

winders. 8 channel analogue
I recorders on Y2'’ tape.
Primarily intended for
recording studios
featuring = 50% variable
tape speed, remote
control, sel sync
playback, wide flat
bandwidth.

H iA 5 Pratt Street, London NW1 OAE
Industrial Tape Applications Telephone: 01-485 6162. Telex: 21879

WW—097 FOR FURTHER DETAILS

£
L

We supply over
400 versions to UK
Broadcast and Local
Authorities, Government
Institutes, UK and
Overseas Armed Forces.

Ga
L S
b 1=
s
-
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TWO NEW

EMT quality test
and measurement
instruments offered
at competitive
prices.”

~ EMT 328 _
Mlcro Impedance
Meter

Especially suitable for measuring
the internal resistance of batteries and
storage cells as well as for
measuring contact resistances.

10 measuring ranges and a null suppression
control permit accurate

detailed analysis. £ 507 .00

EMT 422
Flutter Meter

A sop'hlsncated compact
flutter meter conforming to DIN
specifications for portable and stationary
service applications. Ranges 0.1, 0.3, 1,3
and 109/.
Featuring a threshold monitor circuit
for simplified quality control in

production lines. £453.00

(* prices correct at time of going to press) E

F.W.0.Bauch Limited

49 Theobald Street, Boreham Wood, HERTS. WD6 4RZ. Tel: 01-953 0091 Telex: 27502
WW—091 FOR FURTHER DETAILS
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There’'s more scope
IN SCopeXx

The Scopex 4D25 is a portable 25 MHz
dual-trace instrument suitable for all
laboratory and field applications. It features a
guaranteed measuring accuracy of 3% — and

yet at £225% is in a price bracket"bgﬂ?v W g
comparable instrument. Check these fedtures ¥ Y [
and see why the 4D25 is a must for the '
discerning buyer.

*¥ DC-25 MHz, full screen
* 3% accuracy
*Signal delay (both channels)
*One control for Trig 1.evel and Polarity
*Timebase 200ms to 200ns
x 5 expansion
% Sensitivity S0V/cm to 10mV /cm

JC\:D p E X Write or telephone today :-

Scopex Instruments Ltd., Pixmore Industrial Estate.
Letchworth, Herts. Tel: Letchworth (04626) 72771
UK List ex VAT
WW — 078 FOR FURTHER DETAILS

The tenorelrange
of cartridges from Condor

integrated circuit
power amplifier

TPA 50 - D Specification
Power Output 100 watts rms into 4 ohms
65 watts rms into 15 ohms

Freq Response 10.1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KHz

Total harmonic Less than 0-04% at all levels up to
distortion 50 watts rms into 15 ohms

Input sensitivity OdBm

Noise -100dB

Rise time 2 u seconds
Price £77 plus V.AT.

Manufactured in Holland to an exceedingly h gh
specification, the Tenorel range of cartridges are
designed to enhance your listening pleasure - giv ng
real ‘on the scene’ audio sensations. Whether it be
Verdi or Floyd, the Tenorel cartridge offers a faitrful
representation of your choice of music. Nothing mcre
and certainly nothing less than the original recording
Tenorel T2001 R.R.P. £5.45 Excl. VAT.

100V Line (C.T.) and balanced inputs available.
For full technical information contact:

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7

WW—029 FOR FURTHER DETAILS

Tenorel T2001ED R.R.P. £10.50 Excl. VAT.
Tenorel T2001SD R.R.P. £17.50 Excl. VAT.
Ask your local dealer for more details

Distributed by:- Condor Electronics Lid.,
100 Coombe Lane, London SW20 0AY. Tel: 01-946 0033

WW — 006 FOR FURTHER DETAILS
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Over 50000 customers
REGULARLY SERVICED

DORAM'S NEW CATALOGUE HAS BEEN
SPECIFICALLY DESIGNED FOR THE
AMATEUR RADIO, ELECTRONICS & HI-
FI ENTHUSIAST.

DORAMS SERVICE ALSO
INCLUDES -

* MANY PRICE REDUCTIONS —
QUANTITY DISCOUNTS ON
CAPACITOR, RESISTOR OR SEMI-
CONDUCTOR ORDERS

* FREE _ ur.DATE PRODUCT

///y “
INFORMATION SERVICE DURING //{n L
LIFE SPAN OF CATALOGUE Q /\—/

3k ALL ORDERS SENT BY RETURN-OF- 4 “
POST 7

3k NO-QUIBBLE REPLACEMENT PART Y,
SERVICE

2
9
POST & PACKING FREE FOR ORDERS

OVER £1 (Only applies for Great Britain
SEND FOR YOUR NEW CATALOGUE

N.lIreland and B.F.P.O. Nos.- Overseas
orders F.0.B.)
AND/OR KIT BROCHURE NOW!

DORAM ELECTRONICS LTD. WW - 9/76
If catalogue ordered (priced 60p) P.0O. Box TRS, PLEASE PRINT BLOCK CAPITALS
you will receive a refund voucher Leeds, LS12 2UF.
of 25p. NAME: . e e
If catalogue and kit brochure | enclose ........... Please send ADDRESS: «ieeeecie e

me by return my new catalogue

ordered together,’ price 70p plus
and/or kit brochure. (Over
oxwp SRy Guchioft. seas orders except for N.lreland . .coooviiiiniiiiinnnnnn. POST CODE...........
please add 30p for post and
packing surface only.
WW-—073 FOR FURTHER DETAILS

An Electrocomponents Group Company



Wireless World, September 1976

DATEST 1: THE NEW TIME SAVER

Automatic device tester and identifier

DATEST 1 saves valuable repair ime by automatically testing diodes, transistors, and all types of FETs, both in and
out-of-circuit, plus common op. amp 1 ¢ s out-of-circuit

To carry out a test simply connect the device and switch on If the display flashes its “'No Go™" If you get a steady pattern it’'s
Go'' No prior knowledge 1s required of device polarity or whether 1t i1s bipolar or FET

On the contrary, the clear six-LED display telis you at a glance the polanty ot the device (NPN. PNP N-channel. P-channel) and

for out-of-circuit tests whether it is bipolar, depletion FET, or enhancement FET

If you then flick the test current switch you can instantly place limits on current gain, leakage current. and FET parameters

Finally if you need to you can even plug in a multimeter and actually measure some of them

DATEST 1 with its advanced four i ¢. and six transistor circuit (pat appl. for) rapidly pays for nself in skilled man hours saved

and In expensive mistakes avoided. For complete user confidence DATEST 1 even stops working abruptly and gives a special

display when battery voltage has dropped to too low a value

DATEST 1 15 available now and comes complete with battery. easy-to-use probes for in-circut tests. and detailed handbook

Write for full details or send now for your own “"time saver

DATONG ELECTRONICS LIMITED

Price £49 plus 8% VAT. cash with order

11 Moor Park Avenue, Leeds LS6 4BT
Telephone: 0532 755579

WW—049 FOR FURTHER DETAILS

ELECTROTIME

'SPECIALISTS IN ELECTRONIC TIMEKEEPING

ELECTRONIC DIGITAL ALARM CLOCK
MODEL EC3

LARGE 4 DIGIT DISPLAY

AM/PM INDICATOR

FLASHING SECONDS INDICATOR
5 MINUTE REPEATING SNOOZE
ALARM

* % % %

* 24 HOUR ALARM
* BRIGHTNESS CONTROL
* ATTRACTIVE WHITE CASE.

COMPLETE BUILT CLOCK PRICE £I 4 inc VAT

THE “MISTRAL"” | DIGITAL CLOCK

* PLEASANT GREEN DISPLAY
* 12/24 HOUR READOUT
* FULLY ELECTRONIC

COMPLETE K

BUILT CLOC

* PULSATING COLON
* PUSH BUTTON SETTING
* BUILDING TIME 1 HOUR

IT PRICE £I 1.07 inc VAT
K PRICE £I4.95

CONTINUQUS
READOUT
UTILISING
LIQUID CRYSTAL
DISPLAY

FEATURES

* HOURS

* MINUTES

* SECONDS
WITH BACKLIGHT * DATE
FOR NIGHT 5 * DAY OF WEEK
READING '

{

FEATURES—
* HOURS
* MINUTES
* SECONDS
* DATE

LCD MODEL TLC4 |, ep moDEL TLES

£29.50 .. var

Kmmd.

RHODIUM £39-9
GOLD £4I .50 inc VAT

GOLD OR
RHODIUM PLATED

We are proud to announce the opening of our new showroom in which you
will find one of the Largest Ranges of Digital Electronic Clocks and Watches
available in the UK so why not call in and see us?

ELECTROTIME, DEPT. 1/9, 11 SHEPLEY'S YARD
CHESTERFIELD, DERBYSHIRE. TEL. (0246) 35804

PLEASE SUPPLY
| ENCLOSE CHEQUE/POSTAL ORDER

NAME
ADDRESS

FM BROADCASTERS

PEAK DEVIATION METER

A rack-mounting unmit for mOnionng muno of stereo
stations during programme either oft air or at the
transmitter
It consists of
anill meter with cahb din
KHz percent and decibels
swichable +20dB sensiivity for accurate level
readings of stereo pilot tone or control signats
a high impedance probe head which attaches to
a monitor recerver
an FM calibranon standard producing accurate

75KHz deviation with 400Hz and 53KHz __

modulation
The peak detector has a very fast attack ume so
checking on hrmiter spikes or othes transients which
could occupy an excesstve bandwidth Meter ballistics
are defined and the fallback rate 15 as a peak programme
meter I several meters are used together then only one
need have the deviation siandard fitted The 1mV.at
100MHz (70MHz OIRT) 15 also useful when modulated
by 400Hz tor setting up recewver and decoder output
levels as this frequency is nat affected by pre-emphasis
Wilhout the deviation standard and probe head the
meter 15 used for measunng the tevel of mono or
rmultiplex at transmitters fed from sterec coders or
rebroadcas feceivers
PEAK PROGRAMME METERS A new dnve circuit
with standara performance  Ernest Turner 642 643%
and TWIN movements stocked
Agents in several countries

e
STABILIZER
FOR HOWL REDUCTION, BALANCED AND
UNBALANCED VERSIONS BOXED
OR RACK MOUNTING

PUBLIC ADDRESS : SOUND REIN
R VN g

NT|

FORCEME

s LY
+ 5He Fixed Shift C
July 1973 article.
Smallenough to be built inside the cabinets ot
many amphfiers

DESIGNER

Complets kit and board £24 incluging PSU &
Beard bullt aad aligaed £3) mains trasstormee  APPROVED

SURREY ELECTRONICS
The Forge, Lucks Green. Cranleigh
Surrey GU6 7BG (STD 04866) 5997
CASH WITH ORDER less 5%
UK POST FREE ADD VAT at 8%

ircuil Boarts for WW

* STAR OFFER
BC 207

50 for £2.50 + 25% VAT
Plastic BC 107

AC/DC MULTIMETER
TYPE V4324’

With taut band suspension
movement

High sensitivity movement
and full coverage of AC

and DC current and

voltage ranges

006 C 66 60-600mA-3 Amps DC
033230 300mA 3 Amps AC

061 23123060 120 600 1200
-Vois DC

3 6-15.60-150-300-600 900
Voits AC

45 1o 20 000 Hz Freq Range
‘500t 5 50-500k!!

2500 550kt

5M{ Res Range

* STAR OFFER
2N 3055A
8 for £2.50 + 8% VAT

*STAR OFFER
"IN 4002

100 for £2.50 + 8% VAT
Siicon recufier
1 amp 100 volt

Pleass add VAT
and 20p P.&P.

Price £9.95
+ 8% VAT

Send Stamped Addressed Envelope for FREE Catalogue of over
2,000 Items

ORCHARD WORKS. CHURGH LANE, WALLINGTON. SURREY SM6 7NF

i
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9() BREAK POWER

SUPPLIES

AEW 2000 SERIES — FOURTH
/ GENERATION

TKVA TO 200KVA
24 HOURS WORLDWIDE SERVICE

~

Y

ANSIPACK

2 YEARS’' GUARANTEE AVAILABLE

BRITISH MADE

VISIT US AT HASTINGS AND SEE OUR
STATIC INVERTER CENTRE

TYPICAL TRANSIPACK TYPICAL

NO-BREAK POWER SUPPLY TRANSIPACK U.P.S.

AS DELIVERED TO C.E.G.B. FOR COMPUTER
APPLICATIONS

Sales and Laboratones
INDUSTRIAL SR

BROMLEY BR2 9JF
ln lsTnl 'n nEn lTS KENT. ENGLAND

Teiephone: 01460 9861/5

Tetegrams: TRANSIPACK, BROMLE
LIMITED Teser 898071

Factory

EEEEEEEEEEEEE
TRANSIPACK onens massTRIAL ESTATE

HASTINGS, SUSSEX, ENGLAND

Telephone: ngs 427344

WW-—028 FOR FURTHER DETAILS
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2 easy to use,

easy to buy,
general pur

TelequipmenT %

Versatile~that’s our scope

D6ladualtrace
Lightweight
Oscilloscope

I'he 1o Vi lz seope that muakes others seem
CANPOTsIve b any pried

[t took vears of “Felequipment experiencee and

mtensi e desten etfort e e at that anigue
combina ¢l Css e perton e
ind rennrkable Tow cost which Kkesthe Dola
sootitstandine COCE purpose daties

the Laboratory . the clussre nd the 1A
service deparimua

Whao ('l\'(' offers . osctlioscope wWith twao m\
vertical channels wath e N2 band

Wit PEU S aticallv switched, chopped
weoalternate display modes, PEU S qu really
switched TV Tise or hie coerine, PLUS

S oo e displuy deves ek Voand e
chorwee of single trace, dn T NeV

l\l'l sentiat

And whowd T send vou tall e Fegquest ?
Who clse bur Telequipiient

Pehtramy UKL Fanned

1.0 Box b, Beaverton Hoase, H \'}\\ll\l\) I lers
el Thorpenden 631040 I'elex: 233535y

TELEQUIPMENTm

WW—063 FOR FURTHER DETAILS
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Front cover shows liquid crystal
molecular textures photo-
graphed by John Varney, Paisley
College of Technology, in polar-
ized light with analyzer and
polarizer crossed.

IN OUR NEXT ISSUE

Digital wristwatch.
Constructional design for
low cost watch using
liquid crystal display and
only one integrated cir-
cuit and one p.c. board.

Electric power from
the sun. Microwave and
semiconductor systems
used in experiments to
harness solar energy.
Physical limits of power
and legal aspects.

Load lines. Basic princi-
ple of the load line and
how it is applied in
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Colour Projection Television
has the flexibility you require

Ceiling (as well as floor) projector Rear (as well as front) projection
mounting capability Variable picture sizes

Wide viewing angles give up to 50% An optional motorised rollable screen makes space for other activities
more viewing space than can be
obtained with a curved screen

B The big 8" x 6’ screen is ideal for
avdiences up to 300

B The price is competitive with all
other comparable equipment available
on the market

B The set is easy to maintain and
adjust

B The 3 projection tubes generate in
excess of 200 lumens highlight
brightness with better than 500 lines
resolution

B Power Input: 220-240 v/50 Hz
250 watts

# External Video Input: PAL or
SECAM

The CV3 Superscreen is available for purchase or rental

For further information and presentation please phone, telex or write to the sole distributors:
Speywood Communications Limited, 26 Northfield Industrial Estate

Beresford Avenue, Wembley, Middlesex.01-903 3381. Telex 377138
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Man and méchine

According to Alan Godfrey, general manager of Plessey Resistors, the British
components industry must adopt more automation, to achieve economies of
scale, if it is to survive against foreign competition. His own firm provides a
good example: an automated production system which turns out
potentiometers for consumer electronics at a rate of 1000 per hour, to sell at
approximately 8p per unit. Apparently production costs have been halved in
relation to traditional manual assembly methods. This is good news. But what
does automation mean to the production workers themselves? How does it
affect the attempts to increase “job satisfaction” that are being made in the
more enlightened parts of industry nowadays?

In the first place automation means fewer workers. Those that remain are
enmeshed even more tightly in the process of mechanization that has been
going on since the Industrial Revolution. The alienation of people from their
work first noted by Karl Marx in the 19th century was the result of the division
of labour. Each person performed a repetitive, highly specialized operation and
became isolated from the final product and from human contact with the
customer. Later, the rate at which he performed his work was paced by
machines — conveyor belts and the like. The relationship between the person
and the machine was such that he saw himself as part of the machine, as a thing
rather than a human being. Inevitably the psychological effects on the worker
were that he felt his job to be meaningless, trivial and monotonous; it required
no skill or responsibility. And we all know the results: absenteeism, strikes and
general demoralisation.

Attempts to increase job satisfaction have concentrated on making the
worker more involved with and responsible for the final product. In some
electronics factories, such as at Bang & Olufsen’s television set plant at Struer,
Denmark, small autonomous groups of people are made responsible for
producing particular modules and are identified with them by means of a
marking system. The members of a group sit close together, to aid
communication about faults to be rectified and so on. Then each B & O
television set is assembled complete from the modules by a single worker. This
is certainly getting back towards the ideal of pride in individual craftmanship,
but the method applies essentially to the assembly of electronic equipment, not
to the manufacture of components.

With automatic production machinery, at least the worker has the
opportunity to become more of a supervisor, to be challenged by the
unexpected rather than bear the misery of the totally predictable. A small
reward, but perhaps the best that can be expected until man is taken out of the
machine completely, in the computer controlled factories of the future.

i
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Citizens’ Band in America

BUSECANN Coi L Jbeliaotm

In early March as I (WRS) was driving
down the road in the flat land of
north-central Kansas, [ was looking
forward to a visit with my friend,
George Stein. George owns a farmstead
of about 1500 acres in Smith Center,
located in north-central Kansas. It was
a warm sunny day when I started out,
and the frozen dirt road in the country
soon turned into a slippery quagmire.
Then, as I was rounding a corner near

my destination, the heavily loaded

station wagon suddenly slipped off the
road into a ditch, and was irrevocably
stuck.

Two years ago I would have struck
out through the mud to the nearest
farmhouse. But today I reached for my
Citizens’ Band radio microphone.

“Breaker 11 for a Smijth Center base
station.”

“You got one buddy, come on.”

Growth of the newest and
potentially most democra-
tic development in radio
communications so far

by W. R. Stone and Harry
G. Samuels E. F. Johnson
Company, Waseca,
Minnesota

“This is the Jayhawker, KHT0538. I've
got a four-wheeler stuck up to the axle
in this Kansas mud, and I need help.”

“What’s your 10-20, Jayhawker?”

“Just north of the cemetery and two
miles west. Do you know George Stein?”’

“10-4; I sure do.”

“Since he’s expecting me, will you
give him q jingle and tell him my
location. Also tell him to bring a
four-wheel drive to drag this wagon out
of the mud.”

“]0-4 Jayhawker. You got the Inkblot
here. I'm glad to be of help.”

The preceding CB radio jargon could
be translated into an approximation of
the Queen’s English as follows;

“Calling for a Smith Center CB radio
base station monitoring channel 11.”

“I hear you friend, go ahead with your
message.”

“This is the Jayhawker (CB radio
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nickname), KHT0538 (CB radio call sign
issued by the Federal Communications
Commission). I've got a four-wheeler (a
passenger vehicle) stuck up to the axle
in this Kansas mud and I need help.”

“What’s your 10-20 (designated as
location using the CB 10 code)
Jayhawker?”

“Just north of the cemetery and two
miles west. Do you know George Stein?”

“104 (yes), I sure do.”

“Since he’s expecting me, will you
give him a jingle (call him on the
telephone) and tell him my location.
Also tell him to bring a four-wheel drive
to drag this wagon out of the mud.”

“10-4 (I will honour your request)
Jayhawker. You got the Inkblot (CB
radio nickname) here. I'm glad to be of
help.”

Within fifteen minutes, help arrived
and the four-wheel drive truck quickly
jerked the station wagon out of the mud
and set it on the solid road.

In that particular part of the United
States, the population is about six and
one-half people per square mile, and this
makes Citizens’ Band radio communi-
cation especially valuable. Without a
doubt, CB radio is an electronic marvel
for the American consumer, and it’s
entertaining as well as useful. With a
variety of English accents ranging from
the Texas drawl to the Maine and
Vermont twang, it’'s entertaining to
chat with the truckers, the drivers of the
big 18-wheelers operating coast-to-
coast, to Canada and Mexico. It is also
entertaining and informative to
exchange the latest information con-
cerning good fishing lakes or the
facilities of a nearby campground with
passing recreational vehicles. When

searching for a particular spot, a quick

request for information will bring an
equally -quick answer from someone
knowledgeable about streets, business
and industry locations. In most of the
cities across America, there is a vast
number of CB radio operators ready to
provide information to each trucker
'(lorry driver) or traveller who is seeking
a good restaurant, a reasonable place to
sleep for the night, or the location of a
particular facility.

A prime example of CB’s value is the
Midwest blizzard in February of 1975,
still described as the blizzard of the
century. During this potentially disas-
trous period, CB radio played an
important role in communicating road
conditions and latest advice from the
state highway patrol to the travellers
and truckers.

But CB radio has also proved attrac-

‘tive to vandals and thieves. The Dallas,

Texas, Police Department recently
estimated that more than 10,000 CB
radios are reported stolen each month,
more than half as many again as the
number last year.

Just how important is this social
phenomenon? What has it cost us and
where is it likely to lead? There will soon
be as many sociological theories
explaining why people buy CB radios as

The 1958 Johnsen Viking Messenger, a
five channel valve CB radio
transceiver.
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The Johnson Messenger 11, shown with
power supply and external speaker.

Johnson Messenger 191 23 channel
transceiver.

there are sociologists and, generally
speaking, they can be summed up by
saying that man desires to communi-
cate with man, especially if he can do so
while still retaining an element of
privacy. Hence the handle or nickname
which is his identity when using CB
radio. He reveals some of himself in his
choice of handle and in the content of
his conversation with total strangers,
but he retains a certain private personal
image of himself.

From a technical perspective, CB
could lead to a much more sophisticated
nationwide communications network.
Since the giants of the communications
industry such as American Telephone
and Telegraph, General Telephone and
Electronics, and Motorola have the
capability of introducing state-of-
the-art CB transceivers, a major radio
network of sophisticated equipment
could overlay the American highway
system. Such a radio network is possible
with mobile radio transceivers operat-
ing full duplex and using
digital control as they move between
different communication zones. The
technology is available, but technologi-
cal advances become a reality only with
the allocation of economic resources.
Although statistics show that a trucker
is willing to pay between $350 to $400
for a sophisticated single-sideband CB
radio transceiver with a range of 7 to 10
miles, will he be willing to pay $800 to
$1,000 for a unit enabling him to
communicate nationwide? Perhaps if
the product employed frequency rather
than amplitude modulation, operated at

220MHz where the effects of the
sunspot cycle are not felt, then the value
to the user would justify the price
differential.

On the other hand, it’s conceivable
that, given the realities of our political
system, the Federal Communications
Commission could decide that the
interest of the public is best served with
a form of service other than personal
mobile communications. Under those
circumstances, probably only a small
group of CB hobbyists would survive as
users of the service. Making predictions
on political economic matters is risky
enough for the politician — more so for
the businessman. Yet common sense (if
it can be applied to politics) indicates
that the wishes of s0 many consumers
who have a direct interest in decisions
from Washington can hardly be ignored
by their elected representatives. When
consumer desires and technological
possibilities come together as they seem
to do for CB radios, they can create an-
extremely bright future for an industry.

CB radio background
The original Citizens’ Radio Service
(Class A, B and C) was established in
1945, but owing to a lack of low cost
equipment, only about 40,000 licences
were granted up to 1958.

Then, Class D of the citizens’ radio
service (commonly referred to as Citi-
zens’ Band or CB radio) was established
by the Federal Communications Com-
mission (FCC) in 1958 to fill the
communication needs of private citi-
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zens. As a result, any citizen of the
United States over 18 years of age may
hold a citizens' radio licence. (A four
dollar licence fee along with a properly
filled-out licence application form is all
that is required — no test is necessary’
and the licence is good for five years.)

With the exception of setting aside
channel 9 exclusively for emergency
calls in 1970, the rules and regulations
covering the Class D citizens’ radio
service remained relatively unchanged
until September 1975. At that time,
several significant changes included the
following:

@ Hobby restrictions were removed.
(The only restricted traffic is profanity,
playing music, transmissions pertaining
to illegal activities, and selling mer-
chandise. The discussion of equipment,
radio checks and idle conversation is
now permissible.)

@® Omnidirectional antennas can be
mounted 60 feet above ground on an
antenna support. Originally, the tip of
the antenna could not exceed 20 feet
above the supporting structure. (Tri-
pling the antenna height produces the
same effect as multiplying the trans-
mitter power by a factor of six.)

@ Channel 11 was established as the
national calling channel. (This allows
an operator to make contact and then
switch to an unused channel to com-
plete the communication.)

@ The silence period between station
calls was changed from five minutes to
one minute. (The maximum communi-
cation period of five minutes remains
the same.)

@ An operator is required only to
identify his station by call sign and it is
not necessary-to use the call sign of the
party contacted. (“Handles” or names
can be used in addition to giving call
signs.)

® The elimination of the distinction
between intra and inter-station calling
channels. (Now, any licensee can call
any other licensee on any channel other
than 9.)

“It took 16 years, 1958 to 1974, for us
to get the first million licensees in Class
D,” said Richard Everett, assistant chief
of the FCC’s amateur and citizens’
division. “Then it took eight months to
get the second million, and three
months to get the third.”

1976: 2,000,000 (first two months only)
1975: 2,300,000

1974: 475,759

1973: 246,002

1972: 183,593

1971: 200,388

1970: 234,074

yearly totals*

* Editor’s note: Reports from the Chicago
Consumer Electronics Show indicate that
sales of CB units are running at around half a
million a month. It would perhaps be fair to
assume that licence applications are running
.at a similar rate.

The Hy-Gain Hy-Range III transceiver.

Motorola’s 2020 CB transceiver. The
top of a range of four models, it has
digital phase lock loop synthesiser,
dual gate FET front end dimmable l.e.d.
digital channel readout.

Undoubtedly, the reduced fee, cou-
pled with increased enforcement efforts
by the FCC on illegal operators, resulted
in a surge of new applications during
the early months of 1975. (The licence
fee was reduced from $20 to $4, effective
March 1, 1975.)

In January 1976, more than half a
million licence applications were
received by the FCC. Today, more than
five million licensed operators (it is
estimated that at least another million
operators are operating without a
licence) crowd the 23 channels allocated
by the FCC.

With all the operators who own more
than one unit, an estimated 13 to 15
million CB radios are in use. This
explosive growth in CR radio is so great
that the manufacturers are unable to
meet the demand.

In April 1976, the FCC introduced a
temporary permit at point of sale to
alleviate the backlog of applications.
These permits are good for 60 days. Yet
the demand continues. It is estimated
that half the trucks (lorries) in the
United States are equipped with CB
units, as well as 1 of every 7 recreational

vehicles and 1 of 20 automobiles. Also,

many thousands of homes are equipped
with Citizens’ Band radio to chat with
family members, neighbours and high-
way traffic.

The beginning of the boom coincided
with the petrol shortage of 1973-1974,
when long-haul truck drivers bought
units to keep each other informed of
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the whereabouts of gas supplies. Then
when the highway speed limit was
nationally cut to 55 miles per hour, CB
radio was used to warn about speed
traps manned by highway troopers.

During the truckers’ strike against
the high price (50c per US gallon) of
diesel fuel and the lowered speed limit,
truckers appeared on television and
demonstrated how they used CB radios
to communicate and organize their
forces. For the first time in its history,
the citizens’ radio service received mass
public exposure.

Although the long-haul trucking
market (estimated to be 65% of CB
sales) is nearly saturated, automobile
and light truck drivers are only begin-
ning to contribute to sales. The Elec-
tronics Industries Association predicts
there will be more than 20 million CB

radios in use in the United States by-the

end of the year. The FCC estimates that
as many as six million licence applica-
tions may be processed in 1976 (nearly
three times the number in 1975). This
would bring the number of licensed
stations to over nine million.

Frequency spectrum management
Class D citizens’ band occupies the
portion of the radio frequency spectrum
between 26.96 and 27.26 MHz, which is
divided into 23 channels. Transmitter
output power is limited to 4 watts for
amplitude-modulation and 12 watts
peak envelope power for single-side-
band transmission. Transmitted fre-
quency must be within 0.005% of
nominal channel frequency and modu-
lation must not exceed 100 per cent.

With the recent explosion in CB radio
interest, a critical problem for the FCC
(besides dealing with the hundreds of
thousands of licence applications) has
been to find a way to relieve channel
congestion. Several proposals at pre-
sent being considered are listed as
follows.

FCC docket 20120 proposes an
expansion of the allocated channels
from 23 to 70, with emphasis on s.s.b.
and eventual elimination of ampli-
tude-modulation. Single-sideband
(s.s.b.) transceivers at present use 23
lower sideband channels and 23 upper
sideband channels. Since most s.s.b.
transceivers transmit standard ampli-
tude-modulation as well, this makes a
total of 69 channels on which to
communicate.

However, s.s.b. does have two draw-
backs compared with a.m. First, it
contains more complex circuitry, which
increases the cost. Secondly, s.s.b.
requires the use of an added fine tuning
control, commonly called a clarifier,
which makes it slightly more difficult to
operate.

Although an announcement of chan-
nel expansion was expected to coincide
with the Personal Communications
show of the Electronic Industries
Association on March 30, 1976, a snag
was encountered and the announce-
ment has been delayed. Just two weeks
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before authorization of 50-channel
usage FCC engineers discovered a
serious technical problem. The pro-
posed extra channels were to be added
onto the present 23 channels in the 27
MHz range. However, the engineers
discovered that strong CB stations
transmitting on the proposed channels 1
to 10 and 41 to 50 produced intermodu-
lation distortion. This occurs when two
signals of different frequencies mix to
create an interference signal. Charles
Higginbotham, Chief of the FCC'’s
safety and special services bureau,
reports that FCC officials expect to find
asolution in a few months.

FCC docket 19759 proposes the
creation of a new CB radio service in the
220MHz f.m. region, designated as Class
E. Owing to strong opposition from the
armed forces (which uses this frequency
band for radar installations) and the
Amateur Radio Relay League (this
proposed frequency range is currently
shared by amateurs), no commission
action is expected before 1977.

FCC docket 20351 proposes that all
CB transmitters have a digitally coded
identification system, designated as the
automatic transmitter identification
system (ATIS). ATIS could be designed
so that encoded transmissions would
only activate similarly equipped
receivers. At the moment, it seems that
this proposal will not be acted on for
some time.

A major concern of the FCC is
interference, whether both man-made
ornatural. Examples are noise from cars
caused by high efficiency alternator
diodes and electronic systems, noise
caused by adjacent channel signals, and
by solar storms. Sunspot cycles peak
every 11 years. These peaks cause CB
radio transmissions at 27MHz to “skip”
thousands of miles with little attenua-
tion. Many manufacturers believe that
the resulting signal-to-noise degrada-
tion contributed to a decline in CB radio
popularity during the last sunspot cycle
peak in 1969. Transmissions in the
220MHz region proposed in docket
19759 would not be subject to “skip” as
aresult of solar storm activity.

Product technology
CB radio design has changed consider-
ably since the valve transceiver was

first introduced in 1958. An important

step was taken when the E. F. Johnson
Company introduced the first 5W solid
state CB radio transceiver, the Mes-
senger III, in early 1963. Since then,
high-performance transistors, printed
circuits, integrated circuits and mass
production techniques have become
commonplace in the CB radio industry.

Early CB radios used a separate
receive and transmit crystal for each of
the 23 allocated channels. Later, 14
crystal frequency synthesizer circuitry,
with six in a common bank and four
each for receive and transmit, was used
to generate the 23 channel frequencies.
Today, with the acute shortage of the
necessary crystals and the proposed

increase in the number of allocated
channels, digital frequency synthesizer
circuitry using phase locked-loop tech-
niques appears to be the answer. This
scheme uses only one to three crystals
and has an added advantage in not
requiring additional crystals to generate
50 to 70 channel frequencies; the 14
crystal heterodyne frequency synthe-
sizer circuitry can generate 24 channels,
but would require additional crystals for
a 50 channel capability.

Since several manufacturers have
been busy developing phase-locked-
loop technology, a one-chip LSI with all
necessary functions, such as channel
programming, and a diode converter
which directly drives a digital readout is
now possible. .

Single conversion was used on earlier
receivers. Later, more expensive models
began to use double conversion for
improved image-frequency rejection.
However, the trend is back to single-

conversion with a higher if. which
allows effective noise blanking. It is,

very difficult to achieve the required
coincidence between noise pulses and
series gate noise blanking pulse at the
lower frequencies.

A US semiconductor manufacturer,
Signetics, recently developed a mono-
lithic i.c. for CB applications which
included an r.f. amplifier with a.g.c.,
a balanced mixer, separate oscillator,
and i.f. amplifier with a.g.c.

As CB radio moves into the largely
untapped automobile market, more
units will be designed for the dashboard.

In fact, some manufacturers offer

dashboard units which include a 23
channel transceiver, cassette stereo
player and an a.m./f.m. broadcast
receiver.

New channel selection techniques are
also being explored. The standard 23
position rotary switch is presently used,
but complete rotation is time consum-
ing. A continuous automatic incre-
menting with channel selection
memory is being evaluated. Another
possibility is keyboard entry, similar to
touchtone telephone keyboards. As a
general rule, product technology in the
next few years will depend on how the
FCC decides to relieve channel crowd-
ing.

References

1. FCC Part 95 Citizens Radio Service Rules
and Regulations (as amended 9-15-75).

2. CB Yearbook (1976) published annually by
Davis Publications, Inc.
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VINTAGE
CRYSTAL SETS

Crystal sets, with their polished
mahogany cases, brass
terminals and general aura of
the “hand-made’’ are very
collectable pieces. The
difficulty, of course, has been
the identification of these old
receivers, since references to
them appeared in
advertisements from
long-defunct companies which
are often not bound in volumes
of old magazines. This 128-page
book is intended, therefore, as
an aid to collectors and contains
lists of 400 tradenames, 600
companies and 200 receivers,
with brief descriptions. One
suspects that it will also be read
by many people whose first
contact with radio was in the
twenties and who may even
want to build a receiver to
re-live the experience. If so, the
circuit diagrams in the book will
be of assistance, although the
lack of selectivity will probably
be disappointing. Vintage
Crystal Sets 1922-1927" by G.
J. Bussey is on sale in
bookshops at £2.50 or from
General Sales Department,
Room 11, Dorset House,
Stamford Street, London SE1
9LU at £2.80, inc. postage and
packing.

Books Receivd)

Data books have published the second
edition of Opto Electronics. Entries are listed
in sections called emitters, sensors, photo-
couplers, and opto-isolators, displays and
special devices. Supplementary sections deal
with U.S. military specifications, schematic
drawings, outline drawings, and manu-
facturers local offices. Other Data books in
the series include linear integrated circuits
and discontinued thyristors. London
Information (Rowse Muir) Ltd, Index House,
Ascot SL5 7EU.

Tab Books have recently published the
following paperbacks; Built-It Book of
Miniature Test and Measurement Instru-
ments (No. 792), Mosfet Circuits Guidebook
(No. 796), Microprocessor/microprogram-
ming Handbook (No. 785), Digital/Logic
Electronics Handbook (No. 774), Aviation
HEectronics Handbook (No. 631), Introduc-
tion to Medical Electronics (No. 830),
Switching Regulators & Power Supplies (No.
828), and Modern Applications of Linear i.c.s
(No. 708). Tab Books, Blue Ridge Summit,
Pa.17214, US.A.




News of
the Month

New l.e.d. ten times
better than any other,
say authors,

A paper published in the IEEE Journal
of Quantum Electronics on June 6
describes an l.e.d. with a radiance of
1000W/cm?, an order of magnitude
higher than any previous l.e.d. Accord-
ing to the abstract, “the lLe.d. is an
(A1Ga) As double-heterojunction
edge-emitting structure. This structure
acts as a waveguide for the internally
generated light, and with appropriate
Al concentration difference at the
heterojunctions (dx=0.3) and active
region width (~50nm), the radiation
pattern perpendicular to the junction
can be less than 30° (FWHM). For fibre
optic communications this le.d. is
capable of coupling 850pW, at a cou-
pling loss of only —10 dB into a 0.14
numerical aperture (NA), 90pm dia-
meter low-loss fibre. The l.e.d. is capable
of being directly modulated at 250MHz
and has a spectral width of less than
30nm.”

The paper was written by Michael

Ettenberg, Henry Kressel, and James,

Wittke of RCA.

Components crisis?

The Massachusetts headquarters of the
Sprague Electric Company has issued a
newsletter warning that some compon-
ents, particularly tantalum capacitors,
are in increasingly short supply. The
tantalum shortage will arise because
demand in 1977 will be about a third
above this year's level and over half as
much again as the 1975 figure, and
because supplies of tantalite ore will be
restricted for reasons outside their
control. Thailand supplies 28% of the
world’s tantalite ore, which is a by-pro-
duct of tin mining, but world demand
for tin has dropped and for the past four
months the production of tin has
declined. The supply of tantalite ore

has also dropped. Zaire produces 24% of
the world’s tantalite ore, Canada 18%,
Mozambique 12% and Malaysia 9%, the
rest coming from other African and
South American countries. “In a normal
year, “says Sprague, “the free world
uses two million pounds of pure tanta-
lum powder. In 1975 utilization was
down to about 1.1 million pounds. . .”a
result, they say, of multiple ordering
and the recession. The capacitor
industry can supply the forseeable need
this year, they say, but by early 1977
demand will rise and total needs during
that year will exceed those of the
previous peak year, 1974.

@ “Later this year we face a shortage
of some critical components,” Mr Akiya
Imura, managing director of National
Panasonic (UK) said at a recent press
launch. This was a sign, he said, that
industry, and particularly the electron-
ics industry, was recovering from the
recession. The hi-fi market had
remained at £45 million in the UK since
1974, and would probably be the same
this year, he said. “That means the
market has got a lot smaller. £45 million
buys a lot less hi-fi than it did in 1974.”

Norsat link opened

Since July 7, the Ekofisk oil field has
been connected to voice, teletype and
computer services in Norway via the
Intelsat IV satellite; previously, the only
communications were by single-side-
band radio and helicopter mail services.
According to Phillips petroleum, which
is operating the field, this is the first

Eston Nab
tropospheric
scatter station's
two 40ft aerials
linking the
Teesside oil
terminal with the
Ekofisk field.
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time that satellite communication ser-
vices have been available to offshore
soperations in the Norwegian sector. The
satellite system is operated by the
‘Norwegian government’s Telecom-
munications Administration, from
whom Phillips has leased five of the 130
available communications channels,
one of them an emergency-only line.
The ground station for the communica-
tions is at Eik, Norway, which is
connected via leased lines with Phillips
operations headquarters in Stavanger
and their computer installation in Oslo,
which will process daily production
data. :

The company’s communications sys-
tem will eventually cover more of the
North Sea and petroleum installations.
It says it expects to spend $1 million of
its total communications investment of
$16 million on the satellite system. It has
already spent $12 million on communi-
cation links, all of which are private
networks not connected with public
'phone systems in Britain or Norway.
Work is expected to finish soon on the
tropospheric-scatter radio links
between EKofisk, the pipeline terminals
at Emden and Teesside, the four pipe-
line booster stations, and the Cod field,
50 miles to the north-east of Ekofisk. A
station has been erected on Eston Nab,
five miles from the Teesside terminal,
where a 40 foot dish aerial transmits to
Ekofisk in one hop. This, the first link,
became operational two months ago.
Three hops are needed between Ekofisk
and Emden and Phillips says the link
will be finished in October.

The signals reaching Eston Nab are in
the 2,000 to 2,500 MHz range. They are
re-transmitted in the 1,500 MHz range




Wireless World, September 1976

to a microwave receiver at the Teesside
terminal. Links between platforms are
by line of sight microwave.

® Radio teleprinter links worth
£100,000 are being used in the search for
oil in the Celtic sea. The Post Office has
provided extra equipment at its coast
radio station near [ifracombe, Devon, to
provide these facilities for oil rigs and
the first to use the service was a
semi-submersible exploration rig which
is drilling for Amoco about 40 miles
south-west of Milford Haven. The rig
has its own links to the base office in
Pembroke Dock and a shared radio
telephone service connects it with the
public telephone network. The Post
Office say up to 15 rigs will be able to
have their own exclusive radio tele-
printer links with the mainland.

Tannoy leave West
Norwood

As has been expected for some time,
Tannoy is to close its West Norwood
factory. Both it and the offices at
Knight's Hill are on short term leases
and will be shut by the end of the year.
The Tannoy premises at Canterbury
Grove, of which Tannoy own the
freehold, will carry on some specialist
-manufacturing and administration. The
main manufacturing plant will be in
Harman’s new Scottish factory, and the
headquarters will be at High Wycombe.

Mr Norman Crocker, managing dir-
ector, said that Tannoy had applied
for permission to build a three-storey
block in Canterbury Grove in 1963 but
had been turned down, preventing any
further expansion in West Norwood. In
1970 the company’s fortunes turned
down, he said, and by the time Harman
took them over they were bankrupt and
“could not have gone on another week”.

“Since they took over,” he told the
South London Press, “we invested
£50,000 between Scotiand and here
between 1974 and 1975. Between 1975
and 1976 we invested £180,000 and by
the end of September next year we shall
have invested £300,000.”

A.m. stereo proposal

Leonard Kahn, president of Kahan
Communicatiens of New York, has filed
a petition with the FCC to change the
rules which prevent a.m. broadcasters
from transmitting in stereo. Kahn has
patented a system which he says took 16
years to develop and which is “comple-
tely compatible with standard a.m.
broadcasting . . . and will allow radio
listeners to enjoy stereophonic recep-
tion with little or no additional invest-
ment in receiving equipment.” Two
stations had used the system experi-
mentally. Two conventional sets are
used, Mr Kahn told Wireless World, one

The Miranda
mobile
microwave
interception and
analysis system.
The signals
intercepted are
the pulsed radar
control signals to”
foreign, possibly
hostile guided
missiles.
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tuned above and the other below the
nominal tuning point. Although depen-
dent to some extent on the selectivity of
the set, the slight off-tune caused little
or no deterioration in the sound quality.
Mr Kahn explained that the system he
had devised using ordinary receivers
was one of two systems, the other
requiring a specially built set, but which
gave better results, notably a 30dB
stereo separation with single tuning.
The stereo adapter could be installed in
a conventional a.m. transmitter in a few
hours.

Viewdata trial

The post Office says that more than 70
organisations are now taking part in the
pilot trial of the Viewdata system which
started at the beginning of the year. All
four branches of the Post Office are
taking part as well as television firms,
news organisations, consumer groups,
travel organisations and educational
establishments. Post Office Telecom-
munications, as well as providing the
technical requirements of the service, is
also supplying telephone, telex and data
transmission information.

The tv manufacturers, GEC, ITT,
Mullard, Philips Electrical, Pye, Rank
Radio International and Thorn, are
participating to see if viewdata receiver
terminals can be made relatively easily
on existing production lines at reason-
able cost. By the beginning of the year

most of them were able to produce
prototype decoders for both viewdata
and teletext, much of the circuitry for
which is common to both systems. The
information providers also have to
assess the costs of and the return on
providing the service and whether or
not it will be necessary to charge
customers for it.

Although decoders are available,
editing terminals are not, and informa-
tion providers, who ~ include the
Financial Times, Reuter, Extel, British
Publishing Corporation, the Interna-
tional Publishing Corporation, the
Consumers’ Association, the Depart-
ment of Prices and Consumer Protec-
tion, the English Tourist Board, British
Rail, London Transport, the Road
Research Laboratory, the University
Central Council for Admissions, the
Open University, the Careers and
Occupational Information Office, the
Central Office of Information, the
Central Statistical Office and Aslib, have
to give the information to the Post.
Office who put it into the “data base” on
their behalf. Towards the end of July
there were still only two editing ter-
minals, both in the possession of the
Post Office, but the Post Office expected
delivery of 40 before long. Editing
terminals would be rented to users, who
would then be able to insert their
information without the intercession of
the Post Office.

Only a few of the 70 organisations
listed by the Post Office are now contri-
buting to the service, the rest are
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preparing to do so. If the service starts,
as it could do within three years, the
Post Office says, subscribers will have
access to a number of computer centres
all over the country. For the pilot trial,
all the Viewdata information is stored at
the Post Office research centre near
Ipswich.

Surround-sound
broadcast

After Radio Clyde’s experimental sur-

round-sound broadcasts, believed to be
the first live surround broadcasts in
Europe, chief engineer John Lumsden
told Wireless World that the mono
compatibility had been “better than the
compatibility with normal stereo
broadcasts.” The reasons for this
remained unclear, he said, but his view
had been endorsed by independent
consultant Angus McKenzie, who had
heard tapes of the broadcasts.

Clyde had broadcast two concerts on
June 26 and July 2 from a series of
promenade concerts given by the Scot-
tish National Orchestra at the Kelvin
Hall, Glasgow. Engineers used a cluster
of four AKG 414 microphones whose
signals went into an Alice mixer in the
outside broadcast caravan, through a
Post Office line to Clyde’s main music
studio control room to another Alice
desk and thence to the transmitter. This
arrangement was used, Lumsden said,
because the OB van was stereo and they
wanted to get the best listening envir-
onment they could, so it was best to
monitor the encode and decode signal
and the off-air signal at the studio.
Commentary was from a_lip micro-
phone at Kelvin Hall via an auxiliary
line.

The experiment differs from that
carried out by Piccadilly radio in April
in that Piccadilly had encoded all their
output using the Sansui QS system,
which was mostly from two-channel
sources apart from some QS-encoded
records. Clyde were providing live
material from four microphones which
were then matrixed down to two, again
using the Sansui system.

ITV stereo experiment

On July 16 London Weekend and
Capital Radio collaborated in the first
“simulcast” on commercial television.
LWT’s pictures were matched by stereo
sound broadcast by Capital. The pro-
gramme, transmitted at 23.30h, featured
Jethro Tull performing their latest
album, “Too old to Rock ’'n’ Roll, too
young to die.” Although the BBC have
broadcast many simultaneous tele-
vision and stereo radio programmes, the
difficulty for the commercial companies
has always been that they are wholly

independent of one another financially
and organisationally, and the co-ordin-
ation of advertising slots has seemed
the biggest stumbling block. In this case
the co-ordination seems to have been
taken over by Television International,
Ltd who provided the technical facilities
and co-ordinated the production of the
final tape. According to TVI, a TVI OB
unit with three LDKS5 colour cameras
and a hand-held camera recorded the
“concert” in mono sound. Other micro-
phone feeds were recorded separately
on one-inch, eight-track tape. EBU time
code was recorded synchronously on
v.t.r. and audio tape, after which the
videotape was edited. The master
eight-track tapes were then mixed
down to stereo and a separate eight-
track master was used to synchronize
sound and picture.’ LWT transmitted
both sound and vision, sending stereo
sound by PO lines to Capital for their
stereo f.m. service. '

Alternative to microstrip

Microwave Associates are now using an
air dielectric alternative to microstrip
called suspended substrate, which they
say is less bulky for some applications
than microstrip. Although microstrip
assemblies taken by themselves are
smaller, by the time the interconnec-
tions between strips and coaxial links or
waveguides have been made any
advantage in size reduction on the strip
itself has been lost.

The dielectric is formed by mirror-
image channels in two metal plates,
between which is fixed a glass-loaded
substrate with copper tracks on each
side. The two copper tracks are so close
that, at r.f., the gap between them is
negligible. The transmission mode is
TEM.

Connections to suspended-substrate
microwave assemblies are simple, say
Microwave Associates, and the tech-
nique is also less lossy than microstrip
enabling a smaller magnetron to be
used. Microwave systems division
manager lan Williamson said in a
statement: “For ferrite isolators we can
achieve a 0.2dB loss per pass compared
with' 0.7dB minimum with the garnet
used in microstrip. Functions such as
switches and limiters can be made from
packaged 50ohm structures and tested
prior to assembly, in contrast to
microstrip, which needs unpackaged
diodes, testable-only when positioned in
the final circuit.” Because of their
greater size, airstrip circuits were easy
to manufacture and test. Ferrite pucks
and other modules could be introduced
into the holes in the plates and were
easily exchanged when faulty. Another
advantage was the strength of the
assembly. .

Microwave Associates first developed
the system for an airborne X-band
transponder for the Navy Lynx heli-
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"copter and Maritime Harrier. The U.S.

parent company had already developed
suspended-substrate technology and,
although they had not made the fact
public, they had built up a library of
designs for different suspended
substrate components.
. The transponder gives two power
levels from one of two transmit and
receive antennae, and is self testing.
Even with a large number of isolators in
the design, say Microwave, the unit
measures only 6 by 7 by 3 inches.
Having found an application that
might use the technique to advantage,
the assistant manager of the British
semiconductor division went to the
United States to learn more about it.
Two teams at Dunstable then built
transponder r.f. units, one using
conventional microstrip techniques and
the other using suspended substrate.
Ian Williamson told Wireless World:
“We evaluated the two systems in all
sorts of respects. Losses, weight, size
and so on, and suspended substrate was
the more suitable for this application.
Other companies may have used these
techniques but as far as I know they do
not have an extensive library of building
blocks.”
@ Using an air dielectric in microwave
devices, particularly directional
couplers, has been widely known since
the *fifties. But the use of the technique
has usually been confined to a small
number of devices, and the size of the
devices that did exist was somewhat
greater.

Voice controlled
computer terminal.

EMI are using microprocessors in a new
data terminal, the Threshold 500, which
can recognize at least 32 words or short
phrases spoken into it in any language
irrespective of vocabulary, accent,
dialect, speech impediment, or back-
ground noise. Although EMI have
already developed a voice recognition
for their VIP 100 general purpose
minicomputer system, the Threshold
500 is half the size and, at £6,500, half the
price of its predecessor.

The selected vocabulary is put into
the machine and users of the system
then “train” the equipment to under-
stand their individual pronunciation of
the words by repeating each five or ten
times into a noise cancelling micro-
phone. The terminal then averages the
voice patterns out for each word and
stores it with the others in an r.o.m.
memory. When the terminal is used, the
operator calls up his own voice pattern,
which is identified by a reference
number on the control unit used for
speaker selection and voice training. If
the operator’s voice alters for any
reason he can call words up for retrain-
ing.
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A review of current practice in large-screen projectors

by Angus Robertson

In the early days of television, it was
not easy to manufacture cathode-ray
tubes larger than 30cm diameter. To
obtain larger pictures, manufacturers
used a lens in front of a small,
high-intensity c.rt. and projected the
raster onto a screen contained within
the cabinet. Mirrors were usually used
to fold the light path and enable smaller
cabinets to be used. During the fifties,
larger and brighter c.r.ts were manu-
factured and projection TV faded out.
Although larger tubes have been
produced for special applications, sizes
have levelled off with diagonals of
66cm: larger pictures require special
techniques.

The first large-screen television
projector was invented by Professor
Fischer at the Swiss Federal Institute of
Technology in 1939. At that time, Prof.
Fischer thought that the growth of
television would come from the deve-
lopment of networks of neighbourhood
“television theatres” and he invented
the Eidophor with the capability of
projecting TV pictures onto cinema-
sized screens. The earliest Eidophors
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Fig. 1. Light path in Schmidt optical
system.

Fig. 2. Magna Image 111H colour
Schmidt projector.

Although projection television has
been around since television was
originally developed, it is only in
recent years that considerable
research has been directed
towards developing new tech-
niques for producing large-screen
television projectors. Several TV
projectors have been produced
specifically for the consumer
market, although at present their
prices are far higher than direct-
viewing receivers.

were cumbersone machines, which
could project only black and white
pictures in a darkened or semi-dar-
kened room. They were not the most
reliable of machines and for a number
of years the Eidophor system was little
known or used.

Later the American space pro-
gramme called for a reliable, high-per-
formance, large-screen projection sys-
tem capable of working for long
periods of time, to provide data displays

in NASA flight control centres. Gretag
AG, Zurich, a subsidiary of Ciba Geigy
and patent holders and manufacturers
of the Eidophor, successfully developed
the projector’s capability to meet
NASA specifications. The latest Eido-
phors are able to project full-colour
television pictures onto screens 18m
wide. The Eidophor is still the only
commercially-available projector able
to project cinema-sized pictures, but
colour versions cost over £100,000.
Cheaper techniques have therefore
been developed to provide projectors
for industry, education and the home.
Three basic projection techniques
are used. Eidophor, General Electric,
Hughes, Westinghouse, IBM and Titus
(Philips) use light-valve projectors, in
which varied techniques are employed
to modulate a light source, which is
then projected onto the screen. The
second method is to use Schmidt optics
(like the telescopes) to magnify and
project the image from a small, high-
intensity c.r.t.  Advent, Pye
(Mullard/Philips), Image Magnifica-
tion, Ikegami, Kalart Victor and Pro-
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jection Systems all use this technique.
Finally, the refractive technique is the
cheapest method, in which a glass or
acly..i .elis is placed in front of an
ordinary c.r.t., usually a 33cm colour
Trinitron, and the picture is projected
onto a high-gain screen. We can expect
to see lenses available separately soon
to enable the handyman to modify his
own TV set for projection.

Screens

Most video projectors, except possibly
Eidophor, have low light outputs when
compared with ciné projectors. For
instance, refractive projectors have an
output well below 50 lumens, Schmidt
projectors emit between 200 and 500
lumens and the high power Eidophor
‘produces 7,000 ‘lumens, An ordinary
16mm ciné projector, with a 250W, 24V
lamp, provides around 650 lumens while
in motion and an overhead projector is
usually rated at between 1,500 and 2,500
lumens.

To increase the apparent brightness
of the projected image, it is common
practice to use special screens which
have “gain”. Since no more light may be
reflected from the screen than falls on it,
the screen is made directional so that
available light is concentrated into a
small angle.

Projectors such as the Advent use an
Ektalite-foil screen material, developed
by Kodak. The material provides an
on-axis gain of between eight and ten,
with a 40° viewing angle but, to
eliminate hot spots, the screen must be
compound curved (both horizontally
and vertically) and this necessitates a
solid screen frame, usually fibregiass.
Zygma Electronics use a specially-de-
veloped, solid, compound-curved screen
that uses a highly-reflective spray-on
paint instead of the more usual foil.
Gain is 4.7 times with a horizontal
viewing angle of 80°. While these are
fine for permanent installations, they
usually need a van for transportation
and may only be concealed with diffi-
culty, unlike a roll-up screen. A matt
screen surface has a unity gain, while a
beaded screen usually has a gain of 1.8.
Projection Systems Inc. market a silver
lenticule screen with a 2.5 gain and the
exceptional viewing angle of 170°. This
screen material, which is rollable, also

Fig. 3. CVv3
Superscreen
Schmidt
projector.

has excellent ambient light rejection
characteristics, this light being reflected
sideways away from the viewers —
ideal for hire work where the locations
used rarely seem to have adequate
black-out.

Mechanische Weberei, in West Ger-
many, manufacture a projection screen
with a gain of 3.5. This is also roll-up but
it does not have the same ambient
characteristics as the previous screen. It
is however perfect for use where
adequate black-out is provided. Ideal
Image Inc. has produced a plastic
lenticular screen with a gain of five but
the lenticule (lens) size is such that
minimum viewing distance is 6m and it
must be compound curved. The com-
pany is presently developing a new
plastic material similar to the Ektalite
foil but which requires only horizontal
curving rather than the compound
curve. Single curves are used for large
cinema screens and only require a
curved frame lattice rather than the
solid frame required for Ektalite. Al-
though the screens being presently
manufactured are 25m by 7.5m for
wide-screen (and why not?) television
projection, smaller sizes are available to
order,

Fig. 4. Videobeam 1000A from Advent.
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Rear projection. Although front projec-
tion is common there are certain
applications where rear projection is
preferred. For instance the Eidophors
installed at the NASA flight control
centre are rear projected for conven-
ience; it would be impractical in that
particular location to project the image
onto the front of the screen. Screens
used for rear projection are usually of
high density and low gain in order to
minimize “hot spots”. To obtain the
projected image the correct way round,
current to the horizontal scanning coils
is reversed. On some projectors scan
reversal is achieved by a switch, on
others, it is a case of resoldering two
wires on each scanning yoke.

Although not yet commercially avail-
able, a rear projection screen has been
developed in the USA with a gain of
about eight. No further details are
known nor do I know of any other rear
projection screens with a gain greater
than unity.

Screen brightness. Projector light out-
put is usually quoted in lumens, which
have the advantage of being identical in
imperial and metric units. The illumin-
ation falling on the screen is meagured
in lumens/m2 (lux) but since most
screens provide some gain, luminance
in candelas/m? (nits) is the unit used
(except by the Americans who still use
ft lamberts). Example: A projector light
output is 500 lumens. Screen size is 3m x
4m = 12m-‘, Screen illumination is

500
-1—2- =41.7 lux.

If the screen gain is two, screen
luminance is

417 X 2=26.53 cd/m?,
m

Resolution, A 625-line, 50-field tele-
vision signal has a bandwidth of 5.5MHz
and a horizontal resolution of 570 lines.
The resolution of colour c.r.ts is limited
by the number of phosphor dots or
stripes; therefore, the larger the screen,
the higher the possible resolution. Since
most colour projectors project each
colour separately, resolution is usually
only limited by the electronics associat-
ed with each channel. For the display of
computer-generated data and com-
mand applications, higher definition is
often required and the use of 1,029 lines
per frame and video bandwidths of up to
40MHz enables a horizontal resolution
of over 1,000 lines to be achieved.
Digital techniques are sometimes used
to obtain accuracy in the corners of the
picture. When displaying characters
which combine more than one colour,
registration accuracy is critical; other-
wise double characters will be dis-
played.

Schmidt projectors

Fig. 1 shows the principle of the external
Schmidt c.r.t. projector, in which tube
diameter can vary between 75mm and
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150mm for different projectors. The
reflector needs to be two or three times
the raster size, which precludes the use
of large colour tubes on purely physical
grounds. The centre of the mirror is
removed to prevent light being reflected
directly back towards the c.r.t. faceplate
and a fan is inserted in the hole to cool
the high-intensity faceplate.

Light output from Schmidt projectors
depends upon tube and reflector size.
RCA quote a light output of 450 lumens
from a 125mm c.r.t. when operating
with 45kV and 500pA. Tubes operating
with more than about 30k§/-produce
X-rays and care is required in the
construction' of such projectors to
provide adequate shielding. Some pro-
jectors include interlock circuits which
remove e.h.t. when the protection
covers are removed for maintenance.

For colour projection, three optical
systems are used with green, red and

blue c.r.ts. Usually, these are mounted .

in-line, but one manufacturer uses a
triangle formation. Complex analogue
circuits are included to enable registra-
tion of the three images in much the
same way as a shadow mask tube — a
process which is made easier by the
in-line layout. Projectors usually have a
built-in cross-hatch generator and basic
‘registration controls are often mounted
on a separate control unit for conven-
ience.

Another facility usually included is
keystone correction. When a projector
is mounted on the ceiling (out of the
way), the projected image is angled
down at the screen giving a picture
wider at the bottom than the top.
Keystone correction enables the verti-
cals to be electronically corrected,
usually to correct for angles of +15°.
An optical keystone corrector may be
provided which adjusts the c.r.t. posi-
tion to provide equal focus over the
screen. The tube is usually mounted on
a carriage which enables it to be moved
in relation to the reflector to provide
optical focus for differing projection
distances. The
designed to compensate for deficiencies
in the optical system and is optimized
for a particular projection throw.
Although most Schmidt projectors
allow focusing at variable distances,
often the corrector plates must also be
changed if a wide range of projection
distances is to be accommodated.

Image Magnification Inc. The Magha
Image I is a monochrome projector
which uses a 125mm c.r.t. Picture width
is variable between 1.2m and 6m with a
resolution of 600 lines in the centre.
Price: £3,500. The Magna Image IIIH,
shown in Fig. 2, is a colour projector
using three heads in-line. Picture widths
between 2.4m and 6m with a resolution
of 500 lines. Price: £12,750.

Kalart Victor Corp. The Telebeam II
projects a monochrome picture
between 1.8m and 3.6m wide (specified

corrector plate .is'

corrector image
plate projected
to screen

electron

phosphor coated
internal screen
(red,blue or green)
Fig. 5. Advent Lightguide tube, with
complete Schmidt system inside
envelope.

PR 1]

Fig. 6. Zygma Teleprojector.

when ordered) with a resolution of 550
lines. Light output is 384 to 576 lumens
from a 125mm tube. Price: £3,810.

Projection Systems Inc. The CV3 Su-

perscreen, Fig. 3, projects a colour
picture with widths between 1.8m and
24m from 75mm tubes. Light output is
about 200 lumens. Price: £4,490. Model
270A is a monochrome projector with a
light output of 800 lumens for screen
widths between 1.8m and 6m. Resolu-
tion is 1,000 lines in the centre. Price is
$11,800. Model 560 is a colour projector

electronic gun lens

light valve
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with a light output of 600 lumens for a
screen width .of 3.6m. Price: $14,750.
Amphicolor 1000 uses three 150mm
tubes for colour projection with 4800
lumens. Screen widths of either 2.4m or

4.2m. Price: $29,500.

Pye TVT. The Mammoth is a colour
projector with a claimed light output
of 800 lumens onto a 4m wide screen.
Centre resolution is 600 lines and price
is on application.

Ikegami. The TPP-2C is a colour
projector with a light output of 360
lumens, intended for a maximum 4m by
3m screen. Price: £16,000.

Advent Corp. The Videobeam 1000A in
Fig. 4 uses the Schmidt technique, but
instead of having separate tube, reflec-
tor and corrector plate, all are vacuum
sealed in the same envelope, as seen in
Fig. 5. The electron beam scans a 75mm
phosphor coated target (red, green or
blue). Emitted light is then reflected
onto the spherical mirror and back
through the corrector plate to the
screen. Although this approach has.
manufacturing advantages, the projec-
tion distance is fixed at 2.54m exactly,
and light output is low since all parts are
sealed within the tube and it is not
possible to cool the target. Although not
specified by Advent, working back-
wards from the screen brightness gives
about 60 lumens light output. Thus a
bulky, high gain screen is required to.
obtain an adequate screen brightness.
Screen dimensions are 1.32m by 1.75m.
Advent has however, recently
announced a set of lenses which may be
attached externally to the sealed tubes
enabling a 2.4m x 1.8m picture on a flat

_screen. The screen brightness thus

obtained would necessitate a well
darkened room.

Advent are intending to introduce a
new, cheaper projector on the
American market this summer. No
further details are available nor has a
British launch date been announced.
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Zygma Electronics manufacture a pro-
jector which has characteristics which
are very similar to the Advent Video-
beam. The Type 2001 Teleprojector

shown in Fig. 6, uses internal Schmidt

optics tubes with a fixed projection
distance of 2.54m onto a high gain
screen 1.75 x 1.32m. Screen brightness is
140cd/m and the price is £4,950.

Light valves :
General Electric use transmission light
valves in monochrome and colour
projectors. Colour pictures are pro-
duced from a single projection tube
using a diffraction grating to separate
the colours. The projector, seen in Fig.
7, uses a separate xenon light source, a
fluid control layer in the light valve, and
a projection lens. Optically it is similar
to a slide or ciné projector.

Miniature grooves are created on the
deformabile surface of the fluid control

layer by electrostatic forces from the

charge deposited by the electron beam,
which is modulated with video infor-
mation. These groove patterns are made
visible by use of a “dark field” or
schlieren optical system consisting of a
set of input slots and output bars. The
resulting television picture is imaged on
the screen by the projection lens.

Cross sections of the light body,
colour filters and input and output slots
are shown below the light valve in Fig.
7. Green light is passed through the
horizontal slots and is controlled by
modulating the width of the raster lines
themselves, by means of a high-fre-
quency carrier applied to the vertical
deflection plates and modulated by the
green video signal. Magenta (red and
blue) light is passed through the vertical
slots and is modulated by the diffraction

ellipsoidal cold
mirror mirrors

Fig. 8 General Electric PJ6000.

gratings created at right angles to the
raster lines by velocity modulating the
electron spot in the horizontal direction.
This is done by applying a 16MHz
(12MHz for blue) signal to the horizon-
tal deflection plates and modulating it
with the red signal. The grooves created
have the proper spacing to diffract the
red portion of the spectrum through the
output slots while the blue portion is
blocked. For the 12MHz carrier the blue
light is passed and the red blocked.
Thus, simultaneous and superimposed
primary colour pictures are written
with the same electron beam and
projected to the screen as a complete-
ly-registered full-colour picture.
Because of problems of heat
dissipation, and the avoidance of fre-
quent repairs (the light valve costs

screen
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about $12,000), the xenon lamp is
limited in power to 650W. The PJ7000
monochrome projector has a light
output of 750 lumens and is suitable for
picture widths between 0.75m and 3.6m,
with a typical horizontal resolution of
1,000 lines. Three lenses are available to
accommodate different throw/width
distances. The PJ6000, Fig. 8, and PJ5000
colour projectors have a light output of
about 280 lumens, a resolution of 600
lines and the same focusing ability,
although a 2.4m screen width is opti-
mum for colour. Light output of the
colour projectors is less than the
monochrome projectors since light is
lost in the diffraction process. Life of the
light valve is usually over 3,000 hours
but 7,000 hours has been achieved in the
laboratory. Price of the PJ7000 is
$46,000, and the PJ6000 and PJ5000 cost
$52,500.

Titus light valve. Developed by the
Laboratoires d’Electronique et de Phy-
sique Appliquée (LEP), part of the
Philips organisation, the Titus projector
uses the Pockels effect in a refractive
light valve. This works on the principle
that certain crystals, in this case
potassium di-hydrogen phosphate,
rotate the plane of polarization of a
beam of incident light through an angle
proportional to modulation by the
accelerating voltage of a constant-cur-
rent electron beam. Fig. 9 shows a tube
using these principles in a monochrome
projector. A peltier cooler is required to
keep the temperature of the plate just
above its Curie temperature of about
—50°C. .

The target is bombarded by an
electron beam whose accelerating vol-
tage lies between 500 and 1,000V, a grid

Fig. 8. LEP Titus monochrome
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being placed in front of the target at a
distance of about 40pm. The electron
beam, of constant intensity, functions
as a flying-spot short circuit between
this main grid and the point of impact of
the target, which thus reaches a poten-
tial close to that of the grid. The video
signal is applied between the
transparent conductive layer and the
grid, to ensure that the various points of
the target are charged to the corre-
sponding video voltage when they are
hit by the electron beam, irrespective of
their previous potential. Erasure and
writing are therefore simultaneous and
this, coupled with the long discharge
time-constant of the target, results in
flicker-free operation. In addition, since
the voltage pattern stored on the target
does not depend on the intensity of the
electron beam, it is found that no line
structure is apparent on the picture. The
absence of line structure, however, is
not accompanied by loss of vertical
resolution.

" Twin ellipsoidal mirrors are used to
provide high collection efficiency from
the 2.5kW xenon lamp. A calcite
polarizing beam splitter which trans-

mits only light whose electric vector is

parallel to the plane of Fig. 9 is used to
transmit light to the Titus tube. The
projection lens is .placed between this
polarizer and the tube and acts as a
collimating lens so that the luminous
beam incident on the plate has a mean
directional normal to the latter. When
the light beam is reflected at the
dielectric mirror and passes through the
lens and beam splitter again, only the
light component with its electrical
vector perpendicular to the plane of Fig.
9 is transmitted to the screen. In
practice, light output from the mon-
ochrome projector is about 2,500
lumens, with a horizontal resolution
reaching 750 lines. A 4kV xenon lamp
may be used to increase this output.

A colour projector using Titus tubes
is shown in Fig 10, in which two dichroic
mirrors are used to split away blue and
red beams. Ellipsoidal mirrors similar to
those of the monochrome projectors are
used but not shown here. Using a 4kW
xenon lamp, 3,200 lumens output have
been obtained from an experimental
prototype. )

The Titus is the only television
projector that has an output capability
comparable to the Eidophor. Efficiency
is about half that of the Eidophor since
half the light is lost in the original
polarization.

Hughes liquid crystal. This projector
uses a liquid-crystal reflective light
valve which is addressed by a c.r.t. Fig.
11 shows the various layers which make
up the liquid-crystal light valve. In
operation the cadmium sulphide photo-
conductor acts as a high-resolution,
light-controlled voltage gate for the
liquid-crystal layer. The dielectric layer
serves to reflect the projection light
while the cadmium telluride light-
blocking layer prevents residual pro-
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Fig. 10. Three Titus tubes used for colour projection.
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Fig. 13. Hughes light valve projector.

jection light reaching the photocon-
ductor. Because of the high d.c. resisti-
vity of the dielectric mirror, the device is
‘operated with an alternating voltage
impressed across the sandwich struc-
ture. This has the added benefit of
extending the life of the liquid crystal.
The device is used in the optical system
shown in Fig. 12. Light from the
projection lamp is collimated, polarized
and directed to the cell. The light passes
through the liquid crystal and is
reflected from the dielectric mirror.

The second polarizer, which is
crossed with respect to the first, is
placed in the projection beam that is
reflected from the light valve. The
display operates in the following man-
ner. The liquid crystal is aligned with its
optical axis nearly perpendicular to the
device electrodes so that, in the off
state, no phase retardation occurs and
the projection light is blocked from the
screen by the crossed polarizers. With
imaging light incident on the photo-
conductor, a voltage above the field
effect threshold is switched onto the
liquid crystal layer. The liquid crystal
has negative dielectric anistropy, so
that the molecules tend to align nor-
mally to an applied electric field. Thus
the applied voltage rotates the
‘molecules from their initial state parallel
to the field and introduces a phase
retardation between ordinary and
extraordinary rays in proportion to the
spatial intensity variation of the imag-
ing light. This phase retardation
changes the polarization of the projec-
tion light and, due to the dispersion
effect, allows selected colours to pass
the crossed polarizers.

In the display of symbols, the colour
of a selected character in the projected

image may be selected by the'level of
intensity of the input imaging light. Low
imaging light intensity (low voltage
switched to the liquid crystal) leads to
a white (all colours present) on black
image, while higher imaging intensity
increases the alternating voltage on the
liquid crystal and leads to the selection
of certain colours; blue, green, yellow
and magenta. These colours have only
one luminance and are thus suitable
only for displaying coloured characters
or symbols superimposed upon a black
and white grey-scale picture

So far, images of 350 lumens have
been projected, using a 150W lamp, by
the equipment shown in Fig. 13. This
projector was developed by Hughes in
co-operation with the US Navy, and in
its present form is intended for symbol
displays.

To be continued next month with a look
at refractive projectors

75MHz counter

A set of p.c.bs is now available for the 75MHz

‘counter which was published in the 1976

Wireless World Annual. The set comprises
six boards to accommodate the count-
store-display circuitry, divider, crystal clock.
function select, input amplifier, and power
supply. Wire links are used where necessary
to avoid the expense of double-sided boards.
The set is priced at £12.00 inclusive of v.a.t.
and postage and is available from M. R. Sagin
at 11 Villiers Road, London N.W.2.

Wireless World, September 1976
HF predicti
predictions

Long periods of subnormal days are unlikely
to occur as duration and intensity of
magnetic disturbances have decreased
rapidly over the past two months. Coupling
this with the general seasonal trend toward
higher frequencies becoming available
should produce a noticable improvement in
daytime working particularly on the North
Atlantic path.
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