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A Synthesized Signal Generator

from mi
£80007 £6000? £4.0007?under £2,0007

Somehow some of our customers have been
persuaded that our prices are as big as we are. Sometimes
the biggest brains are the most cost-conscious brains. For
example, our illustration shows a synthesized signal
generator which costs £1,800 *: the new 520MHz
TF2015/1 Signal Generator with its associated
Synchronizer. With this combination, synthesizer
operation is obtainable without any degradation
of generator signal purity, performance and versatility.

Leakage specification is lower than any other
available VHF/UHF source and output accuracy at low
levels beats all others in the price range.

Building on the enviable reputation of the
TF2015 for performance, reliability and value, we have
now introduced two new a.m./f.m. versions: the
TF2015/1 for narrow band mobile radio testing and
TF2015/2 for telemetry and other wideband applications.
The U.K. price for TF2015/2 with Synchronizer is
£1,950*. All have a frequency coverage of 10 to 520MHz
with calibrated a.m. and f.m.

Tuning in 100Hz steps whilst under locked conditions
provides a valuable facility for bandwidth measurements
and channel stepping. Digital setting of frequency with
direct readout means no waiting for counter gate times
when you want high resolution, and no r.f. leakage from
display holes.

*Special U.K. price

One in four

Only one in four of our customers tells us he needs
the stability of a synthesizer. So the other three can save
almost half the cost of the synthesizer combination by
buying the analogue part alone. So, whether you require a
synthesizer or a signal generator you can now obtain
quality at ordinary prices.

Optional accessories include Pulse Modulator TF2169,
i.f. probes for ‘squelch killing’, multiple calibration plates
for units of output level, matching pads, attenuators,
reverse power protection and carrying case.

Write or 'phone for full details:

®
M1 MARCONI INSTRUMENTS

Marconi Instruments Limited - Longacres -

St. Albans - Hertfordshire - England - AL4 0JN.

Telephone: St. Albans 59292 - Telex: 23350.

A GEC-Marconi Eleceronics Company

WWW amencanraé’
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High-quality loud-
speaker. An article on the
design and construction of a
small, closed-box speaker,
using the KEF B200 and
KEF T15 drive units.

Microwave voice link. A
low-power communication
link, using a similar type of
microwave diode and
amplifier to those in the
intruder alarm previously
described. Full construc-
tional details are given.

Phase distortion — can it
be heard in audio systems?
Some experiments involv-
ing live performances throw
fresh light on this contro-
versial subject.
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INSTRUMENTS THAT STAY ACCURATE

With P.l.L. fast becoming the most companies that are expertsin the field of
comprehensive instrument stockist in the electrical measurement.
U.K., offering instruments manufactured by Soremember, the next time you need
over 60 established world-wide companies, our kind of help — take a generous measure
and the expertise of |.E.C. in the repair of of P.l.L.or |.E.C., you canrely on it — always.
virtually any type of electrical as well as Precision Instrument Laboratories
many types of electronic measuring 'nstfulmetms E'eftgca' C%TSTIZV Ltimitsg
instrument, you will see e L TN erion Re.
why you are dealing with Tel: 01-639 0155 Telex : 8811854

P15

The name droppers.
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A.C. MICROVOLTMETERS |

VOLTAGE & dB RANGES: 15uV, 50uV, 160uV . .. BOOV
Acc. = 1% = 1% f.s.d. = tuV at 1kHz — 100, — 90
+50dB

Scale — 20dB/ + 6dB rel. 10 TmW /60052

RESPONSE: = 3dB from 1 Hz 10 3MHz. = 0 3dB from

4Hz to 1MHz above 500uV. Type TM3B can be

set to a restricted B.W. of 10Hz to 10kHz or 100 kHz
INPUT IMPEDANCE: Above 50mV >4 3M(Q<20pf.

On 50uV to 50mV > 5M§ < '50pf.

AMPLIF’IEI-R QUTPUT: 150mV atf.s.d

w, £89 w, £95

D.C. MULTIMETERS

VOLTAGE RANGES: 3uV. 10uV. 30uV ... 1kV.

Acc. = 1% *1% fs.d. £0.1pV. LZ & CZ scales. :
CURRENT RANGES: 3pA, 10pA, 30pA . . . TmA (1A for
TM9BP) ]

Acc. 2% %1% f.s.d. £0.3pA. LZ & CZ scales. »
RESISTANCE RANGES: 312, 100, 30Q. . . 1 G linear Acc’
*1% *1% f.s.d. up to 100M{).

RECORDER OUTPUT: 1V at f.s.d. into > 1k§ on LZ ranges.

w.£125 . £135

H.F. VOLTAGE & dB RANGES: 1mV. 3mV, 10mV .. 3V’ D.C. MICROVOLTMETERS
Acc. 24w=1% fsd at 30MHz — 50dB, — 40dB, Xo'-'“‘f; “A';gif&gow.]“\)/og. 30|0uV- .. 300V,
.- 3Gad to + 20dB. Scale — 10dB/ + 3dB rel. to 1mW /50 \) cc. x 1%, -s.d.. = 1pV. CZ scale.
+ 0.7dB from 1MHz to 50MHz, = 3dB from 300kHz to CURRENT RANGES: 30pA, 100pA, 300pA . .. 300mA.
400MHz ’ Acc. * 2%, * 2% f.s.d.. = 2pA. CZ scale.
: : LOGARITHMIC RANGE:
L.F.RANGES: As TM3 except for the omission of 15uV and + BpVat + 10%1s.d. = 5mvat+ 50%tsd. + 500mV at

150pv

fsd.
AMPLIFIER OUTPUT: Square wave at 20Hz on HF with '/RECORDER OUTPUT: =1V atf.s.d. into > 1kQ
amplitude proportional to square of input. As TM3 on L.F. T .

. £135 wm, £145 | |% £77

These highly accurate instruments incorporate many useful features, including long battery life. All A type models have 83mm scale meters, and
case sizes 185x110x130mm. B types have 127mm mirror scale meters and case sizes 260x125x180mm.

LEVELL ELECTRON ICS LTD. Prices are ex works with batteries. Carriage and packing extra. VAT
Moxon Street, High Barnet, Herts. ENS5 5SD extrain U K Optional extras are leather cases and mains power units.
Tel: 01-449 5628/440 868'6 Send for data covering our range of portable instruments.

WW—027 FOR FURTHER DETAILS
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PLASTIC FASTENERS

FOR ELECTRONICS

| SELF-ADHESIVE CABLE CLIPS are a quick

and simple means of securing cables, cords and
small looms to flat surfaces. No drilling or
fixing screws necessary. The peel-off backing is
removed immediately before placing the clip.
The coating adheres to most clean, flat surfaces
and withstands a wide range of humidity and
temperature. Cable clips are moulded in natural
nylon and have rounded edges to prevent
damage to the cables.

P

CABLE STRAPS are semi-permanent fasteners
for strapping wires and cables into tight,
compact looms. The ratchet fastener is adjust-
able and can be released by pinching-in the
sides of the fastener head. Cable straps are

made from black nylon. -
k WIRE TIES are a flexible means of fastenin01

wires and small cables into orderly, compact
looms. They are quick and easy to fit and can be
re-used, greatly reducing re-looming times.
Wire ties are made from nylon and are available
in various sizes each determined by a different
colour.

*The P.C. BOARD GUIDE is a self-retaining
edge support for printed circuit boards. It has
good panel retention and grips p.c. boards
firmly and securely. The guide is available in
two types of material - yellow acetal or grey
Noryl, for high temperature and voltage appli-

’_cations.

FOR SPEED
METERING/ROAD
TRAFFICANALYSIS

James Scott (Electronic Engineering) Limited have
developed, over a number of years, a range of
miniature traffic radar systems of advanced design for law
enforcement and traffic analysis applications.

e Digital speed presentation @ Suitable for LH/RH traffic
systems @ Alarm speed selectabie in thewange 21 to

99 mph or kph in unit steps ® Can be used tripod mounted
or from inside a parked vehicle

e Compact, ightweight design with solid state circuitry
except for digital display tubes @ Facility to operate
camera/flash unit (available as optionai extra) @ Test
oscillator incorporated ® BCD output available for
data-logging.

P.C. BOARD SPACERS are simple to fit, onef#
piece mouldings for use with p.c. boards. They
have a self retaining shank for fastening into
panels and a T-shaped anchor for securing p.c.
boards of 0.062" thickness. They have good
resistance to vibration and are suitable foi‘

‘ board-to-board or board-tochassis use.
P.C. BOARD STAND-OFFS are quickly assem-

bled, self-retaining panel supports for p.c. s -
boards. Made from natural (off white) nylon and

have good resistance to vibration. Suitable for

panels up to 0.079" thickness. Stand-Offs accept

a No. 4 self-tapping screw. \td/
* PLASTIC RIVETS fasten panels, fittings and
name plates to metal plastic and wood. Resilient
enough to fix into brittle materials like fibre-
glass, hardboard and glass. ‘Shank, head and
pin are one piece. Fixing is by driving the pin
through the head into the space between th1

legs, gripping the work.

DRIVE FASTENERS hold two or more panels
together. Easily fixed, normally by thumb
pressure. NoO special tools required. Boat-
shaped DRIVE Fasteners are for panels of thin
and medium thickness and are removable.
Ribbed Drive Fasteners are used in blind holes
¥where hole length exceeds lergth of shank.

PLASTIC HOLE PLUGS are quick, inexpensive
means of plugging unwanted holes. Hole Plugs
keep out dust, dirt and moisture. Attractively
shaped heads give a neat finish. The snap action
grip of the Hole Plug makes a vibration resistanJ

These are some of the reasons why the James Scott Gatso
Mini Radars are rapidly gaining acceptance with Police Forces
and Traffic Engineers throughout the world (U K., West
Germany, Holland, Belgium,
Greece, Singapore, Malaysia,
Australia.) If you want more
please write or telephone

seal. Hole Plugs are made from nylon and are
non-corrosive.

LIOKUT ANCHORS are used to strengthen
holes by providing additional screw thread
engagement in materials where self-tapping
screws would be unsatisfactory. Made from
high strength nylon and used in insulation, and
electrical chassis work. Easily fitted by hand.
1000’s OF OTHER TYPES OF PLASTIC
AND METAL FASTENERS

LEAFLETS ON REQUEST

|-
iUl | HARMSWORTH
GLASGOW G32 6AB Tel:041-778420 Telex 778 HARMSWORTH, TOWNLEY & CO LTD

HAREHILL TODMORDEN LANCS OL14 5JY
Phone TODMORDEN 2601 (STD 070-681 2601)

WW—035 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN) LTD.
“BROADLANDS' BAGSHOT ROAD,

SUNNINGHILL, ASCOT, BERKS.
TEL. 0990 23732/6: TELEX: 845684

Of I‘esearCh.m »on components and accessories for dictating

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

STETOCLIP ae NIQR
JUNIOR 60 STERYCLIP
HEADSET HEADSET HEADSET

STANDARD &

- PLASTIC
[Szggpmlgggs EARHANGERS

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

NASON

DANAS@UND INDUC TIQTLAUDIO SUBMINIATURE

HEADSET RECEIVER SWITCHES

WW — 041 FOR FURTHER DETAILS
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FAST RESPONSE STRIP CHART RECORDERS

Made in USSR

Series H3020 Series H327

Basic error 2 5%
Sensitivity': 8mA F S.D
Response 0.2 sec

Width of each channel
Single and three-pen
recorders: 80mm
Five-pen recorders: 50mm

Polarized moving iron movements
with syphon pens directly attached
Built-in solid state amplifier (one
per channel) provides 8 calibrated
sensitivity steps. Two marker pens
are provided

Basic error 4%. Frequency
response from DC to 100Hz 2dB

2.5-5.0-12.5-25 mm /sec

Chart speeds, selected by push buttons: 0 1-0.2.0 5-1.0
h Chart drive. 200-250V 50Hz

Recording" Syphon pen directly attached to moving coil frames Sensitivity 0.02-005-01-02-05-1-2-5volts/cm

Curvilinear co-ordinates Width of each recording channel’ 40mm

Equipment Marker pen, timer pen, paper footage indicator, 10 Chart drive: 220-250V 50Hz

rolls of paper, connectors, etc. Chart speeds 1-2-5-10-50-125-250mm/sec

H3020-1 (Single pen): 285mm wide x 384mm deep x 165mm Type H3271-1. Single pen: Dimensions' 259 x 384 x 165mm
high - . . . PRICE £108.00 Weight 15 kilos PRICE £265.00

H3020-3 (Three pen): 475mm wide x 384mm deep x 165mm Type H327-3. Three pen: Dimensions 335 x 384 x 165mm
high . . . PRICE £160.00 Weight 20 kilos PRICE £520.00

H3020-5 (Five pen): 475mm wide x 384mm deep x 185mm Type H327-5. Five pen. Dimensions 425 x 385 x 165mm
high PRICE £295.00 Weight 25 kilos PRICE £770.00.

Note Prices are exclusive of VAT

Available for immediate delivery

Z & | AERO SERVICES LTD.

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

WW-—028 FOR FURTHER DETAILS

HIGH POWER DC-COUPLED AMPLIFIER

IO S cear UP TO 500 WATTS RMS FROM ONE CHANNEL
| DC-COUPLED THROUGHOUT

*

|
%* OPERATES INTO LOADS AS LOW AS 1 OHM
* FULLY PROTECTED AGAINST SHORT CCT,

- == 3 YEAR WARRANTY ON PARTS AND LABOUR

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Puise or complex
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

e - v

PR

Power Bandwidth DC-20kHz « 150 watts + 1db. Odb Slewing Rate 8 volts per microsecond

Power at clip point {1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity

Phase Response +0, —15 DC to 20kHz. 1 watt 82 Input sensitivity 75 V for 150 watts into 8
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% Q.01 watt to 150 watts Protection Short. mismatch & open cct. protection
Damping Factor Greater than 200 DC to 1kHz at 82 Power supply 120-256V. 50-400Hz

Hum & Noise (20-20kHz} At least 110db below 150 watts Dimensions 19" Rackmount. 7" High. 93" Deep
Other models in the range: D60 — 60 watts per channel D150A — 150 watts per channel

Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD. | MACINNES FRANCE

* A 1 e B ri
Macinnes House, Carlton Park Industrial Estate 8 Ru otzaris

Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2615 g iy

WW—033 FOR FURTHER DETAILS
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~ without”
shrinking the
performance?

Our answer:
the Arrow
subminiatures

We'll happily send
details of all four Arrow
subminiature switch
series.

mie/r

thinking

ahead

Arrow-Hart (Europe) Ltd. Midlands Office: Scottish Office:
Plymbridge Road, Estover, Plymouth PL6 7PN, England. 1626/8 Coventry Road, Yardley, Birmingham B26 1AN. 13 Murray Place, Stirling.
Tel: Plymouth (STD 0752) 701155 Telex: 45340 Telephone : 021-707 0696. Telephone : 0786 3823.

WW ~— 050 FOR FURTHER DETAILS
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ELECTRONIC ORGAN

The onty organ you can buid in stages and tailor
to your requirements as you go along - and at
each stage you Il have a fully working
instrument! We haven t got the gimmicks yet -
they re coming sooni but we have got the mos!
beaunful sounds - you won t find them on any
organ less than twice our price So get our
MESS0 series leaflets now! 65p buys the three
avadable so far

This hugh quality Graphic Equaliser will enhance even the most
sophisticated system at a fraction of the cost of a ready-made
equatiser ol equal qualty You can get all the paris from us
except woodwork) including drilled and printed metalwork

P77 TFFI TRV VR TRYTINTIRTY Construction details in our leaflet 15p

Play fascinating games NOW on your
We stock an excellent range of tools A completely selt-contained pedal own tv in your own living room. The
especially for the electronics énthu- f umit 13-note 2.octave range 4 kids will think it's magic when the
siast, From miniature wiring tools to § ' A Do pe pdded 1o scores pop up on the screen. Lay your
multimeters including soldering irons :;"[V'_‘g'g:s"sgu::’:' :‘:;‘;f"“;he:‘s':s bets — anyone could win — with
and desolqermg topls, screwd(lvers. | four envelope shapers to give a Maplin‘s prices everyone can win.
cutters, pliers. strippers, miniature real bass guitar sound A must for Complete kit to play four games only
electric drills for p.c.b.’s, transistor §& the solo guitanst Full construction £2450. Add 35p for copy of
tester, etc. Full details on catalogue details in our catalogue - posi the construction details. See our June
pages 167 10 176 Coupoplbeiovlons newsletter for details of rifle kit.

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 60p

Please rush me a copy of your 216 page catalogue by return of post.

i enclose 60p, but understand that if | am not completely satisfied | may
return the catalogue to you within 14 days and have my 60p refunded
immediately.

NAME

ADDRESS
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The Industrial Tube Guide

ol .

RTand
STORAGE TUBES

PHOTODECTORS

CAMERA TUBES

LASERS

DGITAL
SSPLAY TUBES

‘ ‘ A RECEIVING TUBES

RCA offer the definitive guide to
industrial tube products. A collection of
literature, full of information on a vast range
from camera tubes to digital display tubes.

Crellon Electronics Ltd.,
{incorporating ECS and GDS Sales)

receiving tubes. LEDs to CCD Image Sensors.
It can save time, trouble and money, yet it's
free onrequest.

The brochures set out clearly and
conveniently, data on a wide and diverse
range of product groups. Apart from initially
grouping products into types and outlining
major parameters, there are expanded
catalogues on most products.

These include selection, replacement,
equivalents and characteristics tables to
help you narrow your choice.

If your business involves industrial tubes,
this is one guide you should not be without.

Just call or send the coupon.

380 Bath Road, Slough, Berks SL1 6JE.
Tel: Burnham (06286) 4434 Telex: 847571

Please send me the RCA Industrial Tube Guide

Company

Address .

Tel:

|
I
I Name
I
I
|
I
I

WW — 007 FOR FURTHER DETAILS
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Sensible Ghoice in DMM’s

—part of the ‘Philips choice’

Sensible choice because the range has been developed to meet
practically every requirement, from the high technology systems —
compatible models to the general purpose meters shown here.

And because whatever the application the optimum prrce/performance
ratio can be achieved. We believe that these alternatives, not readily found
\f/vith competitive instruments, make Philips the right choice of dmm’s

Or you.

PM2513A New 3"2-digit Th IZANGE f v

Battery operated dmm with & O experl ence

1M1 LED displ L . . : .
m —y display Because Philips is experienced in every major field

r e of electronic activity it can produce a range of

meters to meet the professional users every need.

There are many other alternatives available from
Philips, please ask or use reader reply service for
detalls.

®. Pye Unicam Ltd
Q 9 Philips Electronic Instruments Dept
York Street, Cambridge, England CB1 2PX

Tel: Cambridge (0223) 58866 Tetex: 817331

+ ..- e . " - Y

1000 ¥ n B —000 @ ROOMPA
- 3 i

200V s —— LU T
oW e ——g0 W0 R0ed

vy, e 200 W0 FOOmA
RO @Y e ——2O0LIO THOO WA

’

Pm ddca »mmma.n >

4 EmhE R

.

g
s g WACR A W 1P

| PM2522 31-digit General PM2523 3'-digit

r e :
- g Purpose dmm with excellent Autoranging dmm with
. B8 overload protection Manual data and range hold

Bt s

T

-

PM2522A New 4'-digit
dmm with remote data
hold and 1 tmm LED
display

Instruments

% est & Measuring pH I I-I ps

WW — 064 FOR FURTHER DETAILS
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Ferrograph - manufacturer of
highest-quality reel-to-reel
recorders —has designed two time-
saving test sets suitabie for
checking any type of audio system.

In seconds, the ARA1 Audio
Response Analyser gives precise
response information, displayed as a
gain/frequency plot on a long-
persistence CRT. A unique feature of
this fast, accurate test setis its
frequency-sensing facility. Operation
is entirely independent of
synchronising or trigger signals.
Consequently, there are no problems
resulting from a time-lapse between
input and output signals.

Other features include:
® Range 20Hz to 200kHz, resolution
to 0.1dB.

® X-Y plotter outputs for permanent
records.

@ Large display on 27cm CRT;
choice of graticules.

® Manual and automatic tuning for
one-shot and repetitive sweeps.

Full details and comprehensive
specification are included in a new
leaflet.

The RTS2, sold in thousands
round the world, is a comprehensive
low-cost test set that will runup to ten
different checks on an audio
system’s performance - using just
one pair of leads. You don't need to
put up with an array of incompatible
test gear, improvising and
compromising with numerous lead
connections, wasting time sorting out
hum loops. With the RTS2 you get

fast, push-button operation. And
accurate resuits.

Ferrograph audio test equipment:
used by.broadcast and recording
studios throughout the world. Send
for full details today.

'5' Ferrograph

Wilmot Breeden Electronics Limited
442 Bath Road Slough SL.16BB
Telephone: Burnham (06286) 62511
Telex: 847297

Ferrographwillgiveyou
anunbiased opinionon
any audio system.

r X
L ¥

1

2 ly
'J!!L IJJ ;

Please send full
details of the
ARA1 Audio

Name

Company
Address

Response
Analyser and the

Set.

| would like these
equipments to be
demonstrated.
Please phone me
to arrange an

Eelephone

RTS2 Audio Test I

appointment.

Wilmot Breeden Electronics Limited, 442 Bath Road, Slough, SL16BB England l

FerrographTest Equipment. For fast and accurate audio analysis.

WW — 058 FOR FURTHER DETAILS
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seen fromthe
professional
angle

the 201is something
quite personal...

The M 201 Hypercardioid moving coil
microphone is designed for recording or
broadcasting. The M 201 offers excellent
$eparation characteristics in extreme
accousticai conditions.

Specifications:

Frequency Response: 40-18000 Hz.
Output Levetl at 1 kHz: 0,14 mV/y bar
‘e -56 dbm (0 dbm 2 1 mW/10
dynes/cm2). EIA Sensitivity Rating:
-149 dbm. Hum Pickup Level:

5 1 V/5 It Tesla (50 Hz). Polar Pattern:
Hypercardioid. Output impedance:
200 . Load Impedance: > 1000 2.
Connections: M 201 N (C) = Cannon
XLR-3-580 T or Switchcraft; 2+3 =
200 2,, 1 = ground. M 201 N = 3-pin
DiN plug T 3262: 1+3=200Q .

2 = ground. M 201 N (6) = 6 pin
Tuchel.

Dimensions: tength 6", shaft & 0,95".
Weight: 8,60 oz.

a0

BEYER DYNAMIC (GB) LIMITED
1 Clair Road, Haywards Heath, Sussex.

Tel:Haywards Heath 51003
WW — 047 FOR FURTHER DETAILS
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MULTILAYER GERAMIG GAPAGITORS

* STYLES - Chips: 12 rectangular 4 discoidal - Radial Lead: 3 moulded
9 dipped - Axial Lead: 2 moulded 2 glass encased
* DIELECTRICS - COG,X7R.Z5U
* VOLTAGES - 200, 100,50
* APPROVALS - BS 9075 N023, N024, N025
BS 9075 F005,F022
* % NEWCATALOGUEAVAILABLE
Send for your copy now

UK DISTRIBUTORS

ITT Electronic Services: 0279 26777
Intel Eiectronics Ltd: 0462 812 505
Compstock: 0268 27722

ERIE ELECTRONICS LIMITED
Multilayer Ceramics Division

South Denes, Great Yarmouth, Norfolk. NR30 3PX
Tel: 0493 56122 Telex: 97421

WW-008 FOR FURTHER DETAILS

ELECTRONIC

INDUSTRIAL THERMOMETER
=)

THE MODERN WAY T0 MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature 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 1%
volt standard size battery.

Model “‘Mini-Z 1" measures from—40° Cto + 70° C. Price £25.00
Model “Mini-Z 2" measures from—5° Cto + 105° C Price £25.00

‘Medel “"Mini-Z Hi” measures from + 100° C1to + 500° C £27.50

(VAT 8% EXTRA)
Write tor.turther details to
HARRIS ELECTRONICS (LONDON)
138 GRAY'S INN ROAD, LONDON, WC1X 8BAX
(Phone 01-837 7937)

WW—036 FOR FURTHER DETAILS
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SEW analogue panel meters are now
available ex-stock (compared with 6-8 week
delivery date from competitive manufacturers).
And that's not the only advantage to buyers now
ITT Instrument Services are sole UK stockists
and distributors.

You also enjoy big choice of types, in-depth
stocks, smooth streamlined progressing of your
order and of course, a friendly personal service.

MBroad range of sensitivities and sizes.

B ow individual cost* with attractive
quantity discounts.

Wireless World, September 1977

B Special scales to meet individual customer
requirements on quantity orders.

MPrecision construction with high quality
pivot and jewel movement.

B Choice of moving coil, rectified moving coil
and moving iron movements to suit applications.

Edinburgh Way, Harlow, Essex.
Tei: Harlow (0279) 29522 Telex: 81525

ITT

THE ONLY WAY TO BUY.

Analogue Panel Meters.

Only SEWand ITT give you: all this.

*From £4 one off to £2.66 for 1000+

S T

RS i o

S VPR

AR R K19

WW—023 FOR FURTHER DETAILS

A. D. BAYLISS & SON LTD.
Behind this name

there’s a lot of
real POWER!

Iltustrated right is a TITAN DRILL

Mounted in @ multi-purpose stand This dnill 1s a powerful tool running on 12v DC at approx
9000 rpm with a torque of 350 grm c¢m Chuck capacity 3 00 m/m

The multi-purpose stand 1s robustly constructed of steel and aluminium The base and bracket are
fimshed 1in hammer blue

Also available for use in the stand 1s the RELIANT DRILL which 1s a smaller version of the Titan
Approx speed 9000 rpm, 12v DC torque 35 grm c¢cm Capacity 2 4 m/m

TITAN DRILL & STAND

TITAN DRILL ONLY ~

RELIANT DRILL & STAND

£19.50

+ 8% VAT = £21 06 + £1 P&P

£8.90 + 8% VAT = £9 61 + 35p P&P
£16.27

+ 8% VAT = £17 52 + £1 P&P

RELIANT DRILL ONLY £5.22 + 8% VAT = £5 64 + 35p P&P

TITAN MINI KIT DRILL £14.75
Plus 20 Tools + 8% VAT = £15 93 + 50p P&P
RELIANT MINI KIT DRILL £12.00
Plus 20 Tools + 8% VAT = £13.08 + 50p P&P
TRANSFORMER UNIT £8.55

+ B% VAT = £9 23 + 75p P&P

These are examples of the extensive range of power tools designed to meet the needs of
development engineers laboratory workers model makers and others requiring small precision
production aids

To back up the power tools Expo offer a comprehensive selection of Dnlls Grinding Points and
other tools

SEND STAMP for full detaills to main distributors

A. D. BAYLISS & SON LTD., Pfera Works, Redmarley, Glos. GL19 3JU

Stockists Richards Electric, Worcester and Gloucester Hoopers of Ledbury Hobbs of Ledbury D&D Modeis Heretord Bertella Gloucester

WW—072 FOR FURTHER DETAILS
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Low Power Schottky TTL
cuts down on everything.

Except performance.

Motorola Low Power Schottky TTL DELAY-POWER PRODUCT FOR
cuts down on supply current and noise. POPULAR LOGIC FAMILIES
As well as the size, cost and weight of 190 T l
equipment. — Y 2

120 2 Ny v
. L 13

But it additionally offers far more than &’/ i b«“(‘/
that. Now you don’t have to choose between | 5 o / / § .
speed and power in performance terms. 5 [

As the graph clearly shows, it dissipates 3 ofs-Tri ]
eleven times less power than 74S, g C Vil )2
. . o« z 74L
suffering a delay of only 1.7 times. § % VA4 o
o , 30 '/ 100K ECL =

There are no problems with interfacing, % /N
as itis compatible with other TTL types and m Z/‘ Lo-TTL
CMOS. It's faster than CMOS, and due to the o 5 10 15 20 25
Bipolar technology, no special handlingis GATE DELAY-ns
necessary.

Reliability, economy and speed. rCreIIon Electronics Ltd., N
These are the areas that Motorola Low | 380 Bath Road, Slough, Berks SL1 6JE. |
Power Schottky TTL hasn't cut back on. | JeBeliemifolanete) d e, |

Telex: 847571 |
| Please send me full information on the Motorola |
Low Power Schottky TTL.
| Name |
| Company |
: Address }
| Tel: |
- - _
RIITE
o, 7
“pe

Crellon Electronics Ltd..

(incorporating ECS and GDS Sales)
WW — 086 FOR FURTHER DETAILS
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General Instrument Microelectronics Limited are the leaders in microcircuits for
consumer/telecommunications and other applications.

Our distributors form a direct pipeline from us to you. For easy access to the widest range of
advanced microelectronics calt them and ask for a free copy of our latest shortform catalogue.

UK DISTRIBUTORS: Semiconductor Specialists Ltd., Premier House,
Fairfield Road, Yiewsley, West Drayton, Middlesex.

Tel: West Drayton (08954) 46415 Telex: 21958
Semicomps Ltd., Wellington Road, London Colney,

St. Albans, Herts Tel: Bowmans Green 24522 Telex: 21108
Semicomps Northern Ltd., Ingrow Lane, Keighley,
W.Yorks. Tel: Keighley 65191 Telex: 517343
Semicomps Northern Ltd., East Bowmont Street, Kelso,
Roxburghshire. Tel: Kelso 2366 Telex: 72692
Semicomps Ltd., 3 Warwick House, Station Road,
Kenilworth, Warwickshire Tel: 0926 59411 Telex: 312212
G.D.S. (Sales) Ltd., 380 Bath Road. Siough SL1 6JE.
Tel: Burnham (06286) 63611 Telex: 847571

G.D.S. (Sales) Ltd., 24 Broughton Street, Cheetham Hill,
Manchester. Tel: 06 1-831 7471 Telex: 668304

G.D.S. (Sales) Ltd., 192 Moulsham Street, Chelmsford,
Essex CM2 QLG. Tel: 0245 69545 Telex: 99443

$.D.S. Components Ltd., Jubilee Unit, The Airport,
Eastern Road, Portsmouth, Hants.

Tel: 0705 65311 Telex: 86119

S.D.S. Components Ltd., 111 Alexandra House,

‘& EastKilbride, Glasgow G74 1LX.

¥4 Tel: 05652 48617 Telex: 778044

GENERAL INSTRUMENT MICROELECTRONICS LTD

57-61 Mortimer Street, London W1IN 7TD England
Telephone: 01-636 2022 Telex: 23272

WW — 062 FOR FURTHER DETAILS
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Sweet sixteen

he Quad 405 is only the sixteenth
product to carry the Quad name
each of which, has made a
significant contribution to the
development of sound reproduction
and acguired a following of toyal
and satisfied customers

The Quad 405 current dumping
amplifier represents another step
forward in amplifier technology
executed with the attention to
engineering and aesthetic detall

QuUAD

and manufactured with the concern
forreliability which have been

the hallmarks of Quad equipment
fortwenty-five years

For further details on current
dumping and other Quad products
write to

Dept. WW

‘he Acoustical Manufacturing Co
Ltd , HUNTINGDON. Cambs

PE18 7DB Telephone (0480) 52561

Design Council
Award 1976

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

QUAD «

a Regist

red Trade Mark

WW —051 FOR FURTHER DETAILS
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INSULATE THAT CHASSIS, OR COMPONENT,
THE EASY WAY BY MOUNTING WITH
TRANSIPILLARS
FOR
STRENGTH

INJECTION MOULDED NYLON PILLARS WITH
INSERTS MOULDED IN FOR SUPER STRENGTH

TRANSIPILLARS

ARE
STRONGER THAN ANY SIMILAR DEVICES
HAVING MECHANICALLY ASSEMBLED INSERTS

SIZES FROM 6BA 2" LONG TO OBA 23%'' LONG

METRIC EQUIVALENTS ALSO AVAILABLE

MIXED TERMINATIONS
(E.G. 2BA ONE END, 4BA AT OTHER END)
AND LENGTHS MADE TO USERS' REQUIREMENTS

DETAILS, PRICES AND SAMPLES FROM

WK ELECTRONICS umitep

Scientific Instruments & Electronic Components
40a NAPIER ROAD, BROMLEY KENT BR2 9JA
Telephone: 01-460 9861 Telex 896071

w

WW — 093 FOR FURTHER DETAILS
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POWER UNITS

PRODUCTION TESTING x DEVELOPMENT
SERVICING

TYPE 250VRU/30/25

Input 200-250v 50Hz or 100- 120\/ 60Hz to order. Output 1
0-30v 25A DC. Output 2: 0-70v 10A AC. Output 3° 0-250v 4A
AC

PRICE: £233.60 excluding VAT

Regulated and unregulated outputs with output voltages of
12, 24, 50, 110 or 220v DC are also available at very
competitive prices.

Send for further details of these versatile units to:-

BROWELLS LANE, FELTHAM, MIDDX.
TW13 7EN
PHONE: 01-890 4242 or 4837
WW — 061 FOR FURTHER DETAILS

i Four Good Reasons
for using
Zettler Relays:

Zettler Relays are first class quality
We have about 50 years experience in producing relays.
Zettler Relays are readily available
Most are available ex stock Harrow.
Zettler Relays are proved in practical applications.
Millions are used in our own electronic systems and products.
Zettler has the nght relay for most applications, e. g.:

Miniature Relays
AZ 420..439

International standard relay

2,4 or 6 change-overs

Plug-in type saves maintenance costs
Coil voltages: 1.2 to 180 Volits D. C

6 to 240 Volts A.C

Life expectancy to 100 mithon
operations

Balanced spring-held armature allows
operation in any mounting posttion
Relay extends only %" from PC board
when used with right-angle socket
(also available)

. Let us help you with your switching problems.

est. 1877

Zettler UK Division
Brember Road - Harrow, Middx. HA2 8AS - Tel. (01) 422 0061

Zettler offers more than technology

WW — 012 FOR FURTHER DETAILS

testl

600 Function Generator. 0.0 Hz to 100kHz.
Sine, square and triangle, 10V pk-pk
0 [ X J output.

601 Function Generator. All the features of
the 600 plus 0.001Hz to 1 MHz, 20V pk-pk
® output.

y wtrsoancx ¥ FUNCTION QENERATOR £DOGH

=0 0 @
oy
& >

- BpaOgsREs B0 - BEINN

602 Variable Phase Oscillator 10Hz to
100kHz, two output channels. Phase
variable throughout 360°.

603 Sine Square Oscillator, square wave with
@9 @ three options. TTL and Aux Sine wave.

610 Digital Frequengy Meter. True
frequency readings even below [0Hz.
@@ Frequency range 0.001Hz to IOMHZ.

Five new test instruments
on performance and price
to meet your specifications

The Feedback 600 Range

1
|
{
l
l

See for yourself, by sending for our free colour brochure.
To Feedback Instruments, Park Road, Crowborough,
sussex TNG6 2QR or telephone George Butterneld on
(089 26) 33212.

Name
Company
Address__ - —_— ——

. _Tel__
laminterestedin 600 601602603610 I

X X X _N I _J _ J L L R L J
WW — 006 FOR FURTHER DETAILS
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An ‘off-the-shelf’
solution to all your
filtering problems

Barr &Stroud
Active Filter Modules

In so many electronic projects there is a
need to incorporate an element of filtering.
Quickly, easily and—above all—for a
minimum cost.

The most rapid solution is to select one
of the Barr & Stroud ‘ready to use’ compact
filter units. They are inexpensive and readily
available. They come ‘one-off orin
‘thousands’ to match your requirements.

Each containing a basic filter function,
adjustable for cut-off or centre frequency and
response type. Adjustment is simple. No
filter knowledge is required. The modules
are available in low-pass, high-pass,
universal and notch designs with a pass
band capability from d.c. to 1 MHz. Complete
details are in freely available literature,
yours on request.

BARR & STROUD LIMITED

London Office:

1 Pall Mall East
L.ondon SW1Y 5AU

Tel: 01-930 1541
Telex: 261877

BARR AND

Glasgow and London

WW—090 FOR FURTHER DETAILS
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For printed circuit boards. .

it pays to know

the right drill

KB-2 drilling machine by

Kema Elektronik

The KB-2 is a compact, '

high-speed drill ideal for n

all precision i

drilling tasks in T —
workshop or laboratory — '
especially printed circuit Y

board work. ?
With a 2Zmm maximum

drill diameter, and a Iy
20mm maximum drill § =
depth, it runs at 15,000 rpm
with voltage (variable) 220 volts and maximum
power 25 VA. Measuring 134"x54"x 10", the KB-2
is Swiss precision englneered extremely reliable
and moderately priced.

For full details, contact:

SPECIAL PRODUCTS DISTRIBUTORS LTD.

81 Piccadilly, London W1V OHL. (01-629 9556)

WW-009 FOR FURTHER DETAILS

The CR600 and CR700 Chart Recorders have
been designed for the discerning user who
requires a combination of fast writing speed,
high accuracy plus versatility and good looks.
® 1000 mm/sec. writing speed

® 0.05% Linearity

@ 0.05% Repeatability

® 0.1% Accuracy

® 0.02 mm/min. -~ 20 mm/sec. Chart speed

Standard features include: — 18 electronically controiled chart speeds with
forward/reverse and remote operation. Chart feed and take up for Z fold or
roll chart paper. Two separate channels with full pen overlap, self calibrate
stepped range attenuators and span controls, 1000% precisely calibrated
zero suppression. Remote operated event marker, pen lift and chart control
Both recorders are suitable for mains or battery operation and may be
mounted horizontally or vertically
Write today for full illustrated specification.
J.J. LLOYD INSTRUMENTS LIMITED
Brook Avenue, Warsash, Southampton SO3 6HP,
England. Tel: Locks Heath 4221 (STD 048 95)
Telex: 477042 - JAY JAY - SOTON
INSTRUMENTS Cables Eddy mes, Southampton

WW — 065 FOR FURTHER DETAILS

WWWwW americanradiohistorv com


www.americanradiohistory.com

Wireless World, September 1977

there are
transformers and

Drake Transformers

A wide range of transparencies
manufactured in production
quantities to customers own
requirements; prompt design

and prototype service

Drake Transformers Limitéd

Telex 99426

South Green Works, Kennel Lane, Billericay, Essex CM 77 2SP, England
Telephone Billericay 51153. Cables Drakentrans, Billericay, England

- g

WW — 083 FOR FURTHER DETAILS

electronic

* High Power capability, up to 500 watts per
channel ocutput.

* Two channel stereo, or bridged output.

* Superb audition performance, ultra low
intermodulation and T.1.M. distortion.

* Modular construction, integrat force cooled
dissipators (FCD}.

*

W

$500-D

It is unique. Meet the new leader from HH.

High efficiency Toroidal Power Supply.

Compact size, only 3% high x 19 rack
mounting.

Sena for detailed information:

H.H. ELECTRONIC,

Viking Way, Bar Hill,

Cambridge, CB3 8EL.

Telephone: Crafts Hill (0954) 81140
Telex: 817516 HH ELEC G

WW — 054 FOR FURTHER DETAILS
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The FOR-4 Mark 2

The new Medelec FOR-4-2
fibre optic

recording oscilloscope is
the result of a constant
research and development
policy. |t incorporates
many refinements which
have been made to
customers’ special
requirements.

The FOR-4-2 provides
industrial and research
users with high quality
recording facilities at really
low cost. X-Y Plot,
Transient and Raster mode
are all available in a single
instrument.

Special features of the Medelec
FOR-4-2 include:
010 times gain X and Y
{1mV/cm on 4 Y channels)
oFully automatic triggering
(with higher sensitivity)
e Improved recording facilities
(for greater flexibility)

e Light control filter
(for excellent contrast)

@ Wide speed range (from 0.1to
1000 mm/sec—in 3 models)

e Internal loudspeaker (for
audio monitoring)

For further information on the
new FOR-4-2 or
instruments in the range,contact:

MEDELEC LIMITED

Manor Way, Woking

Tel: Woking (048 62) 70331
Telegrams: Medelec, Woking

1972

Leaoersin
Hiore Optichecoding

" WW—074 FOR FURTHER DETAILS

TAKE YOUR PICK
Renhreio

FROM ERIE'S WIDE RANGE
OF POTENTIOMETERS

with many control and terminal
configurations to choose from

Erie offer three styles of Hot Moulded Carbon
Potentiometers — Pancl Mounted, Preset and Edge
Controlled. Presets are now also available with cermet
track rated at IW (@ 70°C), in addition to the long
established moulded carbon track rated at {W

(@ 70°C).

Al though standard styles are available for each type,
Eric can custom-adapt any of these models to give you
the exact component you want.

For full details, contact:

ERIE ELECTRONICS LIMITED,

Resistor Division,
South Denes, Gt. Yarmouth, Norfolk NR30 3PX.

The Quickest,
Simplest Way of
Punching Holes
in Sheet Metal

Q-Max punches make clean, accurate
holes every time.In no time. With no
filing, no jagged edges, virtually no
burrs-with no hard work. And no
holes are barred. Round or square,
QMax punches are available in

sizes down to 10mmup to 75mm for
use on sheet metat up to 16 gauge
No wonder they're used by all
government services (Atomic
Military, Naval, Air, GPO, Ministry of
Works) and all over the worltd by radio.
motor and industrial manufacturers
plumbing and sheet metal trades and
garages

57

metric
and linear
sizes

Tel: 0493 56122, Telex: 97421, Cables: Resistor

Components ITT

WW—018 FOR FURTHER DETAILS
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PUNCHES

Wholesaie and Export enquiries weicomed. Further details from,

“Q-MAX” (ELECTRONICS) LTD
40-41 FURNIVAL STREET. LONDON EC4 - 01-242 7400

WW—015 FOR FURTHER DETAILS
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We’ve just made the impossible . . .
a professional 3 /2 digit DMM Kit for less
than £70

The Sabtronics Model 2000 is an impossible
£69.95!

And that price still includes phenomenal accuracy,
range and professional features.

This all-new bench/portable multimeter, reading
to =1999, has a basic accuracy of 0.5% * 1 digit,
and has five functions giving 28 ranges, 100%
overrange and overload protection. So you know
it's no toy!

Besides, what toys are as automatic as the
2000? With automatic overrange indication,
automatic polarity, even automatic zeroing!

" Yet the 2000 is easy to assemble. We send you

all the parts you need, even the high-impact case.
We also send you clear, step-by-step assembly
instructions.
So you end up with a professional quality 32 digit
DMM for the unheard of price of less than £70.
From Sabtronics, specialists in digital technology.
And manufacturers of the impossible.

Order yours today!

Made n U.S.A.

Sabtronics (U.K.) Ltd.
50 Galton Road

sabtronicsz -

SPECIFICATIONS: (condensed) e et e e e e e e

DC volts in 5 ranges: 100uV to 1000V. r WW7 ]
AC voits in 5 ranges: 1004V to 1000V. | To: Sabtronics (U.K.) Ltd.
DC current in 6 ranges: 10nA to 2A. | 50 Galton Road |
AC current in 6 ranges: 10nA to 2A. | Westcliff-on-Sea, Essex |
Resistance in 6 ranges: 1() to 20M{(). | |
Input Impedance: 10M(). .
Digmay: Bmm (36"} LED. I Piease send me . . . . . Sabtronics Model 2000 DMM I
Power requirements: 4.5 VDC to 6.5 VDC. I Kit(s) at £69.95 each incl. V.A.T. and Postage. I
(4 "C" cells - not included). I I
Size: 8"W X 6.5"D X 3.0"H. .
(203W X 165D X 76H mm). ] Total enclosed herewith: £....... :
‘ |
ORDERING INFORMATION FOR READERS OUTSIDE THE U.K. I I
The price listed 1s for readers in the U K only which includes import I Name ... ... o I
dutes and VA T I
For readers in overseas countries the price ts £49 95 plus £5 00 for I
Handling and postage. not included are any import duties or other taxes I Address . .. e I
levied upon receipt of goods overseas Payments from overseas I
customers should be made only by Bank drafts or International money I
orders ar.md payable to Sabtronics International Orders should be sent to I Clty __________________ Coumy llllllllll I
Sabtronics International Ltd. I I
Winkelriedstrasse 35 . .
6003 Luzern | Readers Overseas please see ordering Information. |
Switzerland b v v

wawaww americanradiohistory com
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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits

mory refresh cycles. Each board
holds 4,096 words of this
proven reliable and trouble _—
free memory. Cost—
only £80.00 for
each full 4K
memory.

PROCESSOR—

""Motorola” M6800 processor
with I\/Iikbug® ROM operating
system. Automatic reset and load
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlled oscillator provides the clock signal
for the processor and is divided down by the
MC14411 to provide the various Baud rate outputs

allow you to match the interface to al-
most any possible combination of

polanity and control signal ar-
rangements. Baud rate selec-
tion can be made on each
individual interface. All
this at a sensible cost
of only£30.00for
either serial, or
parallel type

, POWER
T SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

and interface boards. Note 25 Amp

for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures ‘‘glitch’” free operation with grade filter capacitor.

full expansion of memory and interfaces.

DOCUMENTATION—

Probably the most extensive and complete set of data available for any
microprocessor system is supplied with our 6800 computer. This includes
the Motorola programming manual, our own very complete assembly in-
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,

sample programs and even a Tic Tac Toe listing.
PRICE EFFECTIVE 1st OCTOBER, 1977

Prices quoted do not
include VAT

- L
Cemaor OB -,

|
|
| Southwest Technical Products Co.
|
|

.\Ii/ebu,é‘®is a registered lrademark of
Molorola Inc.

Suild 5500

Computer System
with serial interface and 4,096 words
of memory. . . .......... £275.00

Please send me details of your full range of peripherals and
software including extended BASIC for £10.00.

174 Ifield Road, London, SW10

www americanradiohistorv com
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METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Cther 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—037 FOR FURTHER DETAILS

BULK ERASURE PROBLEMS?

LR71 LR70

MAX REEL SIZE 112" MAX REEL SIZE 8 /4"’

I it's personal we can only advise a diet or joining weightwatchers
If it's to do with tape, then why not consider the LR70/71 bulk
tape erasers. They ate simple to operate and wilt erase cassettes
cartridges and reels of tape up to @ maximum reel size of 11%"
and tape width of 1", quickly and efficiently within the time it
takes to read this advertisement

The LR70/71 bulk erasers are currently used in Broadcast
Companies, Recording Studios, Government Departments
Educational Establishments and the Computer Industry

Moderately priced and available from

LEEVERS-RICH EQUIPMENT LIMITED
INCORP. BIAS ELECTRONICS

319 Trinity Road, Wandsworth, London SW18 3SL
Telephone 01-874 9054

Cables: Leemag London SW18. Telex 923455 Wembley

"Hlustration actual size

Greenwood Electronics

A

The feature packed
general purpose iron

built fo professional
standards for only
£2.95 +(82vat)

When we introduced the Super 30 last
year it was the best general purpose
soldering iron at its price in Britain—it
still is, at only £2.95p. {plus 8% VAT)

The QRYX Super 30offers you alithese
features as standard- Neon safety
light, Long life element, lron coated
screw-on tip, Stainless steel shaft,
Styled handle, Two minute element
change and a stainless steel clip-an
hook,

Industrial Distributors inciude
Electroptan Ltd . Orchard Road,
Royston, Herts SG8 5HH

GDS (Sales) Lid . 380 Bath Road.
Stough, Berks SL1 6JE

ITT Electronic Services. Edinburgh
Way Harlow, Essex CM20 ZDF

m kead Re o 1N
Ghdd D Tae 80

J
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The world’'s most famous company in communication, the Nippon
Electric Company Ltd., Tokyo, has developed the famous NED CQ
radio amateur gears, being with regard to design, quality, reliability
ana price real pace-setters for today’'s communicators.

Firstin history of amateur radio, such a big and famous company with
more than 80 years of experience in construction of communication
facilities, made its experience available to radio amateurs around the
world.

The NEC, which has declared microwave space communication to its
speciality, knows perfectly which attributes equipments must have for
becoming bestsellers.

Today we present:

NEC ca 110 E DIGITAL

allband, HF, 300wattstransceiver, 160 / 80 / 40 / 20 / 16 / 11 /
10A 7/ 10B / 10C / 10D / WWV, modes FSK, USB, LSB, CW, AM,
with separate 8 pole X-tal lattice filters for each mode fitted
Further features: Side tone at CW, VOX (automatic transmit-receive
by talking into microphone), 11 meter CB band, all channels easily
selectable through digital counter, excellent receiver sensitivity at
extreme crossmodulation security by application for the 7360 low
noise beam, deflection mixer tube.

This feature alone makes of the NEC CQ 110 E a toprider. Fixed
channel communication on 22 channels is possible. A 60 page
manual and a high quality dynamic microphone are supplied with the
transceiver. Speaker, AC 100-235 volts and DC 13.5 volts power
supplies are built in of course.

NEC ca 301

I
Pt r‘f

-
g [ o o
R O S

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/°
10 meter, for modern amateur communication. Two EIMAC 3-500 Z
triodes, in zero bias grounded grid application guarantee long trouble
free communication. The NEC CQ 301 can be driven by our CQ 110E

or other exciters capable of about 50-100 watts of drive. AC power
supply 100-235 volts is built in of course.

'RETAILERS: Do not hesitate to accept our offer. Join us in selling
these bestsellers!

Sole distributor in Europe:

CEC Corp., Via Valdani 1 —CH 6830 CHIASSO—SWITZERLAND
Phone: (091) 44 26 51. Telex: 79959 CH

WW — 048 FOR FURTHER DETAILS
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The Allen and Heath Broadcast
Feed Forward Delay Limiter.

The only limiter that makes it IMPOSSIBLE for a
transient peak to pass through the unit, without the use
of clipping devices. Included in its design is a
revolutionary bucket brigade integrated circuit. This
delays the main signal path by approximately one
thousandth of a second. Thus gain reduction is fed
forward before there is any increase in the programme
level. The unit can be used with high powered equipment
such as broadcast units and P.A. systems. Use ittoo in
studios with effects units.

Try and test one at our demo. studio. Pembroke House,
Campsbourne Road, Hornsey, London N8.

Or, for more informatior, call Andrew Stirling at
01-340 3291.

Allen and Heath Limited.

WW—091 FOR FURTHER DETAILS
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Its the engineering

W€E

putinto the Calinda

that makes it sound
so much better.

With dozens of speakers on the market, all around the
same size, shape and price as the Calinda, how on earth do
you choose?

Obviously, you can start with a listening test, using your
own ears and judgement.

But demonstration conditions are seldom ideal, and
probably quite different from those in your own home.

You can ask your knowledgeable ;
friends; you can read magazine reports; i
you can plough through bookfulls of
comparisons.

More and more of them are recom-
mending speakers made by KEF.

Because KEF loudspeakers, like the
Calinda, are designed from start to finish
by engineers, whose aim is to give you as
near as possible the same sound as the
recording engineers put on record.

First, look at the cabinet.

There’s a lot of thought goneinto that.

For a big, 45 litre capacity it is tall and elegant, so that a
pair of Calindas can fit happily into most people’s sitting
rooms.

It’s fairly narrow; for technical reasons this permits a
wide dispersion of sound.

It’s deep, from front to back; this keeps the sound
radiating units well away from the wall or furniture behind,
cutting down on disturbing reflections. : '

It’s quite tall; so that we can put the all important mid-
range unit well away from the floor. Reflections from the
floor, reaching your ear, can give a nasty ‘double impression’;
youdon’t want that.

 And it’s still, heavy and well damped. When choosing a
loudspeaker, give it a sharp knock with your knuckles. A good
one, like the Calinda, gives you a solid, dull ‘thud’, with no
rattles, twangs or reverberations.

The Drive Units.

The treble, mid-range and bass
radiator units in the Calinda are all
designed, developed and made by KEF,
_\J-=using advanced, acoustically damped
. plastics materials which give much better
performance than conventional, paper
cones.

We put the mid-range unit

above the tweeter.

This is unconventional.

And it’s a very good idea. Not only
does it take the mid-frequencies away
from the floor (as mentioned above, you
only want even Beethoven once), it also
has a very valuable effect at the crossover
frequencies, where the mid and treble
unitsradiate the same notes.

TREBLE

BASS

Beethoven or heavy rock, you want a
clearer image than this.

Because the effective sound source in the mid unit is
further back than that of the tweeter, this means that sound
from each will travel the same distance to the listeners’ ears,
with no audible inter-unit time delay, another cause of
distortion and loss of clarity.

Or, to put it another way, crossover frequency sound is
‘“aimed’ at the head of a seated listener, and not his feet.

i The KEF ‘total system’

design approach.

But perhaps the biggest reason for
the high performance of the Calinda is the
KEF ‘total system’ approach to design
and development, using computerised
measurement and calculation techniques
which are a thousand times faster than
*manual methods, cutting out the old
guesswork and mumbo jumbo previously
associated with loudspeaker design.

¥ el

In this system, the cabinet,
drive units and dividing network are
developed together, toreach anideal
target performance.

As a result, the Calinda gives a
truer frequency response, greater
clarity and a sharper stereo image
than any previous speaker of
equivalent size and price.

Write to KEF for the latest
leaflet on the Calinda, its smaller-

brother the Corelli bookshelf:”
speaker and thebig, 150W Cantata.
o ——mmm = — e o

To KEF Electronics Limited, Tovil, Maidstone, Kent ME15 6QP
Please send me full details of the Calinda and the rest of the KEF range.
I Stamps for return postage appreciated.

L NI ot e e
JAQATESS . ..o et et

KEF Electronics Limited, Tovil, Maidstone, Kent ME15 6QP.TeI. 0622 672261.Telex 96140
WW — 085 FOR FURTHER DETAILS
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/

FYILOIE

TRANSDUCER and RECORDER )

AMPLIFIERS and SYSTEMS

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19" crates
small size—low
weight—realistic
prices.

EY/TLDIZ feroni

49/51 Fylde Road Preston L:clb(.)ratorles
PR1 2XQ Limited.

Telephone 0772 57560 J

WW — 057 FOR FURTHER DETAILS
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BIRD HIGH POWER

A'ITENUARS

AITENU
ATTEN!

The widest
power range
in 50-ohm High
Power Attenuators &
Select from nineteen AI o

models in our catalog A'ITENU ATORS
f 25 watts to 4000

v'\’/(??tl co\zt]i[rgu:)(z:s power, A"ENUATORS
3dB_to 308, 0-ooomH, ATTENUATORS
Who Else But ATTENUATORS

B n“ ATTFM '\T(‘RQ

EXCLUSIVE UK REPRESENTATIVE
FOR BIRD ELECTRONIC

ASPEN ELECTRONIGS LTD.

2 KILDARE CLOSE, EASTCOTE, MIDDX.

Tel. 01-868 1188 TELEX 8812727
— 044 FOR FURTHER DETAILS

MULTICORDER SERVOCORDER
o POTENTIOMETRIC

® 1-6 PENS @ 250mm CHARTWIDTH

o MULTI RANGE @ MULTISPEED

(" PUTITON RECORD WITH WATANABE

LINEARCORDER - MINIWRITER

® FAST RESPONSE DC — 100 Hz
e 1-16 PENS @4 & 8cm PER CHANNEL
e MULT! RANGE @ MULTISPEED

k ﬂ | ENVIRONMENTAL EQUIPMENTS [Northern) LTD.. 64 Welsh Row. Nantwich. Cheshire. Tel: Nantwich 65115 J

X — Y RECORDERS

e HORIZONTAL & VERTICAL USE
e 18&2PEN e TIME BASE

e ROLL CHART OPT!ON

WW — 016 FOR FU'RTHER DETAILS

—— =

AELCRYSTALS UMITED

Gatwick House, Horley, Surrey, England RH6 9SU

Telephone Horley (02934} 5353 Telex: 87116 (Aerocon Horley)
Cables: Aerocon Telex Horley

WW — 046 FOR FURTHER DETAILS

J ES AUDIO INSTRUMENTATION

Illustrated the Si 451
Millivoltmeter — pk-pk F
or RMS calibration with
variable control for
relative measurements.
J 50 calibrated ranges
£60.00

S|452 ......... £48.00 Si453 .. .. . . £60.00
Distortion Measuring Unit Low distortion Oscillator, Sine
15Hz — 20 KHz — 01% — Square — RIAA

PRICES plus VAT

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274} 872501
CARR STREET, CLECKHEATON, W. YORKS BD19 5LA

WW — 014 FOR FURTHER DETAILS
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Join the Digital
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 ratecd

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

In 4 volumes £4-20

plus 80p P. & P

1 Basic Computer Logic
! 2. Logical Circuit Elements
| 3 Designing Circuits to
Carry Out Logical Func-  Offer Order both courses
tions for the bargain price £9.70,

4 Flipflops and Registers plus 80p P. & P.
|
Designer These courses were wrntten so that you could
teach yourseif the theory and application of
Managel’ digital logic Learning by self instruction has the

Enthusiast advantages of being quicker and more thorough

- . than classroom learning. You work at your own
Sme_ntlst speed and must respond by answering questions
Eng|neer 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 Digita.
Systems or Digital Computer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

r————————\—————————
To Cambrndge Learning tnterprises. Uept COM, FREEPOST
Rivermill House. St Ives. Huntingdon. Cambs. PE17 4BR
-Please send me . . setls) 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 & pincluded

I
I
I
| or . combined set(s) at £10 50 each, p & p inciuded
I Name
I
A
I .

I “delete as apphcable
I No need to use a stamp - Just print FREEPOST on the envelope

I
I
I
I
I
Address '
I
I
I
I

e e e e e o e e e e e e o e o 2
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aGGrd ners

~a\s

ROW b\ .
Y®TheBest

of British

(Gardners)

Single Output 5-24v/1500 mA
Dual Output 12-18v/50-300 mA
Triple OQutput

By & 2x 1bv
b & 2x12y 200100 mA

Described fully in leaflet GT211

Minimod Encapsulated Power Supplies

Now 23 basic models with over 200 variants for UK.,
European and North American Voltages, featuring —

@ Interchangeability with most American Types
@ Input/output mains transformer isolation
@® Linear Stabilization — no R.F.l.
® Short Circuit protection by fold back current limiting
® Low ripple and noise (1ImV R.M.S.)
Normally Available From Stock!

p_—

b Inputs: 5, 12, 24 and 50v

- Outputs: Single 5-50v/1A-0.25A
Dual 5-15v/1A-0.5A

SN e =TT Described fuly in leafiet GT213

The N.V. series of D.C.-D.C. Converters

@® Full stabilization @ Input/output isolation ® Shortcircuit

SPECIAL DESIGN SERVICE
If your requirements

cannot be met by our
standard range, then we will
gladly produce variants for
your production needs.

protection ® Complete shielding — low radiation @ Output
less than 20m V P-P @ Models for 50v input
® 26 Standard specifications
/4’——_-\\
(Gardners)

GARDNERS TRANSFORMERS LIMITED
Telephone: 020-15-2284. Telex 41276 Gardners Xch G
Manufacturers of inverters and converters, modular power supplies

and electronic transformers -- approved to Defence Standard 05-21

voltage tolerance — better than 4% ® Commutation Spikes
CHRISTCHURCH, DORSET BH23 3PN
WW — 049 FOR FURTHER DETAILS
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Resistance
Bridges

High resolution with electronic

null detector

7 ranges 0001
ohmto 10
Megohms

"~ Type PW3/E
Accuracy*0-1%

8 ranges s
0to 111,110Q : .
Resolution on 1Tm(Q) range 0-1 u() Type KB5S

For low resistance measurement
with Electronic Null Detector

Type KB3

Dry Battery Operation
3 Measuring Dials
Self Contained. 6 Ranges

CROPICO FOR RELIABILITY

CROYDON PRECGISION
INSTRUMENT CO.

Hampton Road, Croydon CR9 2RU. Tel: 01-684 4025/4094

WW—084 FOR FURTHER DETAILS
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FREQUENCY COUNTERS

1/10 Hz to 1.2GHz

High performance instruments measuring frequency. period, tlime,
freq./ratio and calibrated output facility. Fast delivery. Specials by
arrangement.

A &
' TYPE 801B

CRYSTAL OVEN
OPERATING MANUAL
TWO TONE BLUE CAS!

Sensitivity 10mV. Stability 5 parts 10."

£274 250 MHz

Resolution * 1 Count

301Mm 32MHz 5 Digit £98 | 4017 32MHz 6 Digit £135
501 32MHz 8 Digit £192 | T01A 80MHz 8 Digit £210
8018/M 250MHz 8 Digit £280 | 901M 520MHz 8 Digit £385
1001M 1.2GHz 8 Digit £670

Start/Sfop versions plus £18 | yomory versions available if not

suffixed M £30 extra

Type 101 1MHz 100KHz 10 KHz Crystal Standard £98
Type 103 Off/Air Standard £98

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C,, Government Depts., Crystaf
Manutacturers and Electronic Laboratories world-wide

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

"~ WW — 079 FOR FURTHER DETAILS

10XO0

MINIATURE
QUARTZ
CRYSTAL
OSCILLATORS

INTERFAGE

QUARTZ DEVICES LTD.

World-wide exporters of crystals & filters
Manufacturers of DIP crystal oscillators
from 240Hz to 20MHz

sole agents for v

[FILTRONETICS LC & crystal filters from 10Hz to100MHz
_S ATEK] Ultra miniature low frequency crystals
ELECTRO DYNAMICS! High volume timing crystals

29 Market Street, Crewkerne, Somerset England TA18 7jU
Telephone (0460) 74433  Telex 46283 inface g

WW—099 FOR FURTHER DETAILS
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Look up to a Versatower installation
and your radio communications will
achieve new heights!

Acclaimed as the World's leading
telescopic tilt-over tower in the
international field of radio
communication.

A complete range of models: from 20
to 120 feet, static and mobile.

Full details and specifications are

in our brochure.

Send for it today!

Strumech Engineering Limited,
Portland House, Coppice Side,
Brownhills, Walsall,

West Midlands WS8 7E X.
Telephone. Brownhills 4321

Designed in accordance with CP3:
Chapter V: Part 2 for wind speeds
from 85mph to 117mph
depending on area of array.

STRUVIECH

VERSAIOVVER
SYSTEM

WW—070 FOR FURTHER DETAILS
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Cut costs by
0% with the

same high

performance.

Isn’t that what new
ideas areall about?

Q-

Light in weight and low

in costnew Thermalloy heat
sinks are designed specifically
for plastic or metal case
power devices.

They are remarkably
simple to use, no extra mounting hardware is required—
and they can be attached to the device after board
assembly.

The slip on types have positive retention and can
be supplied with locking tabs.

For full details of the range, simply return the
coupon—cutting costs without cutting performanceis a
good idea you ought to know about.

———— T P e B

MCP Electronics Ltd. Alperton, Wembley, Migdlesex
Tel: 01-902 5941.
Please send me full details on Thermalloy heat sinks.

’r Thermallgy

//’/ R
\\

Name

Company

Address

www americanradiohistorv com
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The new uni|omni directional |hand held |neck slung |desk mounted
amplified |auto level control |LED indicator |chimed
Reditronics microphones offer you variety,

{

UDM 1 Hand held. ODM2 Neck-slung. ODM?2 on solid mahogany base. UDM?1 + chime + LED

Take the mahogany or black desk stand finishes and your
choice is just between uni or omni directional.

Or within the standard metal base you can have a built
in amplifier thus reducing wiring interference problems

Or a built in auto level control. Plus, if you like, a chime
or an LED for indicating 'on air’.

You must admit we give you a choice.

¥ REDITRONICS

REDIFFUSION REDITRONICS LTD.
La Pouquelaye, St. Helier, Jersey Tel: (0534)30321 Telex 41341
A member company of the Rediffusion Organisation

ODM2 + windshield + LED  Amplified uDM1 +button.  TOt Al Systems capability.

&chime on metal stand.

WW—096 FOR FURTHER DETAILS

1= [\ [={=):\=]m] Contractors to H.M. Govt. P.O.
| Stop Ruining Your 1.C.’s And Wasting Time Soldering
Plug Into The Revolutionary New. R E PAI Rs

BIVIBOARD OF ELECTRICAL MEASURING INSTRUMENTS

The Only Professional Quality Breadboard That .
Accepts All DIL Packages With 6 To 40 Pins 7-14 DA YS SER VICE

Incorporates Bus Strips For Vcc And Ground . <4 MODEL 8 MK.V

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

STOCKISTS

ALSO SUPPLIERS OF GEC
RISSO AND OTHER
MULTI-RANGE TEST SETS

WE SPECIALISE IN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

Only £9.72 (cheque with order) Including VAT and P.P. LEDON INSTRUMENTS LTD.
Special Quantity Discounts Available For
GLADSTONE WORKE, GLADSTONE RD,

Radio Clubs, Retail Outlets, Distributors
FOLKESTONE, KENT.
BOSS MUSIAAL HOULDINGS LID TEL: (STD) 0303 57555

WW — 052 FOR FURTHER DETAILS

Higgs Industrial Estate, 2 Herne Hill Road, London, SE24 0AU, England:
Tetephone 01-737 2383 Tetex 919693
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TCATRONICS FREQUENCY COUNTERS

Without doubt the best
performance/ price ratio available

CATRONICS
' DMF5
=% 1{0Hz to 250 MHz

Full ? digit 0-35"" amber display

1.C. memory giving a non-blinking  display
Automatic suppressed zeros on 3 leading digits to
reduce power consumption

TTL and ECL ic.s used to give a high degree of
reliability -

10MHz master oscillator jor high accuracy

12V {—ve earth} de input and 210-260V mains psu
fitted

PRICE ONLY £137.50 + VAT

Set of 5 PCBs

* 4 %

TCXO VERSION 4150 available For laboratory

use and others requing a precision reference oscillatar. a
special high stability version is available using a temperature
conirolled crystal oven ascillator

Frequency stability is better than 0 1 ppm over

Cabinet

*

* %

the temperature range to + 600 C aftera 5 minute
_ warm up perod

PRICE ONLY £177.50 + VAT

atronic§

CATRONICS LTD (Dept 729)

WW—729 FOR FURTHER DETAILS

'WW TELETEXT
PEVEES < -

PRICES INCLUDE VAT

Component Kit (incl. PCBs)
Add-on Unit for lower case (13
‘Component Kit (incl. PC8)

DECODERS
by CGATRONIGS Ltd.

Qur Kit conlaimns alt the printed circult baards and
companents mecessary 1o bulld the complets
decoder.

available at £1 50 + large 15p SAE
{inciuded free in complete kit}

Standard version New version Post &
using 2513 with Texas X887 Packing
21.70 £21.65 30
£120.95 £133.70 £1.50
£2.70 - —
£13.75 - —
£14.85 £14.85 £1.00

PLATED-THROUGHM hole PCBs for TEXAS version only at sdditional cost of £27.00
COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price List
READY BUILT & TESTED DECODERS £241.87 + £5 Carr.

NEW!

MATRIX H DECODERS

Compiete Kits including integrated Circuits, Printed Circurt Boards, Capacitors. Resistors, Transistors
and Diodes, to build this QUADRAPHONIC DECGDER (described m the June 1ssue of Wireless World)
are now available from Catronics Ltd for only £37

Communications House, 20 Wallington Square. Wallington, Surrey. Tel: 01-669 6700

including Sansu Royalty Fee, VAT and P&P

33

A reprint of the sernes of articles is |
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\OW OMETONTION GICR{ATOR  TYIE CB WWE

IS gotto be better. ...

QSCILLA'_I’OR /EREQUENCY COUNTER  Thys versatile instrument has been designed to meet the exacting requirements of the professional audio engineering
field The integral crystal/referenced digital counter ensures precise measurement of frequency and typical output distortion is 0 006% THD @ 1kHz. The unit

covers the range of 10Hz to 100kHz in four pushbutton ranges, with eight preset frequencies from 10Hz to 20kHz 1o facilitate easy response checking of audio
equipment. The output may be switched to give fast first-time square wave The frequency-counter may be separately accessed via the COUNTER INPUT

socket on the front panel
ltalian Agent:

For further details contact

Trident Audio Developments Ltd.

Sales Office: 1127114 Wardour St.. London. W1
Tel 01-734 9901 Telex 27782 Trdisc

TRIAD

Audio Products Intl
20131 Milano
Factory address: Shepperton Studios
Squiresbridge Road, Shepperton, Middx
Tel. Chensey (09328) 60241

Via Gaspare Spontini 3
Tel: 273896

WW—020 FOR FURTHER DETAILS
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— \
AT YOUR FINGERTIPS

Included in this new Databook

% Power Transistor Selection Guides
% Industry Cross Reference List

% Full Technical Specifications

% Chapters on Reliability, Packaging
and Heatsinking, Safe Operating Area

Price £2.00 each incl.P & P

Avaitable from any of our distributors

Barlec East Grinstead (0342) 24383
Celdis Reading (0734) 585171
Comway Bracknell {0344) 24765
Eurocom High Wycombe (0494) 36146
ITT-ESD Harlow (0279) 26777

Macro Burnham (06286) 63011
Most Manchester (061) 831 7672

OTHER DATABOOKS AVAILABLE INCLUDE

LINEAR. MOS/CCD, BIPOLAR MEMORY,
MACROLOGIC, LOW POWER SCHOTTKY
TTL. F8 MICROPROCESSOR, DISCRETE

ASK YOUR DISTRIBUTOR FOR DETAILS
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NEAL streo
[NEAL 3 CHANNEL AUDIO VISUAL

“HGS aSking E AL 4 CHANNEL RECORDERS
s -
 reed relay

assembl

with a 30kV
ISolated coll”

140Series
. 4 Channel

CASSETTE
RECORDERS
FOR THE
PROFESSIONAL
USER

Special modets
to order

NEAL Range includes: 102AV, 103AV STEREQO AV DOLBY
102,103 STEREO DOLBY 140SERIES 4 CHANNEL
110 MONO AV DOLBY 104 HEAVY DUTY REPLAY

TRANSCRIPTION GASSETTE RECORDERS

NORTH EAST AUDIO LIMITED
5 Charlotte Square, Newcastle upon Tyne NE1 4XE Telephone (0632) 26660

WW — 076 FOR FURTHER DETAILS

When you make yourown

14
| PCB's,...
People often bring their neeu 10 us. They know the ol
Whiteley speciality. Being helpful! And the item that y 9.9 vou need
started life as a customer request, joins the Whiteley 4 \ i the Seno

product list, ready to help other designers over a problem.

You, perhaps? Consider a neat relay assembly — one or y ) /& / GS Etching
two dry reed switches with a rating of 25W, housed in a . ]

mounting tube, with either ‘normally open’ or ‘change- . . - system!

over' contacts. Around them, a coil operating from 8, : ' )

12, 24 or 50V supply, 30kV isolated from the contacts.
The whole unit mounting on a 0.25"” insulating plate

with a couple of 3 way tagstrips. |f you're interested, L "
ask for a data sheet. But more, keep Whiteley in mind AR
as the peaple who make useful things. 2 VA
\ manufacturm}g 4 Lo, N> ;
A uni led-b =)
\onc) your e ectrlca et::;l?;z::tz:l. deasgigned From your usual

component supplier or

\ to facilitate accurate, rapid L
/‘vz\\gﬁ and e/eC[rON/C and safe etching of PCB’s. direct.

A complete kit, comprising Send in the coupon below
reqU/rements sealable system, etchant, for details of the Seno /33
" buffer, storage box and range of aids to PCB

neutraliser. All for only £4! preparation.

---—-———-_\

' Decon Laboratories Ltd. Freepost, Portslade, \
Brighton BN4 1EQ (no stamp needed)
I Name- S =

I Address 7,,

Whitel

Whiteley Electrical Radio Co. Ltd.
Mansfield, Notts NG18 BRW, England. Tel: 0623 247'62‘ ‘ = — Phone 0273-414371 '

WW — 025 FOR FURTHER DETAILS \— O g e e ——_
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rise and fall . . . .

YK

Music 1s spiced with transients;
requiring rapid response. Precise damping is critical.

Measurements are essential. But design by data only,
remains to be achieved. Experienced ears are rare .

monitor loudspeakers |IMF

ELECTRONICS

35

Westbourne Street High Wycombe Buckinghamshire Tel High Wycombe 35576

WW-094 FOR FURTHER DETAILS
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when is a box not a box?

Instrument boxes are often sold in standard sizes— not always the most practical sizes for your needs.
When bought they take up a lot of storage space.

=

=%

ANV

Li? ©
WIDNEY DORLEC Series 3isanew, simple  or fully finished products to your design.
constructional system for building cases, boxes, chassis, Custom made cases at prices you pay for standards.
frames, drawers etc. etc. Just 3 basicextrusionsand 3simple  Idealfor Laboratories, Universities, small workshops. Call Cyril
brackets— available as components for DIY, kits, ~ Vaughan on 021-359 3044 for more details.

-
Northern Stockist: P.0.Box 133,
Widney Dorlec(Nor(hern) Ltd. Birmingham B4 7BD.
181a Brambhall Lane,

Stockport Telephone: 021-359 3044

Telephone: 061-4801333. dnrlet Telex: 338054.

WW—078 FOR FURTHER DETAILS

ELECTRONORGTECHNICA

a -
UK . carbon film RESISTORS
e and Yaw 70°C 5% tol. E.12

OUTSIDE

ELECTRONICS
EXPORT

With one order
and one payment you
can purchase the wide
range of semi-conductors
and other electronic
components available in UK

List requirement or send for details of a
purchasing service
Large and small enquiries efficiently handied.

TRIANGLE DIGITAL SERVICES
BCM 8477, LONDON WC1V 6XX

WW — 022 FOR FURTHER DETAILS

3 MORE MAGNUM MODULES

EX-STOCK

£4.90 SIE:ROII\,IOEOQ/ALUE VAT & POSTAGE

Minimum export order £ 100
Contact John Gingell

AERO SERVIGES LTD.
z & | sin e s

TEL: 01-727 5641 TELEX 261306

WW—067 FOR FURTHER DETAILS

—

CP-DR1 Dynamic Range Controller / Tape Noise Eliminator

CP-TM1 Peak Programme Monitor

CP-LX2 2-Point Linear Phase Active Crossover

The dynamy: range of Radio broadcasts and commerciat recordings is normally compressed — by using the CP-DR1 you can SEND SAE for details of the CP-LX1 and other MAGNUM AUDIO
re-expand and recover lost dynamics When you record onto tape, almost half of the potential dynamic range will be ost 10 noise MODULES.

and/ o7 overload distortian again the CP-DR 1 can be used 10 give iree re gs of tull dy

Like other "CP" series Magnum Modules the CP-DR1 is a full stereo module encapsulated in professional-grade epoxy resin It CP-LX1-P ) Crossover Networks

requires only one or two potentiometers and one or two switches 10 complete. is fully compatible with the "CP’ series and s easily cP-P1

interfaced into most other systems Full apphcaton data ss. of course, provided
CP-DK1  Dynamic Range Controlier

CP-TM1 Peak Programme Monitor

CP-LX2 2-Point Linear Phase Active Crossover

CP-LX2-PAs CP-LX2 pre-set to your choice of frequencies (please specify)

range It can also be used
for producing “'constant volume' background music or for listening 1n high-noise environments {the motor car?

£8.65 VAT £1.08
£9.65 VAT £1.21
£13.30 VAT £1.66
£11.75 VAT £1.47

CP-LX1 ) Single Point Active

Stereo Preamplifier
CP-FG1 Audio Function Module

£36.80 VAT £4.60 CP-2-15/20 20 + 20W or 40W Amplifier £12.85 VAT £1.61

£7.64 VAT £0.96 Y x
£12.98 VAT £1.62 CP-PS-18/2D  Power Supply Module

£14.48 VAT £1.81 Also available: pots, switches, knobs. sockets, etc. and ‘Mother’ PCBs

£6.50 VAT £0.81

Prices include full application data, post and packing
Barclaycard and Access facilities available

. Products guaranteed 2 years
DEPT. KW, 13 HAZELBURY CRESCENT
@ LUTON, BEDS, LU1 1DF Tel: 0582 415832

WW — 089 FOR FURTHER DETAILS
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JOYSTICKS

Precise, rehiable, long-hfe Joystick Control Units, in single, dual or
triple axis forms. Sprung to centre, or held by adjustable friction
locks. Choice of wirewound, cermet or piastic film potentiometers
(all standard %'’ bush types) — or rotary switches.

Already in quantity production for remote control, TV games,
electric wheelchairs, audio control panels. etc., etc. Any quantity
from one-off to hundreds per month. Typical one-off prices: Single
axis £4.50. Dual £7.50. Triple £11.00 + VAT,

TELEVISION GAME JOYSTICKS

We are now ‘‘small’’ quantity distributors for A.B. Controls
Ltd. TV game Joystick. Available from end of September.

FLIGHT LINK CONTROL LTD.

Bristow Works, Bristow Road
Hounslow, Middlesex, 01-570 4065

WW — 060 FOR FURTHER DETAILS

ambit INTERNATIONAn

SSB MECHANICAL FILTER-MFL—

TOKO announce an entirely new SSB mechanical filter. with 6 elements,
ultra smooth passband. easy transformer matching, 2.1 kHz at -6dB. at an
unbeatable price of £9.95. (including two matching transformers)

Type MFL455. -6dB:2.1kHz. -60dB:SkHz, Fc:453.5kHz. Sk ohms in/1k out.

[NEW]JUNIBAND' TUNER MODULES ——

Based on the incomparable HA1197 radio system. the 7122 has three stage
tuning - either varicap or crystal controlled. The varicap control will cover
any 3:1 frequency range in the region 100kHz to 30MHz_ with the correct
coil pack. Kit - with varicaps - £9.00. MW coil pack standard.

Use the Uniband tuner for tuneable 1Fs/dual conversion. or simply to
provide AM facilities on FM only equipment.

The Bionic Ferret 4000 VCO metal locator. |Tunermodules: The Best:

The sophisticated metal detector system |All IF systems have deviation muting, AGC,
that can be aligned with just a test meter. |meter outputs, additive AFC.

Complete kit now £33.75 inc PP and VAT. |7020 twin ceramic filter/single detector 6.95
Complete tuner and amplifier Kits 7030 linear phase/double detector 1095

R -1 {7253 stereo tunerset with varicap tunerhead
The Larsholt signalmaster Mk8 comes with {4 stage) IF and decoder integral 26.50

a preadjusted RF/IF tunerset and decoder -
N N A 7252 mono MOS tunerset 26.50
and is thus a sophisticated performer witha EF5800 dual MOS RF stages, 6 varicap

simple construction. Suitable for even the L
relatively inexperienced. £85.00 ex VAT tuned circuits, AGC'etc. . 14.00
. . |EF5801 as 5800/ with osc op {osc hi) 17.45
And the 25W per channel matching audio 5
amplifier, the Audiomaster. Torroidal PSU EF5600 5 cct varicap tunerhead 1295
‘ y EC3302 3 cct varicap tunerhead 7.50

and very wide dynamic range. £79.00 91196 hi-spec PLL decoder/filters 12.99

TOKO coils, chokes, ceramic, mechanical and LC filters for radio, audio, TV, MPX.
MENT 455 mech filten195p  Chokes New coils for SW, formers.

MPFHK 455 mech filters 165p 1uH o ImHl k12 16p coils for VHF

CFU 470 ceramuc filt.  63p Imktto 22mil most £12 19p  l'oo many to List here, pse
ET 455/470 .. SSp 33.51.100,120mH 33p send for catalogue - or vend
CFst 10.7 FM ceramic 50p 5.1 and 43mH 30p SAF for price list shorttorm.

SFE6 6MHz it ceramie B0p  1FTs for 455/470kHz many
3132 6pole lin phase  225p types inc new radio control
3107 19/38ki1, mpx  190p 7mm types.

2011 19/38kHz mpx  195p  lumm LFs for 10.7MHz ete.

ICs, varicaps, trimmers, discrete semiconductors, varicap tuning pots, MOSFETs etc.
Send an SAE far a shortform Inting/price hat. Examples: TBA651 £1 %1, HA1197 L1.40,
MVAMIIS €095, MVI104 £0.45, BE2568 L£0.34, MEM6BO £0.75*, TBAK10AS L1.09,
LM3O1AN £0.39, TDA2020 £2 99 {Heatsink 0 75%), 7.5mm foil trimmers | 1OpF L0 18

F176 P channel FET £0.44. BD377 £0.29. BD378 £0.32, OA91 £0.08, F1C90 scalar £14.00

Edgewise meters: many
new types available. Also
new low cost flat meters

37

745 COUNTER TIMER
DC-32 MHz
'FREQUENCY, PERIOD, TIME & TOTALISE

+5ppm STABILITY @ 25°C

745 COUNTER TIMER £94 + 2.50 p&p
Other product include:

744 Counter Timer £85 WW 103
643 Function Generator £98 WW 104
643A Function Generator £85 WW 105
631 Filter Oscillator £108 WW 106

Delivery 1s normally ex-stock — telephone for confirmation
Prices correct at ume of going to press, subject to change without notice

OMB electronics, Riverside, Eynsford, Kent. Tel: 0322 863567

AUDIBLY SUPERIOR
AMPLIFICATION

TERMS: CWO pse. [Postayr 251 per order]/ £3.00 for complete tuners/amplifiers kits.
Catalogue 40p, SAE with enquiries pse. VAT 12.5% except where shown. Write to —

Ambit International, 37a High Street, Brentwood. Essex. CM14 4RH
telephone (0277) 216029

WW — 101 FOR FURTHER DETAILS
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HIGH DEFINITION — ‘MUSICGAL’ — POWER AMP
MODULES

* T.H.D. TYPICALLY .007%
@ 10W. 500Hz

* ZERO T.1.D. (SLEW-RATE
LIMIT 16 V/ . S)

Module size:

120 x 80 x 25 mm. using
glass tibre pcb with ident
and solder resist.
lltustrated with light duty

heatsink.
CRIMSON ELEKTRIK power amphfier modules are fast gaiming a reputation as the best sounding most
PIOSICE T S T F T T I Y DUt Tattre s 0T N e [ e s i et
TR TN AT 0B sl ot sand sl U T S Tt agains!
A SEa O G s e e i gy, Par dower e ancs Tha 8 winch oy maie
sentative ol 4 redl louttspeaker Square waves MOthent e hines up o tull power wiilst
simalated sleciiostdte 1oads art easily Nandb i with regbgible overshoot gnd a setling iou ol 12§
Otherspecs S N TTOAE Rise s 100 5 Sensatonty £75mvy DCcoupied SHy 35kHz  34B THD
O1h 10UMW Chpping BOUH?

CRIMSON FLEKTRIK powe © Suipie s ot b al FOrm $ar it amte pi s ity i fealon o Juw teid
shnnne tarondal transformer waitha 120 230w prmdry and screen Iwolarge capectors Brdge e e and
Al tings

Heatsinks are attran v Black anodised 1 xtiasions BOnm e

CRIMSON

PGWER AMP MODULES HOME EUROPE

Ct 608 6Owrms B ohms  35v dc £16.30 £16.30

CE 1004 100wsms 4 ohms ng (14 f19.22 £19.00

Ct 1008 100wrms B ohms  35v o £23.22 £2270

POWER SYPPLIES ELEKTRIK
CPS | For 2xCEGD8 or 14 1004 £12.85 £14.20 ;

LPS 2 For 2xCE1004 or 2 or 4xCE60H £14.55 £1790 ww)

CPS 3 for 2CE1008 £1585  £19.20 T4 STATION ROAD

HEATSINKS RATBY

{ignt Duty Simm 2 C W .80 €1.30 LEICESTER. LE6 OUN
High pawer Womm14 Crw £1.60 £2.40 TEL: (0533) 386211

Oisco group 1500mm 1 1 /W £2.30 £3.65

Hume prces ek b VAT and carnign Pavimest by chegue PO COD BOE ¢ 50 1t BEagpeat o prolsienn

Latopear ees e e carnmge nsurdinc e amd Band at payment in Sterng by bank 1f ail PO
Internatan al Giro o Money Urder Qutside Batogn pdease wi te bor sprecitie o Py tan Sund SAL o
v Ente ratonat Repty Coupuis fur (Gl alerstare tavou abie tadn duor Tty prce sl i bogoest Stasbie

Do N G g

WW — 080 FOR FURTHER DETAILS



www.americanradiohistory.com

38

Wireless World. September 1977

BUY FLUKE’S NEW DMM

AND POCKET THE DIFFERENCE

Never before has a DMM
packed so much into such a
small space. Fluke's new 8020
offers 24 ranges of AC/DC volts,
amps and ohms plus two ranges
of conductance, teamed with an
0.25% VDC accuracy.

|deal for dozens of
applications from HiFito
engineering, it's particularly
suitable for work in the field.
Features include one hand
operation, a new design LCD

display you can see even in poor
light, tough constructionanda 9V
battery life of 200 hours. The Fluke
8020 is only available fromITT
Instrument Services, an incom-
parable service that can put it in
your pocket immediately from
stock. Write, phone or telex for

full details.

ITT Instrument Services,
Edinburgh Way, Harlow, Essex.
Telex: 81525.

WW—019 FOR FURTHER DETAILS
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| Fluke 8020 |
Name: ____

| Company: __ _
|Address: - . . _ |

Harlow (0279) 29522

The only way tobuy
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The engineering class

As Wireless World predicted in the
June issue, an enquiry has been
announced into the engineering
profession. The Commons statement
from the Secretary of State for
Industry, on July 5, made it clear that
the educational standards in
engineering will be closely studied,
since education is considered either the
source of, or the remedy for, many of
the discontents that engineers have
voiced.

Unfortunately the level of debate so
far has not been very high. Many of the
public utterances on the subject have
merely been the battle cries of
sectional interests, even though the
nation never needed unity of purpose
quite so much as it does now.
Currently the discussion seems awash
with mistaken notions, among which
the most wrong-headed must be that
status should, or even can, be pursued
in isolation from esteem well-earned
from the public at large. Nearly as
foolish is the idea that a calling, by
putting aspiring entrants though as
many academic hoops as possible, can
pull itself up by its own bootstraps.
Another fallacy is that engineering is a
learned profession in the same way
that medicine or the law are. The
nearest one could get to classifying
engineering is that it is probably
somewhere between a trade and a
profession, but it is only a result of the
British preoccupation with social class
that engineers would not be just as
proud to be members of one as of the
other.

Sadly, some of these ideas ran
through a major speech by the
president of the Institution of Electrical
Engineers, Mr Eric Booth, at the IEE’s
annual dinner some months ago. To be
fair, he did insist that status “must be
earned,” but it is revealing and
depressing that such an eminent man
should worry any further about status,
as such, at all. At the heart of the
matter is the shortage of recruits into
engineering, but status is a side-issue;
everyone is aware, for example of what
the world thinks of the journalist, yet
the number of aspiring scribblers far
exceeds the number of vacancies open
to them.

Mr Booth complains that the

www americanradiohistorv com

engineer does not enjoy the status of
the doctor or the lawyer, and says this
is because in the past “our engineers
were mainly self-taught men of
imagination who had an intuitive grasp
of engineering principles. On the other
hand, doctors and lawyers, who
represent high status professions, had
for centuries been the products of the
universities and the Inns of Court
when the rest of the community was
largely illiterate.” On this he bases his
argument that status will follow if
academic standards are increased.

Yet Mr Booth has confused cause
and effect. The engineer in the
industrial revolution compared so
unfavourably with doctors and lawyers
not because of education but because
of, again, differences in social class.
Those of higher social standing were
the only ones to whom a university
education, and a degree at the end of it,
were open. They were then able to go
into the law and medicine, and did so
partly because an upper middle class
gentleman felt that, in return for his
good position in society, he was obliged
to render some service to the
community, an element that has been
all too absent from the current debate.
It can be argued, therefore, that the
law and medicine have accrued status
as a result of the natural status of those
who practised them, not just as a result
of their superior education.

If engineers are not highly thought
of it is because,they seem not to have
made the contribution society has been
led to expect. It may even be that our
industrial performance is undermined
by the eagerness of some sections of
our society, engineers among them, to
spend twice as much energy forcing
their superior view of themselves on
other people as they do in earning their
own and the nation’s living. Perhaps,
too, engineering, and the whole
community, would benefit if the routes
towards an engineering qualification
were less diverse, less class-ridden.

The committee might consider why the
distinction made at first between the
engineer who has taken a degree
course and his “less well qualified”
colleague so often turns out to have
been artificial.
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Low distortion oscillator
1 — An improved Wien bridge design

by J. L. Linsley Hood

This instrument uses a modified circuit
to reduce the typical output harmonic
distortion of a Wien bridge oscillator
by a factor of up to 10. A sine wave
output from 10Hz to 100kHz in four
switched ranges is available together
with a square wave. A constant
impedance output attenuator is also
provided with four switchable levels
from 1V to 1mV. The complete unit
can be powered from two 9V
batteries. ’

The Wien bridge arrangement shown in
fig. 1 is one of the most convenient

Fig. 1. Basic Wien bridge oscillator
circuit. For frequency variation either
R, and R, are used as a twin gang
potentiometer or C, C, as a ganged
capacitor.

Fig. 2. Conventional Wien bridge circuit
which produces around 0.01% harmonic
distortion.

circuit configurations for use in a wide
range variable frequency oscillator
circuit because the operating frequency
can be made continuously variable by
means of a twin-gang potentiometer for

Wireless World, September 1977

R., Ry, or ganged capacitor for C,, C,.
However, most of the conventional
Wien-bridge oscillators using this type
of circuit, such as the example in Fig. 2,
have a minimum distortion figure of

.L EOut
g
Cx fo =
27 /CCyRLR,
Rx
RFg,
E Eoutfy ——————
it C=Cy
s
/ ~
Cy.[ Ry Eout/s
RFgs
L oV

-0 + 20V

EOut

O oV

() ——
g
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g & o—0+oV
= 100N
c Lt
470 ==
PT Output
attenuator
Zin > 1k
STC R53 4
/ ——O Eout
o Ry
Fig. 3. Bipolar f.et. cascode arrange- | 8°
ment.
Fig. 4. Modified Wien bridge oscillator é 00V
circuit. To reduce surface recombina- L
tion noise a p.n.p. bipolar device isused | | = 2@t _______|_______T- Co 5
in the input. R
o O,
Fig. 5. Spot frequency distortion ,»~ 0
measurements of improved circuit.
Trq
BC214C
Rio
10k + e Cs
Bt A = 4700

around 0.01 to 0.02% which is barely
adequate for test purposes with modern
amplifier designs. This has encouraged
the more widespread use of the less
convenient parallel T oscillator arrange-
ment for producing very low distor-
tion reference signals.

On analysis it is apparent that the
major cause of residual harmonic
distortion in the conventional thermi-
stor stabilized Wien-Bridge oscillator
circuit, at frequencies high enough for
thermal modulation of the thermistor to
be unimportant, is due to common mode
failure?3 in the first stage amplifying
device. Here the peak signal voltage
applied in common mode to the base
and emitter of Tr, is approximately
2\/2/3 V., r.ms, which can be a
significant proportion of the available
V.. in Tr,. Improved performance can be
achieved in three ways; by reducing the
ratio of V., to V.. which may not be
convenient. By reducing the magnitude
of the signal voltage fed back to Tr), or,
finally, by reducing the sensitivity of the
input stage to common mode malfunc-
tion. In view of the high independence
of output impedance and drain current
with respect to drain voltage in most
junction f.e.t.s, the use of an f.e.t. as the
input device is attractive. The straight
substitution of an fe.t. for the input
bipolar transistor, however, results in a
large reduction in loop gain. The use of a
bipolar device in cascode with an f.e.t.
as shown in Fig. 3 overcomes this
problem and offers a gain which is
characteristic of the bipolar device
together with an output impedance and
common mode rejection ratio typical of
a junction f.e.t. Moreover, the collec-
tor-emitter voltage of the bipolar input
device is maintained at a constant

120k

Trs
MPSA14

1L

</o-—o—9v

o-01

T T T1T1

T

DISTORTION (%)
T

o001l L L1l
100

FREQUENCY (Hz)

potential, appropriate to the drain
current drawn from the fe.t., and as
such provides a bootstrap action.

A practical circuit using this type of
input configuration is shown in Fig. 4.
Some small additional improvements in
this circuit are the use of a p.n.p. input
device, which produces less surface
recombination noise in the junction,
and the use of a constant current load
for the output amplifying stage which
gives greater output linearity and
improved independence of V.. The

wawwwwy americanradiohistory com

typical t.h.d. of this design is shown in
Fig. 5. Over the frequency range 200Hz
to 3kHz, for an output of 1.5V r.m.s. into
a 2k load, the distortion content is
between 0.0015 and 0.003% associated
with a settling time of less than 2
seconds. This is independent of V. in
the range 13 to 20V or =6.5to 10V if a
split supply is used as shown in Fig. 4.
Because most of the residual distor-
tion arises in the output stage,
somewhat lower values can be obtained
for a given output load if the current,
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determined by R;, is increased. For the
values shown this is about 10mA.

The settling time of low distortion
oscillators has been examined by
Oliver*® with the general conclusion
that this will lengthen as the t.h.d.
becomes lower, especially at lower
frequencies because this is related to the
number of cycles of signal applied to the
thermally sensitive element. However,
this is less of a problem with a
Wien-bridge system compared to
feedback networks which produce a
transmission null at the operating
frequency.

Output attenuator

It is accepted as a practical convention
that low frequency signal sources
should have an impedance of 600£. The
easiest method of achieving this is to
take outputs from tapping points along
a conventional resistive transmission-
line attenuator as shown in Fig. 6 (A).
Resistor values can be calculated for
any desired characteristic impedance
and attenuation factor, provided that
the line is either of infinite length or is
correctly teminated at both ends by
resistor Rt.

The attenuation of the line from x; to
X1 is R1/ a+ Rt and if this is defined as
1/K then K=a+R_ /R where K is the
reciprocal of the attenuation factor. If
this definition is correct it must hold
true for the shortest element of trans-
mission attenuator as shown in Fig. 6
(B). The characteristic impedance of
this line, as seen at x; and x; (R¢) is
RC=RT//(Q + RT), SO

£C= ET/ /__(a +Ry)
R Ry R

therefore R./R;=1//K which equals
K
a+ K)‘RT

therefore_ R; =(l +K)

R¢

This defines the terminating resistors.

For calculation of the series resistor a,
if the characteristic impedance of the
line is specified and the attenuation
characteristic is known,

K=a+R{/Rror KRr=a+R;

therefore a= K.Rt—Ry, which equals Rt
(K-1)."As already shown,

(K+1)

Ry= R¢

(K+ 1)(}<—1)RC
K

(K*-1)

therefore a=

SO a= Rc.

To calculate the shunt resistor b,
consider a line with these elements asin
Fig. 6(C).

The impedance at x,, as defined by R, is
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R‘C Rc RC

xX a Xx a x a \ a ¥
- AN — e A X2 X1

%b % b { b b Rt
. Rf .
Xz &l X4 X3 a X2 a X4
A9 AAAA
Ry Ry R+ %b Ry
(B) C)

Fig. 6 Basic resistive transmission line attenuator and the sections which are
considered when calculating the resistor values.

470
Wien bridge
oscillator O. I *I
wT

Square wave
generator

Output

Fig. 7 Practical attenuator. The 5k940%2 resistors can be formed by a
6k8//47kS2, the 7332 by a 6k8//820%, and the 6608 by a 22k //6801.

py S8t RD)
2 .
or 11 . 2
b R: (a+Ry)
1 2R
therefore 1—= il

b R. (a+Rp)R;

1 2
“Re RK
_ RK-2R¢
" RcR{K
@.KRC—ZRC
therefore 113- =
(K ’;{DKRZC
. K+1-2
which equals m
_(K+1)
therefore b= “®-D) R¢

which allows the value of b to be
calculated.
If a step attenuation of X 10 or
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greater is used, the influence of the
source impedance to the line can be
ignored. In the practical circuit of Fig. 7
the attenuator is fed from a potentio-
meter to give amplitude variation
between ranges. The non-standard
resistor values can be produced by the
parallel combinations detailed in the
caption.

Printed circuit board

A p.c.b. which accommodates the Wien
bridge oscillator, frequency range
capacitors, square wave generator and
output attenuator will be available for
£3.00 from M. R. Sagin at 23 Keyes
Road, London, NW2. The board follows
the authors complete circuit to be
published next month.
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Letter from
America

by G. W. Tillett

This year the eleventh annual
Consumer Electronics Show in the USA
opened with a great feeling of optimism.
Exhibitors numbered well over 700 — a
record — and they were spread out in
the huge exhibition halls at McCormick
Place in Chicago while another 150 had
audio demonstration rooms or suites at
the nearby plush McCormick Inn. A
further contingent of nearly a hundred
were dispersed in hotels all over Chica-
go, making it quite an ordeal for anyone
determined to see most of the exhibits!
Although there was this feeling of
optimism, there have been some dis-
turbing setbacks in some areas. For
instance, sales of the new 40-channel
citizens' band radios have not been as
high as expected, partly because of the
stocRs of 23-channel models left over.
Consequently, prices of both types have
been ruthlessly cut and neither dealers
or importers are making any money. On
the other hand, companies like SBE and
TI (ves, Texas Instruments) have intro-
duced expensive models using micro-
processor technology with keyboard
tuning, programmable memory, fast
and slow scanning and all kinds of re-
finements. The TI model is an s.s.b. unit
and all the controls are in a small
hand-held unit which looks like a
calculator. Readouts show the channel
number., sideband mode and signal
strength. Two m.p.us are employed, one
in the control unit and the other in the
main section. Hy-gain also use m.p.u.
circuitry in their Model 16 which has all
the controls plus the loudspeaker built
into a neat hand-held unit. Two push-
buttons control the volume level and
there are digital readouts for channel
numbers, r.f. output power and the
time!

It is more than likely that the present
emphasis on high quality c.b. products
is a reaction to the chaos caused by
price-cutting in the calculator and
digital watch industries where $100
items were eventually cut right down to
$10 or less. Many of the “fly-by-night”
companies have picked up their profits
and stolen away. leaving the dealers
with faulty watches and calculators
plus impossible servicing problems.
Some of the larger firms, like Benrus
have moved out of the digital watch
business, but all-in-all it looks as if the
industry will settle down to a more
stable growth pattern — let the chips
fall where they may (sorry about that!)
Already. digital watches are responsible
for nearly half the total watch sales and
there is no sign of a decrease. Windert
were showing several interesing
models. one of which was combined

with a 9-digit calculator and another
having full chronograph features with
elapsed time, lap time and split-time. It
boasts a 6-digit display for hours,
minutes, seconds, tenths and hundreths
of a second! But the model which was
attracting most of the attention was a
Programmable Message model that
gave the user a choice of a 5-letter,
5-word programme from any 26 letters,
10 numerals and 5 symbols. 1t was said
to be very easy to change displays —
which might appeal to those who elect
to show the name of their girl friends!

There are several calculators that use
solar power but only one that required
no batteries at all. This was the Teal
14-function model which measures only
63mm by 111mm by 7mm thick — and it
has no on-off switch. The Sharp EL-8130
features an electronic auto-sensing
panel with no keys or moving parts and
it includes a four-key memory system,
overflow error check device and auto-
matic power-off circuit. It is less than
5mm thick and the price? Just $34.95.
Most manufacturers have a bottom-
of-the-line model in the range and the
Sharp EL-203 is fairly typical. 1t is an
l.c.d. model with total memory, square
root and percent keys listing at under
$10.

Video games were well in evidence,
although many of the smaller firms
have disappeared from the scene. Most
of the games seen last year used simple
paddles but present-day models are
much more sophisticated, offering the
user all kinds of alternatives. Some use
cartridges so the customer can buy
additional programmes later. One of the
new games [ saw involved a wall of
bricks and the player must remove them
one at a time before he can escape. A
four-position switch gives a choice of
“handicaps”.

As far as turntables were concerned,
there is no doubt that the new BSR
Accutrac was the hit of the Show but
there were some other models of note.
Infinity were showing a prototype
which had a built-in pump to provide an
“air cushion” for the platter and Fisher
introduced 2 model with a linear motion
motor. The field coils are mounted all
round the turntable, just underneath,
and a 120-pole ferrite magnetic band is
attached to the under-rim of the platter
— not unlike the old Simpsons turnta-
ble. Sensing coils control the speed via a
servo system.

Burwen were demonstrating a new
record “pop, crackle and scratch”
remover which uses the steep wave-
front of the noise to operate a gating
circuit. To fill the “hole” a portion of the
preceding signal is “tailored in”. This
appears to be quite similar to the SAE
5000 but it was stated that the switching
times are much less and it would reduce
low amplitude “hash”. The SAE unit
uses a delay circuit, and programme
material prior to and after the impulse
noise is patched in. A switch marked
“invert” allows the user to hear the
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actual pops and clicks the unit is
removing. In a demonstration, a brand
new Sheffield record was gouged with a
knife but no scratches were audible
when the record was played!

The trend towards higher powered
amplifiers and receivers continues and
it was interesting to see the various
methods used to obtain higher effi-
ciency and reduce the size of the heat
sinks, etc. Infinity have had a p.w.m.
amplifier for some time now and Sony
were also showing a prototype. Hitachi
had amplifiers and receivers with “class
H” amplifier. A “class G” output stage
consists of four devices, two to handle
the positive swings and two to take the
negative swings. One pair is fed from a
low voltage supply and functions as a
low power class B amplifier, but when
the signal reaches a certain value it
cuts-off and the high power stage takes
over.

Soundcraftsmen take a rather differ-
ent approach in their “class H” circuit.
Two power supplies are employed with
one supply voltage being about two-
thirds of the other. As the signal input
increases, a ‘“vari-portional” circuit
turns on the high voltage supply long
before the clip point. Thus the amplifier
is operating at a lower voltage most of
the time, reducing power stage dissipa-
tion. It should be emphasised that the
high voltage supply is only on for peaks,
so a sinewave signal will cause the
second supply to function for a fraction
of the waveform. This was clearly
demonstrated on an oscilloscope and it
was possible to gradually increase the
input signal until the high voltage trace -
began to show a rise too! Most ingen-
ious, and the big advantage is that there
is no switching inside the amplifier, as
all the control functions are outside the
feedback loop. So distortion, slew rate
and stability is not affected. The
amplifier demonstrated had a rated
output of 250 watts per channel and it
features l.e.d. indicators showing oper-
ation of the *“vari-portional” circuit, VU
meters and a ‘“‘crowbar” protection
circuit.

This year, more than twenty-one
British exhibitors were showing their
products under the aegis of the Federa-
tion of British Audio, plus another four
or five independents like Sinclair and
Rank-Wharfedale. Goodmans have
returned after more than ten years’
absence from this market and both Leak
and Wharfedale are making a bid for
recognition again. There is a growing
number of people who are satisfied with
nothing less than the finest audio
equipment money can buy and already
at least six magazines are catering to
their needs — and a new one seems to
appear every month! It is in this area of
super amplifiers, loudspeakers and so
on that British companies can compete
successfully and there is no doubt
whatsoever that their share of the
market will increase very substantially
as time goes on.
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Designing synchronous and asynchronous counters

by B. Holdsworth* and D. Zissost

‘Chelsea College, University of London fDept. of Computing Science, University of Calgary, Canada.

Counters are cyclic sequential
circuits which return to their initial
state after a specified number of
changes in the input state. The output
of a counter in its specified code gives
the number of changes of the input
signal or the number of input pulses
received since the circuit was last in
its initial state. Counters are being
used extensively in industrial plants
for such functions as controlling the
position of a machine tool -or for
packing a specified number of items
in a box. They are also used in
laboratory environments for such
functions as counting frequency,
recording time, speed and accelera-
tion.

Codes

The most commonly used codes in
electronic counters are:

@® True binary (8-4-2-1) code,

® Gray codes,

@® B.c.d.codes and

® Ordered codes, for example the
excess-3 (XS-3).,

The true binary code, often referred
to simply as the “binary code”
is the simplest because each digit is
represented in a conventional binary
system. Gray codes are those in which
adjacent numbers differ in one bit only,
eliminating races which arise when two
or more bits attempt to change simul-
taneously. The true binary code is
shown in Table 1, for four binary digits.

If all the sixteen combinations in the
sequence in Table 1 are used, the
counter is called a maximum-length
counter; if, on the other hand, only the
first ten combinations are used the
counter is called a scale-of-ten counter.

A Gray code in which only one digit
changes at a time is called a single-step
code, the best known one being the
reflected binary code. This code is
tabulated in Tables 2(a) and 2(b) for
both three and four binary digits.
Examination of Table 2(a) shows that
reflection of the three least significant
digits takes place about the centre line
of the code. All those combinations
above the centre line have a most

significant digit of 0 whilst those below

-have a most significant digit of 1.

Similar comments can be made about
the three-digit code except that, in this
case, reflection of the two least signifi-
cant digits takes place. :

The sequence of the 4-bit reflected
binary code is shown plotted on a

Karnaugh map in Fig. 1(a). The plot
shows that, as the code proceeds from
one combination to the next, only one
cell boundary is crossed. It is clear that
any single-step Gray code can be deve-
loped immediately from a Karnaugh
map by tracing a single step path
through the map as shown in Fig. 1(b).
The code sequence for this example is

a|bjcBlA shown in Fig. 1(c).
dec| 8| 4|21 In b.c.d. (binary-coded-decimal)
oclolololo codes, each of the ten decimal digits 0 to
1lololola 9, is represented by a binary code,
frequently the 8-4-2-1 code. For example
21010110 the b.c.d. (8-4-2-1) representation of 456
3101011 is 0100, 0101, 0110. B.c.d. codes provide a
4 |0[1]|0O]|O useful link between the counting
5|0[|1]01|1 systems used by digital machines and
e|lol1(1]0 those used by human beings.
ATIERENE The codes tabulated in Tables 3(a)
sl1lololo and 3(b) are examplesof weighted b.c.d.
sl1lolol1 codes. ) . .
In a weighted code a weight W, is
1010 assigned to the j** binary digit. For
nTjoT | example, for the 8-4-2-1 code combina-
2|1 1]010] |'Gmbination tion 1001, W, = 8, W, = 4, W, = 2 and
w11 o] [ indecae W, =1
“ (1111110 Hence,
BT 1]1[1
j=4
=\ .S,
‘Table 1. True binary code, with unused Zaee = :-‘1”]5]
combinations for decade counters.
a|D|CIB|A d|[C|B|A
c|O0}|0|0O|0O 0|0|0O|O
1101001 10|01
20 |0]1 |1 2(0|1|1 T 4
slolol1]o CL s|lol1lo Reflection
4(0|1]1]0 4111110 i
50111111 5111111
60| 1101 T 611]|0]|1
@ 7]0]1]0]|0 Retlection 711]0|0
g8|1]11]0|0 l
s[111]0]1
w111
1M1 11110
211[01110
1310|111
14| 10|01
15(1]0j0]|0

Table 2. Four-bit reflected binary (a) and three-bit (B) reflected binary code.
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d|DIC|B|A d|D|C|B|A
ol2]a]2]|1 514)2]n
of0]0|0O]|O 0|0|0|0O|O
110100 |1 10|00
2|10]0[1:0 2|0)0[1]0
30|01 (1 30|01 (1
4/01110]|0 4|0]1]|0]|0O
5110|141 5|1 [(0[0]|0O
611]/1]0]|0 6{110[0](1
7111101 711 (0110
81111110 81|01 (1
g1 (1|11 9|1]1]0|0

‘Table 3. Weighted codes. 2-4-2-1 code is at
('a) while (b) shows 5-4-2-1 code.

where S; is the value of the j™ binary
digit, and

Zioe =1X8+0X4+0X2+1X1=9.

The various code combinations in the
2-4-2-1 and the 5-4-2-1 codes can be
evaluated in a similar manner.

In an ordered code, the various
combinations are assigned to the differ-
ent decimal digits by means of a
mathematical equation. An example of
this is the XS-3 code. For this code

j=4

Zge=Z W;S;-3,

i=1

W, =8 W,=4,W,=2,W, =1

where

Hence, the code combination 0100 =(0
X8+1X4+0X2+0X%X1)-3=1.
The XS3 code is shown tabulated in
Table 4.

Codes can be made error-detecting by
the addition of extra bits, called parity
bits. In Table 5(a) the 8-4-2-1 code has
an additional bit in the column headed p
which establishes odd parity in each
code combination, i.e., each code com-
bination contains an odd number of 1's.
Similarly in Table 5(b) a parity bit has
been added to the same code which, in
this instance, establishes even parity for
each code combination. Detection
equipment is now required at the
receiving end which, in the case of odd
parity, is used to determine whether
each code combination has an odd
number of 1’s.

d|D|CIBIA

o|O|O|O|O

110|001

BA BA 210|011
pcN\. 00 01 11 10 DCNOO0 01 1 10 slolol110
*—66—--»———»——-»—-»] 00 '-b ->——->——} 4|01 (1|0
| ] T 5(1(1[1]0
$O1| pope-e? o1 ¢ ! el 11|11
1 11 L.._,.._.._,,I 11 f__<__<_<_! 711(1]0]|1
10 3 8{1/1]|0]|0
= - |- 10 9(/01110j0

Fig. 1. Karnaugh plots of reflected
binary (a) and Gray code (b).
Tabulation of Gray code is at (c).

45
d{p|Cc|B|A diolc|slalp diplc|BlAajp
0[O0 |1 olo|ofo]o]n olololololo
11011010 1jojo|o|1]0 1|00 0|11
2|lol1]o]1 2|0|ol1]|0|0 2|0|0|1]0]1
alo|1]1]0 sto|of1]1]1 slolol1|1|0
alo|1|1]1 al0|1l0(0]|O alo|l1|olo]n
511/0[0]|0O 5s|0O{1]0[1]|1 510[110[1|0
sl1]0]|01 e|lO0|1]1]|0]|1 s|lol1]{1]0|0
7{1]0[1]0 7zlol1|11(1]0 7ol 1111
sl1]|0(1/[1 sl1|0[{0|0O|O s|l1lolo]o]|1
s|1/1]0]0 s|1|o]|oO|1]1 s|1|loloj1]|o0

Table 4. Excess-3 code (XS-3).

Codes can also be made error-cor-
recting by the addition of extra bits
whose function is to detect an error and
its position. The most important codes
of this kind are the Hamming codes, in
which the bit positions are numbered in
sequence from left to right. Those
positions numbered as a power of 2 are
reserved for parity check bits, whilst the
remaining positions are used for the
information bits.

For a seven bit code combination:

1 23 45 6 7
L P1 P2 X3 Py X5 Xg Xy
p., P,and p, are the parity bits and x;, X;,
Xg and X, are the information bits. The
parity bits are obtained from the
information bits as follows:

p, is selected to establish even parity
over bits 1,3, 5and 7 .

p, is selected to establish even parity
overbits 2, 3,6 and 7

py is selected to establish even parity
over bits 4, 5,6 and 7
The Hamming code combinations for
the natural n.b.c.d. code are shown
below in Table 6.

The correction process for this code is
carried out on the assumption that only
one bit is in error and that it is only
necessary to locate that bit. This is
achieved by checking for odd parity
over the same three code combinations
for which even parity was established at
the transmitting end. The check is
carried out with the aid of the exclusi-
ve—OR function.

For the exclusive—OR function
A@ B=AB+AB and hence

wawwwy americanradiohistory com

Table 5. Parity. 8-4-2-1 code at (a) has extra
bit to give odd parity and that at (b) has
even parity.

d [ P1|P2|C3| Rg [Xs|Ce K7
o [O|O0O|O|O[O]|]O]|O
14111011 ]010|1
2 1011|011 ]10[110
3110|0001
4 11|0lO011|11(10|O0
510|100 110]1
611(1/0]0[111|0
7101001111 ]1
8/1[11{1]0|0|0O}|O0O
9 |O0[0Oj1]11]10|0}1

Table 6. Hamming combinations for n.b.c.d.
code.

0po=0
0b1=1
1D o=1
1P1=0

The above tabulation shows that the
value of the exclusive-OR function is 1
when either A or B are 1, and is 0 when
both A and B are either 0 or 1. In other
words the value of the exclusive-OR
function is 1 when odd parity exists.
The check functions are: _
=P DX DX Dx;
C,=P, D X3 PXe DXy
Ci=Pys DXs D Xe P *s
If ¢;=1 there must be an error in p,, X3,
X5 or X;. The bit in error, E, may be
obtained from the table below

¢ 0 0 0 0 1 1 1 1.

c, 0 0 1 1 0 0 1 1

¢, 0 1 0 1 0 1 0 1
E O 1t 2 3 4 5 6 7
For example, suppose the code combin-
ation received is 1101101. Then c,=1,
c,=0 and c,=1. Hence the 5 bit is in
error and the code combination should
read 1101001.

Synchronous counters

The design steps for synchronous
counters are (1) draw a state diagram,
(2) code the states with the selected
counting code, and (3) derive the input
equations for the counter flip-flops.
Binary counters (maximum length). For
the sake of consistency, variable A is
assigned to the 2" bit, B to the 2' bit, C
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to the 22 bit and so on. In deriving the
general form of maximum-length bin-
ary counters, use will be made of the
fact that the addition of higher order
counting stages does not affect the
lower order counting stages. This, of
course, is also the case in conventional
decimal counts — for example, the
“units” and “tens” of a car odometer
change at the end of every one almd ten
miles travelled, irrespective of the
number of stages in the odometer.
Scale-of-2 ‘up’ counter. Figure 2(a)
shows the state diagram and codes.
The flip-flop equations are:

S,=Sy=A, therefore, J,=1

Rz=5S,=A, therefore, K, =1

The corresponding circuit is shown in
Fig. 2(b)

Scale-of-4 ‘up’ counter. J,=K, =1, as
for a scale-of-2 counter. The state
diagram and codes are in Fig. 3(a). The
flip-flop equations are:

Sg=S,+ (S, =AB, therefore, J,=A
Rp=S;+(S,)) =AB, therefore, Ky=A
The corresponding circuit is shown in
Fig. 3(b).

Scale-of-8 ‘up’ counter. J,=K,=1 and
Jg=Kgp=A, as for the scale-of-4 counter.
The state diagram and codes are in Fig.
4(a) and the flip-flop equations are;
Sc=85;+(S,) +(S5+ (S5 =ABC, there-
fore, J.=AB-

Rc=8;+(5) +(S)) +(S,)=ABC, there-
fore, K.=AB

The corresponding circuit is shown in
Fig. 4(b).

Scale-of-2" ‘up’ counter. By observa-
tion, the flip-flop equations are;
Jo=Ka=1

Jg=Kg=2A

Je=K=AB=BlJy

Jo=K,=ABC=ClJ.
Jg=K=ABCD=DJ and so on.

If speed is essential, large input gates
must be used to implement directly the
functions in the third column.

1l

ABC .
So| 000 «—1 ' |5y

s, | 100 011 |sg

s, | 010 101 |Sg

s, | 110 > 001 |S,

(a)

Fig. 4. State diagram (a) and circuit (b)
of three-stage (scale-of-eight) counter.

20
So A=O
1 |A
- Ja
Yy
n oo .
— Ky —
Sql A=1 A
C_Jr

(a) (b)

Fig. 2. State diagram for one-stage
(scale-of-two) counter (a) and its
circuit realization (b).

So| £9
I
s,| 10
I v AL
Sa| 01
Il
sS4 11

20 2!

A 1 L= JB —I—E
1 | B
—{Ka Kg >

c

Fig. 3. Two-stage (scale-of-four)
counter state diagram and codes (a)
and circuit embodiment (b).
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Synchronous ‘down’ binary counters
(maximum length) can be designed in
precisely the same manner and the
following flip-flop equations are
obtained.
Ja=K,=1
Jp=Kp=4_ _

Jc=Kc=AB=BJy
Jp=Kp=ABC=CJ.and so on

Note that in the case of binary
counters it is possible to use an ‘up’
counter to count down by utilizing the
complementary flip-flop outputs as
shown in Table 7.

dlc|8lald]|C|B|A
o|lo|o|o]7z|1]1]1
11o0|lol1]e]|1]|1]0
2011|085 ({110(1
3lof111({4l1]0|0O
al1|olol3|o]1]1
51170112 ]0[|1{0
s|1]1(lol1|olo]n
711 ]1]o|l0|l0O}0O

Table 7. Using the complementary outputs
of a chain of flip-flops to count down.

The next part of this article will continue
the treatment of counters, going on to
discuss Gray code types, up-down
counters and their control and ripphe-
through counters.

20 2! 22
1 C
—_Ja A ¢ *—> JB —>| JC
1 l , . c
—{Ka Ka > K >
3 Y ?
C

(b)
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Eliminating the whip aerial used for v.h.f. reception Iin

portable radio sets

by R. D. C. Thoday, M.I.E.R.E. BBC Research Department

V.H.F. radio transmissions provide a
high quality service to listeners, but
wide acceptance for more general
listening' (for news, background music,
etc.) has been discouraged by competi-
tion from Lf./m.f. portable receivers
with built-in ferrite aerials. While the
availability of portable receivers for
v.h.f. has been improving steadily, one
of the great disadvantages of present
models is the whip aerial which must be
extended and oriented for maximum
signal each time the set is moved to a
new location. It tends to be affected by
hand capacitance and the proximity of
conducting objects, so that an optimum
position is not readily found. Moving
the receiver with the aerial extended
can also prove hazardous. Experimental
v.hf. receivers using ferrite aerials?
have been built in the past but they do
not appear to have been brought into
general production because of the high
cost of the ferrite materials employed.

A cheap ferrite material has recently
become available which has good
characteristics at v.h.f. and so opens up
the possibility of built-in aerials for
v.hf. portables. A ferrite aerial unit has
been built and added to a small
inexpensive portable receiver.! Gener-
ally the performance, in terms of
sensitivity, of the ferrite aerial has
proved to be approximately equal to
that of the whip aerial.

The rod employed is a nickel-zinc
ferrite rod manufactured by Neosid
Limited under the code number F29,
which is 123mm long by 8mm diame-
ter.* The initial permeability of the
. material is 12 and it has a small loss
angle at 100MHz.

The arrangement of the aerial circuit
is similar to that used for ferrite rod
aerials in m.f. receivers. A tuned coil and
a coupling coil are wound on the rod.
Variable tuning is provided by means of
a varicap diode. A fe.t. pre-amplifier
buffer stage is inserted between the
coupling coil and the receiver input. The
circuit diagram is shown in Fig. 1 and

The use of these rods for v.h.f. aerials for»
broadcast receivers was originally suggested by P.
A. Tingey of BBC Designs Department.

the layout of the unit on a printed
circuit board is shown in Fig. 2.

As the permeability of the rod is
relatively low, the prime consideration
for the aerial circuit design is maximum
sensitivity. This is achieved by match-
ing the transferred input resistance of
the f.e.t. amplifier to the tuned circuit
loss resistance. The signal developed at
the input gate of the f.e.t. amplifier is
then independent of the number of
turns wound on the rod.

The choice of tuned circuit induct-
ance was largely dependent on the
capacitance range of the varicap diode
when operated from the receiver
battery supply (6V). Three turns of
enamelled 26 s.w.g. wire wound on the
rod give an inductance of 0.35uH with a
circuit magnification factor (Q) of 195
measured at 50MHz. The tuned-circuit
Q is also dependent on the capacitor
losses. The maximum series loss
resistance for the varicap diode is
quoted by the manufacturers at 0.8§2,
giving an unloaded Q of 110 for the
combination of these components. The
effective Q under matched conditions is

Fig. 1. Circuit diagram of the ferrite
aerial unit.

half of this value. In the above
considerations the radiation resistance
has been neglected since it is small
compared with the circuit loss resist-
ance. The input admittance of the f.e.t.
amplifier is approximately(0.3 + j3.5)mS.
The mutual inductance between the
tuned and coupling coils on the ferrite
rod required to matdh the resistive
component of the primary and secon-
dary circuits is 0.12uH. A coupling coil
of two turns has been used and the
separation between the two coils has
been adjusted to achieve this. Imitial
adjustments were made using an-
inductance bridge but the final adjust-
ments were made on the assembled unit
to give maximum sensitivity.

A simple circuit is used to transform
the receiver input impedance to a
suitable load value for the fe.t.
amplifier. The measured voltage gain of
the amplifier when terminated in a 50§
load is 5dB.

The calculated ratio between the
output of the ferrite rod aerial unit and
that of a N/2 dipole is —11dB. Little
improvement can be made to the sensi-
tivity of the unit by increasing the
length/diameter ratio of the rod or by
increasing the number of turns on the
rod.
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Incorporation in the receiver

The aerial unit has been substituted for
the whip aerial in a small domestic
portable receiver. The receiver tuning is
performed with a mechanically variable
capacitor that is unsuited for direct
coupling to the aerial unit tuning
control. Purely for experimental purpo-
ses a separate potentiometer tuning
control has been used, and a meter,
indicating the receiver a.g.c. level, has
been added so that the user can tune the
aerial unit for maximum signal and
correct r.f. alignment. In a properly
designed receiver the use of varicap
diodes for all circuits can provide
ganged tuning in a simple way, and no
tuning complication arises.

At present nearly all European v.h.f.
transmitters radiatet a horizontal
electric field component; although it
may be weaker than the vertical field
component near the ground for the few
stations which radiate a vertical
component additionally (slant, circular
or mixed polarizations), the horizontal
field component is always present. The
ferrite rod has therefore been set with
its axis vertical to give maximum signal
pick-up for horizontally polarised
signals.

An idea of the receiver performance
with the ferrite rod unit can be obtained
from Fig 3. This shows the measured
signal-to-noise radio with the receiver
placed in a known field strength. (The
measurements were unweighted in the
band 0-15kHz when the reference signal
was a 400Hz tone at 22.5kHz peak
deviation.) )

The performance at low signal
strengths is limited by the noise
generated in the tuned circuit loss
resistance. Calculation shows that the
Johnson noise voltage equals the
available signal when the field strength
is 20uV/m. The performance of the
receiver with the ferrite rod aerial was
similar to that when used with its own
whip aerial. This may seem somewhat
surprising in view of the estimated ratio
between the output of the ferrite unit
and a \/2 dipole output, but it can
probably be attributed to the fact that
the whip aerial will not be very efficient
when untuned, using a small chassis as
a counterpoise.

Although the main reason for this
work has been to eliminate the whip
aerial from the receiver, it is possible
that it should be retained and positioned
in the receiver near the ferrite rod, so
that under difficult reception conditions
it can be extended and oriented to
enhance the signal induced in the ferrite
rod.

Some further development would be
necessary to incorporate a simple
control, tuning both aerial unit and the

+The main exception is Radio Telefis Eireann of
Eire which makes systematic use of vertical
polarization. In the United Kingdom. one low
power local radio relay station serving parts of
Derby also radiates with vertical polarization only.
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Fig. 2. The complete ferrite uerial unit
mownted on a printed circuit board.
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Fig. 3. Receiver signal-to-noise output
vs. field strength level.

receiver togéther. For receivers using
varicap diode tuning throughout this
should not be unduly difficult.

It is hoped that this idea will be taken
up and developed by industry as a
means of providing a vital improvement
in portable receivers that could help to
increase the popularity of listening on
v.h.f.
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Books Receivdj

Problems and Solutions in Logic Design, by
D. Zissos, is the source book for our current
series of articles on logic design. The book is
written with the needs of teachers and
students in mind, but is also for engineers
looking for a reliable and economical method
of design. No engineering or other specia-
lized knowledge is assumed: the procedure is
simply set out as (&) draw a flow-chart, (b)
derive logic equations and (c) draw the
circuit. A potential reader will be considera-
bly heartened by the author’s statement in
the preface that “all our circuits work!” The
book is published by the Oxford University
Press at £1.75 in paperback form. A hardback
version is available.

Television Video Transmission Measure-
ments, Published by Marconi Instruments
and written by the former head of the BBC
Measurements Systems Laboratory, this
book is firmly based on much practical
experience. Techniques described are not
given a gloss of perfection and difficult areas
glossed over; where problems exist, they are
discussed. Essentially, this is a practical
treatment of video measurements.

A description of the manner in which
picture quality can be assessed is followed by
a chapter on the measurement of signal level.
Distortion in the signal path and noise are
well covered, as are the effects and measure-
ment of return loss. The use of insertion test
signals is discussed, with descriptions of
national and international test signals and
methods of measurement. The effects of
distortion contributions from all the ele-
ments in a PAL transmission path are
estimated in an appendix and there is a
reference list of picture impairments. De-
partment 345, Marconi Instruments Ltd,
Longacres, St Albans, Herts, pp.113, £7.50.
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News of
the Month

Computer links for the

battlefield

p——————————— ——
The Ministry of Defence is evaluating
what is claimed to be the first effective
computerised field command and con-
trol system. Changes in command and
field dispositions now relayed by secure
telephone links will, when the system
becomes operational, be disseminated
automatically from terminals at corps
and divisional headquarters, forward
positions and step-up units to all other
points in the network.

The contract for the pilot scheme,
which will end with user trials by the
British Army of the Rhine early next
year, is worth £2 million to the radar
division of Plessey Electronic Systems.
The original requirement for Wavell, as
the automatic data processing project is
code-named, was accepted by the Army
Combat Development Committee in
1975 and, if the field trials prove
successful, the system is expected to
come into service in the early 1980s.
Preliminary studies took place as long
ago as 1970. .

At the moment much of the time of
staffs at each level of command involves
logging, sifting, collating, recording and
passing on information over the Bruin
telephone network. Bruin is a secure
six channel trunk network capable of a
total t.d.m. data rate of 250kbit/s.
The army estimate that over half of the
divisional operational staff time on the
Bruin system is spent disseminating,
confirming and handling location infor-
mation, and although Wavell will be
used in the future for a much greater
range of data, as a first step its use will
be confined to sending location infor-
mation automatically according to
predetermined instructions. Eventually
the computer will up-date maps auto-
matically.

Bruin hasbeen in operation since 1967
and, according to one army source, is
currently “chock-a-block”. A lot of calls
are made to check that the system itself
is working, so that although one of the
channels has to be made switchable to
Wavell, the elimination of such sys-
tem-checking calls, together with the

availability of the other five channels,
should reduce the traffic load on the
system. The army say the combined
communications system will be more
efficient, increasing the speed of disse-
mination to match the greater mobility
of troops and enabling staff to deal with
the greater volume of information both
from normal sources and those they
refer to mysteriously as ‘“improved
surveillance techniques”. Bruin is near-
ing the end of its useful life and will be
replaced eventually with Ptarmigan,
which will be built around the Plessey
PP250 processor.

The difficulties of using computers in
the battlefield before have centred
around the hostile conditions in which
they haveto work. Besides the problems
caused by throwing or building nor-
mally delicate disc hardware into trucks
and jeeps, they have to be able to
operate in high temperature and humi-
dity, and to respond even when used by
soldiers under battle stress. They must
be demountable, for use in barns and so
on, and must tolerate poor power
supplies. Yet withal the army’s policy is
to buy readily-available commercial
équipment, use it, and develop it as the
system becomes more familiar. They
argue that this is more cost-effective.

This does have a bonus for the
suppliers in that it avoids their having to
make specials for the MoD and pro-
vides, or should do, a product which can
be readily sold abroad. In this case the
army is helping Plessey to find markets
abroad, particularly since a Nato pro-
ject on a joint communications system
collapsed some years ago and the
Americans have not so far produced
their battlefield automatic data pro-
cessing system. Wavell is already being
looked at “very carefully” by our Nato
allies, say Plessey, “and we hope it’s to
be adopted as a Nato standard.” It
could easily be changed to meet the
needs of other armies; each potential
customer’s application “would be treat-
ed on its merits”".

Swindon cable station
near closing

Unless “substantial” funds are forth-
coming in the near future, Swindon
Viewpoint, one of the only two remain-
ing cable tv stations, will close by the
end of September. A statement issued
after a board meeting on July 1 said that
the station was short by £7,500 of
£23,500 promised to the station, includ-
ing £2,000 from Thamesdown Borough
Council. Much of the pledged cash
depended on Swindon reaching its
£65,500 complete operating budget. “It
is possible,” said the statement, “that
further finance may come from the
voluntary services unit of the Home
Office, and from the Gulbenkian
Foundation — and further, in a full year
Swindon Viewpoint can earn about
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£6,000 from advertising, hire of facilities
and video programmes for industry.” A
year ago Swindon Viewpoint said they
could definitely continue for three more
years. (WW, October 76, p.44).

CEl inquiry to be
““experimental’’

Sir Monty Finniston is to chair a
Committee of Inquiry into the engi-
neering profession, the Industry Secre-
tary, Mr Eric Varley, announced in the
House of Commons on July 5. The terms
of reference are to review, in the light of
national economic needs: the require-
ments of British manufacturing indust-
ry for professional and technician
engineers, the extent to which those
needs are being met, and the use
industry makes of engineers; the role of
the engineering institutions in relation
to the education and qualification of
professional and technician engineers;
the advantages and disadvantages of
statutory registration and licensing of
UK engineers; and the arrangements in
other countries, particularly the EEC,
for handling these problems.

The terms of reference are very
similar to those suggested to Mr Varley
in a joint letter from the IEE and
IMechE at the end of January, though
there is not a specific reference to the
CEIl. (See WW April 77, p.53 and June
77, p.39).

Mr Varley's statement in the Com-
mons was in response to a question
from Mr Arthur Palmer, chairman of the’
Commons Select Committee on Science
and Technology, who has led the fight
to get an inquiry set up. Mr Palmer, who
represents the Electrical, Electronic,
Telecommunication & Plumbing union,
told Wireless World: “The terms of
reference are broadly as [ suggested. As
I see it this is an inquiry into the
electrical engineering profession, the
part it should play in the life of the
nation, and engineers’ status — their pay
will come into it because I don't see how
you can avoid it — and the particular
problems of engineers.” He thought
there should be statutory registration of
engineers since, at the moment, an
engineer could cease to be chartered if
he forgot to pay an annual subscription
to one of the institutions. The
registration of engineers would overco-
me that, and an engineer would be free
to join an institution if he wanted.

Some confusion has been caused by
the inclusion of the words “to review for
manufacturing industry”. Sir Monty
Finniston told Wireless World, how-
ever, that the phrase was used because
manufacturing was an essential ele-
ment in the industrial strategy, as well
as “the major base from which the
economy would develop.” The scope of
the enquiry had to be limited: “You
would need infinite time if you were to
examine everything.”

Asked what he thought the inquiry,
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which he hopes will report to the
Industry Secretary by the end of 1978,
would achieve, Sir Monty said: “Engin-
eers are a very important and essential
element of the industrial strategy by
which the country hopes to regenerate
its industrial life and its economy. 1 hope
engineers will be reorganised so that
they will be able to meet the demands
made on them in the future. I hope they
will gain a more collective voice in their
own fields of interest, a new sense of
status, and a greater sense of
responsibility, and accountability, to
the community at large as well as the
industrial community.”

It would be conducted openly,
receiving written submissions and
interviewing individuals, groups and
institutions. “l also want to try some
experiments, things that haven’t been
tried before at these inquiries.” He
could not say what they were until they
had been agreed elsewhere.

“We are a nation of engineers... We
are experts if only we could organise
ourselves to give of our best. The
profession has been denigrated, but the
British engineer is a man of high quality
and should be regarded as such. But he
has got to work forit.”

Remote software

As teletext decoders become more
widespread an increasing number of
people are seeking to use them other
than to receive ORACLE or CEEFAX.
One very interesting idea (writes John
Hedger of the Independent Television
Companies Association) is called
Telesoftware, or ‘“software at a
distance”. The technique enables the
transmission of computer programs in
object code form via teletext. The
program, which is transmitted using
normal teletext characters, is stored
after receipt in the decoder RAM. This
memory can be accessed by a micro-
processor, so forming quite a powerful
stand-alone computer: the teletext
keypad provides input and commands
and the television screen becomes a
video display unit. The applications of
the microprocessor are limited only by
the range of software transmitted and,
of course, its own processing capacity.

With a number of decoder manufac-
turers already basing their decoders on
a microprocessor, Telesoftware could
be an inexpensive vet efficient way of
extending the uses of an expensiveitem,
provided, of course, the broadcasters
agree to transmit the software.

ITCA made some experimental
software transmissions using ORACLE
in February. They consisted of a simple
demonstration program and a bootstrap
loader written in the instruction set of
the 2650 microprocessor. The software
was written by Telesoftware's inventor,
Wwill Overington, who sees a big future
in it.

He would eventually like to see

A Bell Labs scientist silhouetted against
Bell’s new millimetre-wave aerial. This
sensitive radio antenna is being used,
according to Bell, to study “the highest
frequency signals ever continuously
beamed down to earth from orbiting
satellites.” The experiments will help
tell if these higher frequency signals,
from two satellites transmitting at 19
and 28GHz, could be used reliably for
future satellite systems. A third
satellite will join them in May next
year.

Telesoftware being broadcast by
ATS6-style satellite to developing
countries where its computing power
could be used in community groups for
such purposes as computing sterilisa-
tion processes for community food
canneries. A special feature of the
design is the ability to condition a
standard terminal to display informa-
tion in languages using non-roman
character founts by means of software.

But perhaps the most marketable use
for Telesoftware might be in video
games. With the present boom in sales
of these plug-in tv extras, a manufactu-
rer in the USA has already developed a
programinable version of video games.
In this device, ROMs containing the
programmes for individual games are
housed in plastic cassettes, which are
simply inserted into the machine.
However, these ROMs are expensive to
produce and a much cheaper alternative
would be to send the program for the
game via teletext. In this way broad-
casters could send a variety of games,
changing them each week. They could
even transmit a weekly chess problem
into the heart of the games unit.

IBA 3-channel surround
sound ‘‘milestone’’

IBA engineers have made a significant
step forward in demonstrating the
feasibility of a surround-sound broad-
cast system using a narrow-band third
channel. They have shown that the
bandwidth of a third channel in the
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NRDC 45] system can be reduced to
around 2kHz without significant loss in
surround-sound realism. Tests on an
initial batch of 20 stereo receivers
showed that distortion due to addition
of a 2kHz quadrature-phased third
signal about the subcarrier frequency is
not noticeable on program when its
level is reduced to —7dB (though it is
noticeable with pure-tone signals). “We
are now able to see where we are going
in the future” said T. S. Robson, deputy
director of engineering, at a press open
day. “We have reached a milestone
point in surround-sound.”

Sufficient theoretical and laboratory
work has been done in the last year or so
at the IBA Engineering Centre,
Winchester, that it is now possible to
formulate a tentative proposal for a
surround broadcast system based on a
two-channel coding similar to H or 45J
but with a third channel of narrow
bandwidth added in quadrature to the
difference signal in the manner of 45JT
proposals. Even if a two-channel system
were to be adopted initially, the IBA
view is that it should be capable of
expansion into such a “2%”-channel
type of system. IBA engineers say that
the “undoubted merits of the 45] system
must not be neglected” whilst pointing
out that it is highly desirable that the
same system should be used widely, not
only by broadcasters but also by the
recording companies.

Before a formal proposal can be
formulated and put to interested parties
it is necessary to ‘“optimize the com-
promise” according to F. H. Wise, head
of network and service planning and
IBA representative on EBU Working
Party ‘S’. For, although a lot has been
learned in the last few years and enough
is probably known about the compro-
mises to be made in two-channel
systems, 2%-channel systems now
appear to be feasible and it is necessary
to take stock and think again. IBA
engineer lan Collins says, “45J is
somewhere near optimum but some
refinement is probably desirable” -
extra work on stereo compatibility is
planned if the Authority decide to
continue work in this area. “We'd like to
see some further tests, later this year, to
explore what the (centre front) phase
angle should be,” Fred Wise told
Wireless World and he feels it likely to
be in the region of 35 to 40°. Further
work would also test more models of
stereo receiver and the effects of
reducing the bandwidth of the third
channel to 1.5kHz, and would include a
comprehensive series of pilot transmis-
sions in various formats, probably
making use of the two London v.h.f.
transmitters.

There is a marked difference of
opinion between the BBC and IBA over
the feasibility of a three-channel sys-
tem. The BBC have consistently set
themselves against the idea, claiming
that it would produce an unacceptable
worsening of signal-to-noise ratio. They
used a wider bandwidth, but never
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published their evidence, and it was not
clear how detailed were their
investigations into effects of bandwidth
restriction. “We’re not convinced of the
interpretation of results of the BBC's
three-channel studies” commented one
engineer. For a 2kHz third-channel
bandwidth, at a level of —10dB, the loss
in signal-to-noise-ratio , for stereo
reception is 0.2dB (worst case azimuth),
according to IBA calculations, and the
resultant loss of service area would be
insignificant. This rises to 0.5dB at
—6dB level for 2kHz bandwidth, the
figure quoted in our February story
(page 43) and which a BBC spokesman
subsequently rejected. Signal-to-noise
ratio for 2'%-channel reception relative
to that for stereo would be —4.4dB
unweighted, or —1.4dB C.C.L.R.-
weighted (worst case azimuth).

One advantage of the J system in
practice is that the effect of cross
modulation in the receiver would be a
symmetric reduction of stereo stage
width, which would be difficult to
detect. Other codings would give rise to
an asymmetric effect called image
“slewing” which would be more notice-
able.

Call for British FCC

Most communication users and manu-
facturers in the UK “feel that the
administration and control of fre-
quencies, which is under the political
control of the Home Office and the
Home Secretary, is unsatisfactory,”
according to Air Call Ltd, who supply
car telephone answering services. In a
statement commenting on the Annan
Committee’s report on broadcasting,
Air Call says “Small or independent
users cannot do anything to put right
the many things that are wrong with
the control of frequencies. For instance,
radio links fill up the mobile bands,
defence and marine allocations are
much greater than required, channel
widths vary and agencies such as the
BBC and the police use frequencies
incorrectly allocated or commandeered
in the wrong parts of the spectrum.” It
was an advantage of the independent
agency, as exemplified by the FCC in
Washington, that “all the hearings are
in public and ‘John Citizen’ is supreme
instead of having a hidden political man
in charge who may be motivated by
reasons that are quite outside the public
interest”.

Air Call suggest the setting up of a
Royal Communications Commission
which would not have any control over
the broadcasting authorities but would
be responsible only for the regulation of
frequencies, channel usage, interfer-
ence and so on.

“We want the same sort of legal
processes asthe FCC. . .Itisextremely
undesirable that the Minister in the

form of the Home Office should be
going to the next world conference on
frequency allocation without the real
power and responsibility for talking for
the whole nation. What we require is a
non-political, permanent body which
can speak for Britain in this conferen-
ce.”

Carter: “'End the
PO monopoly”’

The Post Office has fallen well behind
other countries, particularly America,
in taking advantage of new telecom-
munications technology and should, if
necessary, buy a foreign stored pro-
gramme control design to add to TXE4,
says the Carter committee on the Post
Office. The cost of supplying the
telecommunications service is higher
than it should be, says the committee,
partly because Britain has fallen behind
in the installation of economically
maintained systems.

The committee visited the United
States and report that the stored
programme control network in use
there since last year has reduced
maintenance by half, doubled the
productivity of the remaining staff
because of centralised maintenance,
reduced installation cost and time,
decreased capital costs dramatically,
improved traffic measurement and
management information, and eased
the sending of more accurate bills. As a
result, Bell Telephones have been able
to reduce surplus capacity to a
minimum, and introduced a number of
new services to customers.

By contrast, although there have
been two experimental s.p.c. exchanges,
not one is in regular use in the British
Post Office network. “The Post Office
has told us that the development of
s.p.c. for the new exchange TXE4 was
considered in the late 1960s but rejected
because the estimated cost and the risk
of delay associated with its develop-
ment were too high. However right that
decision appeared at the time, the
unmistakable consequence is that the
Post Office and the British telecom-
munications industry have no opera-
tionally proven s.p.c. system available
either for use at home or for export,
whilst their main competitors abroad
have this desirable product available
and are five or six years ahead of them
in the world league. This may not seem
a serious matter to the Post Office,
because TXE4 may satisfy its opera-
tional requirements for some years to
come, nor are the advantages forgone
readily apparent to its captive
customers. It is, however, a very serious
matter for the prosperity of the major
suppliers in the United Kingdom and for
British exports of telecommunications
equipment.”

The committee adds that regardless
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of the improvement offered by TXE4A
“without full s.p.c. we will be building a
considerable long term disadvantage
into the telephone system ...” The
question should be re-examined and the
possibility of introducing a proven
design of full s.p.c. through licensing
from a foreign manufacturer consi-
dered.

The committee found the manage-
.ment of the System X project “a major
cause for worry.” When, in six years’
time, the first generation of the new
technology appears in the UK, it will
have to compete with the second
-generation of foreign control equip-
ment. (See “Telephones and new tech-
nology,” p.71.)

Above all, the project must be com-
pleted on time, yet the Post Office
appears to feel no' urgency about
developing System X, “indeed the Post
Office has yet to make any firm
commitment to its eventual purchase.”
Added to that uncertainty, the required
close co-operation between all three
suppliers and the Corporation is inhi-
bited by mutual suspicion among the
suppliers and bureaucracy at the Post
Office: “This project is falling behind
schedule, retarded by a complex appar-
atus of committees and discussions.”

On the Post Office equipment
monopoly the committee says: “Exper-
ience in the United States of America
seems to have shown that it is feasible
to establish workable rules and condi-
tions for subscribers to connect their
own terminal equipment to the
telephone lines without endangering
the network ... We are therefore not
convinced that the balance of advan-
tage to the community favours the
continuation of the present monopoly
situation in the United Kingdom.” They
recommend a trial of privately supplied
equipment but at first of only one type
of apparatus, such as a small private
automatic branch exchange.

New energy adviser: Sir Hermann
Bondi, Defence Ministry chief scientist,
‘ has moved to the Energy Department.
The July 28 announcement follows the
abrupt departure of Dr Walter Marshall
from Energy a month earlier, partly
because of a conflict of interest. (WW,
Dec 76, p.76). According to the Energy
Department, Secretary Tony Benn
wanted a full time chief scientist —
Marshall had been only part-time — and
it is believed Benn could not have
promoted him to the post without
presenting a public rebuff to Marshall’s
boss at the United Kingdom Atomic
Energy Authority, Sir John Hill, who
advises the department on nuclear
matters.
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Using a microprocessor

2 — Hardware and prdgramming

by J. Skinner, Leafields Engineering Ltd

At the.end of the first part of the article,
the flow chart had been derived.
Consquently, the designer is now able
to develop the programme and translate
his thoughts into hardware.

Programming

In the completed programme, each
instruction is denoted by a mnemonic
and a binary machine-code word. The
binary coding is used by the micropro-
cessor and programmed instructions
must end up in this form, but the
procession of ones and zeros is not the
easiest way to see what is happening. It
is common, therefore, to use the mne-
monic form of the instruction for
juggling about with a programme and
to convert it into machine code later,
with the aid of the instruction-set table.
Assembler programmes will, when run
on a microprocessor, convert mnemon-
ic codes into machine codes. The
abbreviated instruction set for the 8080
is shown in Table 1.

Points to bear in mind when tackling
the programme include the way in
which each instruction is handled by
the c.p.u. Two or three bytes are needed
to carry out each instruction and this
fact must be taken into account to
preserve the logical sequence. The
programme is held in memory in a
sequence in which the step number is
the actual memory address, so that the
order of addressing the memory by the
c.p.u. is vital.

1/0. The simplest way of selecting the
170 block required for a particular
function is to use binary code (1, 2, 4, 8,
16, etc.) which can be produced auto-
matically by the c.p.u. This binary code
can be read into the c.p.u. in the
ordinary way as data and transferred to
the address lines when needed. In this
way, each address line calls up a
separate 1/0 block, as in Fig. 4 of part 1.

Jump instructions. Instructions which
call for the programme to jump consist
of three bytes, the second and third of
which are the least significant and most
significant bits respectively of the
address to which the programme is to
jump.
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Table 1. Abbreviated instruction set for the 8080, showing only those instructions used in the

programme discussed.

M b M code M code (hex) Function
MVI, A 00111110 3E

ouT 11010011 D3 Output
E1 1111101 FB

HLT 01110110 76 Halt
MVI, D 00010110 16

MOVA, D 01111010 7A

Load accumulator
Enable interrupt

Store in register D

Move data from register D 10 accumulator (A)

IN 11011011 [s]:] Input

AND with data in accumulator immediately

Bits generated to perform AND function in text of article Not part

of instruction set

ANI 11100110 E6
FO 11110000 FO
RRC 00001111 OF
CMPL 10111101 BD
JM 11111010 FA
DCRD 00010101 15
JNC 11010010 D2
DI 11110011 F3
JMmP 11000011 Cc3

Shift accumulator night

Compare the content of L with content of accumulator
Jump if result of last operation 1s minus quantity
Decrement or count down content of register D

I the relevant “'flag’’ 1s zero. JUMp "(Jump on no carry)
Disable interrupt

Jump to assigned address uncondrtionally

Register code Register lettar

000 B
001 C
010 o}
011 (5
100 H
101 L
110 Memory

1 Accumulator

Rotation. The data held in the accumu-
lator can be shifted to the right or left.
As it moves out of the register, the data
will be lost unless it is fed back to the
beginning, in which case eight shifts
will return an 8-bit register to its
ordinary state. This process is termed
“rotation” for obvious reasons. A bit
shifted out of the register can be tested
for a value of 1 or 0 and a condition
“flag” signal set or reset. For example,
at address 52 (34 in hexadecimal or
00110100 in binary) the contents of the
control valve register E have been

transferred to the accumulator, rotated |

right and transferred back to E. If the
flag bit is zero, the programme is to
jump to the next control line address.

Initializing. [t may be necessary, as in
this programme, to see that the output
ports are in the correct condition, since
the reset function of the 8080 (wired) is
only concerned with the programme
counter; ¢.p.u. registers must be set to
their initial conditions. Immediately on
switching on, therefore, the accumula-
tor and valve controls are set to zero.
Since the programme has now started,

www americanradiohistorv com

it must be haited and an interrupt start
signal awaited for the main part of the
programme to continue.

Coding. It is common to translate the
pure binary of the machine code into
hexadecimal for ease of handling. The
code is shown in Table 2 for those who
are unfamiliar with it. For example,

Table 2. Decimal, binary and hexadecimal -
equivalents.

decimal binary haxadecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5] 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
10 1010 A
AR 1011 B
W2 1100 ©
13 1101 D
14 1110 E
15 111 F
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using the eight-bit word of the 8080, the
instruction to read in data is ‘IN’
(mnemonic), 11011011 (binary), DB
(hexadecimal). '

Programme. The final form of the
programme is seen in Table 3, in which
the hex. code is used for the programme
address and machine-language instruc-
tions, for which mnemonics are also
given. Incidentally, the division of the
eight-bit machine code into two four-bit
words, each being given a hex. code,
does not mean that this is how the code
is made up. In the MOV instructions, for
example, the first two bits are always 01,
followed by two, three-bit addresses for
destination and source of the data to be
moved. Register B has the code 000 and
register D is coded 010; as in Table 2, so
that the instruction “Move the contents
of register B to register D” would be
coded 01 010 000, which can be grouped
0101 0000, translating into hex. code as
50.

Use of r.a.m. Where the data storage
provided in c.p.u. is not sufficient, extra
capacity in the form of r.a.m. may be
included, as shown in Fig. 1. The
memory element is coupled to address
data-bus lines in exactly the same way
as the r.o.m. and 170 elements, but an
additional control function has to be
provided in order to distinguish
between the r.o.m. amd r.a.m. elements
in the read mode. Usually, there are
spare address lines available and these
can be used to control the memory
elements via the chip-select (CS) func-
tion provided. Thus if A0-A7 are used
for normal addressing for 8-bit,
256-word r.o.m. and r.a.m. A8 can be
used to supply CS for r.a.m. For the
r.o.m. it is necessary to invert A8 and
gate with memory read (MR). Instruc-
tions involving r.a.m. must then include
an address code starting at 2°, A similar
technique starting at higher addresses
may be used where a larger r.o.m. is
required. If insufficient address lines are
available for this technique to be used,
address decoding must be used, follow-
ing the same general philosophy.

A technique known as ‘“memory
mapping” is described in the INTEL
users manual. This technique treats the
I/0 elements as part of the memory
array, selection being via the appro-
priate address code. This has the
advantage of allowing direct transfer of
data between 1/0 and registers of
memory, without data having to be
routed through the accumulator.

Hardware.

The complete system, used for develop-
ing and proving the programme
described above, is shown in Fig. 1, with
a glossary in Table 4. Although r.a.m.
was not required for this application, it
has been included so as to be available
for future use. This configuration will,
we hope, prove to be universal. There
are several proprietary m.p.u. systems
now available in p.c. form, although
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Table 3. Complete programme
Address Mach. Code Mnemonic Function
(Hx) (Hx ) .
. 0 3E MVI. A Set accum
1 00 0 =0
2 D3 ouT Output ‘O’ 10 valve controls
3} 08 8 {I/0 block address = 8)
4 FB El Enable interrupt
5 76 HLT Halt (and await interrupt start signal)
6 03 ouT Qutput "0’ to card select column and complete flag
7 10 16 {I/0 block address = 16)
8 16 MvI. D Store number of card columns to be read in register ‘D’
9 07 7 {0t 7)
A 1E MVI, E Store number of valves to be processed in register E
B 80 80H (O to 7 n binary) a
C 7A MOVA. D transfer from register O 1o select
o D3 ouTt next card column
E 10 16 1/0 address
F DB IN Fetch card m s.b. data from
10 01 1 1/0 address 1
1 67 MOVH. A Store card m.s.b. data in register ‘H’
12 o] IN Fetch card |.5.b. data and d.v.m. I.5.b. data
13 02 2 from 1/0 address 2
14 E6 ANI Blank off d.v.m. I.s.b. (This is the AND function
15 FO FO referred to 1n part 1 of the article.)
16 OF RRC
:; 8£ ::g Shift right 4 umes
19 OF RRC
1A 6F MOVL. A Store card I.s b. data in register 'L’
18 78 MOVA, E Transfer data from register E to
1C 03 ouT select next valve
1D 08 8 1/0 address
1E DB IN Fetch card I.s.b. and d.v.m. |.s.b. data
1F 02 2 from |/0 address 2
20 E6 ANI Blank off card | s b (The AND function )
21 OF OF
22 BD CMPL Subtract card | s.b. fromd v.m 1s.b
23 FA JM Return to Fetch f result negative
24 1E Is.b jump address
25 00 m s.b. jump address
26 oB IN Fetch d.v.m. m.s.b. data
27 04 4 1/0 address 4
28 BC CMPH Subtractcard ms b fromdvm msb
29 FA JM Return to fetch if result negative
2A 26 I's b. jump address
28 00 m.s.b. jump address
2C 3E MVI. A Set accum. 1o
20 00 0 =0
2E 03 out Output ‘0’ to control valves
2F 08 8 1/0 address
30 15 DCRD Count down card column select register
31 78 MVA. E
32 OF RRC Count down control valve select register
33 5F MOVE. A
34 02 JNC It flag 1s zero. return and select next
35 7A C control ine | s b. jump address
36 00 m s b jump address
37 3E MVI A
38 08 8H g fla
39 03 ouT Output signal to ‘complete flag
3A 10 16
38 F3 DI Disable interrupt
3C cs JMp Return to start
30 00 I's.b. jump address
3E 00 m s.b jump address

none has yet been seen with the 170

structure as described in this article,

most of the products being best suited
to data-transmission applications. It is
appreciated that most of the interface
elements, such as the universal,
asynchronous, receiver-transmitter
(uart) and programmable  peri-
pheral interface (p.p.i.) could be used in
the system of Fig. 1; but they are
unnessarily complicated and more
expensive that the simple device
described (actually, little more than an
8-bit latch). Most of the system com-
ponents have already been described
but some additional comments may be
helpful.

System control. This is a single element

provided by Intel for decoding and
synchronizing the control bus. A bi-
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directional data bus driver is included,
as is isolation of memory and 1/0
controls.

1/0. The Intel 8212 element is used, as
mentioned above, for sheer simplicity. It
is basically an 8-bit latch with 3-state

. output for bus operation. A mode

control enables either input or output
function to be selected. In the system of
Fig. 1, this is determined by a wired
link, but could also be programmed by
the c.p.u. Interrupt and clear facilities
are provided, these not being required in
this application.

R.a.m. 8 bits X 256 words of storage are
provided in the form of 2, 4-bit, 256-word |
elements. The two sets of four data bits
appear side by side to form the 8-bit data
word. Addresses are common to both
elements. Gating for r.a.m./r.o.m.
selection is provided by a single 7400.
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Pro.m. An 8 X 256-bit p.r.o.m. is
shown, whose size can easily be
increased, since there are spare address
lines available. A r.a.m. was used for this
function during development, a plug-in
version simulating the 8702 p.r.o.m.
being purchased. This could be con-
structed very easily and cheaply but,
since we were more interested in
developing the m.p.u. technique than
developing a r.o.m. simulator, we
decided to buy one. The simulator is
provided with hex. coded programme
and address thumbwheels and binary
display of the data which, apart from its
usefulness for programming, we found
useful during programme check out.

R.a.m. and r.o.m. speed. The 8080 c.p.u.
is designed to operate with memory
components having an access time of
approximately 450-550ns, although
times of up (0 850ns are suggested as
being suitable. Cost is, of course, related
to speed and many users will wish to use
the slower devices — the 8702 for
example has a maximum access time of
1.3us. Provision for slower devices can
be made by controlling the “ready”
input to the c.p.u. (the clock controller
in this example). One or more clock
periods are used to provide a “wait”
state suited to the access time of the
memory system used. The two func-
tions of 850ns memory access and
single-step drive are incorporated in the
complete system of Fig. 1.

De-bugging. Faults are of two kinds —
hardware and software. Monitoring the
data lines enables the programme
sequence to be verified, and address-line

Fig. 1. The complete circuit of a universal
microprocessor. The three modules at the
lower left form the 850ns memory access
(right and left i.cs) and a single-step
function (centre and right i.cs).

monitoring can also be useful, while
buffered l.e.ds plugged into a spare
socket or even wired in permanently
will prove invaluable even to the
experienced. Checking correct opera-
tion of all components, with the excep-
tion of the c.p.u. is straightforward. The
c.p.u. can prove difficult to test because
of its high operation speed and also
because of its complexity. Fault finding
equipment is costly and substitution is
the usual way out.

P.r.o.m. protection. Intel mention in
their Memory Design Handbook the
need to protect p-type p.r.o.m. data
inputs from the negative levels pro-
ducedonthedatabusbyann-typer.a.m.
The 8702 p.r.o.m. is a p-type and the 8101
r.a.m. is an n-type so that protection
should be provided in order to avoid
damaging the p.r.o.m. All that is
required is the inclusion of a series
limiting resistor of 2508 and shunt
diode, in each of the p.r.o.m. data input
lines.

Conclusion

This is a system which has been tried
and proved. The programme may be
used to prove hardware. It is hoped that
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Table 4. Abbreviations used
diagram.

in system

CE1 Chip enable

R/W Read/write input
oD Output disable

INT Interrupt request
INTA Interrupt acknowledge
HLD  Hold

WR Write output

DBIN Data bus in Signal to system controller that data bus is in
input mode

HLDA  Hold acknowledge Signal mn response to hold signal

STSTB Status strobe

(_:__S Chip select input
DS Device select input
MD Mode

MEMR Memory read

MEMW Memory write

1/0R 1/0 read

1/0 wite

Negated names indicate that the function is active when the
signal is low

the stages in development of both
hardware and software have been dealt
with in sufficient detail for constructors
to proceed with their own designs.
Neither the hardware nor software is
considered to be unique but it is hoped
that it will prove to be applicable to
many future problems.

The author gratefully acknowledges
the assistance of Howard Kornstein of
Intel and the staff of Rapid Recall Ltd.,
in developing the system. Thanks are
also due to K. Sharman who construct-
ed and tested the system and also
developed the single stepping facility.
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Distortion in low-noise amplifiers

Low-noise, low-distortion preamplifier design with

RIAA equalization

by Eric F. Taylor, Electrical Engineering Laboratories, The University, Manchester.

The first part of this article considered
the effects of transistor non-linear-
ities on the distortion performance of
feedback amplifiers. This concluding
part illustrates the practical applica-
tion of some of the low distortion
design principles established, by the
design of a low-noise, low-distortion,
audio preamplifier equalized for use
with a magnetic pickup. With a
nominal output of 100mV for 5mV
input at 1kHz, it has 30dB overload
capability and an harmonic distortion
of 0.005% at all frequencies and all
overload levels.

The primary function of an audio
preamplifier is to raise the input signal
above the system noise level whilst
meeting certain specifications regard-
ing distortion and overload. Nominal
output level should be high enough to
prevent the design of subsequent stages
being compromised by noise considera-
tions but should not be so high as to
severely restrict the overload capability
of the amplifier. A nominal output level
of 100mV is a reasonable compromise
but even so an overload capability of
30dB demands a peak-to-peak output
swing of approximately 9V,

In Part 1 of this article attention to
the non-linearity of the differential gain
of a low-noise amplifier was confined to
the non-linearity of the input stage on
the ground that the output stage could
be made as linear as required by local
feedback. Adopting a similar approach
and assuming that all distortion is
produced by the exponential I-Vg
characteristic of the transistors in the
input stage, allows the minimum
open-loop gain necessary to meet the
distortion specification to be deter-
mined as follows.

The peak output amplitude V. is
determined for the specified overload
capability; in the present design it is
equal to 4.47V for 30dB overload
referred to 100 mV. For a given value of
open-loop amplifier gain A the differen-
tial input voltage to the amplifier isthen
Vo/A and the harmonic distortion can
then be found either from the graph of
Fig. 7 (Part 1) or more conveniently
from the table given in Appendix 3.

Thus if for example the gain A was
equal to 1000, the differential input
signal for 30dB overload would be
4.47mV and the distortion generated by
a single common-emitter stage would
be 4.3%.

It is now necessary to determine the
feedback factor of the amplifier, (1 +
ApB), as distortion in the open loop gain
is reduced by this factor in the closed-
loop configuration.* The feedback
factor is readily determined from the
expression for the closed-loop gain A;.

A A
Af=(1+—AB) (1+AB)=Xf

With RIAA equalization the feedback
factor should be determined for fre-
quencies below 50Hz as the amount of
feedback reaches a minimum at these

*This is not strictly correct because with fre-
quency-dependent feedback all harmonic compon-
ents are not subject to the same attenuation. With
equalization which has a falling gain-frequency
characteristic the distortion will therefore be less
than the calculated value.

frequencies. In the present design the
sensitivity is specified as 100mV output
for a SmV input at 1kHz and therefore
at frequencies below 50Hz the closed-
loop gain of the amplifier will be 200.
From this equation the feedback factor
is therefore equal to 5 and the closed-
loop distortion will be 4.3/5=0.86%.
Repeating these calculations enables
the distortion to be plotted as a function
of the open-loop gain and this has been
done in Fig 8 for a single transistor
stage and a two transistor long-tailed
pair stage in which the collector
currents are matched to within 5%.
With the single transistor input stage an
open-loop gain of at least 9500 is
required to meet the 0.01% distortion
specification whereas with the two
transistor long-tailed pair input stage
the open-loop gain need only be 1500.
The open-loop gain also needs to be
sufficient for the closed-loop gain to be

Fig. 8 Calculated distortion due to
input stage of preamplifier as a
function of open-loop gain.
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closely defined as a function of fre-
quency according to the RIAA equali-
zation characteristic. At frequencies
below 50Hz a closed-loop gain of 200 is
required and an open-loop gain of 2000
would give an acceptable 20dB of
negative feedback.

With a long-tailed pair input stage the
minimum open-loop gain is therefore
dictated by feedback requirements and
should be approximately 2000, whereas
with a single transistor input stage the
open-loop gain is dictated by the
distortion specification .and should
exceed 9500.

The input stage

The superior distortion performance
of the long-tailed pair input stage
compared to the single transistor input
stage has been established beyond
question. The signal-to-noise ratio of a
long-tailed pair input stage is of course
inferior to that of a single transistor
input stage, but as shown in Appendix 4
the deterioration in the signal-to-noise
ratio of an amplifier designed for use
with a magnetic pickup is only 0.22 dB.*
There seems to be little reason therefore
for not using the long-tailed pair input
stage unless the ultimate in noise

‘performance is required.

Figure 9 shows the complete circuit
diagram of the preamplifier. The long-
tailed pair input transistors each oper-
ate at a collector current of approxima-
tely 90pA for optimum noise perfor-
mance with a magnetic cartridge input
and the tail current is derived from a
current source to give a good positive
supply rejection ratio and improve the
common-mode performance of the

amplifier. A single-ended output is.

taken from the input stage via a current
mirror, the advantages of this
arrangement being

—the useful gain of the input stage is
doubled

—a good negative supply rejection ratio
is achieved

—the current mirror can be used to
balance the collector currents of the
long-tailed pair.

The importance of balancing the
long-tailed pair stage to obtain opti-
mum distortion performance was
emphasised in the first part of this
article. With 10kQ, 1% resistors in the
current mirror overall negative feed-
back around the preamplifier maintains
the collector currents of Tr2 and Tr3 to
within 5% for up to 25mV mismatch in
Vge of Tr4 and Tr5.

The output stage

The noise contribution of the output
stage of a preamplifier cannot be
ignored but the design is primarily
influenced by the overload capability,
and therefore output voltage swing,
that is required.

*Experimentally it has been found that with 2N5087
transistors the signal-to-noise_ ratio of the long-
tailed pair input stage is approximately 0.6 dB
worse than that of the common-emitter stage.
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Low noise of series feedback
+ high overload of shunt

A low-noise, low-distortion audio
pre-amplifier, equalized for use with a
magnetic pick-up cartridge, has been
developed using low cost, readily
available components. The basic
amplifier can however be considered
as a high performance, 7.5 MHz
unit-gain bandwidth operational
amplifier which can easily be adapted
for other purposes, e.g. different
sensitivities and /or equalization.

Distortion measurements on the
preamplifier have verified much of the
theoretical treatment and have clearly
shown that the distortion performance
of a series feedback amplifier with a
standard input is limited at high audio
frequencies by distortion resuiting
from the common-mode input signal
and the non-linearity of the
common-mode input impedance. The
common-mode input signal can how-
ever, be virtually eliminated by using
an unconventional feedback connec-
tion in which the input signal is
introduced directly in the feedback
path of - the amplifier. With this
connection it is possible to achieve the
low-noise performance of the series
feedback connection with the high

overload capability of the shunt
feedback connection.

At low frequencies the distortion of
a low-noise audio amplifier is domin-
ated by the non-linearity of the
differential-mode gain and ultimate
performance is limited by the expon-
ential relation between collector
current and base-emitter voltage of the
input stage transistor or transistors.
The two-transistor long-tailed pair has
a much more linear transfer charac-
teristic than a single common-emitter
input stage and enables a significant
improvement in distortion perfor-
mance to be achieved with only a
slight deterioration in signal-to-noise
ratio.

The design example shows how
low-distortion design can be treated
quantatively and that it is not difficult,
at least in an audio preamplifier, to
achieve an harmonic distortion of less
than 0.005%. It may be argued that
this level of performance is academic
when other imperfections in an audio
system are considered, but if it has
been achieved at low cost then such
an argument can only conform that
progress at least has been made
towards the ideal preamplifier.

Large voltage swings in any transis-
tor circuit inevitably lead to distortion
because of the effects of base-width
modulation. Even the popular current-
driven common-emitter stage is subject
to this type of distortion, because

Fig. 9. Complete circuit diagram of
RIAA equalized preamplifier. Unused
input must be shorted. Resistors
marked 10RQ* are matched to within
2%. Three of the input resistors should
be metal oxide types.

variations of § with Vg are not insigni-
ficant. A current-driven common-base
configuration would probably be the
most linear single:transistor output
stage because the current gain « is
relatively independent of V.. However
the high output impedance of both the
common-emitter and the common-base
stage make them unsuitable for use as
an output stage in a feedback amplifier
unless the output is buffered to prevent
instability with capacitive loads.

An output stage consisting of at least
two transistors is therefore indicated
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and at this point the use of an opera-
tional amplifier becomes attractive in
terms of cost and performance. An
integrated circuit operational amplifier
with shunt feedback and the output
stage operating in class A is used in the
present design, the advantages of this
arrangement being

—large output swing capability

—low distortion due to local feedback
and class A output

—low output impedance

—virtual earth input minimizes voltage
changes and therefore distortion of
the preamplifier input stage

—optimum feedback configuration for
low-noise amplification of the signal
from the input stage

—the open-loop gain of the pre-Ampli-
fier is well defined.

The operational amplifier used in the
output stage of the preamplifier has to
meet certain large signal voltage swing
and slew rate specifications to operate
satisfactorily under overload condi-
tions. The preamplifier is designed to
give a nominal 100mV r.m.s. output
with a 30dB overload capability which
demands a maximum peak-to-peak
output of approximately 9V. The maxi-
mum slew rate under these conditions
for a sine wave output is calculated as
follows

Vou =V, sin 2zft

dv,
T;’"L= 2ufV, cos 2mft

dVou ,
T max —27Tf‘fn

Evaluated at f = 20kHz for V, = 447V
(30dB overload) this indicates a maxi-
mum slew rate requirement of 0.56
V/ps.

The ubiquitous 741 operational
amplifier is just capable of meeting the
voltage swing and slew rate require-
ments but the LM301 is a much better
alternative at little extra cost. With
feedforward compensation! the LM 301
has a limiting slew rate of 10V/us and a
peak-to-peak voltage swing in excess of
24V at 20kHz. In addition whereas the
741 has a unity-gain bandwidth of 1
MHz, feedforward compensation
extends the unity-gain bandwidth of the
LM301 to 10MHz, a significant
improvement as the loop roll-off
frequency of the preamplifier is a
function of the unity-gain bandwidth.

Little information is available con-
cerning the distortion performance of
general purpose integrated circuit
operational amplifiers. However, Lins-
ley Hood? has obtained figures of less
than 0.02% harmonic distortion at 1V
r.m.s. output with a 741 in a shunt
feedback configuration and measure-
ments by Walker® show that intermo-
dulation distortion in an LM 301 under
similar conditions is less than 0.03%. As
the output stage of the preamplifier is
contained within the overall negative

i
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Fig. 10. Open-loop distortion of the
preamplifier as a function of frequency
and output amplitude.

feedback loop, it would appear that
both of these amplifiers would enable
the 0.01% distortion specification to be
achieved.

Frequency compensation

The low-frequency open-loop gain of

the amplifier is

Ay =~8mR¢

where the mutual conductance of the
input transistors g., is equal to
3.6mA/V with the transistors operating
at a collector current of 90pA. The
high-frequency break point of-the input
stage is calculated to be 12.0MHz and
the h.f. break point of the output stage is
10MHz. Compensating the amplifier for
unity loop gain at 7.5MHz gives a
reasonable stability margin.

It is not necessary for the amplifier to
be compensated for unconditional
closed-loop stability as the feedback
network which defines the equalization
characteristic can be used to attenuate
the loop gain. Thus theresistor R; in the
equalization network (Fig. 9) usefully
extends the frequency at which the loop
gain must be rolled off by the
compensation network to ensure
stability by a factor of two.

The amplifier is compensated by the
capacitor C; in the output stage which
gives a dominant pole in the open-loop
response. The required value of C; is
given by

I 75x10°  2x7.5x10°
2nCiR¢ Ay/2 8mR¢

which gives 38pF. For an open-loop gain
of 2000 R; needs to be 560k (A,/g.,)
and the loop gain then rolls off at
7.5kHz.

It is interesting to note that the value
of C; necessary for stability is a function
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only of the input stage transconduct-
ance and the high frequency attenua-
tion of the loop gain by the feedback
network. If the high frequency atte-
nuation of the feedback network can be
increased, as may be possible for
example in a high-gain equalized
preamplifier, then the value of C; may
be reduced proportionately to maintain
the 7.5 kHz break frequency in the loop
response. It is not recommended that C;
is reduced below 10pF however as the
operational amplifier output stage may
become unstable within its own local
feedback loop.

Resistors R, and R, in series with the
output are used to isolate the LM301
from any load capacitance and prevent
high frequency instability.

Performance

The distortion pertformance of the
amplifier is presented graphically in
Figs 10 & 11. Figure 10 shows the
open-loop distortion of the amplifier as
a function of frequency for several
values of output . voltage. At low
frequencies the distortion corresponds
closely to that predicted for the input
stage. As the frequency is increased
above 1kHz there is a slight reduction in
distortion, probably as a result of the
3.25kHz break frequency in the output
stage (for these measurements the
amplifier was compensated for uncon-
ditional closed-loop stability) which - will
attenuate the predominantly third-
order harmonic distortion components
generated in the long-tailed pair input
stage. Above 5kHz the distortion
increases rapidly with frequency and
must be attributed to the output stage
of the amplifier as distortion generated
in the input stage is independent of
frequency. At 3.0V r.m.s. output
however, corresponding approximately
to 30dB overload, the distortion has
only risen to 0.2% at 20kHz. i

The distortion of the amplifier with

.
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RIAA equalization is shown in Fig. 11.
These characteristics were obtained
using the standard input configuration
and a source impedance equivalent to
that of a 600mH cartridge. At low
frequencies the distortion decreases
with increasing frequency as expected
because of the increase in loop gain of
the amplifier. The distortion reaches a
minimum at 1.5kHz and with a 3V
output (30dB overload) the distortion is
less than 0.001%. Above 2kHz the
distortion increases rapidly with fre-.

quency until at 20kHz the distortion
with a 3V output has risen to 0.1%.

Measurement with the feedback
input connection have shown that the
distortion is less than 0.005% at all
frequencies up to 20kHz and all
overload levels up to 30dB. Unfortuna-
tely it has not been possible to plot any
meaningful distortion characteristics
for the feedback input connection
because of the difficulty in making
reliable distortion measurements below
0.001%.
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Fig. 11. Total harmonic distortion of the
preamplifier, with RIA A equalization,
as a function of frequency for various
output amplitudes for standard input
configuration.

Feedback

+12v. Qv -12V input

Fig. 12. Printed circuit board layout
viewed from component side.
Ready-made and drilled boards will be
available from M. R. Sagin, 23 Keynes
Road, London, NW2.

v Standard
Output
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The maximum output signal ampli-
tude before clipping is 5.6V r.m.s. which
gives a 35dB overioad capability
referred to 100mV.

Signal-to-noise ratio of the preampli-

fier is greater than 75dB ref. SmV at

1kHz for both the standard and
input connection with a
600mH source inductance.

Construction

Figure 12 shows a printed circuit
board layout of the preamplifier and
two amplifiers for stereo operation can
easily be mounted in an Eddystone
7134P die-cast box measuring
111x60x31mm. The printed circuit
board allows for either the standard
input or floating input connection. In
my system the preamplifier is mounted
directly adjacent to the pickup and no
problems with hum or instability have

. been encountered with the floating

input connection.

The power supply is not critical and
the circuit operates satisfactorily with
the positive and negative supplies
derived’ from a simple half-wave
rectifier with Zener stabilization. The
positive and negative supplies should be
capable of providing approximately
10mA.

Acknowledgements. The assistance of
Dr D. A. Edwards with the computer
programming and Mr D. H. Warne with
the design of the printed circuit board is
acknowledged.

Appendix 3 —Total harmonic distortion (%)
of a common emitter and long-tailed pair
transistor stage due to the exponential
relation between collector current and
base-emitter voltage of a transistor. %

Long-tailed pair
5%Mis 10%Mis
match match

Ampli- Single
tude trans- 0%Mis-
(mV) istor match

0.1 00967 00000312 0.00242 0.00484

0.2 0.193 0.000125 0.00484 0.00967
03 0290 0.00218 0.00726 0.0145
0.4 0387 0.000499 0.00968 0.0194
05 0484  0.000780 0.0121  0.0242
06 0580 0.00112 0.0146  0.0290
0.7 0677 0.00153 0.0170  0.0339
08 0774 0.00200 0.0194 0.0387
09 0870 0.00253 0.0219  0.0435
1.0 0967 0.00312 0.0244 0.0485
20 193 0.0125 0.0499  0.0975
3.0 290 0.0280 0.0777 0.148
40 3.87 0.0498 0.109 0.199
50 483 0.0778 0.143 0.253
60 579 0.112 0.182 0.309
70 6.76 0.152 0.226 0.368
80 7.72 0.198 0.276 0.431
9.0 868 0.251 0.330 0.497
10.0 9.63 0.309 0.390 0.566
11.0 10.6 0.373 0.455 0.640
120 115 0.443 0.526 0.718
13.0 125 0.519 0.602 0.800
140 134 0.600 0.683 0.887
150 14.4 0.687 0.770 0.978

Note. % mismatch for the long-tailed pair
stage is defined by 2(I¢—Ic) / e+ 1D,
where I, and I, are the collector currents of
the transistors.
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Appendix 4 — Input stage nqise

The noise generators of an amplifier
with a single transistor common-emit-
ter input stage and designed for use
with a magnetic pick-up cartridge can
be represented as

where vy, is the equivalent noise
voltage generator of the transistor, vy,
the equivalent noise voltage generator
of the input resistance Ry, vy; the
equivalent noise voltage generator of
the equivalent feedback network
resistance Ry, iy the equivalent noise
current generator of the transistor, and
L the inductance of the magnetic
cartridge, assumed purely inductive.
The total mean square noise voltage
at a frequency f for a bandwidth 8f
referred to the input can be shown to be

4KTSf { Ryy; + R;+R IS
f 4 Rnvi + Re+Ryy, | TR, +joL
1 [ Ryjel |2
o
‘RNi Rin +J(.OL
=4KTSf  Rysy + R, +R e/ ,)"
= f < Rni +Re+ Ry, TF (/o)
Rin2 ("‘J/"‘Jo)2
Ryi| 1+ ((..J/wo)2

where the noise voltage and current
generators have been replaced by
equivalent noise resistors and w,.
=R;,/L. If this noise is now, passed
through an RIAA equalizing network
with a transfer function A(jf), the total
mean square noise voltage over a band
of frequencies is

— 2
Vi =4ka {RW +R(+R;, Lm_l
+(f/f.)

2
R } JAGNRAf ... (B)

mn

Ry

(/1)
1+ (/1)

With L of 600mH and R;, of 50k{2, if can
be shown?® that

Y11} R
lif/Tf‘;})z (AP fdf=298.4

50

and it is readily shown that

f AGNPAf=8.015 10°.

50

For a 2N5087 transistor operating at I,
of 100pA with a B of 250 and neglecting
flicker noise the equivalent noise
resistors are*

Ryui = (Fop + 1/2g1m) ~2009
Ryi=2B/g,=1.25%10°Q

Putting R; = 1000{, the value used in the
design example, and substituting for all
values in equation 5 gives

\—/:2=2.655>‘< 10 +1.327x10-13
+2.472x 10713 + 9.887 x 10~

where the components are due to the
noise voltage of the transistor, the noise
voltage of the feedback network; the
noise voltage of the input resistance and
the noise current of the transistor
respectively. Thus :

Va=1/5053%10-3=0.711pV

which corresponds to a signal-to-noise
ratio of 76.94dB referred to 5mV.

With the long-tailed pair input stage
two additiondl noise generators are
introduced into the equivalent circuit as
shown in Fig. A4. These noise genera-
tors are identical with the noise
generators of the transistor in the
common-emitter input stage (they are
not correlated however) and the total
mean square noise voltage is now

V2 =5.053x 10-13 ,
+2.655X 10" %714 x 10-16 "“

The first term of this expression is the
noise present in the single transistor
input stage and the last two terms
represent the additional noise due to
the noise voltage and noise current
generators respectively of the second
transistor. Thus

Vn=1/5.326 X107 =0.730pV

which corresponds to a signal-to-noise
ratio of 76.72dB referred to 5mV. The
deterioration in signal-to-noise ratio of
the long-tailed pair compared with the
single transistor is therefore 0.22dB.
The reason for only a small deterio-
ration in signal-to-noise ratio with the
long-tailed pair is that the noise voltage

Fig. A4 Equivalent noise circuit of long-tailed pair stage.
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generator associated with the additio-
nal transistor is small compared with
the noise voltage associated with the
50k input resistance and the noise
voltage produced across the source
impedance by the noise current
generator of the original transistor. The
noise current generator of the additio-
nal transistor produces a negligible
noise voltage across the low impedance
of the feedback network.
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Drilled boards to this design, shown
actual size, will be available for £1.65
inclusive from M. R. Sagin, 23 Keynes
Road, London NW2.

Surround-sound decoders — correction
An error in the components list for the Sansui
Variomatrix decoder circuit (September 1976
issue) was regretably perpetuated in the
variable-matrix H decoder list on page 38 of
the June issue. Values of Cq3to Cgsand of Cy,,
Cq, and Cy, should be ten times greater than
shown. (In the original QS list this also applies
to Cgy, Coand Cy3t0 C ;. QS kit constructors
will also have noticed values for Rg, and Ry,
were transposed in the list with those of R,
and Ry, and that R,y, R, are 6.8k(Q and
not 68k().) Input capacitors for the output
phase shift circuits on page 35 are 4.7 uF.
Should constructors of either circuit find
that the voltages on pins 5-8 and 12-15 on the
HA1327 i.cs do not reach their proper value of

-5V, Sansui recommend a modification, which

we understand is now applied to all
Variomatrix circuits. Capacitors C4to Cg4, and
Css Cgy Cys and Cyg should be taken to the
+24V'rail rather than OV; this means capacitor
polarity must be reversed.
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Automatic gain control systems

Design considerations and parameters

by N.A.F. Williams, B.Sc. M.I.E.E.

The purpose of all automatic gain
systems is to control a variable gain
amplifier so that its output voltage
stays approximately equal to a refer-
ence voltage for all values of input
signal within certain limits. These
limits define the working range of the
system. .To carry out this_function,
negative feedback is used. It is
therefore worthwhile considering the
parameters which define the opera-

tion of a negative feedback-amplifier,

as shown in Fig. 1.

Fig.I. .Basic ne.gd'ti'v'e _.feedchk. ampli-
fier. . . o :

The differential amplifier has a gain A,
and the output voltage V; is equal to
A(V, — V,). Voltage V, is that fraction of
V, defined by the potential divider R,
and R,. If R,/(R, + R;) = B, then V, =
BV, and a simple calculation shows that
provided AB>1 the magnitude of the
gain V;/V, is approximately equal to
1/B. It should be noted that open loop
gain A is the ratio V;/V, when feedback
link X is broken. The closed loop gain is
approximately equal to 1/B, and is the
ratio of V;/V, when the link is closed.
The loop gain, of magnitude AB, is the

constant output
signal

input
signal Vv

i
SN

Fig.2. Negative feedback arrangement
used in automatic gain control systems.

gain around the feedback loop which
determines the stability and precision of
the amplifier.

The negative feedback arrangement
used in.automatic gain control systems
differs from Fig.1, and is shown in Fig.2.
The input signal passes through an
amplifier of variable gain G and, usually
after rectification, is compared with the
reference voltage V. The error voltage e
is then passed through an amplifier of
gain M whose output is control voltage
v. Loop gain is determined by M
multiplied by the transfer functions of
any networks present in the loop. For
example, a rectifier converting the
output of amplifier G to the direct
voltage E before comparison with V,
and the factor relating v to G. Let us
assume that these are all constants, so
that the loop gain L = KM where K is a
constant. Besides being responsible for
the stability and transient response of a
negative feedback system, the loop gain
decides what error may exist in the loop
under steady state conditions, or under
varying input signal conditions where
the frequency of variation lies within
the bandwidth of the feedback system.
In the case of a.g.c. systems, it
determines the accuracy of control -as
shown by the following equations. In’
Fig.2, E=Le and e=V-E. Therefore,
e=V-Le or e (1 + L)=V. From the
last equation, if the loop gain L = 100
then e = V/101 so the actual output
differs from that required by only about
one per cent. Changes in loop gain will
cause corresponding changes in the
accuracy of control. For example,
reducing the gain to ten reduces the
accuracy to within ten per cent. Also,
the loop gain is not independent of
frequency because all practical systems
include frequency sensitive compo-
nents. In general L has the characteris-
tic of a low pass filter which has a
constant amplitude C up to frequency F.
Beyond this point the frequency
sensitive components begin to take
effect and reduce the magnitude of L.
The a.g.c. system will respond with an
accuracy determined by loop gain L =
C for variations of input signal which
occur within the frequency range 0 to F.
For frequencies greater than F the
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system will respond with a reduced
accuracy. In operation the output of
amplifier G is nearly constant for all
values of input signal. Hence, for

.constant loop gain a constant absolute

change of output voltage from amplifier
G for a given change of v is required for
all values of G. If the relationship is
considered to be linear, as shown in
Fig.3 (a) a change of v gives a constant

AMPLIFIER GAIN

(a)
(b)

v
CONTROL VOLTAGE

Fig.3. Relationships of amplifier gain G
versus control voltage v. Linear trace
(a) will not provide a constant loop gain
but exponential curve (b) produces a
constant loop gain for all values of G.

change of G. Numerically however, it
does not provide the desired output
voltage for all values of G. For example,
let G vary from 100 to 1000 and let the
required output voltage be 10V. When
the gain is 1000, the input voltage is
10/1000 = 0.01V, and when the gain is
100, input voltage is 10/100 = 0.1V. In
each case let v change by an amount
which causes G to change by say 20
while the input voltage remains
constant at either of the two values
corresponding to a gain of 100 and a
gain of 1000. When the gain is 1020 the
output voltage is 0.01 X 1020 = 10.2V,
and when the gain is 120 the output
voltageis 0.1 X 120 = 12V. Thuswhen G
is 1000 a given change of v alters the
output voltage by 0.2V, but when G is
100 the same change of v alters the
output voltage by 2V. This means that
the loop gain has changed by a factor of
ten, and is greater at the lower value of
G. It should be noted that this is a
variation in the low frequency flat part
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of the loop gain characteristic. For any
given setting of this zero-frequen-
cy-response, reactive elements that
may exist within the loop will modify
this curve in the usual way as it extends
into the higher frequency region.

As a linear relation between v and G
will not provide a constant loop gain the
preceding calculation shows that a
constant percentage change of G is
required, that is dG/dv/G = a constant,
or dG/dv = KG where K is a constant.

Curve (b) of Fig.3 shows such a

characteristic. If G = Ke® then dG/dv
=—Kae®” and dG/dv/G = - Kae®/
Ke®=—a. This indicates that the
relationship between v and G should be
exponential if the loop gain is to remain
constant for all values of G. Because G
= Ke®, log,G = log.K —av = K; —av
where K| is another constant, and as
log.m = log m/log n to any base of
logarithms,  log;G=log,ee(K,—av) =
K;. — K3v where K, and K; are two
more constants. This is the equation of
the straight line shown in Fig.4 and
shows that G in decibels versus v
produces a straight line with the desired
characteristic.

Variations in the zero-frequency loop
gain not only cause changes in the
accuracy of the a.g.c. system but can
cause instability at settings of G that

Ky

Iog.IOG

AMPLIFIER GAIN (aB)

V
CONTROL VOLTAGE

Fig.4. Gain in dB versus control voltage
v produces a straight line with the
desired characteristic.
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Fig.5. Graphs _illustrating that varia-
tions in zero-frequency loop gain can
cause instability. Curve (a) crosses the
0dB point (unity-loop gain) with a slope
of 12dB per octave corresponding to a
loop phase shift of 180 degrees. Curve (b)
is stable because the loop phase shift is
90 degrees at unity loop gain.
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Fig.6. Variable resistor using a f.e.t. The
feedback resistor linearises the effec-
tive resistance.

give the highest value of loop gain. This

* is demonstrated in Fig.5 where curves

(a) and (b) have the same form but
different zero-frequency gain. The
amplitude falls off-at 6dB per octave
from frequency F to frequency W, and
at 12dB per octave from frequency W
onwards. The system represented by
curve (b) is stable because unity loop
gain (0dB) occurs with a phase shift

around the loop of only 90 (+180)-

degrees, as indicated by the 6dB per
octave rate of change of amplitude
assuming a minimum phase network.
The system of curve (a), however, is
unstable because the 0dB line is crossed
at a slope of 12dB per octave,
corresponding to a loop phase shift of
180 (+180) degrees. It is difficult to
maintain the loop gain constant, and in
some systems considerable variations
may be permissible. Knowing the extent
of the variation allows its effect to be
calculated, and gain controlled ampli-
fier circuits which approximate to an
exponential relation between G and v,
will therefore be suitable.

Integrated circuit amplifiers, intend-
ed mainly for r.f. ori.f. amplification, are
available from several manufacturers.
Some of these amplifiers give an
approximately straight line characteris-
tic when their gain in decibels is
plotted against their a.g.c. control
voltage, at least over most of their
working range. These are very suitable
for applications requiring high con-
stancy of loop gain. Considering simple
bipolar transistor and field effect
transistor amplifiers, neither has an in-

Fig.7. A.g.c. system where a f.e.t. used
as a variable resistor forms the collector
load of a grounded emitter amplifier.
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herent suitable relationship between
gain and some easily controllable
parameter such as emitter or drain
current. However, if the gain of the
common-emitter bipolar transistor
amplifier is plotted in decibels against
emitter current it is found that the gain
varies approximately linearly with
emitter current in the low emitter
current region. The gain of a com-
mon-source field effect transistor
amplifier is proportional to the square
root of the drain current, and this
relationship also approximates to the
desired characteristic for low values of
drain current. An alternative use for the
f.e.t. is as a voltage controlled variable
resistor, and Fig.6 shows a well known
arrangement of feedback from drain to
gate which linearises the effective
resistance of the f.e.t. The drain to
source resistance Ry, of this circuit is
given by the expression Ry/(1 — V,./2V,)
where R, is the drain to source
resistance when the voltage between
gate and source is zero, V, is the pinch
off voltage, and V, is the control voltage
shown in Fig.6. For a given device, Rg
and V, are constants, and the expres-
sion can be written as Ry, =k,/1-k,V,
where R, and k, are constants. Plotting
this equation gives a curve which,
although not an exponential, does
approximate to one and is suitable for
some applications. The maximum pos-
sible slope of the R, versus V. graph is
fixed by the values chosen for the
feedback resistors in Fig.6 although for
clarity the effect of these resistors has
not been included in the previous
expression for Ry. By adjusting the
values of R the degree of approximation
to an exponential curve can be altered.
To make use of this voltage controlled
variable resistor the controlled ampli-
fier gain must be made proportional to
Ry, This can be achieved by letting R,
form the collector load resistor of a
grounded emitter transistor amplifier,
as shown in Fig.7, in which R, is very
much greater than Rg,.

Another method of maintaining
roughly constant loop gain for varying
amplifier gain is to make straight line
approximations to the desired response
curve by using diodes to provide the
break points in the slopes of the straight
lines. No doubt readers will visualise
other possibilities.
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Amateur radio equipment — 2

A survey of modern commercially-built
transmitters and transceivers

by Ray Ashmore, GBKYY

Part 1 of this survey discussed
commercially-built receivers which
are available today. This second partis
mainly concerned with transmitters
and transmitter-receivers, or transcei-
vers. Today, however, there are few
separate transmitters available and
most of the design changes can be
seen in the receiver sections of
transceivers. 'n fact, it is here that
receiver design trends such as the use
of single-conversion superhets and
synthesizers are most common.

Amateurs, licensed by the Home Office,
may operate their stations according to
the terms, provisions and limitations
(all of which we shall call “conditions”)
laid . down by the wireless telegraphy
Act of 1949. They must also comply with
the relevant provisions of the Interna-
tional Telecommunication Convention.

The conditions vary slightly according_

to the type of licence in question, for
example whether it is a Class A or a
Class B licence.

There are also conditions for mobile
or portable operation. Briefly, the
licensee is entitled to set up his station
at a particular address, or temporarily
or alternatively at another location —
for a limited period — for the purpose of
sending to, and receiving from, other
licensed amateur stations as part of the
self-training of the licensee in commu-
nication by wireless telegraphy. Note
that the word “telegraphy” is used here
to mean both c.w. and telephony. He, or
she, is also entitled, under the same
conditions, to use the station during
disaster relief operations conducted by
certain sncieties and forces in the UK, as
requested by those societies or forces,
and for the reception of transmissions in
the Frequency Service.

The term “as part of self-training of
the licensee in communication” outlines
the main difference between amateur
licences and the Citizens’ Band type
licences issued in most countries.
Typical operative words in CB licences
could be summarized as “for business or
pleasure communications.”

Of particular importance to the
amateur licence is the condition that a
satisfactory method of frequency

stabilization should be employed in the
sending apparatus and that equipment
for frequency measurement should be
provided capable of verifying that the
sending apparatus is operating with
emissions within the authorized fre-
quency bands. In addition, the appara-
tus should be designed, constructed,
maintained and used so that it does not
cause any undue interference to any
wireless telegraphy. At all times every
precaution should be taken to avoid
over-modulation, to keep the radiated
energy within the narrowest possible
frequency band and to ensure that the
radiation of harmonics and other
spurious emissions are suppressed to
such a level that they cause no undue
interference to any wireless telegraphy.

Also included in the licence is a
schedule stating the classes of emission
(a.m., s.s.b.-reduced, suppressed or full
carrier, pd., fm., cw., etc), the
frequency bands authorized within the
terms of the licence and the maximum
input or output powers which may be
used in the station. In brief, the Class A
schedule permits telephony on am,,
s.s.b. and f.m. and telegraphy (c.w.) on
a.m. and f.m. in the ham bands from 1.8
to 146MHz and 432 to 24,250MHz with
maximum d.c. input powers of from 10
to 150W (or peak-envelope-power
outputs of from 262% to 400W) depend-
ing on the frequency range. From 430 to
432MHz the schedule permits a.m. or
f.m. telephony or telegraphy with a
maximum effective-radiated-power of
10W, and in selected ham bands
bet\yeen 2,350 and 10,450MHz it permits

receivers,

pulse-type modulation of maximum
input powers of 25W mean or 2.5kW
peak. Some of the bands in the above
frequency ranges may be used for
slow-scan tv, facsimile and high
definition tv. However, extra conditions
are written into the schedule and
certain bands can only be used upon the
receipt of written consent from the
Secretary of State.

All of these conditions form the basis
of the specifications on commercial-
ly-built amateur equipment.

Transmitters

Since 1959 when Collins Radio intro-
duced the KWM-1, probably the first
transceiver suitable for the amateur,
commercially-built separate transmit-
ters have slowly reduced in number.
Wireless World could find only four
examples on the current amateur
market, namely; the Trio T-599D, the
Drake T-4XC, the Yaesu Musen FL-101,
and the STE Milan ATAL-228, a 2m
transmitter. There was also the all-valve
Decca KW-204, which has recently been
withdrawn, and a 2m module transmit-
ter, the AT-23 from STE Milan. The
former transmitters were designed
specifically for operation with the
following receivers: the Trio R-599D,
the Drake R-4 series, the Yaesu Musen
FR-101, and the STE ARAC-102.

Apart from the increased use of
semiconductors there have been very
few changes in the design of transmit-
ters or the transmitter stages of
transceivers over recent years. The
amateur transmitter may still be
considered in terms of five main stages:

A 2m f.m. mobile trans-
ceiver, one of Heath’s
easy-to-build kits. The
HW-2036, as it is called,
is frequency synthe-
sised to provide a 2MHz
frequency range which
is selected in 5kHz
-steps by conventional
thumbwheels. It also
includes 600kRHz fre-
quency shifts and tones
for repeater operation.
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an oscillator, frequency multipliers, to
get this frequency up to the transmitter

frequency,

a modulator, a power

amplifier and a tank circuit for aerial
matching. In most cases the transmitter
stages in amateur equipment use a mix
of discrete semiconductors, valves and

often i.cs.

Normally valves, operating in Class
ABI, are preferred for the driver and p.a.
stages of the transmitter. It has been
claimed that some amateurs, upon
comparing the ‘back-end’ circuits of
all-solid-state transceivers with circuit
diagrams in instruction manuals have
found extra components or component
changes. This could be due to out-of-
date manuals or it could equally be
evidence of design changes which the
manufacturers have found necessary to’
bring individual units into specification,
perhaps because of differences in char-
acteristics between devices having the
same type number. Wireless World has
been unable to find confirmation of this

practice.

A pi-network filter arrangement is
normally used in the anode circuit (tank
circuit) of the power amplifier because
it is more efficient at suppressing
harmonics, and this is important in
order to avoid television interference.
Harmonic radiation figures for com-
mercially-built transceivers are typical-
ly 40 to 60dB down.

Transceivers

Transceive operation is normally
obtained by using one common oscilla-
tor as both the local oscillator of the
receiver superhet, and as the v.f.o. of the
transmitter. Therefore, once the
receiver has been tuned to the exact
frequency of an incoming signal, the
transmitter is already set to transmit on
the same frequency. To allow for drift
and inaccuracies the receiver can
usually be tuned over a range of about |
to 5kHz using a receiver-incremental
(or independent) tuning (r.i.t.) control,
without altering the transmission fre-

quency.

Fig. 1 shows a more complex system,
as used in the Trio TS820. This trans-
ceiver uses phase-locked-loop (p.Ll.)
circuitry to provide an accurate mixer

Fig. 1. Frequency construction of the
Trio TS-820 h.f. transceiver. A phase
lock loop is used for frequency deriva-
tion and the circuit employs a double
carrier system to allow sideband
switching without re-calibration. See

text.

frequency for the transmitter circuit
and the single-conversion receiver
circuit, and to keep spuriae to a
minimum. The carrier oscillator circuit
is divided into Carrier 1 and Carrier 2
such that the former serves c.w. and
f.s.k. receive, u.s.b. and ls.b. and the
latter serves c.w. and f.s.k. transmit.
This system enables the p.LIL frequency
to remain the same when switching
sidebands without the need for re-cali-

bration every time.

Because semiconductors are being
used, many of the transceiver designs
are now based on modular boards.
Providing the modules can be easily
removed so that they may still be
operated while under test they can be of
advantage to the amateur, but if-the
circuit makes access to certain parts of
the circuit difficult under test condi-
tions they serve only to make the inside
of the unit neat and tidy. However,
semiconductors and modules do save
space in modern transceivers, and this
allows more facilities to be fitted into

any particular-sized chassis.

Automatic level control, gain control,
noise limiter and squelch facilities are
now standard on most transceivers.
Microphone- or voice-operated control
switching (m.o.x. or v.0.x.) and noise
blanker circuits are now also fairly
standard on h.f. transceivers and v.h.f.

multimode transceivers.

Some h.f. transceivers include a
built-in speech processor for increasing
speech power in DX communications.
One system of processing is clipping,
which simply cuts off loud peaks in the
audio signal, but this makes the voice
sound harsh and creates harmonics.
Speech compression systems, which use
an automatic volume control to amplify
quiet passages in the audio, are pre-
ferred. The speech processor used in the
TS-820 converts the audio frequency
into a 455kHz s.s.b. signal, compresses it
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using a small time constant, and then
converts it back to an audio signal
again.

Typical specifications

There are now so many transceivers on
the amateur market that it would not be
practical to print all of their specifica-
tions here. However, Table 1 gives some
idea of the types and models available.

In general, hf. transceivers have
maximum frequency coverages of from
1.8 to 29.7MHz, normally in up to nine
ranges of about 500kHz each, including
the 160, 80, 40, 20, 15 and 10m ham
bands. About a half of the transceivers
available do not have the 160m band
and a few do not have the 10m band, or
they have only a portion of it. However,
the ranges that are missing can often be
fitted using optional crystals in
auxiliary bands. Common additions are
receive-only ranges for the 27 to
27.5MHz band and WWYV frequencies.

Modes of operation normally include
us.b., 1.s.b. and c.w. with facilities for
f.s.k.and r.t.t.y. Some units also havean
a.m. mode.

Maximum input powers, in peak-en-
velope-power (p.e.p.) on s.s.b. and for a
50% duty cycle on c.w., range between
about 140 and 700W, although these are
normally a little lower for the 160m and
10m bands. A.m. and f.s.k. inputs in
general range between 50 and 75W. For
comparison against the output p.e.p.
figures quoted in the licence one would
need to know the overall p.a./tank
circuit efficiency for each transceiver,
but by using rule-of-thumb values of
60% for valve outputs and 50% for
solid-state outputs, approximate figures
can be obtained.

- Carrier and unwanted-sideband sup-
pression figures are normally greater
than between 40 and 60dB down for a
1kHz audio tone. Selectivity and
sensitivity figures are generally as good
as or better than the figures quoted for
the receivers in Part 1 of this article,
that is, typically 2.4kHz at 6dB down
and 3.5 to 7kHz at 60dB down (for s.s.b.)
and from 0.25 to 0.5uV for a 10dB
(S + N)/N ratio.

Because most of the transceivers
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available are carefully designed using
only single or double conversion
receivers (see Part 1), spurious response
figures are typically as good as or better
than 1pV equivalent to the antenna
input.

V.h{. transceivers

Transceivers designed for v.h.f. opera-
tion differ considerably from h.f. trans-
ceivers. They normally cover only a
small frequency band of about 2 to
4MHz, and rarely need much: band-
switching. If the transceiver is a multi-
mode unit it will usually incorporate a
v.f.0., but if it is a single mode unit it is
more likely to have switched-channel
frequency selection. Anr.i.t. is therefore
-necessary for s.s.b. models. Table 1 lists
most of the v.h.f. transceivers available
and some of their main features.

Most v.h.f. transceivers are designed
with mobile operation in mind. Usually
they require a direct voltage supply of
about 12 to 13.8V, but incorporate a
power supply either as a built-in unit or
as an add-on unit.

Some transceivers, normally f.m.
instruments, are designed specifically
for portable or hand-held use. Examples
are the KP-202, the HW-2021 and the
1C-202.

The FDK Multi-2700, from Fukuya-
ma, includes a 29MHz receiver specifi-
cally for Oscar satellite reception. There
are two amateur satellites in operation
at the present time. The Oscar. 6
satellite, which is likely to go out of
service shortly, after more than com-
pleting its operational lifetime, has a
two-to-ten metre, 100kHz bandwidth,
transponder (repeater) on board. Its
input frequency range is 145.9 to
146MHz and its output range is 29.45 to
29.55MHz. The second satellite, Oscar 7,
has two repeaters on board, one for
two-to-ten metre operation and one for
a 432.125 to 432.175MHz input. This
mode has a transmit output from
145.975 to 145.925. The 2700 is therefore
suitable for the two-to-ten metre satel-
lite modes on both Oscars.

Most v.h.f. fm. or muiltimode
transceivers include devices for repea-
ter operation. A repeater is a device
which retransmits signals primarily in
order to provide improved communica-
tions range and coverage for mobile
stations or for amateurs in dwellings,
such as city flats or bedsits, where it is
difficult to fit high gain aerials and
rotators, The improved communica-
tions are made possible by siting the
repeater on a hill or tall tower.

" A simple repeater would consist of a
receiver with its audio output connect-
ed to the audio input of a transmitter
which is tuned to a second frequency,
and is ‘accessed’ by a carrier-operated
relay (c.o.r.). In practice repeaters tend
to be more complex than this. Most of
the UK repeaters require a 1750 * 25Hz,
500ms tone to switch the repeater on
before the c.or. can operate. In
addition, transmission time-out sys-
tems, protection circuits etc, are
normally fitted by amateur repeater

Wireless World. September 1977

Table 1. Most of the transceivers currently on the UK amateur market. Key gives limited
information, according to literature in author’s possession, about each product.

Trio-Kenwood

TS820 h.f. SCDR*PV3/TKI1JEW9I9B200 i/p
TS520 h.f. SCV3/TEY7BK2J140//180 i/p
TR7500 v.h.f. FZ40TEH2m100/p

TR7400 v.hf. FZ(5k/4M)RTK2EH2m250/p
TR700G v.h.f. SCAFJX11TK2H2m10o/p
TR7010 v.h.f. SCX48T2m80/p

TR7200G v.h.f. FX22TK2H2m100/p
TR2200GX v.h.f. FX12TK2H2m2o0/p
TR3200 u.h.f. FX12TK2H70cm2o/p

Yaesu Musen

FTI01E/EE h.f. SCAP*V3/TK2JW6B260i/p
FT301/D h.f. SCAR*PTK1JW6B200i/p
FT200B h.f. SCAJY5T260i/p

FT620B v.h.f. SCAJT6m24i/p

FT221R v.h.f. FX23K2T2ml10o/p

FT2 v.h.f. X8 Autoscan FTH2m10o/p

Heath (Heathkits)

HWI101 h.f. SCJV20/TY8B180i/p

SB104 h.f. SCIRTY8B100o/p

HW104 h.f. SCJY8B100o/p

HW2036 v.h.f. FZ(5k/2M)DTK2H2m100/p
HW202 v.h.f. FX6TK2H*2m10o/p

HW2021 v.h.f. FX10TKIH2mlo/p handheld

Inoue (Icom)

IC211E v.h.f. SCFIDRTKI1/2EH2m100/p
1C240 v.h.f. FZ22DTK2EH2m100/p
1C245E v.h.f. SCFJIDRTKI1/2EH2m100/p
1C202 v.h.f. SCX4 (vx0)T2m3o/p portable
IC30A u.h.f. FX22TK2H70cm10o/p

1C215 v.h f. FX15TK2H2m3o0/p portable

Fukuyama (FDK)
Multi-11 v.h.f.
X4Autoscan+ X23 FK2T2m10o/p
Multi-Ul1 u.h.f.
X4Autoscan + X23FK3T70cm10o/p
Muiti-2700 v.h.f.
SCAFZJRTK1/2EHO2m100o/p
Quartz-16 v.h.f. FX25K2T2m10o/p

Garex
Twomobile v.h.f. FAJ2m
Fourmobile v.h.f. FAJ4m

Nippon Electric Company
CQI10E h.f. SCAJRDV6/TK1W11B300i/p
CQP2200 v.h.f. FX12H2m3i/p portable

Atlas
210-X h.f. SCJK1Y5BN200i/p
215-X h.f. SCJK1IW5N200i/p

Swan
700CX h.f. SC}Y5B700i/p

CIR Industries
Astro 200 h.f. SCJIDRTKIY5BM200i/p

Signal-one
CX-11 h.f. SCJRPW7BI1500/p

Hy-Gain
Model 3750 h.f. SCIRV3/TK2EW9B200i/p

ST Communications
KF430 u.h.f. FX12TH70cm10o/p

Uniden
Model-2030 v.h.f. FX12TK2H2m100/p

Belcom
Liner 430 u.h.f. SCX(vx0)K2T70cm100/p

Drake
TR-4CW h.f. SCAJV20/TY5B300i/p

Kyokuto
Digital-2 v.h.f.
FZ(5k/2M)DRTK2EH2m100/p

KP-202 v.h.f. FX6TH*2m2o0/p handheld.

STE Milan
AK-20 v.h.f. FX12TH2m3o/p

Signamizer
Model-200R v.h.f. FZ(10k/2M)TH2m

Key:

S:ssb., C:cw., A:am., F: fm, J: vfo, M:
momentary switch v.f.o. tune, X(): number
of switched crystal channels, Z( ): number of
switched synthesized channels or kHz-
steps/freq.-range, D: digitally synthesized, R:
digital readout, P: speech processor, T: solid
state, V(): number of valves, K( ): number of
receiver conversions, E: phase locked loop
employed, W(): total number of ranges
including 160 to 15m ham bands, Y( ): total
number of ranges including 80 to 15m ham
bands, B: some or all of 10m ham band
included, H: repeater facility, O: Oscar
satellite facility. N: no r.f. amp. stage, * after
key signifies option, Final figures are typical
Hii/p or o/p p.e.ps in watts (for h.f. or v.h.f.
multimodes. s.s.b. figure is given, for v.h.f.
metre band is given also).

groups to make the repeater suitable for
its local operating conditions.

Repeaters common to the UK operate
in the 2m and 70cm bands. In the former
case the repeater receive frequency is
600kHz below its transmission fre-
quency, hence it shifts the operator’s
transmission frequency up by 600kHz.
In the latter case the transmission is
shifted down by 1.6MHz. This means, of
course, that transceivers designed for
repeater operation require both tone-
bursts and frequency shift. )

At present there is a trend towards
greater use of u.h.f. repeaters in prefer-
ence to v.h.f. repeaters. The main reason
for this is that coverage is increased in
built-up areas due to the improved
signal penetration obtained with u.h.f.
Since repeater antennas are sited high
up, and both u.hf. and v.h.f. give
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line-of -sight communication, the range
is little different to that obtained using a
v.h.f. repeater. This trend will almost
certainly result in an increase in the
number of u.h.f. mobile transceivers in
the near future.

Transverters, suitable for use with h.f.
transceivers, are readily available for
v.h.f. communications at frequencies of
70, 144 and 1,296MHz. These modules
enable amateurs who already have a h.f.
transceiver to operate in the v.h.f. bands
without having to purchase a separate
v.hf. transceiver. Fig. 2 shows a block
diagram of a typical 432MHz trans-
verter suitable for use with a h.f.
transceiver tuned to the 28MHz band.

Typical specifications for a trans-
verter suitable for a frequency coverage
of 144 to 146MHz, with an input of 28 to
30MHz, and input and output impe-

.
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dances of 5082, are as follows: converter
gain is typically 30dB, converter noise is
about 2.5dB max, and the input required
for 10W continuous rated transmit
output is about 5mW.

‘Synthesizers
Digital synthesizers are being used
increasingly in v.h.f. equipment. In the
not too distant past synthesizers were
avoided because of the risk of spuriae
due to the many frequency components
produced by the number of multiplica-
tion stages used. Now the use of
phase-locked-loop techniques has
enabled synthesizers to be made
without introducing spuriae. One main
advantage with synthesizers is that, in
channel-switched transceivers, large
numbers of expensive crystals are
avoided.

The use of digital synthesizers in
amateur radio equipment can

perhaps best be shown by the latest
Icom v.h.f. transceivers. In the IC-240, a
synthesizer is used to provide a number
of 25kHz channels, the frequency of
which can be programmed by a diode
matrix. In the IC-211E and IC-245E
multimode transceivers digital synthe-
sizers are used to give v.f.0. frequency
selection.

Let us first consider the IC-240. (See
Fig. 3). Since this transceiver uses a first
i.f. of 10.7MHz, for receive frequencies
from 144 to 146MHz, an oscillator
having frequencies from 133.3 to
135.3MHz is required for the first mixer
oscillator. This is provided by a
free-running voltage controlled oscilla-
tor (v.c.0.), in this case a junction f.e.t.
Clapp oscillator. This oscillator has a
good noise ratio and a frequency
stability of the order of +50 p.p.m. per
degree C. Its output is fed to a buffer
amplifier to minimise the effects of load
variation.

The v.c.o. is controlled by a phase
detector which compares a 12.5kHz
pulse output from a quartz crystal
reference oscillator and divider with a
12.5kHz pulse output derived from the

Meter lamp

I

Main
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432 MHz
input

65
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Fig. 2. A typical 432MHz transverter
suitable for use with a 28MHz trans-
ceiver. This block diagram represents a
Modular Electronics design.

v.c.0. output, a local oscillator and a
diode matrix. The diode matrix being
the reference which governs the
required v.c.o. output for the selected

channel. If the output frequency
derived from the matrix and the
feedback from the v.c.o. output

becomes higher than the reference
frequency, the output voltage of the
lag-lead filter in the phase detector
becomes low and the v.c.o. frequency is
lowered. When the derived output
becomes low the action is the reverse,
and so the v.c.o. synchronises the
output with the reference frequency.
The local oscillator consists of an
overtone oscillator of 43.9MHz. Con-
nected to its collector is an inductor
which is tuned to three-times the
overtone oscillator frequency to give an

Fig. 3. Block diagram for the first mixer
oscillator used in the Icom IC-240
digitally-synthesized transceiver. Oper-
ating frequency is determined by a
diode matrix r.o.m. which decides the .
dividing ratio of a programmable
divider in the phase lock loop. See text.
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output of 131.7MHz. A portion of the
buffer output and the local oscillator
output are fed to a frequency transdu-
cer which is in fact a low-noise balanced
mixer. Since this heterodyne process
produces many frequencies at the
transducer outputs a l.p.f. is used to
limit them to 6MHz or lower. These
signals are then amplified by the
broadband limiter-amplifier and divided
by two before being input to the
programmable divider i.c.

For any operating frequency the
divided pulses out of this i.c. should be
at 125kHz and, for any particular
operating frequency, the dividing ratio
is determined by the diode matrix. This
is a matrix of 23 arrays (representing 23
channels) of eight possible diode
positions. The diode matrix is in effect a
r.o.m. which defines a frequency as a
binary number equal to the dividing
ratio (N). For example, for a receive
frequency of 145.000MHz, the p.llL
output frequency would need to be
134.300MHz. This corresponds to an
output of 26MHz from the transducer
which when divided by two is 1.3MHz.
Therefore, to give a 12.5kHz output at
the divider, this should be divided by
104, which in binary corresponds to a
diode array of 01101000.

In IC-240s intended for Europe, N is
‘normally selected from 64 to 144 (for 144
to 146MHz) — a choice of 81 possible
25kHz-spaced receive channels.

An adder, shown at the bottom left of
Fig. 3, provides the repeater shifts of
600kHz for repeater or reverse-repeater
(duplex) operation.

In the IC-211E and IC-245E, v.f.o.
tuning is by a strobe device on the
tuning dial. The strobe sensing device
consists basically of two l.e.ds firing into
two photocells, which are slightly offset
from the dial strobe. A large-scale-in-
tegration (l.s.i.) chip forms most of the
digital circuitry in these transceivers
(see Fig. 4).

The circuit shown at the top-right
corner of the diagram determines the
direction in which the dial is being
turned, and provides a series of pulses to
the ls.i. The chip has two up-or-down
counters which are fed by the output
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from the clock at CK. Inputs X or Y at
‘space select’ determine whether the
counters are updated in 5kHz or 100Hz
steps, and these are selected by the
speed switch TS on the front panel of
the transceiver.

Counter select determines which of
the counters are to be clocked. For
example, if the transceiver is being used
for simplex operation both counters are
clocked together, but if it is being used
for duplex or reverse-duplex operation
the counters are clocked separately, one
for receive and one for transmit,
depending upon the duplex and invert
switch positions.

The counter outputs (A0 to B4),
which are in groups representing
binary-coded-decimals, are fed to the
decoder driver and the internal pro-
grammable divider. Each group repre-
sents a digit of a frequency readout
display, that is, 1/10kHz, 1kHz, 10kHz
and 100kHz. The last two groups
indicate whether the frequency band is
144.4, .5, 6 or .7.

The running oscillator, which is a
v.c.0., operates in the range 133.3 to
135.3 and is fed through a buffer to a
mixer. This mixer oscillator frequency is
derived from a 14.7MHz crystal, which,
when multiplied by nine, gives 132.3.
Hence the mixer output, which is fed to
the FIN input of the ls.i., has a
bandwidth of 1 to 3MHz. In the same
way as in the IC-240 system, the
programmable divider then divides
these frequencies down to 10kHz for
comparison with another 10kHz refe-
rence derived from a 50MHz oscillator.
As before the output from the phase
detector (PD) is used to control the
frequency of the v.c.o.

However, this only gives frequencies
in10kHz steps, it does not provide v.f.o.
tuning. In order to obtain full vfo.
selection the logic is used to actually

PHASE LOCK LOOP

Fig. 4' Block diagram for the first mixer
oscillator used in the Icom IC-211E and
IC-245E transceivers. This system uses a
m.o.s. l.s.i. chip to provide v.f.o. tuning
coupled with p.LlL digital-synthesized
circuitry. See text.

move the master 14.7MHz oscillator
frequency. Outputs AO to DI, which are
binary coded-decimals representing the
last two digits of the required frequency
(e.g. the 01 in 144.6001), are passed
through a digital-to-analogue converter
to produce a signal suitable to adjust a
varicap diode circuit. This circuit then
pulls the crystal frequency slightly to
move the oscillator frequency up by
100Hz. In this way all the frequencies
within the 10kHz band can be obtained,
and the frequency can be recorrected
every 10kHz.

Japanese imports

when buying’ or contemplating buy-
ing Japanese equipment the ama-
teur cannot help but wonder how much
the same rig would cost in Japan and
what he is paying on top of this. Some
feel that they are perhaps lining the
importers’ pockets. The following
analysis is based purely on the
information given to Wireless World by
importers, traders and Japanese repre-
sentatives.

Most Japanese equipment is pur-
chased by UK importers through letters
of credit (l.o.c.) which may be valid for
about 2 to 3 months. These are
agreements between UK banks and
Japanese banks that payment for goods
will be transferred as soon as the goods
leave Japanese shores. In Japanese
banks an l.o.c. is regarded as security
just as if it was money. It is normally
drawn up in yen at the going exchange
rate.

Most of the bulk orders arrive by sea

—wawww americanradiohistorv com

and once the equipment is on board
ship, having been purchased at the
free-on-board (f.o.b.) price, the importer
must pay for freight and insurance
cover for the goods and capital invested.
This cost, insurance and freight (c.i.f.)
charge is usually between 5 and 6% of
the equipment value.

Freight is dependent on weight and
volume. Typical freight charges for a
batch of between 20 and 50 transceivers
would be about £1.50 each for a small
mobile unit and £4.50 for a large
transceiver — this is comparable with
carriage from Scotland.

When the equipment reaches the UK

!

PR

:

The CQ-P-2200E 2m f.m. portable trans-
ceiver, from the Nippon Electric Com-
pany.
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port an import duty must be paid. For
amateur equipment this payment varies
between 11% for a transmitter and 14%
for a transceiver or receiver and it is
added to all payments made up to this
point. Other expenses which the
importer meets, some of which are
subject to the import duty, include the
bank charges for letters of credit,
currency exchanges, interest on cash
used by banks and clearance charges
from Japanese agents.

So far, then, this is the price at which
the importer can expect to get the
equipment.

According to figures given to
Wireless World, a mark-up of up to
about 25% may be made by the import-
er, and a further 25% by the retailer.
However, equipment prices are usually
competitive from all traders despite the
fact that many of the importers are also
retailers. This is because the importers
normally give up to 20% discount
(equivalent to up to 25% mark-up) to the
retailers. These profit margins are low
compared to the domestic markets,
where mark-up is not usually less than
30%. Unlike domestic goods, however,
one rarely sees amateur equipment
carrying a discount tag. This is not
surprising because a 25% mark-up can
represent only about 8 to 12% profit
after overheads — a typical trader’s
profit margin.

Table 2 is a comparative analysis of
Japanese equipment prices before and
after importing. Most of the figures and
percentages used in this analysis are riot
necessarily accurate because they are
based on typical values which are
subject to variation with each product
and with time. However, this article
should make the reader aware of where
these variations can occur so that they
can be taken into account For example,
although wholesale prices in Japan are
usually 80% of the recommended retail
price (r.r.p.), in the Akihabara district of
Tokyo and the Nihonbashi district of
Osaki, the wholesale price is from 73 to
80% of the rr.p. depending in the
retailer.

In addition, variations in exchange
rates, import duties, freight, bankers
and agents charges and UK carriage can
also affect the final price in each case.

The negative percentage figures for
the Yaesu Musen (FT range) products
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Table 2. Wholesale price of Japanese equipment (taken as 80% of Japanese recommended retail
price {r.r.p.) and at exchange rate of £1 =470 Yen) plus c.i.f. charges at 5%, import duty at 14%, a
single mark-up of 25% and v.a.t. at 12%% compared with r.r.p.s (including v.a.t.) for the same
equipment in the UK. These estimates do not include bank charges, agents charges or carriage in the
UK. In addition the wholesale price quoted is not necessarily the free-on-board (f.0.b.) price.

Model! r.r.p. Wholesale price  (a) Price after c.i.f., (b)r.r.p. Percentage
in Japan in Japan duty, mark-up and in UK difference
v.a.t (b—a)/b
FT-101E 374.47 299.57 504.27 448.87 .12
FT-221R 287.23 229.78 386.79 336.37 + —15
TS-820 Dig 489.36 391.49 658.98 751.00 12
TS-520 297.45 237.96 400.55 432.00 7
TS-700G 286.80 229.44 386.21 392.62 2
IC-211E 314.89 251.9 424.04 529.00 20
IC-240 122.34 97.87 164.74 198.00 17
MULTI-2700 318.72 254.98 429.20 489.00 12

s e
B¥oy Bead

Photo shows a complete Trio-Kenwood separates’ station, the S-599 speaker console,
the R-599 receiver and the T-599 transmitter.

may be a result of the fact that these
units are imported by three independent
companies. If this is so, it is almost
certainly the mark-up figures which are
reduced. In the case of the Icom (IC
range) products, since there are no
exact equivalents of the transceivers
quoted, the prices shown are for units
which are as alike as possible. Unlike
the other products, Icom transceivers
are purchased against the American
dollar instead of the Japanese yen.

It should also be noted that these
figures may also reflect differences in
the type of equipment, and other
products from the same companies may
give completely different results.

Delivery of Japanese goods is
normally very good and reliability is
said to be nothing short of excellent.
Typically four to six weeks from placing
an order the goods are released from
Japan. They then spend about four
weeks on the boat and up to two weeks
going through customs. Consequently,
traders can say with confidence that the

The Icom IC-211E 2m
v.h.f. transceiver from
Inoue. It uses a patent-
ed Icom m.o.s. Ls.i.
synthesiser to give v.f.o.
tuning on the s.s.b., c.w.
and f.m. modes. Other
features include
repeater facilities and a
digital frequency dis-
play giving a readout to
the nearest 100Hz.

e vnany amaricanradiohistorv 2o csos e

goods will arrive within three months of
placing an order. _

Basing one’s conclusions on the
above analysis, it would be fair to say
that, without exception, the British
amateur is getting Japanese equipment
at a fair price, especially when
considering the excellent deliveries and
after-sales service given.

Table 3 shows a comparison of some
transceiver prices in the UK, America
and West Germany. These prices have
been obtained from UK-bank “selling”
exchange rates and r.r.p. values (in-
cluding taxes) in the respective
countries.

Prices in America are seen to be
generally lower than in the UK; the one
exception in the table being the FT221R
which was also shown to be low priced
in Table 2. The main reason for the
lower prices is that US import duty and
tax is lower than in the UK. For
transceivers, US import duty is only 6%
and tax, which may change slightly in
each state or city, isonly about 4% of the
value of the goods — this is a zonal tax,
they are not subject to excise tax. The
third column in the table shows what
these prices would be if subject to UK
duties and tax.

Prices in Germany, however, are
higher, even though import duties and
taxes are the same. One reason for this
could be that, unlike in the UK, most of
their equipment is sold through
retailers, and not directly from the
importers, and consequently mark-ups,
which may be higher anyway, are being
taken on both importing and retailing.

Other price differences could be
explained by the fact that a transceiver
designed for one country’s market may
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Table 3. Comparison of amateur transmitter and transceive: prices in UK, USA and West Germany
based on exchange rates of 470, $1.715 and 3.98DM.

Model UK USA*™ W. Germany
£ £ £
FT101E 448.87 425.07 494 .51 477.39
FT221R 336.37 346.94 403.61 437.19
IC211E 529.00 436.73 508.07 518.59
T-4XC* 450.00 349.27 406.33 483.67
78520 432.00 366.76 426.68 462.31
1C245E 396.00 290.96 338.49 388.69

*Made in U5A
**Prices if subject to UK import duties and tax

be slightly different to a transceiver
designed for another country’s market.

Why Japanese?

One question which has been asked
for many years is why the Japanese
seem to be able to make amateur
equipment cheaper than any other
country. It is claimed that in the
mid-sixties, when the Japanese import-
ing first started, certain UK companies
made complaints to local MPs to the
effect that they suspected the Japanese
manufacturers were being subsidized
by their government and were dumping
equipment in this country. Wireless
World has made enquiries into this to
try to find out what conclusions were
made at that time.

The Department of Trade could find
“no substantial records to indicate that
any action was taken” — probably due
to lack of evidence. So far the archives
of the Department of Industry have not
turned up any information either.

Our investigation did show, however,
that UK tarriff headings for imported
goods do not, even now, -distinguish

between amateur, professional, mili--

tary, commercial or domestic commun-
ications equipment. This makes it
difficult even to obtain figures for
amateur imports, éspecially when the
headings depend to a certain extent on
descriptions made by the exporting

Photo shows the CQ-301 linear ampli-
fier, CQ-110E, digital v.f.o. CQ-201 and
the 2m portable CQ-P-2200 (on top of
CQ-110E), all Nippon Electric Company

products.

country. In the mid-sixties the records
were even more ambiguous and,
because they listed country of consign-
ment and not origin, it would be difficult
even to distinguish which goods had
come from Japan. This, coupled with
the complexity of the Japanese govern-
ment, banking and industrial structure,
would surely have made any serious
investigation very difficult indeed.

However, there are good reasons why
the Japanese manufacturers could be
producing cheaper equipment. Firstly,
few could argue that they are not
efficient; certainly their good deliveries,
excellent after-sales service and flexibi-
lity of design shows them to be extre-
mely efficient. Probably the main
reason for this is that they have
invested large amounts of capital “in
automation.

Although their labour costs are
higher, there is less labour per item, due
to the automation, and using the same
number of workers they can produce
more products. Since materials and
components are made on a similar basis,
they are cheaper and more readily
available within their own country.

In the amateur field it must also be
remembered that the Japanese home-
market is one c¢f about %2 million
amateurs, compared with only about
25,000 in the UK. Amateur equipment
exports represent only a fraction of
their overall amateur market.

www americanradiohistorv com

(HF predictions)

Circuit reliability is the product of the
probability of ionospheric reflection and the
probability of achieving a desired signal to
noise ratio and is thus at a maximum
somewhere between FOT and LUF. The term
FOT, which is the French equivalent of OWF
(optimum working frequency), is thus a
misnomer since it relates only to skywave
probability. However since LUF is dependent
on many tactors which cannot be generalised
it is found satisfactory ‘in practice to take
FOT as being what it says it is.
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[€ 3] ICOM

THE WORLD LEADERS IN VHF AMATEUR COMMUNICATIONS

1C-240
Synthesised 10W mobile
FM transceiver

IC-211E

Synthesized Base station
multimode transceiver
T0W. CW/USB/LSB/FM
IC-215

crystal controlled 3W
portable FM transceiver

IC-245E

Synthesized mobile multi-
mode transceiver

10W. CW/USB/FM

INTRODUCE LSI SYNTHESIS TO THE AMATEUR MARKET

UK DISTRIBUTOR: -

THAN ET ELEGTRONIGS 143 RECULVER ROAD, HERNE BAY, KENT
TELEPHONE (02273) 63859. TELEX 965179

WW—026 FOR FURTHER DETAILS

stephens-jomes limited Radio Shack Lt

47 Warrington Road, Leigh, Lancashire SRR i
Telephone: 0942 676790 - ‘

NORTH WEST’S LEADING
SUPPLIER FOR ALL YOUR
AMATEUR REQUIREMENTS

Receivers - Transmitter
Transceivers - Antennas
Test Equipment

DRAKE’'S SUPERB
TRANSCEIVER TR-4CW

Sleck o S.A.E. for details please.

ATLAS - BANTEX - BARLOW WADLEY - BELCOM

AS WELL AS DRAKE EQUIPMENT. WE ARE THE DIRECT IMPORTERS OF HAL
CDE - CALETTI - DECCA - DRAKE - G. WHIPPS - RTTY AND MICROPROCESSORS  ATLAS. NYE MORSE KEYS. PRESTEL VHE / UHF
- - - - PROFESSIONAL FIELD STRENGTH METERS, HAM RADIO, CIR ASTRO 200.
HYGAIN Hl MOUND JUNKER JAYBEAM HY-GAIN, CDR ROTORS. HUSTLER. OMEGA-T SYSTEMS. MFJ FILTERS AND
KATSUMI - LINTEC - MICROWAVE MODULES - SPEECH PROCESSORS. SUPEREX WE ALSO STOCK SHURE MICROPHONES.
YA . MICR A’ MODULES. ID STATE M . ICOM, COPA
NOVEL - OMEGA - SEIWA - STE. - SWAN - CLOCKS. G-WHIPS. BANTEX. MOSLEY. DAIWA. ASAHI, JAYBEAM. DECCA AND
TECHN ;CAL ASSOCIATES _ YAESU M USEN etc THE USUAL ACCESSORIES —COAX, CONNECTORS. INSULATORS. VALVES. Etc
. ! ’ SEND FOR A COPY OF OUR PRICE LIST (Stamps please)
For the DX listener we have a Comprehensive range We are situated just around the corner from West Hampstead Underground Station
. (Bakerloo hine} A few minutes walk away 1s West Hampstead Midland Region station
of Antenna TUnel’S, Flltel’s, etc. and West End Lane on the Broad Street Line We are on the following Bus Routes.
H g 28. 59, 159 Hours of opening are 9-5 Monday to Friday Closed for Lunch 1-2.
FOI’ the ca_IIer we hav_e_a W|de ra_nge Of plastlc and Saturday we are open 9-12 3I0 only. World wideex?)on's
metal cabinets, aluminium chassis, panels, tubing, DRAS\'SALES * SERVICE
etc. RADIO SHACK LTD.
Full on the spot HP facilities. Access and 188 BROADHURST GARDENS, LONDON Nw6 3AY
. oo Giro Account No. 588 7151. Telephone: 01-624 7174. Cables: Radio Shack,
Barclaycard. SAE with all enquiries. London, N.W.6. Telex: 23718
WW—095 FOR FURTHER DETAILS WW—098 FOR FURTHER DETAILS
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plus 8% VAT

you need.

Available from:
Hi-FiCare,

London W1. 01-637 8911.

245 Tottenham Court Road,

Wireless World, September 1977

The Sinclair DM2 digital multimeter
3’2 digits. 5 functions. Fully portable.
Yet at only £49 plus VAT, it’s less expensive
than most good analogue meters.

The DM2 provides full digital muitimeter facilities for every

application including field servicing, testing, and laboratory
work. 25,000 DM 2s are already in service.
With b functions in 22 ranges, 32 digit resolution, automatic

polarity selection and 0.5% accuracy it's got all the performance

With large high brightness LED display, rugged steel case and
full overload protectionit’'s robust and reliable in use.

Powered from a dry battery it's fully portable, and options
include an ever-ready carrying case, AC adaptor/charger,and a
rechargeable battery pack.

ActionElectronicDevelopmentLtd,

171 Queen Victoria Street,

London EC4. 01-236 7819.

Fivefunctionsin22ranges  Prices Cubegate Ltd, Norman Rose (Electrical) Ltd,

DC volts 1mVto1000v DM2 multimeter £49 301 Edgware Road, 8 StChads Place, Grays Inn Road,
AC volts 1mV to 500v  Carrying case £5  LondonW2.01-724 3564. LondonW1. 01-837 9111.

DC current 100nAto1A ACadaptor/charger £3 Duvals 25-27 Harkness Street, Ardwick
AC (?urrent 1pAto1A  Rechargeable pack f12 MGeorge Street, Oxford. Manchester. (061) 2731498.
Resistance 1€ to 20MQ all plus 8% VAT {0865) 48549.

or write for full specifications
and complete list of distributors to:

[— g = — |

)
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WW — 017 FOR FURTHER DETAILS

10 Sackville Street, Bradford,

Yorks. {(0274) 26104.

DepartmentD 3, Sinclair Radionics Limited, London Road, St. lves,
Huntingdon, Cambs. PE17 4HJ.Tel: St.lves (0480) 64646.

=BWE E=EETREBRNIEES

TRIO OSCILLOSCOPES

The Trio CS 1500 series oscilloscopes offer top perfarmance at moderate
cost The specifications show the performance teatures that have made
these ascilloscopes firm tavournites in all parts of the world with a selection
of bandwidths to 30 MHz and sensitvitiss down to BMV ‘CM on a 130
mm screen Prices are very realistic and more s0 when you learn that the
price includes two full bandwidth X10/X1 dual purpose probes —
normally offered as expensive options Delivery 15 even better — ex stock
and we ntend to keep 1t that way

CS-1570 SSPECIFICATIONS
130mm DUAL TRACE Bandwidth DC 10 30MHz (—3dB)
TRIGGERED SWEEP Delfection
OSCILLOSCOPE factor 5mV div 1o 5V div
Input R C 1ML 24pF
Rseume 11 7nsec
NRD 505 Overshoot Better than 3
b Signal detay 160rsec
Polarity ' CH2 can be inverted
The NRD505 protessional recever represents a step ftorward in Sweep tme 02. dvto05s dv
communications equipment Designed and manutaciured to the very Magnifier x
highest specifications the NRDS05 offers continuous coverage from 100 Linganty Better than 3%
KHz ta 30 MHz in thirty 1 MHz bands All mode operation on USB LSB Canbratar 0 5Vpp (1kHz square
CW AM and FSK s provided for with extremely good IF filter wave
characteristics for each mode ® 130mm mesh PDA Intensity
@ OC 30MH:s 5mv moduiation Moare than 5vpp
The NRD505 features digital readout to 100 Hz with analogue back up @ Delay hne Phosphor P31
dial readout to better than t KHz A unigue feature of the NRDSO5 1s the @ Auto level tnggenng Power ACI100 120 220 240v
provision of four random access memories for ins1ant return to frequencies @ Display modes (CH1 50 60Hz 25W CS-1562 ® SPECIFICATIONS
of interest Any frequency within the receiver tuning range can be entered CH2 DUAL ADD) Dimensions W260 x H190 x D375 13 DUAL TRACE Bandwidth DC to 10MHz 1 — 3d8)
nto store by simply depressing a front panel button Up 1o four trequencies @ Trgger models (AC mm) Omm Deflection
can be stored in this way for insiant recafl at any time regardless of the LFRej HFRe| DC) Waeight 8 Skg JIRIGGEREDISWEER, factor 10mv dw to 20V d
settings of MHz and VFO dials A merculy storage battery retains stored €$-1570 OSCILLOSCOPE Ioport R C My 22pF v
trequency even when the recewver 1s switched off PRICE £430 + 8% Risetime 35nsec
The NRDS505 features up conversian 10 a st IF of 70 455 MHz using (s G B30 Gt Oueriont S i e
2 dn cancelling Wadley 100p system before conversion 1o the second I o G_1 5G0A Y SPECITICATIONS Sreinn a0 0 8s i
455 KHz at which frequency the IF fillering takes place - g .
130mm DUAL TRACE Bandwdth DC 10 15MHz (— 3dB) émlesmv ?ene' !:an 3%
A wide range AGC system incorporaning PIN diode attenuators before ~ TRIGGERED SWEEP Detiecuon Aliravor R T
9 Y COrp g OSCILLOSCOPE tactor 10mv div to 20V din square wave)
the fully balanced RF stage ensures first-cClass strong signal handling Input R C MO 22pt @® 130mm CRT (ntensity
charactenstcs Risetime 23msec : RCX WOM(HI 10mv Prr\odx:‘lalmr\ More than 5Vpp
Overshoot Better than 3 « utomatic sweep hasphor P31
Automatic selection of approprate receiver nput band pass fiters Sweep time 05 s divto08s div (AUTO FREE RUN) — Power AC 100 120 220 240V
ehminates the need for frant panel preseiector controls Magnifier x5 @ Dispiay models (CH1 50 60Hz 20W
Linearity Better than 3 % CH2 DuALy Dimensons W260 x H190 x D375
Calibrator TVpp (1khe square @ Full sensiivity X ¥ mm)
{F output at 455 KHz and 600 ohm Iine output are provided for diversity R operation Weight 8 Okg
recever use and also for remote station monitoring @ 130mm CRT Imensity C$-1562
@® DC 15MHz/ 10mv modulation More than 20vpp PRICE £250 + 8%
The construction of the NRDSOS s superb and wide use s made of @ Automatic sweep (AU Phosphor P31 FINAL TEXT Includes two X 10 prabes
automatic assembly techrmiques to give a high MTBF TO FREE RUN) Power AC 100 120 2207240V

The NRD505 s designed for the professional monitoring and

@® Display modes (1CH1
CH2 DUAL ADD SUB)

50 60Hz 23W

Dimensions W260 x H180 x D385

The items shown above are simply a small selection trom the wide range
ot equipment whiLh we stock tor the amateur and professional user

surveillance user and truly represents a new approach at reasonable cost @ Full sensitivity XY may Contact us far getalled information on any held in which you have an
For full details contact out Matlock office today aperaticn Weight 8 4ky nterest 55p 10 stamps will bring price fists and Catalogues
CS-1560A

PRICE £300 + 8%
Includes two A 10 probes

119 CAVENDISH ROAD, MATLOCK, DERBYS. TEL. 0629 2430 OR 2817. TELEX 377482 LOWLEC G

WW—102 FOR FURTHER DETAILS
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Telephones and new technology

How progress can change an industry

By John Dwyer

Well into July, some four months after
Plessey announced that they would
have to sack 4,000 workers as a result of
cutbacks in Post Office ordering, 200
women were still occupying Plessey’s
telecommunications plant at Kirby,
Liverpool. The sackings caused a great
deal of political heat at the time, and the
Prime Minister was moved to appoint
Mr Michael Posner of Cambridge Uni-
versity, a specialist in the economics of
the public sector and a former deputy
chief economic advisor to the Treasury,
to examine the Post Office’s equipment
ordering methods.

His report was published at the end of
May and welcomed at once by the Post
Office, Itisavague, largely impenetrable
document, full of tables and largely
innocent of any suggeéstion of suffering
that the tables might convey. At one
point the professor offers two equations
the Post Office uses to determine its
future equipment needs, explaining that
the studies which led to changes in the
figures used in one of the equations are
discussed in appendix 2; on the follow-
ing page he adds’; “I would not pretend
to have understood fully the complex
calculations reported in appendix 2.”
The Post Office’s decisions, he con-
cludes, had been broadly correct.

Posner has not even approached the
much broader, and more important
questions raised by the dismissals: Why
are there so many different types of
exchange in use? If correct technical
decisions had been made at the right
time, and adhered to, would those
sacked workers now be employed in a
thriving, export-led telecommunica-
tions industry? Has new technology at
last begun to make people surplus to
requirements? Who supports either
those made surplus or, for that matter,
the Posners of this world?

The latest staff cuts are merely an
unfortunate acceleration in a process
that has been going on largely unob-
served for some years. Thirty years ago
the GPO, as it was until 1969, was
pre-eminent among telecommunica-
tions authorities mainly because of its
strict adherence to rather conservative
but very high technical standards. Also

The Post Office uses five different
types of exchange, apparently as a
result of shrinking from unpleasant
decisions over the years. The Plessey
closures appear to show that the result
was the same in the end anyway. This
article traces the history of British
telephone exchanges and asks whe-
ther we have learnt enough from it.

important, however, was Britain’s posi-
tion at the head of the Empire; it was
this which attracted Automatic Electric
of Chicago to set up, with BICC, a
subsidiary in Liverpool to make
Strowger exchange equipment. The first
British Strowger step by step exchange
was opened at Epsom in 1912. Even-
tually there were five companies mak-
ing Strowger in Britain: Automatic
Telephone and Electric (ATE, taken
over by Plessey in 1961); Ericsson (a
Swedish company banished in 1948);
GEC; Siemens (later taken over by
AEIl); and STC, now a subsidiary of ITT.
Because of the Empire, these companies
had available to them a large export
market which they could exploit merely
by hanging on to the GPO’s coat tails.
With a quarter of the industry’s pro-
duction going abroad, Britain was the
top exporter of telecommmunications
equipment even as late as 1963.

As an exporter Britain has now fallen
from first place to fifth. The companies
and their unions say that this is the fault
of the Post Office, which has not
ordered the type of equipment that is
acceptable abroad and has changed its
ordering plans so frequently that it has
become impossible for them to plan
ahead.

The export story

It is perhaps true that the suppliers and
their potential export markets parted
company a long time ago. Until the late
60s the Post Office refused to buy a
newer alternative to Strowger, the
crossbar exchange. As the demand for
telephones grew it became clear that
the Strowger system had serious limi-
tations. It is noisy, acoustically and

wawww americanradiohistorv. com

electrically, has a lot of moving parts
and so needs a lot of maintenance.
Crossbar is also an electromechanical
system but it has fewer moving parts
and needs less frequent adjustment.
Crossbar systems have been used in
Sweden since 1926. Perhaps more
important, though, is that Strowger is a
step by step system in which the call has
to be routed one step at a time all the
way to the dialled number before it
discovers that the line is engaged. This.
wastes line space, a problem which can
be overcome if all the calls are con-
trolled from a central point in the
exchange. The common control then
allocates a route and operates all the
switches along it. In Sweden in the late
1930s Ericsson invented a crossbar
exchange system which used common
control. The control unit takes the
dialled number and registers it, then
looks at the outlet and, if the number is
free, operates the line switches to work
a path back to the caller’'s phone. The
system still uses electromechnical
switches but is a lot more economical in
line space.

If the common control fails, the
system fails, unlike a Strowger system,
and so duplication is necessary but,
during the 1950’s, continental
exchanges began to standardise on
crossbar, and pressure built up in
Britain to develop an exportable cross-
bar system. Plessey developed the 5005
crossbar, which they offered to the Post
Office, but the Postmaster General,
after consulting the GPO, said that the
Government would prefer to wait for
the inevitable arrival of all-electronic
systems than invest in an intermediate
electromechanical system. The manu-
facturers appear, reluctantly, to have
agreed.

The Post Office went ahead with an
experimental all-electronic (time
division multiplex) exchange in High-
gate, North London. This exchange
opened one day in 1962. It closed the
same day, having collapsed once it
reached a quarter of its full traffic load.
The Post Office was forced to fall back
on Strowger. This helps to explain why
even today 85% of the Post Office’s 6,000
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local exchanges are still Strowger, and
why the suppliers have been so
dependent on Strowger orders for so
long.

Reed relay exchanges

While fulfilling its immediate needs
with Strowger the Post Office, more
cautious now, accelerated development
of a reed relay exchange system first
installed in Leighton Buzzard in 1967.
This had been developed since 1961
through the Joint Electronics Research
Agreement between all the suppliers.
The TXE], as the reed relay system was
known, was developed by Plessey into
the TXE2 for small rural exchanges. The
Post Office now have about 800 of these
exchanges in use, some from each
supplier, and Plessey have been able to
sell a commercial version, Pentex,
successfully abroad.

However, there had been no version
of TXE2 available which would be
suitable for large exchanges. STC went
ahead on their own after the JERA was
ended and funded development of
TXEA4.

But in the period just after Highgate
failed TXE4 was still a long way off —
the first such exchange, at Birmingham
Rectory, did not open until February
1976. In addition, demand for tele-
phones was growing, particularly since
the nationalised industries were forced
to hold prices below what they consi-
dered an economic level: demand
doubled between 1965 and 1971. The
Post Office were forced, after all, to buy
crossbar, and the first crossbar
exchanges went into service in the late
1960s.

Why more crossbar?

In 1971 the Post Office appears to have
decided once again to make all its large
exchanges electronic, and the following
year they were trying to choose
between TXE4 and more crossbar as an
interim measure. The dilemma was
heightened by the heavy reliance of the
manufacturers on crossbar orders, and
the smoother transition that TXE4
appeared to offer to electronic techno-
logy. See Wireless World, March 1976
p.92.

In February 1973 the Government
announced approval of a decision to
spend £350 million on crossbar and £100
million on TXE4. That this decision may
not have been to the Post Office’s liking
is shown by a £15 million order received
the previous year by STC from the Post
Office for 16 TXE4 exchanges. In a
speech in November 1972 Mr C. A.
May, head of exchange systems division
of Post Office telecommunications
development wrote in the journal of the
Institute of Post Office Engineers that
TXE4 was “capable of providing the
British Post Office’s requirements for
large scale telephone exchanges over
“the next decade or more.” It was the
result of consistent and logical deve-
lopment work since 1956. At that time,

however, GEC and Plessey were
pressing for the adoption of a compu-
terised stored programme control ver-
sion of crossbar, TXE4 being, they
thought, unexportable.

Then GEC defected. In 1973 “the
company signed a ten year agreement
for the exchange of technical informa-
tion with STC. Plessey, it was thought,
was out in the cold, particularly when it
become known three months after the
STC/GEC deal that GEC had won the
Post Office’s contract for the processor

to be used with the planned “System X"~

all-electronic exchanges. The orders for
the 2BL processor would be worth
£10million a year by the 1980s. All three
companies had competed for this
contract — Plessey submitted its PP250

-processor — but it appears that when

large companies compete for govern-
ment contracts nobody loses. For one

‘thing any company which wins a Post

Office contract shares its information,
for a price, with the others. For another,
by purest coincidence, Plessey were
awarded the contract to supply the
PP250 for the Ptarmigan military com-
munications system just as the GEC
2BL contract was announced.

Exports? — Forget it.
As a result of all this the Post Office
exchange system is a melange of five
different interworkable, but not inter-
changeable, systems. That means five
lots of maintenance, five lots of spares,
and five lots of training for the person-
nel associated with them. None of them
has given the suppliers any export
advantage. The Post Office crossbar
system does not use multifrequency
signalling, as the foreign market
requires. None of them offers common
control with a central microprocessor
— Plessey’s 5005 common control
crossbar system failed to compete with
those built by Ericsson and Siemens,
who had a ten year lead.

Even TXE4 appears to have faults.
TXE4 uses a number of smaller distri-

"buted processors instead of a central

processor. In essence, it keeps a map of
the state of all the switches which is
updated every few milliseconds, and the
call is routed by looking at the map the
instant the number has been dialled. As
Sir Raymond Brown pointed out in a
report to the National Economic Deve-
lopment Council, TXE4 exchanges “do
not have the computer control facility
which is currently being offered by our
competitors.” The computer control he
refers to is the ability to alter switch
instructions electrically. For example,
not only can such a system recognise a
fault (as can TXE4) but the. programme
in the computer can route all the calls
round the fault. This is known as
stored programme control, or s.p.c.
According to a report by white collar
union ASTMS, TXE4 cannot perform
tandem switching economically. A
tandem exchange provides a central
junction through which all calls are
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routed instead of providing links from
every exchange in an area to every
other exchange.

ASTMS also advanced another rea-
son for the poor export performance of
the suppliers: “Our main criticisms of
the British companies is that they have
acted far too conservatively. Because of
their extremely close business relation-
ship with the Post Office, they have
failed to engage in any serious degree of
entrepreneurial enterprise. Their record
is one of lack of innovation; they have,
waited for the Post Office to order and
take (sic) few risks. In this they are
unlike other companies abroad, such as
Siemens, which takes initiatives,
exporting even if the domestic German
Post Office does not order the equip-
ment the company makes.” According
to ASTMS, Plessey invested 3.2% of its
total sales in r & d where Siemens put in
8%. In 1974 52% of the UK suppliers’
output was accounted for by public
telephone exchange equipment, trans-
mission equipment accounted for
another 10% and subscriber equipment
10% more. That is, three-quarters of
their output was bought by the Post
Office. Sir Ray Brown’s figures, based
on the Business Monitor for 1975, are
rather different, but they still show that
the Post Office bought two-thirds of the
industry’s output in that year. ]

In addition, the companies appear to
have had enough trouble meeting Post
Office orders without trying to produce
exports as well, if an Arthur D. Little
study of 1972 is to be believed. In August
that year McKinsey management con-
sultants were brought in to investigate
their late deliveries.

Lack of initiative does not account
entirely for the decline in"the telecom-
munications industry. The Post Office
had been accused of being inflexible in
specifying the equipment it wants
without regard for the need of suppliers
to sell that equipment elsewhere. One
example was the Post Office’s choice of
a non-standard crossbar system.
Another, say STC, is the PO insistence
on servicing the equipment from the
back, whereas most foreign equipment
is serviced from the front. Yet another is
the Corporation’s choice of Coral 66 as a
programming language for System X,
the future all-electronic exchanges.
Coral 66 is not widely used outside the
UK. It happens that Coral 66 is the
standard language for military pro-
gramming. The suppliers also complain
that they have to pass any cost reduc-
tions they achieve as a result of greater
efficiency on to the Post Office.

Where is everybody?

So far these upheavals appear to be
more a result of the industry’s own
peculiar history than of changes in
technology. But the changes began to
affect the number of people employed
the moment the Post Office moved
away from Strowger. In a recent speech
to the Royal Society STC chairman and
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The control panel for the Pye TMC
electronic director at Surbiton
exchange. The v.d.u. shows the
exchange codes and the codes to which
they are translated for routing the call
to a distant exchange. The pushbutton
panel on the lower shelf puts new
exchange codes into the director or
may change existing ones. This
updating used to be done once a week
by changing the straps on a hard-wire
panel. The new director occupies one
fourteenth the space of the previous
electromechanical equipment. It has
been on test at Surbiton for two years,
and development started in 1969.

managing director Kenneth Corfield
gave the following figures: to manufac-
ture 500,000 lines of electromechanical
equipment a year needed 3,300 directly
employed workers; to make the equiva-
lent amount of semi-electronic equip-
ment needed only 1,250, while the
wholly-electronic equipment would
need only 120 workers.

The same is true of the numbers
needed to look after such equipment. A
good example is provided by the recent
installation of an electronic director by
Pye TMC at Surbiton exchange. In large
conurbations the calls from a number of
exchanges within an area are controlled
by directors. Director areas have seven
figure numbers. The first three digits are
translated by the director into a train of
pulses which route the call to the
exchange connected to the dialled
number. The final four digits are stored
by the director until all three code
numbers are dialled and translated and
these four digits are then transmitted
without translation. Without directors
those connected to one exchange would
need a different telephone directory to
subscribers connected to different
exchanges in the same area.

Directors are in continual use since

they deal with one call and then go on to’

the next. The electromechanical direc-
tor needs frequent adjustment, and
oiling once a month. In spite of constant
attention electromechanical directors
often misroute calls. In addition a strap
field has to be altered manually once a
week to deal with changed numbers and
other alterations to the hard-wired
programme. At Surbiton a team of eight
is needed to keep the director and other
equipment working.

The prototype Pye electronic director
has been in use in Surbiton for two
fault-free years. The translations are
changed by a keypad which replaces the
strap field, updating the store. It runs
silently, enabling the engineers to talk
to one another without shouting. It can
work next to the electromechanical
equipment in the exchange, which
produces back-e.m.fs that can reach

1,300V if a section fuse blows: the’

p-channel m.o.s. ls.i. logic uses a ‘I’
level of 25V and a ‘0" of -3V. The
electronic director cannot misroute
calls and samples one call in every 16 to
make sure it is correctly routed. Not
only is it actually cheaper than the
electromechanical alternative, it takes
up only one rack where its equivalent
would have taken 14, and this enables
the Post Office to take up any increase

in telephone traffic without having to’

move to larger, and very expensive, new
buildings. It does not need anything like
the maintenance of the electromechan-
ical equipment. With all these advan-
tages it becomes plain that the Post
Office cannot afford not to use more of
this type of technology wherever it can
and, following the Surbiton trial, the
Post Office has ordered 280 electronic
directors worth £7million to replace the
electromechanical ones in 243
exchanges by 1981.

This is bound to have a great effect, as it
is meant to, on staff levels. In the rest of
the telecommunications industry the
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The prototype electronic director at
Surbiton. This equipment rack replaces
14 of the electromechnical type. The
equipment has a translation store of
2,000 individual routing instructions,
any of which can be rewritten using a
keypad, providing for the routing of
traffic to several hundred local
exchanges, to the trunk network or
various information centres. The
translators are installed in triplicate in
case of failure, but there have been no
faults on the equipment in two years.

effects have bitten deep already. Ac-
cording to Sir Ray Brown’s figures,
between 1971 and 1975 the number of
people employed in telecommunica-
tions fell from 91,000 to 77,000. In the
first quarter of 1975 there was a halt in
the increase in telephone traffic, largely
because of the fall in business activity
and the large number of bankruptcies.

The recent review

Even more crucial, however, was a
change in the method of measuring the
flow of calls through the exchanges. In
mid-1975 a new computer system for
Exchange Equipment Review came on
stream. The Post Office estimated that
they would have to wait a year before
they had built up sufficient data on
which to base their predictions. “As a
result of that,” say the Post Office, “at
the end of that year the capacity of
switches was much greater than we had
thought hitherto.” The Posner report
estimates that the excess in capacity
was about 20%. The Corporation also
began to even out the peaks and
troughs in telephone traffic by making
calls at the most popular time, the
morning, more expensive.

On top of all this, in 1975 Post Office
charges were increased. In 1976 public
spending cuts forced nationalised
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industries to be more self-reliant. The
PO cut back its ordering programme
drastically. The revised figures were
published last November. £44 million
worth of orders for GEC/Plessey
Crossbar in 1977/8 had become £25
million. Strowger orders were slashed
by three-quarters to £10 million. The
investment programme for 1976 to 1980
was trimmed from £884 million to £665
million.

Perhaps the bitterest taste left by
these cuts is that, when the Post Office
increased its prices in October 1975 the
then Prime Minister, Harold Wilson, on
advice from the Post Office, said that
the Corporation’s ordering programme,
outlined the previous year, could be
regarded as definitive, and there would
be no further need for redundancies.

- STC have since sacked 2,000 working on
exchange equipment and GEC have cut
their 33,000 work force by a third. The
number in telecommunications has
fallen a further 10,000 and the unions
have said that the Plessey closures in
March are but the first instalment in
further cuts of 15,000.

Sir Ray Brown describes System X as
“the most ambitious programme ever
undertaken by the British telecommun-
ications industry.” The Post Office is
funding a £100 million development
'programme, half each to be spent in the
Post Office and by the suppliers. Only
scattered details are known about
System X since Post Office staff
involved are covered by the Official
Secrets Act and the participating firms
have to sign non-disclosure agreements
before meetings at which the system is
to be discussed. However, we do know
that the Advisory Group on System
Definitions, set up in 1968 and compris-
ing representatives from the PO and

"industry, has agreed the basic idea
behind the system, and that the first
stage, the definition of requirements
and the corresponding contracts, have
been completed. The contracts are now
being prepared se that the equipment
can be produced. See Wireless World
March 1976, p.92-94.

The reason for the secrecy is the

manufacturers’ heavy dependence on
System X for future exports. Yet there
have been serious doubts expressed,

inside the Post Office as well as outside .

it, about the way the system is taking
shape. One source of disquiet is the Post
Office’s insistence that System X will be

"based on “proven technology”, mean-
ing that it will use techniques which
have been in use for some years. ’

Some authorities believe, however,
that this caution is inappropriate when
one takes account of the way modern
circuits are manufactured, and may
prove disastrous if System X has to rely
on being ahead of its rivals. One eminent
source told Wireless World. “System X
will determine whether or not there’s a
future for the telecommunications
industry for the next God knows how
many years; it’s very, very important.”
Yet he felt that System X planning was

awry, starting with the decision to buy
the 2BL processor. To begin with it used
t.t.l. technology, which was years
behind the times. In addition it was a

.powerful processor which would be

used in large control centres to control
a number of exchanges connected by
data or modem links. This, he said, went
against the tendency in other countries
to use distributed systems with a large
number of exchanges controlled indivi-
dually by microprocessors. The archi-
tecture of the system had been decided
far too early, and its production was
taking far too long. “Whether anyone
will want System X by the time it
appears, since the technology has
moved on, is doubtful. I don’t think
there’ll be a telecommunications
industry in a few years if decisions keep
being made as they are.”

Until now electronics has been used
almost exclusively to control existing
systems rather than to provide, as it is
hoped System X will do, a technically-
improved alternative. One good exam-
ple is the Pye director. Although the
technology used could be applied to
some future electronic system, the
equipment itself merely replaces elec-
tromechanical equipment and does not
fit into the framework already decided
for System X.

Another example of the improve-
ments electronics can make is the
STC-developed variant on TXE4,
TXEA4A. The Post Office has ordered the
first TXE4A exchange for Leicester’s
Belgrave exchange to come into use in
January, 1980. TXE4A uses i.cs instead
of discrete components, including m.o.s.
reprogrammable read-only memories
for the program store. Directory
numbers and other information are fed

The new m.o.s. reprogrammable
read-only memory store for STC's
semi-electronic telephone exchange,
TXE4A. The threaded wire equivalent
used in TXE4 is in the background. As
a whole TXE4 saved around 20% of
space on Strowger, and the new
version saves a further 20% on that.
Both memories contain the programme
for the exchange’s main control unit
which establishes the routing of the
calls through the exchange.
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from a keyboard to m.o.s. shift registers.
“In addition,” say STC, “an interface
has been incorporated which will enable
communication with local and remote
processors which will permit the future
provision of exchange management
processors to give improved adminis-
trative control of System X.” Other
ways in which electronics can support
telecommunications were explained in
‘“Electronic telephone exchanges,”
Wireless World, June and July 1974.

Some of the effects of the new
technology may be mitigated by the
increasing use of the telecommunica-
tions network for other purposes than
telephone calls. Data transmission,
Telex, videoconferences, Viewdata,
facsimile, and radio and tv signal
transmission all require new techniques
and better equipment, and the trans-
mission network is rapidly being
modernised. But the number of people
in the industry is still bound to reduce.
The evidence for this is so overwhelm-
ing that even ASTMS, in their report on
the industry, (Wireless World February,
p.46) say that a comprehensive pro-
gramme of retraining, redeployment
and generous compensation is needed
to minimise the effects on industrial
employees.

But someone has to pay, and it would
end up being the Post Office. Even
Posner’s mild suggestion that perhaps
all the Strowger orders for the next 10
years should be concentrated in the
next two years would cost the Corpor-
ation £5 million. And the Post Office’s
own manning problems don’t end with
the closing down, last October 14, of the
last manual exchange. It has applied to
the EEC for a grant to retrain engineers
whose jobs will disappear with the
introduction of new technology.

However the problem is tackled it is
of much wider interest than a few
factories closing down temporarily
because of adverse economic condi-
tions. This may be Britain’s first taste of
what may become a regular diet. The
speed at which the Post Office pro-
gresses towards all-electronic
exchanges may determine the speed at
which the industry that made the old
technology goes into decline, but noth-
ing will alter the fact that, if Mr
Corfield's figures are correct, at the end
of that process one worker will be
needed where there were once 27. What
happens to the 262 Who will support
them? What then happens to the price
of the product made by the one
employee if part of that money has to
support his former colleagues? Should
nationalised industries support the
industries who supply them or should
we pay people to do nothing, through
taxation, rather than to make out-of-
date equipment? These questions have
to be tackled, because Plessey's closures
are what the effects of technology
mean, and the process, in this and other
industries, has not vet even begun.

(Carter and the Post Office: see News,
this issue)
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Identifying European Television—3

A final selection of test cards and identification captions

by G. Smith & K. Hamer

In the previous two articles sporadic E
and tropospheric propagation have
been mentioned as methods of receiving
long-distance television stations in the
United Kingdom. Although these two
propagation modes are the main
sources of reception, there are several
other methods.

From time to time there are periods of
intense solar activity which gives rise to
solar flares. These flares cause a vertical
reflecting sheet to be formed due to the
magnetic disturbance and ionization of
the Earth’s D, E and F layers. Signals
tend to be received from a northerly
direction and there is a characteristic
rumbling or sleigh-bell effect on sound,
and horizontal bars on vision. It is
possible to receive trans-Atlantic sig-
nals during exceptionally high solar
flares.

An observation of the sun will indi-
cate whether auroral reflection is likely
because it is governed by magnetic
storms in the sun’s photosphere which
in turn produce visible sun-spots. The
chances of receiving signals by this
mode of propagation are increased if
there are many sun-spots present. It
should be stressed that if a study of the
sun is to be made the sun’s image should
be projected on to a piece of card to
show the state of the sun-spot activity.
Due to the rotation of the sun, there is a
tendency for a re-occurrence of auroral
reflection after 27 days but this cannot
be guaranteed to affect television
channels which, incidentally, are usual-
ly in Bands I and II.

Signals can also be received when
small meteors enter the Earth’s atmos-
phere at high velocities and produce an
ionized trail. These particles can cause
signals to be received at any time of the
day or night and reception is entirely
random. At certain times of the year,
however, there are specific showers of
meteors which can cause reception on a
fairly predictable basis. Signals via this
propagation mode tend to be of short
duration, typically between 1 and 10
seconds but nevertheless interesting
signals can be received. Usually Band I
channels are affected. The originating
transmitter can usually be identified by
using the “List of Television Stations”

which is published annually by the
European Broadcasting Union.

. A somewhat dangerous method of
reception is via lightning flash. During
severe storms, lightning causes the
atmosphere to become highly charged
and television signals can be received
during such periods. With this form of
propagation, both v.h.f. and u.h.f.
transmissions can be received. Inciden-
tally, if an outdoor aerial mast is used, it
should be earthed and insured as a
precaution against lightning strikes.

Reception via F2 propagation is also
possible during intense solar activity,
when the maximum useable frequency
rises and the F2 layer is ionized. This
layer, which is approximately 200 miles
above the Earth’s surface, is able to
refract television signals which can
originate from transmitters over 2,000
miles away. F2 layer reception occurs
when solar activity is at maximum and
such activity has a cycle of approxima-
tely 11 years. Double-skip reception can
occur via F2 propagation and leads to
interesting possibilities because the
reception range is not confined to
Europe alone.

When the F2 layer disintegrates at
dusk, another effect can take place
called trans-equatorial skip. Due to the

Poland TVP (D,
K) — Televizja
Polska’s news
programme
caption. The
initials DTV are
also used.

11 year cycle, F2 and trans-equatorial
skip propagation modes are not very
common but it is hoped that the next
peak will produce spectacular recep-
tion. Signals can also be received
directly from satellites provided that
suitably modified equipment is used.
Television transmissions intended for
Indian villages have been received in
the UK from the American ATS-6
satellite. This satellite was in synchron-
ous orbit over the Indian Ocean until
last August. The experimental signals
were transmitted on u.h.f. at 860MHz
with wide band f.m. video modulation.
This satellite has now been moved and
consequently the transmissions to India
have ceased.

Further information about reception
techniques can be found in Television
magazine which has a regular DX
column by Roger Bunney. As men-
tioned in a previous article, a 56 page
book entitled “Guide to World-Wide
Television Test Cards” is available
through bookshops or directly from HS
Publications at 17 Collingham Gardens,
Derby DE3 4FS, price £1.30 inclusive.
Virtually all television services

throughout Europe and the rest of the
world are featured with over 260 test
card and identification caption photo-
graphs.
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Tunisia RTT (B) SECAM colour — Radiodiffusion-Télévision
Tunisienne has ten main transmitters, all of which operate in
Band 3.

T

East Germany DDR-F (B, G) SECAM colour — Alternative
identification used with the DDR-F electronic test card.

Identification caption used by Radiodiffu-

"Algeria RTA (B) —
sion Télévision Algérienne. All transmitters are in Band IIL.

Vertical bars pattern — This pattern is used by the Polish and
Russian Services. Spain also uses it but with a greater number
of bars.

Iceland RUV (B) — Rikisutvarpid Sjonvarp has three
high-powered Band I transmitters.

W

Czechoslovakia. CST (D, K) SECAM colour — The new
electronic test card as used by Ceskoslovenska Televize.
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Monaco TMC (L) SECAM colour — The Philips PM5544
electronic test card is now used with the identification “Tele
Monte Carlo.”
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Czechoslovakia CST (D, K) SECAM colour — The FUBK
electronic test card is used as an alternative to the PM5544.
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Cyprus PIK (B, H) — The PIK test card “G". The service is also
identified hy the letters *CBC™ and “RIK".

AT,
| M——

Norway NRK (B, G) PAL colour — At present, Norsk
Rikskring-kasting mainly transmits on v.h.f, but uhf.
transmissions are being introduced.

Lebanon CLT (B) SECAM colour — Compagnie Libanaise de
Télévision has been received in the U.K. .

e .
MTd=1
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Hungary MTV (D, K) SECAM colour — Magyar Televizio has
three high-powered Band | and one Band Il transmitters in
operation.

www americanradiohistorv com



www.americanradiohistory.com

78

Wireless World, September 1977

RTVE-Spain/PTT: SRG: SSR: TSI-Switzerland — Off-screen
photograph from RTVE. The Swiss service replaces “Q
Omega” with “tv”.

o . -.moe. I.
GHANA s_'mtxns‘

TELEVISION

B mes

Ghana GBC (B) — Although not in the official E.B.U.
European Broadcasting Area, the Ghana Broadcasting
Corporation has been received in the U.K.

PEE;
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France A2 (L) SECAM colour — “Antenna 2" is the second
network of Télévision de France. The photograph was
taken off a monitor.

B

Saudi Arabia HZ 22 (M) — The Indian Head test card as used by
Aramco Television in Dhahran.

/
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B
France FR3 (L) SECAM colour — France Region 3 is the third

network of T.D.F. The first network uses a similar electronic
test card with the identification “TDF TF 1”.

4

Morocco RTM (B) — Morocco’s transmitters are at present
confined to Band IIl which makes reception of this service
difficult.
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“EEV Triodes and Tetrodes
coming through

loud and clear”

High quality components from @[~ — — —— — ———————
EEV alge t(klle bes}; replall)cements in l_—To: EEV, Chelmsford, Essex, CM1 2QU, Eng]anzl

fixed station, portable or transportable I;l:t‘;f;zzn%me CoEbEnABY ieoan: I
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manufacturers in this field with Or information for equipment type .......... .. oo |

|
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, |
unparalleled experience and | Name B |
expertise. - - | Position |
Many types are available in the 50 |
to 1000 watt range, but only one | Company B .

standard of quality, the highest. | Add

If you want to know more, please | ress |
fill in the coupon and send it to us at | - |
Chelmsford. | Telephone ~ Telex l

EEV/M-OV

Members of GEC- turnover £1902 million

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM12QU. TEL (0245) 61777, TELEX 99103. GRAMS ENELECTICO CHELMSFORD
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The world over-
You get the
best service
from Haltron

e Q

Haltron

For high quality electronic valves,
semiconductors and integrated
circuits — and the speediest service —
specify Haltron. It's the first choice of
Governments and many other users
throughout the warld. Haltron product
quality and reliability are clearly
confirmed. The product range is very,
very wide. And Haltron export
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,
Orpington, Kent BR5 3QJ.
Telephone: Orpington 27099
Telex: 896141

WW — 42 FOR FURTHER DETAILS
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(Letters to )
the Editor

— J

PRICE OF SMALL
COMPONENTS

As a director of a business which certainly
would have met the description of a “local
shop” beloved by “Mixer” in the Ally Pally
day (July issue), may 1 please comment on
his horror at the price of small components?

Certainly in the early ‘fifties we supplied
many local constructors with their bits and
pieces. Although we employed a shop
assistant for about ten pounds a week in
those days, and paid about the same in rent,
I doubt if we actually made a profit in
meeting their needs. We did get a lot of fun
from meeting individuals with like minds,
and this made it worth while.

Today we employ knowledgeable sales-
men highly trained to help our customers
select their teak furniture with knobs on;
they earn five or six times as much as our
old shop assistants and a high-street
location is costing nearly as much per
square foot today as the whole shop cost
then.

Despite our trade accounts, we often find
it cheaper and quicker to pop up the Edgware
Road to one of your advertisers when we
need some bits to make the odd construc-
tion. The same manufacturers who will not
supply “Mixer” as a member of the public will
not supply us, either, in the quantities we
could buy. It is only the purchasing power in
the hands of a relatively small number of
mail order firms, sited away from costly high
streets, that enables “Mixer” to buy his
components at all.

Maurice Sokel,

JMS Radio and Television Ltd.,
Edgware '
Middlesex.

SLEW-RATE
FIERS

IN AMPLI-

In his letter in the June issue Mr Nalty
misleadingly states that a low slew-rate
amplifier may be represented by a high
slew-rate amplifier followed by an (unquali-

fied but ‘“suitable””) RC filter, presumably

low-pass.

This is suggesting that an essentially
non-linear effect can be represented by
cascading two linear circuits and is clearly
unreasonable.

Slew-rate distortion occurs when the

demanded output rate-of-change of voltage
exceeds the maximum output slew-rate of
the amplifier. The usual mechanism for
slew-rate limitation (especially in op-amps) is
a constant current source charging a
compensation capacitor. Once the limit has
been exceeded the output will therefore be a
linear ramp until the output voltage “catches
up” with the demanded output voltage,
although, as pointed out by Professor Otala
previously, and in a letter (June issue), in
many cases the amplifier is detectably
non-linear at a tenth of the slew-rate.
Slew-rate distortion is hence a non-linear
distortion, and as the input sinewave
amplitude is increased the output tends
towards a triangular wave of peak-to-peak
amplitude Sr/2,where Sr is the slew-rate in
volts/second and f is the input frequency in
Hz. Some reduction from the expected
output fundamental will occur, but as this
depends on the input amplitude, as well as
frequency, it cannot be synthesised by a
combination of ideal amplifiers (i.e. high
slew-rate) and RC circuits.
G. J. Barton,
Department of Engineering
and Cybernetics, University of Reading.

SURROUND SOUND

Ever since it was introduced, I have been
highly sceptical of surround sound as a
form of reproduction for use in the domestic
environment. My scepticism remains undi-
minished in respect of all “quadraphonic”

systems (which I will henceforward refer to '

simply as ‘“quad”) and arises from two
reasons.

The first reason is the difficulty of
installing the speaker array in the required
fashion in the average (UK) living room.
Living rooms have to be used as living rooms
as well as auditoria. The second revolves
around the technical aspects, and it is with
these that I am really concerned. However,
before going into these I must digress briefly
and discuss objectives.

There are basically two uses for surround
sound systems: for reproducing what 1
would like to call “surround” presentations
and “ambience” presentations.

It is normal for music and drama to be
presented on a stage. This is convenient for
the performers. It is also convenient for the
audience, who need only concentrate their
attention in one general direction. It is
disturbing for an audience if important
sounds are produced from directions remote
from the stage. Thus, whilst an ability to
reproduce surround presentations realisti-
cally might be hailed by some as opening up
great new vistas, this facility would mostly
be used for material which was either
gimmicky or trivial. What [ think I could best
call the mainstream requirement for
surround systems is the reproduction of
ambience presentations. Nevertheless, the
touchstone of the quality of any quad
system appears to be its ability to reproduce
surround presentations, so [ will assume that
for quad this is the prime objective.

Now back to the technical aspects.
“Quad” implies four of something: in this
case, four channels of information and four
speakers. There appears to be a theory that
reproducing four discrete channels through
four speakers in a square array will produce
the required effect. The theory is based on
the idea that adjacent speakers will behave
as stereo pairs and reproduce sounds in their
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correct locations in the intervening spaces.
In his January / February 1972 Wireless
World articles, Mr Shorter very aptly called
quad “four-channel stereo”. So let us take a
look at quad from this multiple-stereo angle.

I have at this address an excellent stereo
system. It gives a wide spread of sound
between the speakers with good localisation
of solo instruments. Most importantly, with
‘serious”’ music, except on very rare
occasions it is impossible to hear any sound
as apparently originating from the speakers:
one cannot detect the speaker positions by
ear, even when trying hard to do so. The
speakers are at the conventional angle of
60°. Widening the angle to 70°, the stereo
image gets a bit diffuse. Widen it to 90° and
the effect is very ping-pongy, so that [ am
very much aware of the presence of two
sound sources. Quad requires the speaker
pairs all to be at 90°, so with quad I would
expect to hear not surround sound but four
speakers. And at demonstrations of quad
that is just what [ have heard. And [ am not
the only one. “Ping-pung-pang-pong”, as Mr
Gerzon so nicely puts it. To some people’s.
ears, including mine (and I suspect to just
about everybody’s), quad does not work. It is
quite simply based on false premises. I have
long wondered whether we were all being
conned or whether those researching quad
systems were kidding themselves (or both).

Quad requires four discrete channels of
information. These can be put on to discs
using carrier techniques, but it is simpler if
the public can use their standard stereo
pickups. So we have “matrixed” systems in
which the four channels are compressed into
two and the listener has a decoder to sort
them out again. Simple decoders give heavy
crosstalk, so some very complex ones have
been devised to improve the “discreteness”
of the recovered signals: albeit with some
undesirable side-effects. Whilst one can
admire the ingenuity which has gone into
developing circuits such as the Variomatrix,
one can only regret that it has been
fundamentally misdirected.

For some years there have been several
competing matrixed systems on the market,
and these have recently been joined by the
BBC's Matrix H. This is another quad
system, its originators exhibiting the
four-discrete-channel syndrome with its
obsession regarding crosstalk, and not
surprisingly their preferred approach is to
use a Variomatrix to sort it out. As may be
imagined from what I have already said, I
read parts of Messrs Ratliff and Meares’
article with a certain amount of disbelief.

Matrix H is claimed to be compatible with
stereo and mono reproduction. However, |
must question its stereo compatibility on
ambience presentations. Messrs Ratliff and
Meares say that “The front quadrant spans
most of the stereo stage....” Does, it?
Looking at the encoding equation (panpot
form), 1 see that there is 36% (—9dB)
crosstalk for sources in the front quadrant.
Now a receiver giving only 9dB stereo
separation would be regarded as exceedingly
poor, so this looks bad. However, the
crosstalk is phase-shifted, and if I have read
him correctly, Mr Gerzon implies that this
widens the apparent stereo image. Well, 1
have here a tape of a Matrix H-encoded
broadcast from the Royal Festival Hall,
London. I find that whilst the stereo image is
well enough defined, it is unusually narrow,
the orchestra occupying barely half the
angle between the speakers. This is roughly
what I would expect for —9dB crosstalk. A
single sample is not necessarily representa-
tive, but I regard it as indicative.
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Following hard on the heels of Matrix H
we have Ambisonics and System 45J.
Ambisonics is (are?) not quad. Four
channels are not used, and whilst four
amplifiers and speakers can be, they are not
obligatory. The concepts of discreteness and
multi-stereo have gone out of the window,
and concern about crosstalk has gone along
with them. I think it can hardly be disputed
that the Ambisonics approach is the right
one, and it looks as if it actually works. With
the publication of the decoder design (and
the availability of some 45J-encoded
material?) we should be able to find out for
ourselves. If, as I anticipate, the claims for
Ambisonics and 45J turn out to be justified,
then the BBC would surely be ill-advised to
continue promoting Matrix H. I hope that
the present “experimental” broadcasts will
not turn out to be the thin end of a wedge.

It appears that two-channel ambisonic
decoders have the unavoidable disadvantage
of giving a certain amount of phasiness and
that for best results a third (or two-and-a-
half) channel is desirable: at least for
surround presentations. Perhaps Mr Gerzon
could let us know whether there is any
significant disadvantage in having only two
‘channels available for ambience presenta-
tions. Also, for ambience presentations is the
four-speaker arrangement of his Fig. 7(a)
(July) significantly poorer than his preferred
six-speaker arrangements?

Finally, might I suggest that Mr Gerzon
and his colleagues should round their work
off by investigating the desirable speaker
characteristics for their system? They have
studied all the earlier parts of the chain. The
speakers I use are a non-directional type,
and for stereo I regard them as significantly
superior to the conventional box-type with
its multiple units aimed at the listener. With
the latter, unless they are spaced rather
closer than the conventional 60°, I find that I
am always aware to a greater or lesser
extent of the presence of the individual
speakers. Why the difference? I don't know
and can only speculate, though the sound
fields produced will be different and that’s
for sure! I would expect the difference in

- bahaviour to be greater, if anything, with
surround sound.
J. E. A. Fison
Abu Dhabi
Arabian Gulf

IMPROVING SURROUND
SOUND ENCODING

The letter of Mr Andrew Sturt, of London
Weekend Television, in the July issue, is
particularly welcome for its engineering
approach to the problem of optimising
2-channel encoding specifications. Certainly
a front-centre phase of 48° can be objection-
able to discriminating listeners under some
conditions, and we would ourselves prefer to
reduce it to 45° or less.

Moreover the average phase-angle of the
Matrix H encoding over the front sector is
larger than its front-centre value,
particularly for the pairwise-blended locus.
This could be justified if the boundaries of the
“impairment zones” could be taken literally,
but on actual programme material this
front-sector phasiness seems to have a
cumulative effect not fully accounted for in
the single-source tests used to delineate the
impairment zones.

We agree also that insistence on the locus

passing through the left-only and right-only
points is an unnecessary restriction which
curtails the quality of optimisation, and that
very precise conditions have to be fulfilled, as
they are in the 45] specifications, in assigning
azimuths to points on the encoding locus.

However it is necessary to correct the

misapprehension that in the choice of 45JB,
the two-channel member of the intercompa-
tible 45) hierarchy of encoding specifica-
tions, any less attention has been paid to
mono and stereo compatibility than in
Matrix H. The essential difference lies rather
in our preference for optimising the perfor-
.mance averaged over the whole range of
likely programme material, whereas the BBC
have aimed at minimising the single-source
impairment that can occur in the worst
possible case, however rarely this case may
happen in real programme listening. This is a
reason for the significantly lower phasiness
of 45JB over the front sector where impor-
tant sound-sources are most likely to be
found. There are also many other aspects to
consider. There should for example be an
even distribution of direct and, more espe-
cially, ambient sound in stereo reproduction
‘avoiding distracting concentrations of sound
from the direction of the two loudspeakers.
Robustness to transmission errors also needs
to be considered.

We naturally believe that our criteria for
optimisation are the more realistic. Equally
the BBC will have their own opinion, but this
does not mean that the BBC claims for better
mono and stereo compatability need to be
taken at face value. Neither do we think that
45JB is so perfect that it cannot be improved.
In fact the difference between the 45JB and
Matrix H encodings is quite small by
“‘quadraphonic” standards, and what
remains to be done is a fine-tuning of the
2-channel specification for best results both
now and in the future when higher standards
may be demanded. This is taking place
through the recently announced agreement
between the BBC and NRDC to exchange
technical information and experience with
the aim of finding a common specification
optimised for both broadcasting and record-
ings on disc or tape.

P. B. Fellgett

Department of Engineering
and Cybernetics

University of Reading
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ADVANCED
PRE-AMPLIFIER DESIGN

It was interesting to read the correspondence
in your March issue relevant to the
“Advanced preamplifier design” published in
the November 1976 issue. i

Mr Nalty makes an excellent point on the
susceptibility of feedback equalized pre-am-
plifiers regarding high level, high frequency
distortion. As he correctly concludes, it
seems that many designers are unaware of
the problem, and this is unfortunate indeed.
Mr Self would seem to be included in this
category as he maintains that slew limiting is
caused by the open loop characteristics of the
amplifier itself and not the feedback
network. .

In actuality, slew limiting can be caused by
either the amplifier itself or load capacitance.
The mechanism is simply a taxing of the 1/C
voltage rate of change, a basic relationship.
In the case of RIAA pre-amps, insufficient
current to support a full level high frequency
output will result in distortion. This is easily
measured by a full voltage level output t.h.d.
sweep, or by a swept two-tone difference i.m.
method.

To further illustrate these points, Mr Self’s
input amplifier was built and tested. In its
published form it is severely slew limited by
the single ended current available from Trito
charge the 10nF feedback capacitor. In the
graph, this is indicated by the 5V r.m.s.
t.h.d. versus frequency curve. Distortion
begins at roughly 4kHz, but doubling the
emitter current in Try;moves this break point
upward by a factor of two.

Without the capacitance, the distortion
follows a more gradual rise, which is
bandwidth related and eventually slew limits
at 80kHz. The difference between these two
curves, both taken at 5V r.m.s. out, is that in
one case the slew limiting is caused by the
capacitive feedback load, while in the other it
is the amplifier’s internal limit which is the
culprit.

At lower levels, the slew limit break point
is pushed outward in frequency, approxima-
tely 20kHz, for a level of 1.25V r.m.s., roughly
the ratio of amplitudes.

A point to be made relevant to all of this is
that this form of distortion can very readily
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be heard, and it often sounds as Mr Nalty has
described. Pre-amps are particularly sus-
ceptible to slew limiting as they must handle
the full dynamic range on the disc regardless
of volume control settings. This dynamic
range must be present with full fidelity across
the entire audio band, and even beyond, not
solely at 1kHz where overload specs are
typically cited.

W. G. Jung

Forest Hill

Maryland, USA
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AURAL SENSITIVITY
TO PHASE

It may well be that, if one makes the
assumptions about the auditory system
suggested by J. H. Asbery (July letters), the
arguments about phase audibility are
resolved, but, unfortunately, we are in no
way justified in regarding the ear in the
manner proposed by Mr Asbery.

[ would concede that the ear begins as a
non-linear transducer, in the sense that the
outer ear modifies the energy spectrum of
the sound entering it, but so do recording
machines. As | pointed out in my letter of
July 1976, this modification is of use to the
system, not detrimental. However, except at
high intensity levels, there is no evidence for
harmonic distortion; in other words Mr
Asbery’s 2nd harmonic cannot be detected.

It is not possible to state the exact Q of the
auditory filters, as its value varies with
frequency and method of testing, and the
filter shape has steep cut-off on one side and
shallow on the other. A simple test
procedure based on the detection of a tone
in a band of noise leads to very modest
values for the Q; say around 6 at 1kHz.

One certainly cannot accept that the only
information reaching the brain, concerning
each frequency, is its amplitude. The
auditory nerve, leading from ear to brain, is
tonotopically organised; in other words the
different fibres of which it is composed seem
to be carrying information about different
frequencies, with the higher frequencies
towards the outside of the bundle. Placing
an electrode in a fibre and measuring its
electrical activity shows any given one to
have a characteristic frequency, to which it
responds best. If a series of tones are
presented to the ear, then the activity of a
fibre falls off at frequencies above and below
the characteristic frequency. The loudness
of an auditory stimulus is encoded as rate of
“firing” of the nerves — a kind of
amplitude-to-frequency conversion. How-
ever, a given nerve fibre does not fire at
random intervals; it has been shown that
firing occurs near peak displacements of the
initiating waveform and so remains in phase
with it, although for a sound of low intensity
a nerve does not respond to every
‘displacement.

From the above necessarily abbreviated
account it can ben seen that phase
information is indeed available to the brain,
but does it use this information? In general it

is a safe rule that, if an organism has the
necessary apparatus to extract a certain
facet of knowledge from its environment,
then the organism is using that knowledge.
That the human brain not only has available,
but also responds to, phase information in a
sound can be demonstrated by a simple
experiment. One listens, via headphones, to
a tone embedded in white noise; the
connections being such that the sounds are
in phase at each ear. The intensity of the
tone is then reduced until just subthreshold.
It can now be rendered audible again by
inverting its phase at one ear, the phase of
the noise being left unaltered. Readers will
see immediately that this ability of the
auditory system to use phase information is
of enormous benefit when trying to listen to
some sound source in a noisy environment.

In conclusion I will repeat the theme of
my 1976 letter. The ear-brain combination is

undoubtedly sensitive to relative phases in’

the components of a signal, but at the same
time the system is remarkably adaptable, as
it has to be to recognise and understand a
voice a few steps away, at the other end of a
telephone, or across a crowded room. The
particular distortions of a given environ-
ment are quickly recognised as constants,
allowances are made and at the conscious
level they are ignored. All of which does not
imply that a difference cannot be detected
when rapid switching between two condi-
tions is possible.

Peter Naish

Department of Experimental Psychology
University of Oxford

INTERFERENCE FROM
AMATEUR STATIONS

I have one or two pertinent comments to
make concerning the letter in the June issue
from Mr D.P. Doo of the British Radio
Equipment Manufacturers’ Association.

Under the heading ‘“‘Interference from
Amateur Stations”, I find it difficult to
imagine that manufacturers get ‘“so few
complaints”, and one can only surmise the
computer backfired; furthermore, the
number of complaints would vary inversely
with the country of origin. In view of the fact
that large quantities of high fidelity equip-
ment, radio and television sets, etc., sold over
here emanate from Japan, Germany, Scan-
dinavia and other foreign countries, it is
possible that this category would not be
brought to Mr Doo's attention.

The writer has held an amateur licence for
45 years and has been a member of the Radio
Society of Great Britain for 32 years, and on
behalf of the amateur fraternity, we appre-
ciate your correspondent’s ‘“‘clear. and
sympathetic understanding of the technical
and social problems involved”. However, |
am afraid he is somewhat behind the times if
he imagines the amateur licensee takes the
matter into his own hands by having a
technical relationship with a complainant.
Granted, we used to do this in days of yore
(and I, for one, would dearly like to have
continued this service), but just breathe on
somebody’s £250 hi-fi or television receiver
today and the “pattern” is always the same:
“It was fine until he came and fitted that
gadget — it's never been right since!”

No, Mr Doo, it’s more than we dare, in this
modern age, and one has to rely implicitly on
the Home Office authorities for such liaison
as may be necessary.
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The implication that the Post Office do not
notify the manufacturer of unsolved cases of
interference is ludicrous. Provided the
correct Division is handling the matter, and
this is vitally important, | guarantee not one
case ever goes unheeded. The engineering
staff have to carry out most of their work at
night-time and do so in a most efficient and
capable manner and, to put it mildly, far
exceed the call of duty.

With the advent of solid staté devices, one
must be brutally frank and state that
manufacturers of all countries are still not
taking adequate steps to screen and by-pass
both low gain audio stages from r.f. pick-up
— and, let’s face it, this is ninety percent of all
troubles as far as amateurs are concerned —
and audio amplifiers without radio are not
covered by any licensing terms of reference.
Rex J. Toby, G2ZCDN
Isleworth
Middlesex

TELEPHONE ANSWER-
ING MACHINES

It was interesting to read your report on page
39 of the July issue entitled “An end to
listen-only answering machines”.

The comment *“hideously wunsociable
devices™ is, of course, an odd one to make and
I only assume that the author of this emotive
and inaccurate phrase was not aware of the
thousands upon thousands of companies
from ICI to Brooke Bond Oxo relying heavily
upon Ansafone machines for efficient
throughput of information and in some cases
directly linked with a computer system in
order to save considerable amount of
turn-round time on deliveries, etc. Also, the
author apparently did not realise that the
remote recall facility in telephone answering
machines is quite common and by no means
new. This facility has been extensively used
for many years.

Apart from the many large industrial
applications of these machines, the report
also demonstrates by omission a lack of
appreciation of their global use throughout
business and the professions not only in this
country but in the whole world.

The report referred to also states that
“operation hitherto has been cumbersome”.
This again of course is nonsense, particularly
when one refers to the Ansafone range of
sophisticated compact machines and especi-
ally the new 800 with its many exclusive
features.

Leo Jewell
Ansafone Ltd
London W1

Stolen transmitters

We have been asked by the police at
Oakham, Leicestershire, to inform readers of
the theft of two Pye transmitters from an
EMEB site at Tinwell, Leicestershire. The
instruments, Model T470, a u.h.f. transmitter
(serial number 3193), having an operating
frequency of 462.465MHz, and Model T30AM,
a v.hf. transmitter (serial number 2688),
having an operating frequency of
139.71875MHz, were stolen on 18 or 19 April.
If you can offer information which could lead
to the recovery of this equipment, please
contact the Oakham police on (0572) 2626, or’
your local police.
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Circuit
Ideas

M

Phase shift oscillator for
electronic music

The envelope of an electrical waveform
from any percussion instrument has a
sharp rise and gradual decay as shown
in Fig (a). The periodic signal within this
envelope can be approximated to a sine
wave and the frequency is normally in
the range 100 to 400 Hz. The decay time
of this envelope is dependent on the
form of the beat. A modified phase shift
oscillator can be used to obtain the
damped sinusoidal waveform which
gives an audio output similar to thatof a
drum. To obtain oscillations it is not
necessary to have equal values of
resistances and capacitances in the RC

Wireless World. September 1977
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sections of the oscillator. By applying a
positive trigger pulse at the transistor
base, the circuit starts to oscillate.
Resistor R, is adjusted so that the
oscillations cannot be sustained and
hence decay gradually. One method of
obtaining drum sounds of different
tonal quality is to vary C; which
changes both the frequency and the
envelope of the waveform. Quality and

diversity of the drum sound can be
increased by adding a f.e.t. in parallel
with Ry, as a voltage controlled resistor.
Thef.e.t. gate voltage is varied from 0 to
—250mV which alters the decay time.
V. C. V. Pratapa Reddy, S. Anantha
Narayanan

& P. V. Raghavan,

Madras,

India.
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D.C. mbtor ‘control

This circuit will control most types of
d.c. motor and enable full torque to be
produced at any speed from maximum
down to below 100 r.p.m. Transistors
Try, Tr, and Tr; form a switching
regulator where the base drive for Tr; is

derived from the on-state base-emitter
drop of Trs;. Advantages of this unusual
configuration are the ability to control
high currents with a low on-state
voltage drop, and the elimination of
protection diodes at Tr; base as the
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voltage swing on C, is automatically
limited to around 1V pk to pk.

When Trj is off, the motor back-emf is
compared with a reference from R;,.
The resulting collector current in Tr,
determines the mark/space ratio of the
regulator. Resistors R, and R, attenuate
the motor voltage by 10% to ensure that
full speed may be reached within the
range of Ry;.

To prevent the inductive overshoot
pulse, produced when Tr; switches off,
from overcharging C,, the circuit
around Tr, is included which senses this
pulse and clamps the junction of R, R,
to ground. Resistor R}, provides adjust-
ment of the clamp pulse length to suit
the characteristics of different motors,
and is adjusted to the point where the
applied power responds to load changes
in a critically damped manner.

The circuit will operate from almost
any power supply, even rectified a.c.,
although the addition of a smoothing
capacitor improves the speed stability.
Because no attempt has been made to
stabilize the supply to R,;, the motor
speed will be proportional to the supply
voltage. If accuracy of speed is impor-
tant, R, may be fed from a zener diode
or i.c. regulator.

[. W. Rudge,
Edinburgh.

e
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Digital keyboard

Note Latch

6 5 4 3 2 1

C A A A A A A
(E= A A A A A B
D A A A A B A
Dz A A A A B B
E A A A B A A

etc
+5V

Most music synthesizers have key-
boards where each key selects a voltage
from a resistor chain and applies it to an
analogue sample and hold circuit. Due
to the very short sample time and long
hold time required this unit becomes
complex. The accuracy of each note
also depends on the degree to which 49
or 61 resistors can be matched. A better
solution is to use a digital keyboard as
shown. Each key has 7 associated
diodes which set six latches to give a
binary representation of the note

Wireless World, September 1977

selected. The seventh diode feeds a
transistor invertor to give an output for
triggering an envelope generator. The
outputs of these latches are fed to a d-a
converter using an open collector l.e.d.
invertor and an operational amplifier.
For a C to C keyboard, the diodes are
connected as shown in the table.

D. Bryant,
Totton,
Hants.
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Audio Fair '77

The complete home entertainment show

As is evident from its subsidiary title,
the Audio Fair has markedly broadened
its horizons this year. Only a couple of
years ago, anything which did not have
an exclusively ‘hi-fi’ flavour could not
be exhibited, which meant that the
newer expressions of the electronic
engineer’s art were ignored. Now,
anything to do with the use of
electronics in any kind of entertainment
equipment is to be shown, from teletext
to tv tennis, from cassettes to cabinets.
High-quality audio equipment will, of
course, be well to the fore.

Thames Television will be showing
displays of their Oracle teletext system,
which is now beginning to be seen in
commercial form in the more recent
television receivers, and the Post Office
intend to demonstrate Viewdata, the
two-way information display system
using telephone lines. Viewdata is to be
evaluated by a thousand users during
1978 and it is expected that a full service
will start in 1980. The BBC will show
their version of teletext, Ceefax, and are
also expected to demonstrate Matrix H,
the recently-developed method of
broadcasting surround-sound material,
for which we have published decoder
designs in the last few months.

Wireless World will, of course, show
examples of recent constructional
projects and intends te present_a
series of lectures by well-known figures
in the field of high-quality sound
reproduction. John Linsley Hood is to
speak on cassette-deck design and on
the causes and methods of reducing
several types of distortion. The “audi-
bility of phase” controversy will be
tackled by James Moir, who will include
the results of his own investigations,
while Arthur Bailey intends to review
the design of loudspeakers, demons-
trating different types of enclosures and
drive units. Jack Dinsdale will present
his view of the most recent advances in
the whole audio field, with a look at his
own work on horn loudspeakers. The
production of electronic music and
effects will be described and demons-
trated by Desmond Briscoe from the
BBC Radiophonic Workshop and Peter
-Zinovieff of EMS and a view of the
contribution made by amateur radio to

Audio Fair ‘77
Olympia, London. 12-18 September, 1977

The exhibition is open for trade
visitors between 2 p.m. and 7 p.m. or
Monday, 12th, and 10 a.m.-2 p.m. on
Tuesday, 13th. From 2 p.m. to 9 p.m.
on Tuesday and from 10 a.m. to 9 p.m.
Wednesday to' Saturday (8.30 on
Sunday) the show is open to the
public. Admission is 60p for visitors of
all ages. )
Public " transport to the show is
probably easier than motoring, since
car parking is fairly difficult. Tube
trains (District and Piccadilly lines)
stop at Earl’s Court, 'where a special
shuttle service runs to Olympia. Red
buses 9, 9(a), 27, 28, 33 and 73, and
‘Green Line coaches 704, 705, 714 and
716 pass the door.

professional communication will be
given by an RSGB speaker.” 3

Audio

There is a continual drive to improve
the quality of reproduction provided by
both domestic and professional equip-
ment, but it is in the domestic sphere
that innovations are most frequently

cartridge. Mass is claimed to be low for
better tracking.
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discussed. This is possibly because of
marketing pressures, which force the
appearance of new styling, new
facilities and sometimes even new
designs, which are copiously reviewed
and discussed in the consumer electro-
nics press.

Solid advances continue to be made
in technique, however, and recent
months have brought the BBC’s system
for surround-sound broadcasting, Ma-
trix H. This has been test broadcast
since May, 1977, and has produced
reactions ranging from indifference to
ecstasy. Decoders for this system are
being produced in kit form and in some
receivers. The NRDC-backed Ambiso-
nic System 45] is still a contender, both
here and abroad, and the fight for
eventual adoption by broadcast autho-
rities is not yet over, although there is
now agreement between the proposers
of the two systems to exchange
knowledge (“News of the Month” —
August).

Record decks, until recently, were the
only fully mechanical piece of audio
equipment left. It seems that these days
are now numbered with the introduc-
tion of the parallel tracking arm — more

.electronics than an amplifier—and the

remote controlled turntable with
memories for track selection — more
electronics than many hi-fi systems.
BSR, the originators of the last
mentioned deck, will be showing the
Accutrac +6. This is another remotely-
controlled instrument which has the
features of the original deck plus the
ability to play the tracks on six separate
albums in any sequence and as often as
required. Remote volume control is also
provided. The heart of this turntable is
the “Accuglide computer-activated
record transport system”. Unfortunate-
ly very few details were available at the
time of - going to press, but we
understand that record selection is by a
small platter which spirals up through
the main platter, seeks out the correct
record and lowers it on the deck proper
— sounds as though it should be
shovelling up soil samples with Viking
2. Visitors to the Audio Fair will be able
to see demonstrations of the Accutrac
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List of Exhibitors

The following list is as complete as
we can makae it at the time of going
to press.

Adam Imports
Agfa-Gevaert

A.M.S. Trading (Amstrad)
Artifact Designs

BASF (UK)

BBC Radio Publicity
Beyer Dynamics (GB)
Bib H-Fi

BSR

Cambra Cases

Chuo Senko (UK)
Contek Magnetics
Countdown

Decca Radio & Television
Decimo
DTR Electronics

Electronic Manufacturing

Gale Electronics & Design
Grabern Audio
Grundig (GB)

Haymarket Publishing
Hitachi Sales (UK)

IBA
ILP Electronics

JR Loudspeakers
JVC (UK)

Kirsten, G. & A.
Koss Stereophones

Link House Group
London Car Radio Centre

Moetrosound Audio Products

National Panasonic
Natural Sound System

Omex Products
Parkar, J. & Co. (London)

Plustronics

Post Office Telecommunications
Purpax Manufacturers

Pye

Pyral Magnetics

Pyser

Rank Hi Fi

Record Housing

R! Audio

Sanyo Marubeni
Shure Electronics
SME

Steepletone Products

Tannoy Products
Tape Music Distributors
Training Services Agency

Videotone

.Vor Intemational

Wavelength
Wilmex
Wireless World

+6, although it will not be available
until early next year.

Another area in which electronics has
been introduced is speed control.
Technics have produced a quartz-con-
trolled, phase-lock loop, direct-drive
turntable. The rotational speed of this
unit is independent of the a.c. power
supply and temperature. Maximum drift
is quoted as *0.036 sec over the
30-minute playing time of an Lp. side
which should be adequate for most
records in the average collection!

The modern equivalent to the
radiogram of old, the music centre, is
out-growing its initial, somewhat
shamefaced, image and some of the
recently-introduced models are of very
high quality (and price!) indeed. This is
a trend reversal — a few years ago no
high-fidelity buff worth his salt would

The NAD 120 receiver, which produces
20W per channel (20Hz-20kHz) both
channels driven. Total harmonic
distortion and intermodulation
distortion at 20W are better than 0.2%.
The receiver is distributed by Pyser
Ltd.

have considered a ready-assembled
outfit a fit subject for discussion. There
is still some resistance: after all, a
top-level music-centre can look very
like its more pedestrian counterpart,
whereas a collection of, separate units
leaves no doubt in the mind of a casual
onlooker that one’s equipment is ‘hi-fi'.

Audio power amplifiers are forced to
provide greater and greater amounts of
power, at lower levels of various kinds
of distortion, as ears become better
educated and loudspeakers more
inefficient. Output-stage configurations
proliferate and we have now reached
Class G in the chain of evolution,
offering improved efficiency and a
reduction in weight. The basic principle
is an output arrangement which has
two supply voltages V.. and approxi-
mately %2V . A conventional push-pull
pair operate between the two low
voltage rails of a positive and negative
supply. When high level signals are
applied and the compliementary pair

begins to saturate, two more transi-.

stors, which are in series with the first
pair, begin to turn on. This second pair
of output transistors is connected to the
full supply rail and handles signal peaks.

WWW americanradinhistorvy com

The main snag with this system is the
crossover points, one in the middle and
two either side. Even so, the designers
have managed to keep the t.h.d. figures
to around 0.006% for 100W at lkHz
rising to 0.035% at 20kHz. Class D has
made something of a comeback, now
that faster, beefier transistors are with
us and Peter Walker’s current-dumping
amplifier is another Quad success.
Power field-effect transistors made an
impression but, at the other end of the
evolutionary process, vailves have been
seen in recent amplifier designs.

On the subject of speakers, progress
is made in size reductions and in the
design of crossover networks — chiefly
to reduce phase anomalies. The LS3/5A
BBC monitor speaker is probably the
smaliest high-quality reproducer avail-
able and is capable of truly remarkable
performance, while the latest Tannoy
and Radford products are in the outsize
class, the Radford ISO360 using no less
than eighteen drivers -to provide
all-round emission. The ‘stepped’
appearance of some speakers, notably
the Bowers and Wilkins and Technics
designs, are an additional attempt to get
the radiation from the separate drive
units in phase. Together with a
minimum phase-shift crossover net-
work, this approach is intended to
provide a linear phase response over the
whole frequency range:

Remote control of domestic equip-
ment is usually the province of
television receivers, but there are now
one or two remotely-controlled pieces
of audio gear — and why not, indeed?
The Bang and Oilufsen music centre
provides control of most of its functions
by means of an ultrasonic control pad,
which we have operated from one side
of a large hall to the other. Control of
the BSR Accutrac turntable is also by
ultrasonic keypad, which allows the
user to select tracks according to a
preselected programme, the arm using
an infra-red detector and m.o.s.
circuitry to count and identify the
tracks.
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New from Antex—the CX miniature soldering iron, the
very latest addition to the range that has given us a reputation
second to none.

Manufactured on the same principle as the extremely
successful X25 the CX incorporates these points:

[ Heating element encased by inner thin ceramic tube,
outer tube of stainless steel.

[ Soldering bits fit precisely over steel tube, with easy and
quick exchange possible for any of the additional bits {shown

in photograph). @ _
) .
D,

Stand Model ST3 has a
chromium plated steel spring,
two sponges for cleaning the
bits and is priced at £1.40
exclusive of VAT.

Model X25is a

eneral purpose
soldering iron, also with two shafts for
toughness and perfect insulation.
Available for 220—250 volts or 100—
120 volts at 25 Watts and priced at
£3.40 exclusive of VAT.

] Use for ordinary or micro-soldering: tip sizes range
from 6mm down to lmm.

] Available for 220—250 volts or 100—120 volts.

[ Weight—1%20z (40gram) Length—7%" (19cm).

[ Price—£3.40 fitted with standard bit 352" (2.3mm). Spare
bits £0.46; £0.72; £0.84. Exclusive of VAT,

Adaptable, efficient and with a very high safety standard,
the Antex CX may be small—but it's already building up a big
reputation!

Send the coupon below for colour catalogue and price lists.

o = S 7 Mavflower House, Plymouth. 3

Mayflower House, Plymouth.
| Telephone (0752) 67377/8 |
I Telex 45296 Giro 2581000 |
[ ) To Antex Ltd;

MODEL CX Freepost Plymouth PL1 1BR.

Please send me catalogue and price list.
Name

I Address

I p——

R

WW — 088 FOR FURTHER DETAILS
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Our main competitor!

40,000 L series power supplies sold . . .

If we hadn’t built them so well we could be selling more now! The
stiffest competition we find against making a sale is a lab. full of
the old black-faced original L30’s—still performing reliably after
more than 10 years service.
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Acknowledged the U.K.’s most popular range of hench power packs  For full specification and prices contact
the latest version of the L series is still uncompromising in perform-

ance and reliability and provides constant voltage OR constant 0009,
current, features large recessed meters overload and short-circuit

protection, coarse and fine adjustment controls, a separate output o
switch and LED indicators for mains on and current limit.

Models available

L50-05 0-50V, 0.5A L12-10C* 0-12V,10A
P | . =
L30-1 0-30V, 1A LT50-05twin outputunit2 x 0 — 50V, 0.5A

_ - == . FARNELL INSTRUMENTS LIMITED
L10-3C* 0-10V, 3A LT30-1 twin output unit 2 x 0 30V, 1A SANDBECK WAY - WETHERBY
WEST YORKSHIRE (S22 4DH

L30-2 0-30V, 2A LT30-2 twin outputunit 2 x 0 -- 30V, 2A

Telephone 0937- 63541 - TELEX 557294
— —_ LONDON OFFICE
L30-5 0-30V, 5A *with adjustable overvoltage protection TELEPHONE 01-864 7433 & 7434

WW — 063 FOR FURTHER DETAILS
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World of
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Opposition to repeaters

There is still considerable opposition to
(as well as support for) the use of
amateur v.h.f./u.hf. repeaters in the
U.K. — to an extent where an amateur
operator recently pleaded guilty in a
magistrate’s court to causing damage to
the GB3SN repeater in Hampshire. It
was claimed by the prosecution that
four other amateurs were present at the
time although no charges were brought
against them. A conditional discharge
was accompanied by damages and legal
costs of almost £100.

Two UK FM Groups (London and
Southern) have set up a fund to allow
‘them to take legal action to stop
deliberate jamming and interference to
repeaters. In an attack on the anti-re-
peater groups who take the law into
their own hands, the Newsletter of the
UK FM Group (London) states: “The
amateur who only has a black-box and
restricts himself to repeater operating
(and there must be precious few such
amateurs) is to be pitied and not
despised. He is cutting himself off from
many of the pleasures and rewards that
this hobby has to offer. The solution,
however, is not to prevent him from
using his equipment (and those who do
so by unlawful means do a great
disservice to the amateur movement as
a whole) but rather should be concerned
with encouraging the newcomer to look
at a wider horizon.”

Oscar 6 fading fast

The condition of the ni-cad battery on
the highly-successful Oscar 6 amateur
satellite — launched October 15, 1972 —
deteriorated rapidly during the period
May 23 to June 10. Martin Sweeting,
G3YJO of the University of Surrey
Amsat Telecommand Centre, reported
in late June that the battery voltage
plummeted alarmingly from 27V on
May 23 to 13V on June 1 and 5V on June
10, adding:

“It was decided to shut the spacecraft
down until mid-July when the sun angle
improves and the battery receives more
charge. On Sunday, June 12, however,
the downlink telemetry became garbled

and since then has been reading
constant values for each frame,
although the transponder and com-
mand system were still fully operatio-
nal.

“On June 16, W3UN switched the
satellite on for telemetry tests and was
unable to switch it off during that orbit.
Since then it has not responded well to
ground command "and at times the
transponder may be found on: however,
it is imperative not to use it in order to
maintain the possibility of re-activation
later this year.

“Extensive experiments are being
carried out here in an attempt to
analyse the failure mechanism in detail
to increase command reliability.”

Oscar 7 remains operational and the
next Amsat satellite is now scheduled
for launch about February/March 1978,
rather than November 1977. There are
also persistent rumours that a Rus-
sian-built amateur spacecraft, carrying
a 144 to 28 MHz transponder, with
beacons on 20.08 and 29.5 MHz, has
been built and is awaiting launch.

Squaring up for WARC
1979

Amateurs in many countries are
watching the preparations for the
World Administrative Radio Conferen-
ce in 1979 with concern. For it is
becoming clear that many administra-
tions anticipate major revisions to the
international table of frequency alloca-
tions — as occurred at Atlantic City 1947
_ rather than just a few tidying-up
amendments as at Geneva 1959.

The provisional Home Office propo-
sals for h.f. amateur allocations, though
still unpublished, are believed to
represent a favourable attitude towards
amateur allocations, including several
attractive new bands. The latest FCC
proposals, though less radical, seek to
maintain or enlarge most existing
amateur bands with a new 13m (25.76 to
28.86 MHz) band. But there is growing
evidence of strong pressures in some
countries for new h.f. broadcasting
allocations that represent a real or
potential threat to the amateur bands
(since unfortunately world broadca-
sters seldom stick rigidly to the
frequency table in the way that
amateurs have to!). .

Tom R. Clarkson, ZL2AZ, the veteran
overseas liaison officer of NZART with
much experience of these conferences,
has recently circulated a long and
detailed appraisal of the problems
facing amateurs, noting particularly
how Atlantic City 1947 represented an
important defeat of idealism and the
abandonment of world-wide uniformity
in frequency usage in the creation of the
three Regions and the hundreds of
footnotes to the table. This has meant
that traditional American support for
the amateurs is no longer as effective as
in the period 1927 to 1947.

He notes that, since 1945, in placing
value on h.f. broadcasting, developing
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countries have attacked amateur
allocations. Yet the amateur service,
Tom Clarkson believes, not only helps
the advance of all radio communication
services but, for developing countries,
participation in amateur radio is in their
national self-interest, in introducing an
environment favourable to self-suffi-
ciency in radio talent.

In brief

The number of British Class A licences
has now passed the 16,000 mark . . .
Sporadic E propagation as high as 144
MHz occurred during June and also
produced periods of extremely ‘short
skip' on 14, 21 and 18 MHz ... A Dutch
10.1 GHz Gunn-diode beacon transmit-
ter, PAOHSM, at Zaandan, north-west
of Amsterdam, has four horn antennas,
one beamed on London. It is planned to
install a higher-power crystal-controll-
ed transmitter at Noordwyk soon.
Efforts are also being made to link the
UK with Holland for 10 GHz amateur
television pictures... Another
slow-scan television convention is
being organised by the British Amateur
Television Club at the University of
Aston, Birmingham, on Saturday,
November 19, from 10 a.m. to 5.30 p.m.
Amateurs are invited to bring equip-
ment to show and demonstrate and all
known s.s.t.v. firms are being invited to
exhibit products; there will be lectures
in the afternoon. Non-members of
BATC are welcome (50p admission with
free car parking. Details and map from
Mike Crampton, G8DLX, 16 Percival
Road, Rugby, Warwickshire CV22 5JS
(please include return postage}...
September events include the Scottish
Amateur Radio Convention, Adam
Smith Centre, Kirkcaldy, on September
10; North-west Amateur Radio Con-
vention at the University of Lancaster
on September 17-18; Welsh Amateur
Radio Convention, Oakdale Commun-
ity College, Blackwood, Gwent, on
September 25 ... Mobile rallies include
Preston at Walton ‘le Dale County
Secondary School, Bamber Bridge,
Preston, on August 21; Torbay at
Haldon Racecourse near Exeter on
August 28; Peterborough at Walton
Secondary School, Mountsteven Ave-
nue, Peterborough, on September 18;
Harlow at Netteswell Comprehensive
School, .Harlow, on September 25...
There will be an amateur station at the
National Town and Country Festival,
National Agricultural Centre, Ston-
leigh, Warwickshire, on August
27-29 .. . New Australian 3.4 GHz record
of 114 km established recently with a
contact between VK2AHC/P and
VK2SB... The FCC recently issued
several hundred amateur callsigns with
the prefix “WC” but these are being
changed to WB or WD. No, thereason is
that WC is allotted to the Radio
Amateur Civil Emergency Service.

PAT HAWKER, G3VA
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Cordless soldering gun

A soldering gun now available from
Greenwood Electronics is rechargeable,
feeding solder automatically and illu-
minating the working area. The Isotip
MK I11, as it is named, has powerful,
rechargeable, nickel-cadmium batteries
which can provide power for up to 400
electronic joints. A ‘dead’ soldering gun
can be fully recharged overnight. By
operating the trigger of the gun, the
Isotip achieves soldering heat in five to
eight seconds. On squeezing the trigger
a little further the solder feed tube
automatically positions the solder for
quick accurate work. A choice of four
different snap-in tips is offered; the tip
operates under low voltage and is
isolated to eliminate electrical leakage,
so reducing the risk of damage to
electronic components. Price, including

WW 302
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High-stability receiver

A general-purpose, high-stability com-
munications receiver, operating over
the frequency range 100kHz to 30MHz,
has been developed by Eddystone Radio
Limited. The receiver, type 1837/2,
combines very high stability and a
digital frequency readout with a contin-
uous tuning system, which allows
absolute freedom for search purposes. It
provides reception facilities for c.w.,
m.c.w., and a.m. signals together with
upper and lower sideband reception of
A3A, A3H and A3J signals. The receiver
can be operated from any 100/130V or
200/260V, 40-60Hz a.c. supply or from a
12/24V direct source using an external
inverter.

There are nine frequency ranges on
the instrument and once one is selected
the receiver is operated in the search
mode as a normal medium stability
receiver, the tuned frequency being
displayed on the digital readout. When

the lock control is pressed an error-cor-
recting circuit locks the receiver to the
tuned frequency at that moment and
the high-stability mode comes into
operation. The receiver continues to
function in this mode until the lock
facility is dispensed with, when it
reverts to a medium-stability receiver,
enabling search to be continued. The
receiver conforms to the climatic, shock
and vibration requirements of
MPTI1201, MP1204 and CEPT draft
recommendations and it is designed
generally to meet British Defence
Specification 133 Class L2. An optional
f.s.k. unit, suitable for transmissions
having frequency shifts of 85 to 1100Hz
with baud rates in excess of 300, is also
available. Eddystone Radio Limited,
Alvechurch Road, Birmingham, B3l
3PP. -

WW 301

solder feed, spool, recharger, one high
temperature bevelled tip and one chisel
tip is £33 plus v.a.t. Greenwood Elec-
tronics, Portman Road, Reading, Berk-
shire, RG3 INE.

WW 302

Retaining clips

Retaining clips in the RC series, from
Astralux, are designed to prevent
‘walk-out’ — the tendency of cable plugs
to separate from their sockets regard-

WW 301
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less of the retention forces of the socket
contacts on the plug pins. Although a
force of at least 4.5kg is required to
overcome the effect of one of these
clips, the cable plug can be removed at
any time by a simple procedure. Four
sizes of clip are available and a selection
chart indicates which clips can be used
with different manufacturers’ cable
plugs. Astralux Dynamics Limited,
Brightlingsea, Colchester, CO7 0SW,

Essex.
WW 303
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Robust power supply

A variable voltage power supply, man-
ufactured by Roband Electronics, was
built to meet a rigorous Ministry of
Defence requirement for a rugged
instrument for use in mobile and
laboratory applications. The Rovar, as it
is called, will provide outputs from 0 to
33V at 0 to 12A, and its circuitry gives
high stability, an improved over-current
protection system, over-voltage protec-
tion, two-wire or four-wire operation,
and facilities for remote programming.
It is approved to DEF 133 and is coded
74/6625-99-637-0740. In addition, it has
military-pattern connectors at the rear
and a circuit breaker mains switch.
Roband Electronics Limited, Charl-
wood Works, Charlwood, Surrey, RH6
0BU.
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Systems trainers

Equipment designed for the A-level
course in Electronic Systems is
announced by Feedback Instruments
and, together with teacher’s notes and
handbooks, is named the ESP700 Elec-
tronic Systems Teaching Programme.
The course includes basic electronics,
processing systems, communication
systems and feedback systems, the
equipment needed comprising seven
circuit boards with components, and a
few basic instruments.

The TT179 Transformer Trainer, also
from Feedback, consists of a
transformer which can be taken apart
and a four-meter measuring instrument
for the display of primary and secon-

PG Sopy, . n A
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dary current, voltage and power under
various conditions. A handbook is
provided.

Further teaching equipment from
Feedback includes the Communications
Teknikit, which is in twelve modules
(signal source, tuned circuits, modula-
tor, detectors, etc) and teacher’s and
student’s manuals. Feedback Instru-
ments Ltd, Park Road, Crowborough,
Sussex TN5 2QR.

WW 305

Microprocessor analyser

In use with any microprocessor which
has accessible data and address buses,
the Model 50 analyser will display the
contents of the buses on 32 leds. A
built-in match register is compared with
the address bus of the micro under test
and initiates a delay period when the
comparison is positive. The register
controlling the delay determines the
interval before a strobe signal appears,
at which time the contents of the
address and data buses of the micro are
latched and displayed. The clock rate
can be varied from slow to 4MHz, up to

"eight machine cycles being displayed in

an instruction cycle. The match and
delay registers are set by front-panel
switches, the delay being specified as a
number of clock or instruction cycles or
a number of times matching must occur
before the strobe is generated. The
programme can also be stepped slowly
or can be ‘searched’ for fault conditions.
Systron Donner Ltd, St. Mary’s Road,
Sydenham Industrial Estate, Leaming-
ton Spa, Warks.
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Function generator

A frequency range of 0.003Hz to 30MHz
is covered by the Model 2000 function
generator from Krohn-Hite. Waveforms
produced are sine, square, ramp with
variable slopes, positive and negative-
going pulses and a pulse for use with
fast t.t.l. circuitry (6ns edges), all
waveforms being subject to a variable
symmetry control. The frequency of the
generator can be externally voltage-
controlled to a linearity of around 99%.
Output voltage is a maximum of 30V p-p
from 50 ohms, with a calibrated mini-
mum of 2mV, and fixed and variable
offset controls are provided to set
positive or negative peaks at zeroor ata
maximum of 15V above or below zero.
The instrument is imported by Keithley
Instruments Ltd, 1 Boulton Road,
Reading, Berks RG2 ONL.
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Matched transistors
Two n-p-n transistors in an integrated
circuit, matched for V. to better than
50pV, form the National LM194. The
noise figure is claimed to be immeasur-
ably low and is said to be at the
theoretical minimum of 1.8nV/y/Hz.
Matching between the two base-emitter
junctions tracks to within 0.1pV/°C
between 1pA and 1mA, the minimum
current gain is 500, matched to 2%, and a
c.m.r.r. of 124dB is said to be obtainable
using this device. A TO-5 can is used for
the LMI194, which is for operation
between —55°C and 125°C - the
cheaper LM394 working between 0 and
70°C. National Semiconductor U.K.
Ltd., 19 Goldington Road, Bedford MK40.
WW 308
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Pulse generator

The model 801 is a 5MHZ pulse
generator designed for general purpose
laboratory use. It gives full control of
primary pulse triggering and shaping

— " — T . .
= BT A T plus simultaneous t.t.l, e.c.l, ec.l. and
et 3 L :

J,;,'; s'{xs we dl o - tom em e o sync pulses. Offset, amplitude, pulse

ATE, LONT OBy [ ¢ Y 4 s T tia St g g i
DR L . _ S Sk S 4 width, delay and independent rise and
. ..mm = oo | : fall times may be controlled and posi-
. k 2 tive, negative or complimentary out-
e e puts may be chosen. It provides ten

TRANSITION (o LOWER 3 EVEL A o Bg q
e oG ; Ui EvELs volts into 50§ with a minimum rise and

5 i i oM g . .
wow g [ g w0 ¢ fall time of 5ns. External triggering can

be set to any point on the leading or
trailing edge of the trigger signal. In
addition, single or double pulses may be
triggered, pulse width may be trigger
controlled, continuous pulses may be
gated and a precise number of pulses
may be triggered for a burst output.
Manual and external triggering is
indicated by a l.e.d. on the front panel.
Wavetek Electronics Limited, 109
Crockhamwell, Woodley, Reading,
Berks.
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Magnetic C cores

Magnetic C cores, manufactured using
Supermendur alloy, have been made
available by Walmore Electronics.
These cores can operate at 21,000 gauss
with core losses of 12W per pound at
400Hz. The cores enable transformer
sizes to be reduced by 15 to 40%. This is
claimed to be the first basic improve-
ment in magnetic cores for airborne
power transformers since the introduc-
tion of super-oriented silicon steel about
15 years ago. Supermendur is a highly
purified cobalt, iron, vanadium alloy
which exhibits superior magnetic pro-
perties when field annealed. The cores
are available in 1, 2 or 4 thousandths-
of-an-inch material in any of the
standard toroidal core sizes, as well as in
C core form. Walmore Electronics
Limited, 11-15 Betterton Street, Drury
Lane, London WC2H 9BS.
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Desoldering wick

The type 3S-wick, from the Swiss
company, Ernest Spirig, is claimed to be
the answer to the problems associated
with desoldering. The copper braid is
de-oxydised and coated with several
layers of flux and protection lacquers
under vacuum. This vacuum technique
produces a capillary action between the
molten solder and the wick, thereby
removing the solder and leaving no
corrosive residue — the wick contains
practically no chlorines or halogens.
Spirig wick is available in three stan-
dard sizes: AA for small joints, AB for
medium and BB for large. Each reel
contains 5% feet of wick and is priced
from 45 pence per reel. Tele- Production
Tools Limited, Stiron House, Electric
Avenue, Westcliff-on-Sea, Essex, SSO0

. 1 4 - INW.
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Packaged double
Darlington

L149 is a quasi-complementary Dar-
lington pair intended as a power driver
for use in direct-current servos, capstan
drivers, magnetic deflection yokes and
general-purpose audio power stages, as
well as in a closed feedback loop to
augment the output current of an
operational amplifier. The biasing cir-
cuitry and an inhibit facility are includ-
ed and safe operating area, thermal and
short-circuit protection are also provid-
ed. Current gain is typically 10,000,
supply voltage can be up to 44V and the
device can take up to 3A. SGS-Ates
(UK) Limited, Walton Street, Ayles-
bury, Bucks.
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CECC-approved

transistors

Approval from the CENELEC Electron-
ics Components Committee has been
received by Ferranti for some
commercial transistors, including the
BC140 and BC14l. Both these devices
are silicon diffused types in TO-39 cans,
rated to 1A and designed for medium
power applications. CENELEC being
the European body for standardization
and unification of national specifica-
tions, future BS E9000 specs will carry
an additional CECC number which will
eventually supplant it. Ferranti Ltd,
Electronic Components Division, Gem
Mill, Chadderton, Oldham OL9 8NP.
ww 313

Axial ceramic capacitors
The AVX Spinguard range of dipped
multilayer ceramic-capacitors provides
axial equivalents to the well known
radial Skycap range. These capacitors
are lead taped and reeled to E1A RS-296
for automatic insertion. Four tempera-
ture coefficients are available in four
case sizes rated at either 50 or 100V.
Capacitance values range from 10pF to
0.82uF. Waycom Limited, Wokingham
Road, Bracknell, Berkshire.
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Wide-band op. amps

Dual operational amplifiers MC4558
and 4558C are wide-band versions of the
MC1558/MC1458, the extended unity-
gain bandwidth being increased to
2.8MHz (typical) from 1MHz. The new
devices are otherwise similar in perfor-
mance and pin configuration to the
original types, being offered in metal,
ceramic and plastic packages. Supplies
are +18V for the C and *22V for the
extended temperature version, which
works between -55 and 125°C. Motor-
ola Ltd, Semiconductor Products
Division, York House, Empire Way,
Wembley, Middlesex HA9 OPR.
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Crimping tool

A ratchet-controlled hand tool, from
Hollingsworth Terminals Ltd, is
désigned to crimp various sizes of
Hollingsworth fully-insulated slip-on
terminals, nylon female couplers and
piggy back slip-ons. The H13 crimps
through the insulation on to the con-
ductor, alleviating the need for separate
insulated housings. H13 dies are also
available for fitting to the Hollings-
worth H28-13 portable air tool, which
can be hand held or bench mounted.
Hollingsworth Terminals Limited, Bar-
well Trading Estate, Leatherhead Road,

Chessington, Surrey.
WW 316

Triple-output power
supply

A triple-out power supply, the
HP-62312D from Hewlett-Packard, is
designed specifically for microprocessor
systems that need independently adjust-
able and isolated voltages. The main
output is rated at 4.75 to 5.25V at 3A,
while the other two each range from
475V at 0.38A to 12.6V at 0.6A. All
outputs are isolated from each other
and from the chassis, providing the user
a wide selection of polarities. Periodic
and random deviation is ImV r.m.s. or
3mV pk-pk at 20Hz to 20MHz. The
supply also features remote program-
ming terminals to control the main 5V
output for margin testing. Input voltage
taps can be changed by the user to cover
the a.c. ranges of 104 to 127V or 208 to
250V at 48 to 63Hz. Protection features
include an internal a.c. fuse, a fixed
foldback current limit and standard
overvoltage protection on the main 5V
output (optional on the other two
outputs). Hewlett-Packard Limited,
King Street Lane, Winnersh, Woking-
ham, Berkshire, RG11 5AR.
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U.h.f. linear amplifiers

A range of custom-built, u.h.f. class A
power amplifiers, from Microwave
Associates Ltd, have excellent linearity
and are suitable for a.m. television or
other applications where low distortion
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amplification of a.m. signals is required.
These amplifiers are designed to meet
customers’ specific requirements, the
final performance capability being
dependent on the operating centre
frequency, required bandwidth and cer-
tain other factors. A typical amplifier
now in production has been designed
for 450MHz a.m. signals. It is capable of
delivering a mean carrier power output
exceeding 10W into a 50 load with up
to 100% modulation (40W p.e.p.) giving
very low envelope distortion. It is a
non-resonant circuit but performance is
optimized for the working frequency,
giving a -3dB bandwidth of 80MHz
centred on 450MHz. The input power
required is nominally 200mW and the
input v.s.w.r. is better than 1.3:1. Power
supply requirement is 13.8V 1.5V
direct at 10A. Microwave Systems
Division, Microwave Associates Ltd,
Woodside Estate, Dunstable, LU5 4SX.
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Tuning fork oscillators

A range of miniature tuning fork

oscillators and ancillary modules, from

Straumann of Switzerland, are robust,

compact sources of standard frequency

and timing signals in the range 0.25Hz

to 192kHz. The tuning fork oscillators

have frequencies from 960Hz to 6kHz
and are accurate to *25 p.p.m. =*1
p.p.m. per degree C. Short term stability
is 2x10* and long term stability is less
than 10 p.p.m. per decade of time. In
addition a selection of divider modules
are available in fixed ratios from 1:2 to
1:4096 to provide outputs down to
0.25Hz. A frequency mulitiplier having
simultaneous X2, 4, 8, 16 and 32 outputs,
to provide frequencies to 192kHz, is also
available. Finally a range of sinewave
shapers, for frequencies from 30Hz to
10kHz, are available to provide low
distortion sine outputs from the
c.m.o.s.-compatible outputs of the
dividers, multiplier, or oscillators. All of
the modules are t.t.l.- and ¢c.m.o0.s.-com-
patible and will operate at supply
voltages from 5 to 15V d.c. Lyons’
Instruments Limited, Hoddesdon,
Herts.
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Epi-base power
transistors

A range of epitaxial-base power tran-
sistors, including a version of the
2N3055, is announced by RCA. The new
devices are designed for wider band-
width and lower cost than the
hometaxial variety. Complementary to
the 2N3055 in the new range is the
BDX18, which is rated at 115W — the
MJ2955 is a 150W alternative, while a
further pair is formed by the 100W
2N6569 and 2N6594 40V. For 60W
output. the RCS617 and 618 are 115W
devices, working at 80V. RCA Ltd, Solid
State-Europe, Sunbury-on-Thames,
Middlesex.
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Goldfish-breeder
becomes Prime Minister

Well, no, perhaps that's a bit too
alarmist, although maybe if he'd stuck
to that we’d all be a lot better off. What
made me think of that, though, was this
peculiar handout I got through the post,
which soberly informs me that “Karate
expert joins sales force” or something
like that. Now, press handouts (which
are usually called ‘press releases’, as
" though they’'d finally been released to
the world in reluctant response to the
importunate pleas of journalists) are
often very funny in lots of ways, but this
one has an extra dimension — a kind of
pointed irrelevance. Probably the chap
is quite good at karate, just as the
chairman of his company may well be a
whizz at carving chessmen out of
billiard balls or the sales manager the
country’s leading exponent of giraffe

. racing, but it seems less than likely that
*. these, no doubt fascinating pursuits

< figured prominently on their job
applications. I see the point, of course.
They thought we’d be hooked on this
karate bit and mention the company’s
name just to poke fun at them. Well,
really! Who do they think they're
dealing with, these people? Let me tell
them that while Wireless World
continues in its great tradition, no-one,
not even Coutant, will get a mention
that way.

Radio-assisted
bankruptcy

It must take a lot of courage to
experiment with electronics in the form
of radio contro! (“telearchics” as Free
Grid was fond of calling it). If ever there
were an activity where one’s money had

to go where one’s mouth formerly was,

this must surely be it. And, in particular,
model aircraft. Ships? well, they can
sink, of course, but solid earth is never
all that far below and they can be
recovered. But just imagine a careful-

ly-made, six-foot span Spitfire, with its
engine and electronics, costing any-
thing up to three or four hundred
pounds. Everything is going fine - all
systems GO, as they say — when the
mean time to failure of a 3p resistor
suddenly expires. Can you imagine the
expression on the chap’s face as his
creation peels off, stands on its prop.
and screams earthwards in a tight spin?
And then the slow shamble over to the
wreckage, accompanied by the inevit-
able urchin who wishes to know
whether you can stick it together again,
Mister? I remember once seeing a man
bring a beautiful model of an S.E.5 to
the flying field, make all the radio tests,
fill the tank and take the model off in a
smooth climb into the sun. He tweaked
all the knobs by the right amount at the
right times and the S.E.5 didn’t turn a
hair. It went straight on and disappear-
ed out to sea. It was the most
roundabout way of throwing £200 away
I've ever come across. And yet, as the
‘pilot’ collected together his attenuated
belongings he was heard muttering that
he’d never liked the thing and was going
to build a Tiger Moth next.

The scale of things

Have you ever thought that maybe we
are all taking rather a lot for granted? In
electronics, I mean. For instance, the
MSF frequency standard from Rugby is
maintained at 60kHz within one part in
ten to the eleventh, so that a digital
clock such as those we have recently
described will still be giving the correct
time, within a second, in about 3,000
years from now, barring accidents. It is
unimaginable. If you think in terms of
waveforms, think of a counter, clocking
at 100MHz, the period of the input being
10ns. Now apply a burst of the input and
simultaneously switch on a torch,
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EGGS WITH CHIPS. The transmitter
from one of the glass-fibre eggs
referred to in the August issue. This
one goes in a swan'’s egg, but Mr
Howey is trying to make smaller
transmitters using un-encapsuluted
Lcs.
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aimed at a wall 100 feet away. Keeping
one eye on the output from the decade
counter and trying not to blink, while
the other watches the wall, you will
possibly notice that the counter will
count ten pulses and produce its output
before the light hits the wall. Your eyes
have to be pretty sharp for this sort of
thing, mind you.

Or again, how about an audio power
amplifier with a low average S:N ratio
of 92Bb, power output of 20W and
speaker impedance of eight ochms. That
means that the power rail is 40V and the
noise voltage forty thousand times less
at ImV. And the better amplifiers are
often said to give S:N figures of 110dB or
more.

This trick we have of camouflaging
terably(!) large or small quantities as
friendly little expressions like GHz and
ns sometimes makes us (me, anyway)
forget what we are really talking about.
I suppose if we did use the real numbers,
we would assume it was all impossible
and stop trying.

CB — Complete
Balderdash?

Well, it’s a point of view, particularly if

"you're a high-fidelity sound fan and

happen to live in America. All those
thousands of Citizens’ Band outfits
seem to be causing their share of
problems to the FCC and to the users of
audio gear, according to a leader in the
latest The Audio Amateur published in
the States. It isn't just the CB
transceiver itself, but the fact that a
beefy great linear amplifier is often tied
on the end of it, so that one’s chat about
the World Series or Grandma's leg will
get through, come what may. If the
Citizens simply annoyed each other,
some would say ‘serve ‘em right’, but all
too often, it seems, they become a sort
of permanent alternative programme in
alot of audio amplifiers. Presumably the
signal is detected by sensitive and
non-linear front ends.

The FCC, says the leader, have
recently said that the situation is now
out of control and that they are unable
even to monitor activity on the band.
They have also stopped asking CB
operators to pay for a licence. So, since
it appears that no paid licence is needed
and 'no monitoring or control can be
carried out, there is very little to stop
anyone from doing anything. I don’t
know how vou feel about that. but it
scares ‘me to death. The TAA leader
writer concludes that unless the FCC
can do something to control CB
“. . . they had better review the
feasibility of CB itself.”

I wouldn’t like to knock CB too much
on this score, because I have no
personal experience of it. Perhaps some
of our American readers could com-
ment on the above.
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Precision Performance Servomotors

Escap instrument servomotors start fast and i These are but a few of the definable qualities
continue to lead the field. But such championship Qﬂ\ of Portescap's miniature precision servomotors
qualities are only part of the story. Unigue ironless } . built by Swiss craftsmen for the professional
rotors ensure low inertia. Minimal friction means (§===——1_ engineer.
exceptionally low starting voltages. Precious > VYour product can be a winner too if you
metal commutators and brushes guarantee mee= =& % team up with Portescap. So be quick off the
unsurpassed stamina -as do their self oy & mark and circle the reply number, for more
lubricating bearings. /% information.

P t Portescap (U.K.) Limited, 204 Eigar Road, Reading, RG2 ODD.
ortescap Tel: Reading (0734) 861485,/6,7/8. Telex: 847661
WW—032 FOR FURTHER DETAILS
www americanradiohistorv com
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Z & | AERO SERVICES LTD. Retail Branch:
Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 85 Tottenham Court Road
Tel.: 727 5641  Telex: 261306 e
MULTIMETER F4313 n USSR, |y DB ST "
{Made in USSR) 0R2 045 125 0.65 EY87 050 PL604™  0.90
0A3 055 1205 055 EY88 0.50 PL508  0.90
1355 » 082 0.45 12AT7 0.45 EZ40 0.60 PL509 1.30
£ = SENSITIVITY 0c3 0.45 12AU7 0.38 241 0.75 PY3! 0.50
| NG 1 i 1200V DC range: 10,000 Q/V 003 045 1206 060 7 EB0 030 PY3 063
| 5 Other DC ranges' 20,000 Q/V 1B3ET 055 1207 0.90 E281 035 PYBl 045
% B wen 2 15 055 127 038 KT66 340 PYB2 045
‘ 1200 AC range 6,000 (/v SR4GY 100 12844 080 K188 480 PY83 050
& . 600V AC range: 15,000 /v '5U46 0.55 12BA6 0.60 PCB6 0.65 PY88 0.50
= 300V AC range: 15,000 ()/V 5246 0.55 1286  0.60 o~ L PC8B 0.65 PYS00A 1.10
s Ry Other AC ranges: 20.000 Q/V SY3GT 065 12847 0.60 / PCCB4 045 TT2I 6.30
= 6A5 065 124 050 [- VALVES PCCBS 045 TT22 630
AC/DC current ranges 60-120-600uA-3-12-300mA-1.2-6A 6AKS 045 19405  0.75 PCCB8  0.65 UABCSD  0.50
AC/DC voltage ranges’ 60-300mV-1.2-6-30-120-300-600-1200V s o oI s oas o wp L unaz o
Resistance ranges 3000;10400-1000!( ) 6AS6 0.80 35A5 0.80 ECC85 045 ECL86 0.55  pCrBD 0.40 UBCB! 050
Accuracy: 1 5% DC: 2 5% AC (of full scale deflection} 6ATE 0.60 3585 0.70 ECC86 1.25 EF80 0.35  pgrg2 0.40 UBF8D 0.50
Mirror scale and knife edge pointer Taut suspension of movement. Transistor g“‘ﬁu g?g ggﬁg ggg Eggg ggg E;gg g:g PCFSS  0.65 UBFBY  0.50
amplifier is used for all AC ranges thus achieving a common linear scale for both AC 6AUG 040 35W4 0.60 ECCIBY 0.80 EFI83 0.35 ;g%ﬂo? ggg Hgggg g;g
and DC ranges 6BA6 038 5005 070 ECFB0 045 EFI84 040 pora02 055 UCFBD 075
Meter is protected by a transistorised cut-out relay circuit Range selection is g:&g g;: E:ggulw g;g Eggé g;: E[JLZ“UU g;g PEMZ](IJ 0.75 Hgnﬁ ggg
achieved by clearly marked piano keys. Power source: 5 1.5V dry cells 6BNG 080 EAF42 070 ECF8OI 075 EL36 0,60 ’fctgz gig ‘UCLB? 040
Dimensions. 95 x 225 x 120mm 6826 055 EAFBO!  0.65 ECFB02 075 FELB] 060 P4 050 UCLED 070
GGhum anomeoamoum b R SR 0%
P"’C"ag'”g and postage £1.10 6086 050 EBFS0 050 ECHS3 050 ELB4 035 pC200 075 UFSD 0,40
6EAB 0.75 EBF83 0.50 ECHB4 050 EL9S 070 PN 0.40 UF85 0.50
- 6GKS 0.70 EBF89 0.40 ECLBD 040  EL500 0.80 pL36 0.60 UF89 0.50
OSCILLOSCOPE CI 5 6J4 0.75 EC86 0.75 ECL8I 0.75 Em80 0.55 pL38 0.65 UL41 0.70
Made in USSR 6J56T 055 EC88 075 ECLB2 042 EMBI 060 pLg| 055 ULB4 0.50
. GJ6 0.35 EC9) 2.80 ECL83 1.15 EMB4 0.40 pL82 0.50 UY41 0.55
Extremely simple and easy to use single beam BL66T 060 ECCR! 045 ECLB4 060  EY8I 045 pLg3 050 UY42 055
oscilloscope. Well proved design based on standard §SLIGT  0.55 ECCA2 0.38 PLB4 0.50 UYS2 0.60
octal valves makes servicing and maintenance 6SM76 0.55 ECC83 0.38 All prices are exclusive of VAT
) : ¢ PLIS 070 UY85 050
straightforward and inexpensive Because of its
bandwidth of 10 MHz the instrument is suitable for
general electronic applications and educational MINIMUM EXPORT ORDER £100
purposes where a sophisticated instrument would be
both too expensive and delicate. 3in. tube giving a 50 1976/ ' 977
x 50mm clear display. Amplitude and time base LARGE STOCKS
calibrations. Sensitivity 30mm/v max. Triggered and GATALOGUE
free-running time base, suitable for displaying pulses OF
from 0.1 u sec. to 3 m sec. A C. mains operation
Price £55.00 ex. works, plus VAT SEMICONDUCTORS AVAILABLE 30[)
Packing and carriage (U K. only) £3.00
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ELECTRONICS/MICROELECTRONICS MANUFACTURING & SUPPORT ENGINEERS:

Attend the Prime
Electronics Production Show of the U.K.

THE 10TH ANNUAL PRESENTATION OF

INTERNEPCON/UK

A7

Packaging of Microwave Devices
Fiberoptics — Application in Electronic

18, 19, 20 OCTOBER 1977
METROPOLE CONVENTION CENTRE
BRIGHTON, ENGLAND

and the Intemational Apply for FREE ADMISSION to Exhibition

\ mimeummexnm

The UK’s Largest Exhibition of
The Newest Products and

Flexible Circuits Cables and Connection
Techniques

Techniques For Manufacturing
Electronic/Microelectronic
Circuits & Devices

Over 600 stands displaying tools,
hardware, machines, materials,
chemlcals and test instruments .
from 14 major industrial countries

Supported By A Pertinent
Technical Programme

which presents the state-of-the-
art in manufacturing and process-
ing developments. Conducted by
internationally-recognized au-
thorities.

23 TECHNICAL SESSIONS
¢ Developments in Automatic Test Equipment
for Printed Circuit Boards

Systems

Automatic Test Equipment for
Microprocessors

Automation in Electronics Production
Electro-Optic Displays — Packaging

and Applications

Automatic Test Equipment Today
Computer Terminals on the Shop Floor
Novel Electrical and Electronic Applications
of Plastics

Automobile Electronics

Hybrid Process Technology

Reliability in Electronic Production

Low Cost Packaging for Microelectronics
Microprocessor Applications

Device Standardization

Bonding Technigues

Thermal Considerations in Microelectronic
Production

Circuit Trends in PCB Manufacture

New Developments in Connectors,
Contacts and Materials

Proper Surface Finishes for Reliable

Soldering

Back Pfanes — The Alternative Techniques
Multilayer, Multiwire, Wrap Joints

Test Methods and Equipment for

Solderability Testing

2 OPEN FORUMS
Printed Circuits ® Soldering

2 PROFESSIONAL
ADVANCEMENT COURSES

Quality Control in Printed Circuit

Manufacture
Managing Others for Business Results

SUPPORTING ORGANIZATIONS

(o)1)
coO

ACT

FOR INFORMATION: Ron Avis, INTERNEPCON/UK = 171/185 Ewell Road, Surbiton, Surrey KT6 6AX England
Tel: 01-390-0281 * Telex 929837
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The C15/15 is a unique Power Amplifier providing Stereo 15 watts per channel or 30 watts Mono and can be used with any car
radio/tape unit. Itis simply wired in series with the existing speaker leads and in conjunction with our speakers S15 produces a system
of incredible performance

A novel feature is that the amplifier is automatically switched on or off by sensing the power line of the radio/tape unit hence alleviating
the need for an on/off switch

The amplifier is seated into an integral heatsink and is terminated by screw connectors making instatlation a very easy process.

The S15 has been specially designed for car use and produces performance equal to domestic speakers yet retaining high power
handling and compact size

C15/715 . Dataon S15

15 Watts per channel into 4Q 6’ Diameter

Distortion 0.2% at 1KHz at 15 watts 5%'" Air Suspension

Frequency response 50Hz - 30KHz 2" Active Tweeter

Input Impedance 8() nominal 200z Ceramic magnet

Input sensitivity 2 volts R.M S for 15 watts output 15 Watts R M.S handling

Power line 10 - 18 volts 50 HZ - 15KHz frequency response
Open and Short circuit protection 4Q) Impedance

Thermal protection

Size 4 X 4 X 1.inches

C15/15 Price £17 74 + £2 21 VAT P & P free S15 Price perparr £17 74 + £2 21 VAT P & P free

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

I.L.P. Electronics Ltd Please Supply

c land H Total Purchase Price
rossianc ouse I Enclose Cheque Postal Orders Money Order

Nackington, Canterbury Plcase deint my Access account | Barclaycard account

Account number
Kent CT4 7AD Name & Address

Tel (0227) 63218 Signature

WW-—066 FOR FURTHER DETAILS
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DIY SPEAKER KITS

15-WATT KIT IN CHASSIS FORM
When you are looking for a good speaker, wh
not buitd your own from this kit.
1t's the unit which we supply
with the enclosures illustrated
below Size 13 8" (approx.)
woofer (EM!) tweeter, and
matching crossover components
Power handling capacity
15 watts rms. 30 watts peak.
£1700 PER STEREQ PAIR
P&P£3.40

EASY-TO-BUILD
WITH ENCLOSURE

Specially designed by RT-VC
for cost-conscious hi-fi
enthusiasts, these kits
incorporate two teak-
simulate enclosures, two EMI 13" - 8" {approx.)
woofers, two tweeters and a pair of matching
crossovers. Easily constructed, using a few
basic tools. Supplied complete with an
easy-to-follow circuit diagram. and crossover
components. Input 15 watts rms.

30 watts peak, each unit. £2550
Cabinetsize 20 - 11" - 9)° PER STEREQ PAIR
{approx.}. +p&pf5.50

COMPACT' FOR TOP VALUE

How about this for incredible bookshelf value
from RT-VC! A pair of high efficiency units

for only £7.50 - just what you need for low-
power amplifiers. These infinite batfle
enclosures come to you ready mitred and
professionally finished. Each cabinet measures
127 -9 - 5" (approx.)
deep. and is in wood
simulate. Complete with

t
two 8~ (approx.) speakers
for max. power handling i
of 7 watts.

SPEAKERS Two models - Duo I1b, teak
veneer, 12 watts rms, 24 watts peak,
1837 133 - 71

{approx.).
*{ PER PAIR
34 +p&pf6.50
Dug . 20 watts rms.
40 wans peak 4
- 114 (approx.)

*£52 PER PAIR

+pbpfl50

per
stereo
pair

£750
+php
£1.70

EASY TO BUILD
RECORD PLAYER KIT
Ideally suited for the
constructor who requires
a complete stereo unit at
a budget price, comprising
ready assembled stereo
amp. module, Garrard auto/manual
deck with cueing device, pre-cut and
finished cabinet work. Output 4 watts
per channel, phones socket and

£2695

record / replay socket p &pf4.05
e —
CAR % < ”‘%
RADIO 2
KIT

Complete with speaker, haffle and fixing smp
The Tourist IV for the experienced constructor
only. The Tourist IV has five push buttons,

four medium band and one for long wave band.
The tuning scale is illuminated and attractive
small aluminium control knobs are used for
manual tuning and volume control. The modern
style fascia has been designed to blend with
most car interiors and the finished radio will
slotinto a standard car radio aperture. MOTOR

Size approx. 7" - 2° - 4" TOP 10
Power Supply Nominal 12 volts AWARD
positive or negative earth 50
(altered internally) Power £12

Output 4 wattsinto 4 ohms.  + p & p £1.50

FRE

PERSONAL SHOPPERS ONLY
Viscount IV 20 x 20 Amplifier as illustrated
plus 1 pair of speakers finished in teak
with melamine panels 8" drive unit and
3. approx tweeter
227 137 1037
size approx.

£4500
SPECIAL OFFER e A
illustrated 20 x 20 WATT STEREQO AMPLIFIER

Superb Viscount IV unit in teak-finished cabinet. Silver fascia with aluminium
rotary controls and pushbuttons, red mains indicator and stereo jack socket
Function switch for mic. magnetic and crystal pick-ups, tape. tuner, and

*
£2990

auxiliary Rear panel feztures two mains outlets. DIN speaker and input  + P &pf2.10
sockets. plus fuse. 20 + 20 watts rms, 40 + 40 watts peak.

‘Limited Period” A Free 4 Lnannel Stereo Adaptor to all £395 +pho
purchasers of the Viscount Amplifier. Avaiable separately £100

oesicr]] peovcrlo]
'i on complele stereo syslems usmg *

starred Products

SPECIAL
OFFER For example

Duo speaker sysiem it o 11l
viscaunt Amphiler,

MPBO type turntable complete
T

PERSONAL SHOPPERS ONLY £A95
PLINTH & COVER BSR OR GARRARD TEAK FINISH 4
GOODMAN 57 approx , 7 watt hass speaker £99n
AM. FM. TUNER P CB with Mullard L P. 1186. 1185 1181 modules £Q50

CROWN 5 push buttoen car radio. LW MW 12v Pos. neg earth Swatts £15!5
output. tone control camplete with speaker and fixing kit, in dash type

STEREQ CASSETTE TAPE PLAYER Negative earth only. 3 walts (1650
per channel gutput

AM. FM. STEREO MULTIPLEX CAR RADIO/cassette player in [3600
dash fixing Negative earth § watts output

I.C. Stereq 8 Track to Cassette adaptor converts, any 8 track (18!5
player 1o cassette player.

GLOBAL Spherical speaker 8 ohms 5 watts £3SD
100K Multiturn Varicap tuming pots 6 for f'-ﬂO
HEAVY DUTY FIBRE GLASS COPPER CLAD BOARO f'!l)

277 x 17 x {'s” Approx. per sheet only
DECCA 0C1000 Stereo Cassette Record deck P.C B. complete with £295
switch oscillator coils and tape-heads and cucuit diagrams

VISCOUNT
COMBI

£B 500
For personal shoppers

only, this unit comprises:
The 20 - 20 Viscount
amplifier BSR MP60 Type
turntable housed in an
attractive teak finished
console with smoked acrylic cover. Approx
30, - 144" - 74" complete ready to connect to the =
speaker system of your choice

BSR automatic record
player deck {Chassis form)
with cueing device and

BSR TURNTABLES
BSR MP60 TYPE
Single play record player

(Chassis form) £15.95  *1°7%0  gg g
lessCartrifg®. o 6 p (200 head. P 6P 200

Cartridges to suit above

ACOS MAGNETIC
STEREQ £4.95

CERAMIC STEREQ £1.85

TURNTABLE illus.
Popular BSR MP 60
type. complete with
magnetic cartridge,

diamond styfus, and
de luxe plinth and

£29
+php
£4.50

cover.
Ready wired

30x30 WATT AMPLIFIER KIT 22

Specially designed by RT-VC for the
experienced constructor. this kit comes
complete in every detail. Same
tacilities as Viscount IV amplifier.
Chassis is ready punched, drilled and
formed Cabinet is finished in teak
veneer. Silver fascia and easy-to-
handle aluminium knobs.

Dutput 30 + 30 £2900
+p &pf2.10

watts rms, 60+ 60 peak.

DECCA 20 WATTS STEREQ SPEAKER

This matching loudspeaker system 1s hand made.
kit comprises of two 8 "diameter approx.

base drive unit. with heavy die cast chassis
laminated cones with rolled P.V.C surrounds.
two 31 diameter approx do.ned tweeters

comp with crossover networks
00p &p stereo parr £2000

Ordergiving your credn card number ONLY

ALL PRICES INC. VAI AT123%

—= |[R||TH

L |
323 EDGWARE ROAD. LONDON W2
Personal Shoppers EOGWARE ROAD 930am § 30pm, Halt day Thurs
21E HIGH STREET. ACTON. LONDON W3 6NG
ACTUN: Mail Urder only No calters

Prce um(c( wa 117
v . s

We ate unable to show all oul groducts <o
Send stamped addressed envelope
1er qur tully destngtive catalogoe and any
turther informenion

WWW americanradinhistorvy com
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PORTABLE
MONO
DIsco

with built-in pre amphflers

Here’s the big-value portable djsco console from
RT-VC! It features a pair of BSR MP 60 type auto-
return, single play professional series record decks.
Plus all the controls and features you need to give
p &pf6.5Q

£6400

fabulous disco performances.
Simply connects into your
existing slave or externa' amplifier.

35-WATT MONO DISCO AMP

£275l]

+pbkp

£2.50

Size approx
1337 5% 63 e
Here’s the mono unit you need to start off with.
Gives you a good solid 35 watts rms. 70 watts peak
output. Big features include two disc inputs. both
for ceramic cartridges, tape input and microphone
input. Level mixing controls fitted with integral
push-pull switches. Independent bass and treble
controls and master volume.

100 WATT
MONO
DISCO AMP
Size approx - ]
14 103", e
Sloplng facna you can use the controls

without fuss or bother. Brushed alumimium tascia
and rotary controls. Five smooth acting, vertically
mounted slide controls - master volume, tape level,
mic level, deck level, PLUS INTER-DECK FADER for
perfect graduated change from record deck No. 1 to
No. 2, or vice versa. Pre-fade level control (PFL)
lets YOU hear next disc before fading £6500
itin. VU meter moniters putput level.
Dutput 100 watts RMS 200 watts peak. p & p£4.00

amplifier, has been

specially designed for the

amateur. who requires a guality
self-contained unit with all facilities. 2 inputs - 1
for mic or guitar, the 2nd for record player or
cassette deck. it also can be used for cine-sound
amplification. 2 volume controls, 1 for each input,
also base and treble controls. Power output with
internal speaker, 10 watts RMS, with remote
speaker (not supplied) 20 wans £3250

PRACTICE GUITAR
AMPLIFIER WITH
BUILT-IN SPEAKER
This budget practice

RMS. Size approx. 17" + 9" +pép €3 00
HOME 8 TRACK ~w*um“‘
\15 My

CARTRIDGE PLAYER L:
Automatically switches
programmes ‘monitored by mdlcalors
with manual override track selection. This unit W|II
match with the Unisound modules and 1s compatable
with the Viscount IV amplifier with Sim teak

cabinet. approx 9 8 3’ .p &p £1.50 51450

4 x4 STEREQD AMP

KIT £14.50 P &P £2.00
For the experienced 4

constructor who wants ‘?ﬂ

to design his own stereo. AT
Kit includes all necessary compenents AT B
including constructors manual. Plus Pair of

easy to build 4 watt speakers in kit form, with

teak simulate finish cabinets 12" x 9" x § approx.

PYE STEREO
GRAM CHASSIS

{Complete with
cieuit diagrams)

Complete ready to install Wave bands LM. VHF

STEREQ. VHF MOND Controls tor tuning volume,

balance. bass and treble. Power output 7 watts

RM S per channel 14 watts peak 8 ohms

27 8" approx chassis speakers and

BSR auto record player deck £3500
PERSONAL SHOPPERS ONLY
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F.M. TUNERS,
MODULES & KITS by -

£
e
farq #NCY

Tuner Kit'
T1 PUSH-BUTTON VERSION . ... .. £110.00 £98.47
T2 TOUCH TUNED ... .......... . £115.00 £101.31
T3 DIGITAL (AS SHOWN) . . . . ... .. . £139.00 £132.14
MAIN RECEIVER MODULE M1 J

We have claimed before that this F.M. system 1s the most advanced on the
market, and after nearly three years we repeat our claim Some have borrowed
ideas, some have not, but no other turer gives you all the features of this unit
How many tuners mute the spurious tuning effects found at either side of a
correctly tuned station? How many tuners fade the sound out as you tune too
far off station for good quality sound? How many tuners kill the tuning indicator
so that it does not indicate when there is no station there? How many offer you
dnft free tuning? We could go on. If you want a tuner that has been well
thought out and engineered, start with this module.

4
CO72

.
This tuner must surely provide the best value for money’
available today. Combining the best of the modules shown
below. it includes a full digital readout of frequency to a
resolution of 0 1 MHz, so that exact station 1dentification can
be made. In addition, six pre-set stations may be selected by
touch controls having internal sohd state lamps. while manual

tuning allows easy searching for distant stations under the
guwdance of the digital meter

A switchable mute system allows reception of the weakest
stations while muting nter-station noise and spurious
responses. Perfect reception 1s assured by not permiting any
station to be heard which 1s far enough out of tune to cause
distortion The tuning indicator lamp provides a means of very
fine tuning, and is automatically extinguished between stations.

A powerful A F.C. system 1s also incorporated which holds ail
stations 1n tune, while not preventing manual tuning.

Good stereo reception 1s assured by the use of a phase locked
decoder with full ‘birdie’ and spurious output filtering.

Finally, but not least, the external appearance and styling bring
a fresh new look to Hi-Fi The sturdy wooden cabinet 1s finished

in mat teak veneer. housing an attractive gold and brown.

anodised aluminium front panel. which carnies black controls
and inscriptions. The indicator lamps and digital displays are in
red. giving the finishing touches to a tuner you will be proud to
own.

A=
M1 KIT £25.58
MODULE £28.50

DlGITAl FREQUENCY METER M6

M6

MODULE ONLY

£44.40

TOUCH TUNE MODULE M5

We are very proud of this one We don’t have to say 1t's the best. as far as we know
it's the only one! On a board less than 4'* square 1s all the electronics of a stable
counter with 1.f. offset {added) and a stabilized power supply! With the aid of a
small daughter board (not shown) which fits neatly into the above module (M 1), the
exact station frequency 1s displayed to the nearest 0.1 MHz. It's a tuning scale 20"’
long with accurate calibrations every 0 1°'! You get the transformer. daughter
board (ready wired 1n), polarized filter, and a list of station frequencies. What more
do you want?

This module must put the finishing touches to an outstanding combination. Six pre-set
stations at the touch of a button No moving parts to go wrong. or contacts to get dirty
Internal illumination shows you which button has been touched. while the tuning
adjustment 1s made using high reliability multi-turn cermet pots for repeatable selection
of the most used stations. yet retaining the use of separate manual tuning This module
interfaces directly with the M1 above, being wired between the board and the normal

manual tuning control A touch of sheer genwus!

OTHER MODULES etc.

M2 Stereo decoder £7.60 kit £6.22
M3 Push button "M5’ £15.95 kit £14.70
M4 Power supply . . £6.30 kit £5.90
SL1310 decoder IC £1.95
TBA750 fm. 1 f £1.55
20v regulator IC £1.50
LP1186 front-end £7.75
Filter, SFJ10 7MA £1.55
7 segment L.LE D {c/a) £1.99

Descriptive booklet . £0.50

ALL PRICES + 12.5% VAT

(£1 00 export)

MODULE ONLY
Sy s £17.54

ORDERING INFORMATION

All U K orders post free plus 12 5% VAT Export orders allow extra for
postage at cost no VAT due credit will be refunded

Payment by sterling cheque on London bank. or credit card International
M QO etc '

Other nems and kits avaidable send for illustrated leaflets price hist and

order form etc from —
&wa

| Buy st with Access
L |

co72

[
C=mn )
W

33 Restrop View
Purton, WILTS
SNS5 9DG

www americanradiohistorv com
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HART
ELECTRONICS

The Only Firm for Quality Audio Kits

Are proud to offer the only
DESIGNER APPROVED kit for the

J. L. Linsley-Hood High Quality
Cassette Recorder

As these circuits are capable of such an
excellent performance we feel that it is
not sensible to sacrifice this potential by
designing a kit down to a price We have

therefore spent a little more on
professional hardware allowing us to
design a very advanced modular system

This enables a more sausfactory electri-
cal layout to be achieved, particularly
around the very cnitical input areas of the
replay preamps These are totally stable
with this layout and require no extra
stabilising components Many other
advantages also come from this system
which " has separate record and replay
amps for each channel plugging in to a
master board with gold-plated sockets

The most obvious 1s the reduction of
crosstalk and interaction which could
cause trouble on a single ptane board.

with our modular system the layout is
compact but there 1s no component
crowding. Testing 1s very easy with
separate identical modules and building
with the aid of our component-by-com-x
ponent instructions ts childhishly simple,

but the finished result 1s a unit designed
not to normal domestic standards but
tothe best professional pracuce

All printed cwcuits are of glasshibre
matenal, fully drilled with a tinned fimish
for easy and rehable soldering. Compon-
ent locations are printed on the reverse
side of the board and are arranged so that
all identification numbers are still visible
atter assembly.

71x Complete set of parts for Master
Board. includes bias oscillator. relay.
contrals, etc £9 83 + £1 23 VAT

72x Parts for Motor Speed and Solenod
Control for Lenco CRV deck This is
the proper board layout as given in
the articles £3 52 + 44p VAT

73x Complete set of parts for stereo
Replay Amps, and VU Meter drive
£8 12 + £1 02 VAT

74x Complete set for stereo Record
Amps £6 74 + 84p VAT

75x Complete set of parts for Stabilised
Power Supply to circuit given in
Article This uses a special low hum
field transformer with better charac-
tenstics than the commonly used
toroid £8 79 + £1 10 VAT

700M2 Individual High Quality VU
Meters with excellent ballistics
£8 48 + £1 06 VAT. Per Parr

700C/ 2 High Quality Custom built steel
Case Complete with Brushed
aluminmium front plate. mains switch,
record microswitch, turned record
level knob. plastic cabinet feet. all
bolts. nuts and mounting hardware.
All necessary holes are punched and
all surfaces are electroplated
Complete step-by-step assembly
instructions are included The cover
1s fimshed in an attracuve black
crackle surface £16 50 + £2 06
VAT

LENCO CRV CASSETTE MECHAN-
ISM

High Quality. robust cassette transport for
Linsley-Hood recorder Features fast
forward, fast rewind record. pause and
full auto stop and cassette ejection
faciities Fitted with Record / play and
erase heads and supplied complete with
Data and extra cassette ejection spring for
above horizontal use Pnice £21 60 +
£2 70 vAT

Total cost of all parts £83 5B

Special offer for Complete Kits £81 50 +
£10 19 VAT

Optional extra solid teak end cheeks, £3
parr + 38p VAT

Reprint of 3 Linsley-Hood Cassette
Recorder articles 45p post and VAT free

We also supply complete kits to make a
fully integrated 30 watt stereo amplifier
using the Bailey Power Amphfier circuit
and the Bailley / Burrows Pre-amphfier
with the Qudter Tone control modifica-
ton

Printed crrcuits and components are
availble for the Stuart tape circurts These
aruicles described a high quality tape link
crcut for use with a reel-to-reel deck
Reprints of the three articles are available
from us price 40p Post Free (No VAT)

ALL PARTS ARE POST FREE

Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns

Penylan Mill, Oswestry, Salop

Personal callers are always welcome
but please note we are closed all day Saturday

WWW americanradinhistorvy com

TIME+FUEL+ EFFORT
=MONEY

You can effectively reduce costs by
the installation of a STORNO
mobile radio system.

To invéstigate further, -write, tele-
phone or telex to

RADIO COMMUNICATION SYSTEMS

Storno Limited, Frimley Road, Camberley, Surrey.
Telephone: Camberiey (0276) 29131 Telex: 858154

WW — 010 FOR FURTHER DETAILS

PHILIPS|

PHILIPS

TOUE PHILIPS
I=F1 [0

The top sellers for home assembly in
Europe —now available in the UK.

Now - read all about the Philips range of
quality kits for home assembly — mixers, amplifiers,
speakers, etc, etc. Send today to
S.S.T.Distributors (Electronic Components) Ltd.,
West Road, Tottenham, London N17 ORN

Please send me, quickly, the new colour catalogue. WW91

I Name I

I Address . I

| 'p;nups_ : !

= Postcode I
FRST

|T”“' P SeND |

TODAY! |

S S.TDistributors 1s a member of
the Philips Group of Companies.
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Unigue alpha-numeric listings of ratings and

1 characteristics of avery wide range of semi-
e conductors of international origin and with
an extensive substitution guide.
! . USED WORLDWIDE - PROFESSIONALLY
| | =
TO INTRODUCE THE n!m
TH

THE
SEMICON

INTERNATIONAL TRANSISTOR INDEX
AND THE DIODE/SCR INDEX

WE HAVE

A SPECIAL OFFER
FOR NEW AND EXISTING SUBSCRIBERS

SEND FOR DETAILS e DON'T DELAY

@ AVAILABLE FOR
A LIMITED PERIOD ONLY

SEMICDN INDEXES LTD.

7, KING'S PARADE, KING’S ROAD, FLEET, HAMPSHIRE. GU13 9AB. U.K.
TELEPHONE. FLEET {025 14) 28526 TELEX' 858855 Barmer G

WW — 087 FOR FURTHER DETAILS

Tune intothe world...

N E & en °

£ %%g ;{\ﬂ‘%’? R

The 31st edition of World Radio TV Handbook. ..
the only complete directory of international
broadcasting and TV stations . . . endorsed by
UNESCO, Eurovision, Intervision and the

world’s leading broadcasting organizations.
Includes ‘Listen to the World’, a special editorial
section; the latest world time charts and tables;

with comprehensive coverage of short-wave,

f : long-wave and medium-wave. = ————e— — —
The essential guide to anyone associated with / Please send me copies of
broadcasting or television . . . national or orid Radio TV Handbook at £5 each

0 a . | enclose a cheque for £
international, professional or amateur DX-er. /N

9

I

AME |

Copies at £5 each can be obtained from /Aooness |

Argus Books Limited, Station Road, / |
Kings Langley, Herts. /

/ |

/ |

: / |

L _ J

uany americanradiabistonzcam
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RETURN OF POST MAIL ORDER SERVICE

BSR HI-FI AUTOCHANGER
STEREO AND MONO £17.50 rost 75p

Plays 12" 10" or 7' records, Auto or jEm
Manuat A high quality umit backed by fid
BSR reliability with 12 months g
guarantee A C 200/250V
Size 13%2-11%in 3 speeds
Above motor board 3%in
Below motor board 2Y%in

with STEREO and MONO CARTRIDGE i i
B S R SINGLE PLAYER sim#ar to above with stereo cartnidge
and cueing device. large turntable £13.50
B.S.R. P128 with magnetic cartnidge
Cueing device £24.50. Post £1

PORTABLE PLAYER CABINET
Modern design Rexine covered
Vynair front grille Chrome fitungs
Size 17 x 15 x 8in approx £4.50 Post 75p
Motor board cut for BSR or Garrard deck

Balanced arm

HEAVY METAL PLINTHS

With PV C Cover Cutout for mostB S R £6. 50

or Garrard decks Silver grey finish Post £1 50
Model " A" Size 122 x 14% x 7V2in

Model "B Size 16 x 13% x 7in £7.50.
Extra large phinth & cover, teak wood base

Size 20" x17%'" x 9" £19.5¢

COMPLETE STEKEO SYSicwi

Two full size loudspeakers 13% x 10 x 3%:in Player unitchps
10 loudspeakers making 1t extremely compact overall size
only 13% x 10 x 8V2in . 3 watts per channel, plays all records
33 rpm, 45 rpm Separate volume and tone

controls Attractive Teak finish
£22.50 £1 carnag

‘allers only

240V a.c mains
ELAC HI-Fl SPEAKER <7
8in. TWIN CONE

Dual cone plastic roll surround Large
ceramic magnet 50-16.000 c¢/s Bass
resonance 40 ¢/s 8 ohm impedance

15 watts RMS
£5.95 Post 35p

SMITH'S CLOCKWORK 15 AMP
TIME SWITCH

0—6 HOURS £3.30 rost 350
Single pole two-way Surface mounting
with foang screws Will replace existing
wall switch to give light for return home,
garage. automatic anti-burglar lights, etc
Vanable knob Turn on or off at full or
intermediate settings Brand new and fully
guaranteed

TEAKWOOD LOUDSPEAKER GRILLES will easily fit to baffle
board Size 10z x 7/8in—45p.

R.C.S. "MINOR" 10 watt AMPLIFIER KIT
Thrs kit 1s suitable for record players guitars. tape playback
electronic instruments or small P A systems Two versions
availlable Mono, £11.25; Stereo. £18. Post 45p Specification
10W per channel. input 100mV. size 9'%2 x 3 x 2in approx
S.A E details Full instructions supplied. AC mains powered

80 Ohm Coax 8p yd.

VOLUME STANDARD TYPE VHF
CONTROLS FRINGE LOW 0SS 15 ya
5k210 2M0 L0Gor LIN L/s | S DR PO5S Ty
35p. D P 60p. STEREO L/S " ur
85:. DP £1?Edge 5K S P | PLUGS 10p. SOCKETS 10p.
Transistor 45p. LINE SOCKETS 18p.

OUTLET BOXES 50p.

ELAC9 X 5in HI-Fl  ¢£3 45
SPEAKER TYPE 59RM  toq 35,

This famous umt now available 10 watts 8 ohm

TAG STRIP 28-way 12p.

TAPE OSCILLATOR COIL. vaive type, 35p.

BRIDGE RECTIFIER 200V PIV 2 amp 50p.

TOGGLE SWITCHESS P 30p.DPST 40p.D P DT 50p.
MANY OTHER TOGGLES IN STOCK

PICK-UP CARTRIDGES ACOS GP91 £1.50. GP93 £2.50.
SONOTONE stereo £2.00. SHURE M75 ECS £8.

E.M.I. 13%2 x 8in. SPEAKER SALE!

With tweeter and Ditto ;
crossover 10 watt 15 watts .
State 3 or 8 ohm 8ohm )
As ilustrated £ 1 0 . 50 i

}

£7-95 Post 45p

With tweeter and crossover

20 watt £1 1.50 )

Bassres 25cps
Post 75p [

Flux= 11,000 gauss
£8.50

4or8or 150hm 2010 20.000cps %
Post £1 00

Post 65p

Bookshelf Cabinet
Teak finish For EMI 13 x 8 speakers

THE “INSTANT BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suitable for
cassettes. and all sizes of tape reets AC
mains 200/ 250V Leaflet S A E

Will also demagnetise small £4. 95
tools Post 50p

BLANK ALUMINIUM CHASSIS. 6 x4—70p; 8 x 6—-90p; 10
x7—£1.15;12x8—-£1.35;14x9-£1.50; 16 x 6—-£1.45; 16
x 10—£1.70. ANGLE ALL 6 x % x Yain—15p,

ALUMINIUM PANELS.6x4-17p;8x 6—24p; 14 x3-25p;
10x 7—35p; 12 x8—43p: 12x5—30p; 16 x 6—43p; 14 x
9-52p; 12x 12—68p; 16 x 10—75p.

MANY ALI BOXES IN STOCK. MANY SIZES

VARICAP FM TUNER HEAD with circuit & connections £4.95.

RADIO COMPONENT SPECIALISTS =

Radio Books and Components Lists 10p. {(Minimum posting charge 30p.) Cash prices include VAT. (We accept Access or Barclaycard. Phone your Order)

R.C.S. SOUND TO LIGHTKIT
Kit of parts to build a 3 channel sound to light unit
1,000 watts per channel, £14. Post 35p
Easy to build Full instructions supphed Cabinet £3.

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS

All parts and instructions with Zener diode
printed circuit rectifiers and double wound

mains transformer. tnput 200/240V a ¢ £2-95
QOutput voltages available 6 or 7 5 or Post 45p
9or 12V d.c upto 100mA or less Size 3 x 2% x 1%in Please

state voltage required
£3.35

R.C.S. POWER PACK KIT
12 VOLT. 750mA Complete with printed
circuit board and assembly instructions Post 30p
12 VOLT 300mAKIT, £3.15. 9 VOLT 1 AMP KIT. £3.35.
R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE
ideal for Mike, Tape P U Guitar, etc Can be used with battery
9-12VorH T hne 200-300Vd ¢ operation Size 1% x 1% x
Yain Response 25 c/sto 25 ke/s 26 dB gain £1 45

For use with valve or transistor equipment
Full instructions supplhed Detaills S A E Post 30p

RCS DRILL SPEED CONTROLLER/LIGHT DIMMER KIT.
Easy to build kit Will control up to 500 watts AC marns.

£3.25 Post 35p
RCS STEREO PRE-AMP KIT. All parts to build this pre-amp
Inputs for high, medium or low imp per channel, with volume
control and P C Board Can be ganged to make multi-way stereo

mixers
£2.95 Post 35p

MAINS TRANSFORMERS ~ ~*osT,
250-0-250vV 70mA 6 5V, 2A £3.45

250-0-250V BOmA. 6 3V 3.5A. 6 3V 1A or 5V 2A £4.60
350-0-350V 80mA. 6 3V 3 5A, 6 3V 1A or 5V 2A £5.80

300-0-300V 120mA, 2x6 3V 2A C.T, 5V 2A £8.50
220V 45mA. 6 3V 2A £1.75
HEATED TRANS 6 3V % amp £1; 3 amp £1.40

GENERAL PURPOSE LOW VOLTAGE Tapped outputs at 2
amp 3.4 56,8 9 10,12 15, 18, 25.and 30V £5.30.
1amp 6.8 10,12 16, 18, 20, 24, 30. 36, 40, 48 60
£5.30. 2amp. 6. 8, 10, 12, 16, 18, 20, 24, 30, 36, 40,
48, 60 £8.80. 3amp 6. 8, 10, 12, 16, 18, 20, 24, 30,
36 40,48 60£11.00.5amp 6,8, 10 12, 16, 18, 20.
24, 30, 36 40 4B 60 £14.50. 12V 100mA £1, 9V 1
amp £1, 12V 300mA, £1, 12V 750mA. £1, 10v. 30V,
40v 2 amp, £2.75, 20V. 3 amp, £2.45,
40V, 2 amp , £2.95, 30V 5A and 34V 2ACT £3.45,0 5
8 10 16V 2 amp, £1.95, 20V Y2 amp , £1.75, 20V, 1
amp, £2.20, 20V 3 amp £2.50, 20-0-20V 1 amp

£2.95, 30V 1% amp. £2.75; 20V. 40V, 60V or
20-0-20v 1 amp £3.50. 30-0-30V 3 amp £7. 2x 18V 6
amp £11.00.

AUTO TRANSFORMERS, 115V to 230V or 230V to 115V
150W £5; 250W £6:; 400W £7; 500W £8.

FULL WAVE BRIDGE CHARGER RECTIFIERS

6 or 12V outputs, 1% amp 40p; 2 amp 55p; 4 amp 85p.
CHARGER TRANSFORMERS 1% amp £2.75; 4 amp £4.60.
12V 1%2A HALF WAVE Selemum Recufier, 25p.

R.C.S. ¥ ’ ki
BOOKSHELF :
SPEAKERS

13 X 10 x 6in
5010 14,000 cps
8 watts rms 8 ohms

£16 pair Post £.1 30

KUBA-KOPENHAGEN
STEREO '

BAKER MAJOR 12" £15.00
o] Post £1 00

&? 1 30-14.500 c¢/s. 12in double cone
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145,000 Maxwells Bass resonance
40 ¢/s Rated 25W NOTE 4 or8or
16 ohms must be stated

Medule kit 30-17 000 c/s with
L\Zfe;;er crossover £ 1 9.00

and instructions Post £1 60 each
Please state 4 or 8 or 16 ohms
BAKER “BIG-SOUND" SPEAKERS. Post £1 00 cach |
‘Group 25’ ‘Group 35°  ‘Group 50/15°

3ow £12.00 sow £14.00 o £26.00

4 0or8or 16 ohm 4 or Bor 16 ohm 8 or 16 ohm

BAKER LOUDSPEAKER, 12 INCH. 60 WATT

GROUP 50/12, 4 OR 8 OR 16 OHM HIGH POWER

FULL RANGE PROFESSIONAL QUALITY

RESPONSE 30-16.000 CPS £21 -00
MASSIVE CERAMIC MAGNET WITH Post £1 80
ALUMINIUM PRESENCE CENTRE DOME

TEAK VENEERED HI-FI SPEAKERS AND CABINETS
For 12in or 10in speaker 20x13x12in £14.50 Post £2
For 13x8in or Bin speaker £8.50 Post £1
For 6Y2in speaker and tweeter 12x8x8in £5.80 Post 75p
Many other cabinets in stock Phone your requirements

R.C.S. 100 watt
VALVE '
AMPLIFIER
CHASSIS

Four inputs  Four way mixing, master volume treble and bass
controls  Suits all speakers This professional quality amphhier
chassis 1s suitable for all groups, disco, P A . where high quality
power is required 5 speaker outputs A/C mains operated Slave
output socket. Produced by demand for a quahty valve amplifier
100V hine output to order Send for leaflet
Surtable carrying cab £16.50  Price £85 carr £2 50

SPEAKER COVERING MATERIALS. Samples Large S A E
LOUDSPEAKER CABINET WADDING 18in wide 20p ft
Horn Tweeters 2-16kc/s, 10W 8 ohm or 16 ohm £3.60

De Luxe Horn Tweeters 3-18kc/s 30W, 8 ohm. £7.50.
CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm
£1.90. 3-way 950 cps/ 3000 cps £2.20.
LOUDSPEAKERS P.M. 3 OHM 7x4in £1.50; 6'2in
8x5in . £1.90; 8in  £1.95.

£1.80;

SPECIAL OFFER: BO ohm 2%in 2¥%in 35 ohm 3in 25
ohm 2%in 3in 5x3in, 7x4n 8 ohm, 2%in  3in  3%in
Sin. 15 ohm. 3%in da, 6x4in Txdin 5x3in
3ohm . 220 2%in . 3%in, 5in dia £1.60 each.

PHILIPS LOUDSPEAKER, 8in , 4 ohms. 4 watts, £1.95
RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in diameter 4W £2.50. 10in diameter 5W £2.95;

12in diameter 6W £3.50. 3/8/ 15 ohms. please state

PIEZO ELECTRIC HORN TWEETER. Handles up to 100
watts No crossover required £7.95.

Tweeter Volume Control 15 ohms 10W with one inch long
threaded bush for wood panel mounting “in spindle 65p.

BAKER 150 WATT
PROFESSIONAL i
MIXER AMPLIFIER

Afl purpose transistorised
Ideal for Groups, Disco
and PA 4 inputs speech and music
Output 4 8/16 ohms ac Mains
bass controls Master volume control
Guaranteed Details S A E

NEW MODEL MAJOR—50 watt 4 input
2 vol Treble and bass Ideal disco ampiifier

LE i 6

O O = e

4 way mixng
Separate treble and

£72 £1 50 carr
£49 cae 01

TUNER-AMPLIFIER CHASSIS AM-FM 5+5 WATT
This Continental 4-band radiogram chassis uses first class quality
components throughout Features Large facia panel with 7 push
buttons for medium long, short VHF-FM AFC phono mains
on-off 4-rotary controls tuning volume tone balance Facia size
17 x 4% inches Chassis size 17 x 4% X 5% inches
DIN-connector sockets for tape record/playback, loudspeakers
phono pick-up external FM-AM aenals Automatic stereo beacon
light Budt-in ferrite rod aernial for medium /longwave

A C 240V mains Circuit supplied

Above speakers are suitable £ 33 - 50 Post £1 50
LOW VOLTAGE ELECTROLYTICS

1245816 25 30 50 100 200mF 15V 10p.
500mF 12V 158p; 25V 20p; 50V 30p; 420,500V £1.30.
1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.
2000mF 6V 25p; 25V 42p; 50V 57p; 420/500V £1.30.
2500mF 50V 62p; 3000mF 25V 47p; 50V 65p.
3800mF 100V £1.60. 4700mF 63V £1.20.

5000mF 6V 25p; 12V 42p; 35V 85p.

MANY OTHER ELECTROLYTICS IN STOCK

SHORT WAVE 1000t air spac-d gangabie tuner 95p.
TRIMMERS 10pF 30pF 50pF Sp. 100pF 150pF 15p.
CERAMIC, 1pF 10 0 01 mF 5p. Sitver Mica 2 to 5000pF Sp.
PAPER 350V-0 1 7p; 05 13p; 1mF 150V 20p; 2mF 150V
20p: 500v-0 00110 0 05 5p; 0 1 10p; 0 25 13p; O 47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Single pole change over
TWIN GANG, 385 + 385pF 50p; 500pF standard 75p; 365 +
365 + 25 + 25pF Slow motion drive 65p.

120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.
NEON PANEL INDICATORS 250V. Amber or red 30p.
RESISTORS. W 2W 1W 20% 2p; 2W, 10p; 10{) 10 10M
HIGH STABILITY. W 2% 10 ohmsto 6 mey 12p.

Ditto 5% Preferred values 10 ohms o 10 meg  5p.
WIRE-WOUND RESISTORS 5 watt 10 watt 15 watt

10 ohms to 100K 12p each

americanradinohistorvy com

100 WATT DISCO AMPLIFIER
volume treble bass controls 500 MV or 1 voitinput
Four loudspeaker outputs 4 to 16 ohm All transistor

GOODMANS COMPACT
12-INCH BASS WOOFER

Standard 12in diameter fixing with
cut sides 103 square 14 000 Gauss
magnet 30wattsR M S 4 ohmimp
Bass resonance = 30 cps Frequency
response 30-8000cp s

£10.95 each Post £1

ALUMINIUM HEAT SINKS. FINNED TYPE.

Sizes 62" X 4Y2"' X 2%’ 95p. 64" X 2" X 2" 65p.
BALANCED TWIN RIBBON FEEDER 300 ohms. 5p yd.
JACK SOCKET Std. open-circuit 20p, closed circuit 25p;
Chrome Lead-Socket 45p. Mono or Stereo.

Phono Plugs 8p. Phono Socket 8p.

JACK PLUGS Std. Chrome 30p; Plastic 25p; 3.5mm 1 5p.
STEREO JACK PLUG 30p. SOCKET 25p.

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS 10p.
TV CONVERGENCE POTS 15p each
Values = 5 7 10 20 50. 100 200 250 470 2000 ohms

ELECTRO MAGNETIC
PENDULUM MECHANISM

15V dr operation over 300 hours continuous on SP2

battery fully adjustable swing and speed Ideal displays

teaching electro magnetism or for

metronome_strobe etc 95p Bosiion
PERIOD LOUDSPEAKER CABINETS. Two styles available,
Regency and Queen Anne. Size approximately
34 x 19 x 16in. These cabinets are slightly soiled and are
priced from £10 each. Callers only.

WHITEHORSE ROAD, CROYDON

Open 9-6. Wed. 9-1. Sat. 9-5 {Closed for lunch 1.15-2.30)
Tel. 01-684 1665

£59
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TTLIC’'S All devices brand new, tested and coded
Type Quantity  Type Quantity  Type Quantity PR 3each AC128/ACT767 316 2 each BFY50,51/52
1 100 1 100 1100 32 10 0ff BC107 =- N7 5 xocTt
£p £p £p £0p £Ep £p 10 oft BC108 ~ 18 4 each ZTX108 9 2 x 2TX107
347 1 119 2 each 2TX301/2 4 X ZTX300
o o009 0.08  7aa8 [0 0 iy Bl Wk 36 ac‘%‘é"ﬁ'szz‘“' £ 5= én%%o/z'mzr;s
3 h* 1 /1 / 21 4 each 2N !
280) O NTR0o10 e OS1 290010 nzs 0,6590:62 J7 22:€h BC177/8/9 J22 1 each 2N2218/19/21/22
02 O RO NOR SO 0.12 0.10 74141  0.68 0.65 48 2each BC182/3/4° 123 2 each 2N2904 05
7403 0.11 0.10 7453 0.12 0.10 74345 0.75 0.72 J8  2each BC212/213/214" 324 3 x 2N2907 2 x 2N2906
7404 0.11 0.10 7454 0.12 0.10 74150  1.10 1.05 J10 2 x BC327 3 x BC328° J25 7 % 2N2926 G
7405 0.11 ¢.10 7460 0.12 0,10 74151  0.65 0.60 311 2each BC337 3 x BC338 skl gNgggg
7406 0.28 0.25 7470 0.24 0.23 74163 0.70 0.68 412 2each BF115 — BF167 - BF173 x 2N
7407 028 025 7472 020 08 74184  1.20 1.10 T Gl 6 O ] QA
7408 012 011 7473  0.26 0.22 74155  0.70 0.68 TR s s 28 3 e
7409 0.12 0.11 7474 0.24 0.23 74156 0.70 0.68 .
7410 0.09 0.08 7475 0.44 040 74157  0.70 0.68 < PRICE 60p PER PAK
7411 0.22 0.20 7476 0.26 0.25 74160  0.95 0.85 §
7412 0.22 0.20 7480 0.45 0.42 74161 0.95 0.85 TE TED D|ODE PAKS
7413 0.26 0.25 7481 0.80 0.88 74161 0.95 0.85 Poves 4
7416 0.28 0.26 7482 0.75 0.73 74163 0.95 0.85 jao 12 X 0AB1 jg; ;oxxwoggd
7417 0.26 0.25 7483 0.88 0.82 74164  1.20 1.10 32 12 x 0A200 439 5 x IN5400
7420 0.11 0.10 7484 0.85 0.80 74165 1.20 1.10 12 x 0&202 J80 5 x IN5401
7422 0.19 0.18 7485 1.10 1.00 74166 1.20 1.10 B ] Bl 150 J41 4 x IN5404
7423 0.21 0.20 7486 0.28 0.26 74174 1.10 1.00 { J35 20 x IN4OO?1 J42 3 x IN5408
7425 0.25 0.23 7489 2.70 2.50 741756 0-3(5) 0.82 : )
7426 0.25 0.23 7490 0.38 0.32 74176 1.10 1.00
7427 0,25 023 7491 065 0.62 74177 1.10 1.00 PRICE 60p PER PAK
7428 0.36 0.34 7492 0.43 0.35 74180 1.10 1.00
7430 0.12 0.10 7493 0.38 0.35 74181 1.90 1.80 OPTOELECTRONlcs
7432 0.20 0.18 7494 0.70 0.68 74182 0.80 0.78 Ja3 4 x DL707 + Data gggg
7433 0.38 0.36 7495 0.60 0.58 74184 1.60 1.40 j:‘; g: ;7:":?%[550 EoTs0
7437  0.26 0.25 7496  0.70 0.68 74190  1.40 1.30 R i < ——r £0.50
7438 0.26 0.25 74100 095 0.90 74191  1.40 1.30 Ja7 3 x ORP12 equwalent £1.20
7440 0.12 0.10 74104 0.40 0.36 74192 1.10 1.00 J48 5 x OCP71 £1.00
7441 0.60 0.57 74105 0.30 0.25 74193  1.05 1.00
7442  0.80 0.70 74107 0.30 0.26 74194  1.05 1.00 THYRISTOR PAKS
7443 0.95 0.90 74110  0.48 0.45 74195  0.80 0.75 449 1amp SCR 2 x 50vol 1 x 400 volt 1 x 600 volt
7444 0.95 0.90 74111 0.76 0.72 74196 0.90 0.85 J50 5amp SCR 1 x 500v 2 x 40(N 1 x 600V
7445 0.80 0.75 74118 0.85 0.82 74197 0.90 0.86
7446 0.80 0.75 74119 1.30 1.20 74198 1.80 1.80
7447 0.70 0.68 74121 0.28 0.26 74199 1.80 1.70 UNlJUNCTION/F'E'T PAKS
451 6 x 11543 UTa6 £1.00
Devices may be mixed 1o quality for quantity price Data 1s available J52 4 x 2N3819 €0.60

for the above series of IC’s tn booklet form Price 35p.

P.C.B. PRODUCTS
CMOS |CS J53 2 x etch resist pens g::gg

J54 2 x etchant paks
CD4000 £0.18  CDA4022 £0.80  CDA4046 £0.95 '
CD4001 €0.18  CD4023 £0.18  CDA047 £0.75 D.I.Y. PRINTED
€D4002 €018  CD4024 £0.64  CD4049 £0.46
CDA006 €0.80  CD4025 £0.18  CD4050 £0.46 CIRCUIT KIT

CD4007 £0.18  CDA026 €1.85  CDA054 £0.95 SIHATE & & | hox of efchant powder and measure tweezers
CDa008 €0.80  CDA027 £0.48  CD4055 £1.60 A e oy orns Oni1 Staniey kefe and plados € metal roie
CD4009 £0-50 CD4028 Eo'so CD4056 £1 15 FULL easy to follow nstructions
CD4010 £0.50  CD4029 £0.95  CD4069 £0.32
CD4011 £0.18  CD4030 £0.46 CD4070 £0.32 J59 SALE PRICE £5.50
CD4012 £0.18  CD4031 £1.80  CD4071 £0.20
€D4013 £0.42  CD4035 £€1.40  CD4072 £0.20 RESISTOR PAK
CDA015 £0.80  CD4037 €0.78  CD4081 £0.20 :
ity '8 [T -820k £1.60
CD4016 £0.42 CD4040 £0.78 CD4082 £0.20 J55 240 fist quahty ”u s wlves@wrsxm ed from 1000hm-82: i
CDa017 £0.80 04041 £0.68 C04510 £1.10 J5§6 160 first quality “sw 1esistors mixed from 1000bm 820k £1 60
CD4018 £0.85  CDAa042 £0.68  CD4511 £1.25 ELECTROLYTIC PAK
CD4019 £0.45  CDA043 £0.78  CDA4516 £1.10 \ ~ , 474F 1000uF £1.20-
CD4020 £0.95 Cba0aa £0.78 CDas18 eakio J57 54 first quality mimature electrolytcs from 4 7uf 1 u
CD4021 £0.85 CD4045 £1.15 CD4520 £€1.10 CERAMIC PAK
) ORDERlNG J58 93 fust quahty ceramic capacitors - mued from 22pF 047uf £1.60"
PLEASE WORD YOUR ORDERS EXACTLY AS PRINTED NOT FORGETTING TO
R A LT 1.C. SOCKET PAKS
V.AT J60 11 x 8pin DL Sockets £1 00
AOD 12%:% TO PRICES MARKED * ADD 8% TO ALL OTHERS. T o8 BepBlt s e
POSTAGE AND PACKING ZENER PAKS
ADD 25p FOR POSTAGE AND PACKING UNLESS OTHERWISE SHOWN. ADD
EXTRA FOR AIRMAIL. 463 20 muxed vatue 400 mw zener diodes 3 10V £1.00
J64 20 mixed value 400 mw zenet diodes 11 33v £1.00

MIN. ORDER £1.00.

I-PAK

P.O. BOX 6, WARE . HERTS

SHOP 13 BALDOCK ST, WARE, HERTS
AT OPEN Qto 5 30 Mon ’Sat

Dept ET.9

www americanradiohistorv com
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mﬁéez‘u greal deal from

Marshall's

Britain. Top 200 ICs, TTL, CMOS & LINEARS.

We also stock a comprehensive iange of capacitors,
resistors, switches, etc.

Our range covers over 8,000 items. The largest selection in

CA3020A 2.29 | LM387N 1.05 |SN76003N  2.20 | TBA500Q 2.30|CO4008 1.10| 7iC47  0.67 AF13S  0.69 | 2N698  0.62 | 2N2923 0.14 2N3638A 0.16 | 2N3906 0.22 , 2N5457 0.32
CA3028A 1.01 | iM388N 0.90 |[SN76008K 1.50 | TBA510 2.21[C04009 0.64 | BSTO246 1.35 AF239 0.65 | 2N706  0.28 | 2N2924 0.15| 2N3662 0.23 | 2N3962 0.85 | 2n5458 0.33
C€A30288 1.29 [ (M3B9N 1.00 |[SN76013N  1.30 | TBAS10Q 2.30|C04010 0.64 | BRIDGE ASY28 1,20 | 2N718 027 | 2N2926G 0.15 | 2N3663 0.26 | 2N4058 0.20 | 2N5485 0 38
CA3030 1.35 | (M702C 0.75 |SN76013NO 1.50 [ TBA52Q 2.21{C04011 0.24 | RECTIFIERS ASY55  0.65 | 2N914  0.35 | 2N2926Y 0.16 | 2N3702 0.13 | IN40O60 0.20 | 25703 3.85
CA3036 1.10 | (M709C 0.65 |SN76018K  1.45 [ TBA520Q 2.30|C04012 0.24 | B40C1500 0.48 BC118  0.20.| 2N929  0.25 | ON3019 0.55 [ 2N3703 0.15 | 2N4122 025 | 25702  3.00
CA3045 1.40 | LM709N 0.45 |[SN76023N  1.45 | TBA530 1.98|C04013 0.60 | PWOOS 0.84 BC154 0.27 | 2N930  0.26 | 2N3053 0.26 | 2N3704  0.95 | 2N4123 017 | 20332 0.55
CA3046 0.89 | LM710C 0.60 |SN76023NC 1.26 | TBA530Q 2.074C04014 1.15 | PWO1 0.86 BC167A 0.12 | 2N1132 0.37 | 2N30556 0.70 | 2N3705 0.9§ | 2N4125 017 40311 0.50
CA3048 223 | IM710N 0.60 |SN76033N  2.20 [ TBAS40 2.21|CO4015 1.15 [ PWO2 0.88 BC167B  0.12 | 2N1483 1.70 | 2N3108 0.60 | 2N3706 0.16 | 2N4250 0.24 | 40363  1.30
CA3049 1.80 | .M723C 0.85 [SN76110N  1.18 | TBA540A42.30 |CO4016 0.64 | PWO4  0.98 BC169B 0.12 | 2N1613 030 | 2N3133 0.45 [ 2N3707 0.18 | 2N4266 0.20 | 40573  0.75
CA30521.62 | LM723N 0.75 [SN76115N  1.61 | TBA5503.13|C04017 1.15 | PWO8 118 BC1718 ©6.16 | 2N1711 0.30 | JN3392 0.16 | 2N3708 0.13 | 2N4284 0.35 | aoC126 045
A30530.60 | LM741C 0.65 [SN76116N  1.66 | TBA550Q 3.22 [ DIL SOCKEYS | K005 2.10 BC182  0.11 | 2N1893 0.38 | 2N3393 0.95 | 2N3709 0.15 | 2N4286 0.20 |aC127 o485
CA30800.75 | LM741N 0.40 [SN76131N  1.20 | TBA560Q 3.22|8 pn  0.15 | KO1 2.16 BC182L  0.14 | 2N2060 5.00 | 2N3417 0.40 [2N3710 0.96 | 2N4288 0.20 | aC152  0.50
“A3080A1.88 | LM7141-50.40 |SN76226N  1.56 | TBAS70 1.29|14 pn  0.16 [ KO2 248 BC184L  0.14 | 2N2219 0.35 | 2N3439 0.88 | 2N3711 0.16 | 2N4403 0.18 [ AC153 .55
CA3086 0.60 [ LM747CN 0.90 {SN76227N  1.20 | TBAS70Q 1.38(16 pin  0.18 [ KO4 3.12 BC212A 0.14-| 2N2221 0.25 | 2N3441 0.85 | 2N3771  1.95 | 2N4822 0.75 AC187K 0.60
CA3088 1.70 | LM748-8 0.55 |SN76228N  1.41 | TBA641Q 2.70[ 18 pin  0.27 | KOG 3.86 BC214L  0.17 | 2N2222 0.25 | 2N3553 2.99 [ 2N3773 2.80 | 2N4916 0.20 [AC188K 0.60
CA3089 2.52 | LM748N 0.55 |SN76530N  0.75 | TBA651 2.20(22 pin 0.30 | BY164 0.57 80135  0.37 | 2N2222A 0.25 | 5N3565 0.20 [ 2N3794 0.20 | 2N5129 0.20 | acy22 0.60
CA3090 4.00 [ LM1800 1.76 |[SN76582N  1.40 | TRA700 1.52|24 pn 0.35 8F195  0.15 | 2N2368 0.25 | 2N3566 0.20 {2N3819 0.36 | 2N5192 0.7S [ ACv30  0.80
CA3130 0.98 | |M1808 1.92 |SN76533N  1.20 | TBA700Q 1.61|28 pin  0.45 BFX84  0.34 | IN2369 0.25 | IN3567 0.20 | 2N3854A 0.25 | 2N5222 0.18 |AF106  o.58
LM307A 0.67 | LM1828 1.75 [SN76544N  1.44 | TBA702Q 2.30 |40 pin  0.55 | RAMS BFY51  0.25 | 2N2646 0.75 | 2N3571 3.70 | 2N3856A 0.25 | 2N5245 0.3 |Ar109  go.7s
LM307N  0.40 | (M3307N 0.85 |SN76545N  1.65 [ TBA750 1.98 [ TRIACS MM2101 2N 3.00 B sv6s  0.40 | 2N2905 037 | 2N3572 3.50 | 2N3859A 0.21 | 2N5447 015 |Ari e 065
LM304  2.45 ] IM3302N 0.85 |SN76546N  1.44 | TBA750Q 2.07 | Plastc MM21022N 210 )N697  0.30 | 2N2906  0.28 | 2N3638 0.16 | 2N3905 0.22 | 2N5449 .19
LM307N  0.65 | LM3401N 0.70 [SN76550N  0.35 | TBABOO 1.25 400V 6A 0.70 |MM2111.2N  3.00 . . .
LM308N  0.85 | LM3300 0.76 [SN76552N  0.52 [ TBAB1O 1.25[400v 8A 0.75 |MM2112.2N  3.00 If the type you require is not listed, please enquire.
LM309K 1.85 | LM3905 1.60 [SN76570N  1.65 | TBAB20 1.25 400V 12A0.85 | MM740920D 12.57 This is just a very small part of our range.
LM317K 3.00 | LM390S 0.68 |SN76620N  0.90 | T8A920 2.90 | 400V 16A1.10 i i s
LM31BN 2.26 | MC1035 1.75 | SN76650N  1.10 | TBA20Q 2.99 | 400V 20A1.70 | ponee
LM323K  6.46 | MC1327P 1.54 | SN76660N  0.60 | TBA940 1.62(400v 254200 [FOMS 2.95
LM339N  1.40 | MC1330P 1.00 | SN76666N  0.82 | TCA160C 1.85 | THYRISTORS : Sc/ IMP Lata Pack 1.50
LM348N 1,50 | MC1350P0.90 | TAA310A 1.00 | TCA160B 1.61 | Plasnc GR Pocket TTY 175.00
LM360N 2.75 | MC1352P1.10 | TAA320A 1.00 | TCA270 2.25|100v 4A 0.35 | PROMS MEK 6800 DIl 190.00
LM370N  2.50 | MC1433G3.30 | TAAB21 1.00 | TCA280A 1.30 | 200v 4A 0.40 |DM745287  §.33 Sc/MP Low Cost Developme
LM371H 1.70 | MC1435G 2.00 | TAA522 1.80 | TCA29DA 3.13{ 300V 4A 0.44 | MM5204Q  32.30 System eopment
LM372N 1.70 | MC1437L 2.00 | TAA550 0.60 | TCA42DA 1.84 1400V 4A 0.49 |[MM1702A0 10.80 B; LCDS 335.00
LM373N  2.80 | MC1439G1.60 | TAAS60 1.75 | TCA730  3.22| 100V BA 0.43 [MM2708Q  35.00 Bl 2kx8 107.20
LM374N  3.10 | MC1445G1.95 | TAAS570 2.30 | TCA740 2.76 | 200V BA 0.49 R:m Prom card 4kx8 ’
LM377N  1.75 | MC1455G1.70 | TAA611B  1.85 | TCA750 2.30 | 300V BA 0.56 | SC/MP CHIPS with sockets for 8 MM 5204 /5414
LM378N 225 | NE555 0.40 [ TAAB21  2.15 | TCA760 1.38 400V 8A 0.62 [P Channel  12.00 ocke B3t
LM379S 3.95| NE556 1.10 | TAABEIB 1.50 | TCABOO 3.13 [600V 8A 0.74 |N Channel  10.00 Ram. Pr 4kx8 )
LM380-8 0.90 | NES65  1.30 | TAA700 3.91 [ UAAT70 2.00 | 100V 12A0.57 includes 8 MM 5204 351.75
LM3BON 0.98 [ NES66  1.65 | TAAG30A 1.30 | UAA180 2.00 [ 200V 12A 0.65 | 8080 8 BIT CPU CPRO 256x8 ’
LM381AN 2.45 | NES67  1.80 | TAA930B 1.30 [ CO4000 0.24 | 300V 12A 0.73 | CHIPS OF RAM 8 sooket
LM3BIN 1.60 | SAS560 2.50 [ RAD100 1.95 | CD4001  0.24 [ 400V 124 0.81 [ INSBOBOA  23.45 for 512x8 of ROM 167.50
LM382N 1.25 | SAS570 2.50 | TB120 0.76 | CD4002 0.24 | 600V 124 0.97 | DP8224N 6.16 :
LM3B4N 1.45 5042p 1.25 TBA400 2.00 CD4006 1.34 TIC 44  0.32 'ppP82280 730 We now offar a comprehensive range of
LM386N 0.80 SN76001N1.30 TBA500 221 CD4007 0.24 TIC 46  0.46 DPB212N 3.08 ; foe i ip SEND FOR OUR

= ST o T e andlcs: A ing the LATEST CATALOGUE

Wireless World, September 1977

A. MARSHALL (LONDON) LTD., Dept. W W
LONDON — 40-42 Crickiewood Broadway. NW2 3ET
Tel 01-452 0161/2 Telex: 21492

GLASGOW — 85 West Regent St, G2 2QD. Tel. 041-332 4133

BRISTOL — 1 Straits Parade, Fishponds Rd , BS16 2LX
Tel: 0272 654201

ar 9 O M 9-5 00 Sat Trade

NEW CATALOGUE 77

2nd edition for Autumn with over 8,000 line items. Plenty of new products and ideas. 35p post paid (25p
to callers}

POPULAR SEMICONDUCTORS (A very small selection from
our vast stocks, please enquire about devices not listed.)

National Semiconductor SC/MP Introkit and FOR FULL DETAILS

Keyhoard Kit.

Prices correct 27 July, 1977 but please add VAT p&p 40p

Better instruments.
Better service.

We have established a nationwide network of approved
service organisations to deal with the repair and
maintenance of our instruments. Every repair is backed
by a full12 month guarantee. Here's where to find them.

ENGLAND London Instrument Reparr Centre, Acton Lane, Chiswick,
London W4 SHJ. Trade Reception Cunnington Street Tel: 01-995 9212
London Instrument Repair Centre, Archcliffe Road, Dover, Kent

Tel: Dever (0304) 202620

Farnell International instruments Ltd , Sandbeck Way, Wetherby,

West Yorkshire (522 4DH Tel- Wetherby (0937) 3541

TER Instrumemnts Ltd. Peel Lane, Astley, Manchester M29 7JH

Tel Atherton (05234) 2275 or 5611

Midlands Instrument Repair Centre, Thorn Automation Ltd.

Armitage Road. Rugeley, Staffs Tel Rugeley (08894) 5151

SCOTLANDFalcon Electronics, 92 High Street, Johnstone, Scotland
Tel: Johnstone {0505) 23377

WALES Electro Services, 25 Chepstow Road, Newnort. Gwent NPT 88X
Tel Newport (0633) 211243

The manufacturers joint service organisation.
WW — 059 FOR FURTHER DETAILS

RADFORD HD250

High Definition Stereo Amplifier

A new standard
for sound reproduction in

the home! We believe that no other
amplifier in the world can match the overall
specification of the HD250.

Rated power output: 50 watts av. continuous per channel into any impedance
from 4 to B ohms, both channels driven.

Maximum power output: 90 watts av. per channel into 5 ohms.

Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is
below inherent circuit noise.)

Distortion, power amplifier: Typically 0.006 % at 25 watts, less than 0.02% at
rated output (Typically 0.01% at 1 Khz)

Hum and noise: Disc,—83dBV measured flat with noise band width 23 Khz {ref
5mV); —88dBV A’ weighted (ref. Smv)

Line —85 dBV measured flat (ref 100v)
—88d BV A" weighted (ref 100v)

Hear the HD250 at

SWIFT OF WILMSLOW

Dept. WW, 5 Swan Street, Wilmslow. Cheshire
(Tel: 26213)

Mail Order and Personal Export enquines: Wilmsiow Audio, Swan Works, Bank
Square, Wilmslow (Tel. 29599)

Now available ZD100 power amplifier and ZD22 pre-amplifier

WW—030 FOR FURTHER DETAILS

www americanradiohistorv com
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Wide range ot AC and DC relays
avaitable from siock Phone or write

RELAYS i

WHY PAY MORE?!

MULT) RANGE METER A C volts 2 5500D C
volts 2 5-500 (Sensiinty 2000./vDC & A C

DC current 0/1/10/100 mA Ohms range
Sturdy compact moving coil nstrument with 21
ranges. dimensions 120 X BO x 44mm Weght
0.32 kg SERVICE TRADING CO Pnce £5.50. J
Inc) leads and battery Post 50p (Total puce inc
VAT & Post £6.48.)

TRIAC

Raytheon tag symmetncal Trniac Type Tag 250/500v
500 piv Glass passivated plastic tnac Swiss precision product for
term rebabdity £1.25. P&P 10p (inclusive
sheel) Suitable Diac 20p.

0 to 60 MINUTES CLOCKWORK TIMER.
Double pole 15 amp 230AC Coniacts (no dial) €1.50. P&P 30p

10 amp

ng
i date and applicauion

SERVICE TRADING CO

107

VARIABLE VOLTAGE TRANSFORMERS
Carriage extra f{NPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260v. A.C.

BRAND NEW. All types.
200W (1 Amp) fitted A/C

GALVANOMETER. 50 mco miror gaivo
Calibrated 50-0 50 and 0-100 Mg by Grdiin & George
Lid Otfered at fraction ol maker s price. in onigmal mimstry
packing €12.00, p&p 60p

voltmeter .. ...... . £11.50

0.5 KVA (Max. 22 Amp) £14.00

1 KVA (Max. 5 Amp) .. £18.00

2 KVA (Max. 10 Amp) . £30.00

3 KVA (Max. 15 Amp) .. ... £38.00

4 KVA (Max. 20 Amp} ... .. £60.00

LT TRANSFORMERS
0-12v/24v at 1 amp £2.50 p&q
J-16v a1 1 amp 0-15v at 1 amp (30v 1 amnp £2.50 p&
25-0-25v a1 ar £4.50 &y
12v, 24v 10 amp €12.35 p&p £

-4y /Bv 24v 32i a1 12 amp
0-12v at 20 amp 24v at 10 amp
0-6v/12v/ 17v/ 18v 20v at 20 amp
0-6v/12v at 20 amp
Other types in stock phone n engur

€13.00 pip £}
€12.40 p&p 1
£14.00 p&p

€11.85 p&p i1

GEARED MOTORS |

100 R.P.M. 115 Ibs. ins.!!

5 1b a

It capaci tor | {~

ted ad

foth 2508 a L
ength 145n equ d £€12.00. Po

5 \ £8.00
15 R.P.M.

Type S048 1 80 It

a X Omm He,
Weight 8 b Kilos BRANO NEW £10.00.

bl 15 N £6.00
prmng o W\
BODINE TYPE N.C.I. -t ﬁ
GEARED MOTOR e\ =
)
(Type 1) 71 rp.m. 1 1 L
Rovanlblu il ol p
1

with transformer o 230 Zﬂﬁv AC mpul
P 6.2 €3 75.

130 VDII A.C.
ible €6.50

300 V.A. ISOLATING TRANSFORMER
1157230 screened primary. two sepaiate or 115v for 115 or 230v
Secondary two 115v at 150 V A each for 115 or 230v cuiput Can be used
in senes or parallel connectians Fully tropicalised Length 13 S5cm | width
tlem weight 15ibs Special price £6.00, carr £1 00

CONTACTOR

Mfg by Hendrey Relays. iype C2839 i}

2207250 AC aps Contact 4C/0 a1 20 amp
at 440 voits AC, price £6.00. P&P 75p

RODENE UNISET TYPE 71 TIMER

0-60 sec 230v AC operation. Incorporati

230 VOLT AC FAN (o3
ASSEMBLY =
£3.95.

| 21-WAY SELECTOR
SWITCH with reset colil

The ingenious electro mechanical device can be
switched up to 21 positions and can be reset trom
any position by energising the reset coil
230/240v A C operaton Umt 1s mounted on
strong chassis Complete with cover Price £5.50.
P&P 75p

VORTEX BLOWER AND
VACUUM UNIT

These units are q 1t but have had mur
prior to despatch Price £12 + £1 50 P&P
Sunabie uanstormer for 230/240vac €6 + €1 P&P

CENTRIFUGAL BLOWER

Mig by Smiths Industries 230/240v a.c Miniature Model Series

SE/200 Suze 35mm x B2mm x 82mm Aperture 38mm x 31mm 12

ctm £2 75, Post 50p Mfg by Fracmo 115/230V ac 2800 3400

rpm Fan type aperture 3 x 2%' VBLA /L Price £12 Post £1 Alsc
available extremely powerful blower mtg by Fracmu

NI-CAD BATTERIES

use Fully tested

Postage 30p per unit

UNISELECTOR SWITCH iy
4 bank 25 way 75 ohm coil 36 48v D C
operauon Ex new equipment €4.25, P&P ¢ \

75p Totwl price mc VAT £5.40. i ! - :
MINIATURE UNISELECTOR rrades

12v 11 way 4 bank 13 nen-badging 1 homing) €2.50. PRP 35p
r £10.00, post pad

MICRO SWITCHES
s »
5;b mivature Hooeywell roller M S Type 3 115M 9067 1 @

As illustrated but {itted with 1°' Lever 10 tor £2.00.
for £2.50, post paid E

10 for £2.50.
LEVER OPERATED 20 amp Mfy by
F—RM =

10 fo (4009;7:; .)P&P mn

5 n mumature Burgess type V 4T 1

Inimax USA der 1

NEW HEAVY DUTY
SOLENOID —
W e Do 0 2 (R

iy

A.E.G. WATER PUMP

h

' =g

ignition uming. et
£3.00 P&P 50p

€1.50 P&P 25p 3 for

g a lapsed ime €15
ndxcal r ang repeal faciliies A precison motorised himer
or process tming. photography welding mixing et _
P.-ce ES 00 p&p 60p
FHP Mator type € 7333 15 220 240v 9
rpm reverstble motor torque 14 5 kg Gear ratio L \
* HY-LIGHT STROBE KIT Mk. IV " ;:j_;s E’“c","zge‘;”’&n"c‘ capacit D -
* Latest type Xenon white light twbe Solid state uming and *
* nggenng circut 230 240 volt A C operaton Spee adjustable
* 201 ed rge halls. ht output * ——
2 I G iy P T REVERSIBLE MOTOR 230V A.C
‘, : ally red a Hy-Light €8.25. yg e
ast €1 00 necal Elec
ant vibrat 3l ot l It
s o S S 2.0 o o Sl 5 16 €300
% ULTRA VIOLET BLACK LIGHT » o
FLUORESCENT TUBES T
: ah.40wmc7.oo aliers only) 2ft. 20 watt £5.00. Post 6Up * .E.l. MOTOR
{For use bi-pin hittings) MINI 12in. 8 watt €1.75. Post W AEL 1,12 ho .
X 255 9in. 6 wan £1.40. sm 4 watt £1.40. Posi 25p »* 6
Compiete ballast unit Either & 21 30V AC op . 5 P
M £3750 plus ap 40p Ao avai vV DC op £3.50 plus W D G,
W p&pa0p »* - N S
MMVt st th sttt S METERS NEW 90mm Diameter
XENON FLASH itk Type: 65CS D.C. mc. £3.00
GUN TUBES S il O 100 amp €325 Type: 6212 A.C.
Range of Xer bes aval from Sy €3.00 M 1£3.25a
stock S A E for full details e R M G :zooP&Pap
BENDIX MAGNETIC CLUTCH el
Superb example of eleciro-mechanic [
v e IXE N
SQUAD LIGHT s h atin |
A new ; ght perimeter W a
N i extre PO mele
o o 4 o £3.50
othg hts o do, f s B
bgrams all s 1 _, at 1 B
b Lomptetely olecucal = . t | TimEe swiTcH
£60.00 Horsimann T
Post 75p S A E (Foolscap) for details AC Tw s 4
PO PON o - o
Wide range ol AC and DC relays avalable b w
RELAYS &arsie | e i §
dually . £7.75. F
VAT £8 91
FT3 —— ewm
—
High intensity multi tin voltage. neon SANGAMO WESTERN 1vp 0/25 t 4
glow discharge flash tube Design fo B £6.00
B 6

RESET COUNTER

£1.75
£1.50

BIG INCH

Ty precision built 3 rpm USA mgtor size
only 1 100 volt AC op supplied with
resistor for 230 volt AC price €£2.00 P&P
20p 4 lor £5.00 posi paid

INSULATION TESTERS

£7.00. P&P 75p iy PO PPN
Simiar 1o above approx 101b pull £3.60. I ———)
P&P 60p

230-250 VOLT A.C. SOLENOID

Simiar in appearance 10 llusiration

Approximately 1'21b pull Size of teet 1

£1.00 Pnst 2Rn

*x13 16
Prie

(NEW)
Test 1o f
itat feld work
1ot V 4 H 6
500 VOLTS 5 £40.00 P
€46.00 P 80p

1000 VOLYS 0C

24 VOLT D.C. SOLENOIDS -

UNIT contaning 1 heavy duty solenoid approx. 25 Ib. pull at
vavel 2 solenwds of epprox 1 1b at

appeox 4 0z pull al s lraval Pluy 1 24V ABSOLUTE
1 heavy duty | make blay Prce €3.00. Post b1 00 BARGAIN.
240 A.C. SOLENOID OPERATED =

FLUID VALVE

Rated 1 ps willhandigup o 7 ps 1 Fo vqev Irass b

stamless sieel core and spring n o bsp

Precision made Brtsh mig ‘3
PRICE £€2.75. Post SUp new ongimal packing

ALL MAIL ORDERS, ALSO CALLERS AT:
57 BRIDGMAN ROAD. CHISWICK,

LONDON, W4 5BB. Phone: 01-995 1560
Closed Saturdays.

SAE 1

AT CURRENT RATE
MUST BE ADOED

i A
TO ALL OROERS

FOR THE TOTAL VALUE OF GOODS INCLUDING

A.C. MAINS TIMER UNIT

POSTAGE UNLESS OTHERWISE STATED

ACCOUNT CUSTOMERS MIN. ORDER £10.00
SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

www americanradiohistorv com

25 WATT €1.90
50 WATT €2.40 100 WATT
£3.70.
Black Silver Skirted knob
22p aa
600 WATT DIMMER SWITCH
Easity fitted Fully guaranteed by makers Will co 600w of
evcept i s ol 13 ns £3.98
p 1000 we 1 £5.60. ) war el £9.75

PERSONAL CALLERS' ONLY

9 LITTLE NEWPORT STREET.
LONDON, WC2H 7JJ.
Tel.: 01-437 0576
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NEW PRODUCTS!

NRDC-AMBISONIC 45J
SURROUND SOUND DECODER

The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years’
research by the Ambisonic team. W.W. July, Aug. and Sept. '77.

The unit is designed to decode not only 45J but virtually all other "quadrophonic’ systems (Not CD4), including the new BBC Matrix H.10 input
selections.

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 3 input signals and 4 or 6 output
signals are provided in this most versatile unit. Complete with mains power, wooden cabinet, panel, knobs, etc.

Complete kit, including licence fee £45.00 + VAT

INTRUDER 1 RADAR ALARM

With Home Office Type approval.
As in this issue of “"Wireless World'*, designed by Mike Hosking, 240V ac mains operated and disguised as a hardbacked book. Detection range
up to 30 feet. Complete kit. Exclusive designer approved kit £46.00 + VAT, all ready built and tested £54.00 + VAT.

Trademark of Dolby Laboratories Inc.

Wireless World Dolby®noise reducer

0.12%
. Signal-to-noise ratio: 76dB (20Hz to 20kHz, signal
Featurlng at Dolby level) at Monitor output
& switching for both encoding (low-level h.f. compression) and decoding Dynamic Range >90db
@ a switchable f.m. stereo multiplex and bias fiiter SO A

R e -
i _ Typical performance
T e ; Noise reduction better than 9dB weighted.
Clipping level 16.5dB above Dolby level (measured
at 1% third harmonic content)

Harmonic distortion 0.1% at Dolby level typically
0.05% over most of band, rising to a maximum of

& provision for deroding Dolby f.m. radio transmissions {as in USA)

@ no equipment needed for alignment

& suitability for both open-reel and cassette tape machines

& check tape switch for encoded monitoring in three-head machines

Complete Kit PRICE: £39.90 + VAT
Also available ready buillt and tested . . . . . . .. . ... . . Price £54.00 + VAT ]

Calibration tapes are available for open-reel use and for cassette (specify which) . ... ... .. Price £2.20 + VAT
Single channel plug-in Dolby@ PROCESSOR BOARDS {92 x 87mm) with gold plated contacts are availabie witn

all components . . ... Price £8.20+ VAT
Single channel board with selected fet . . . ... ... ... ... ... ... Price £2.50 + VAT
Goid Plated edge connector . . . . ... .: 8 o o oo oo oo o900 880G 0aa0AAAAG6G0aGa0a000aas Price £1.50 + VAT #

Selected FETs 60p each+ VAT, 100p+ VAT for two, £1.90+ VAT for four

Please add VAT @ 12%2% unless marked tﬁus', when 8% applies (or current rates) = '
~ —

We guarantee full after-sales tecnnical and servicing facilities on alil our kits, have
you checked that these services are avaliable from otner suppliers’?

Please send SAE for complete lists and spec;’ffcat/'o;ré T

) Portwood Industrial Estate, Church Gresley,
I N l E R E X LT D Burton-on-Trent, Staffs DE11 9PT
a Burton-on-Trent (0283) 215432 Teiex 377106

T R vy v v
www americanradiohistorv®com
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INTEGREX

S$-2020TA STEREO TUNER/AMPLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button

FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier.

Brief Spec. Amplifier Low field Toroidal transformer, Mag, input, Tape In/Out facility (for noise reduction unit,
etc.), THD less than 0.1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF,
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range
88—104MHz. 30dB mono S/N @ 1.2uV. THD 0.3%. Pre-decoder 'birdy" fiiter.

PRICE: £58.95+ VAT
NELSON-JONES STEREO FM TUNER KIT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter/ dual IC IF amp.

Brief Spec. Tuning range 88-—-104MHz. 20dB mono

quieting @ 0.75uV. Image rejection — 70dB. IF rejection Mono £32.40+ VAT
— 85dB. THD typically 0.4%. .
IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £36.67 + VAT

tuning and AFC unit. Choice of either mono or stereo with \AJ:
a choice of stereo decoders. With Portus-Haywopd Decoder

Compare this spec. with tuners costing twice the price. £39-20 + VAT

STEREO MODULE TUNERKIT

] E A Jow-cost Stereo Tuner based on the 3302 FET RF

S % module requiring no alignment. The IF comprises a ceramic

' e : - filter and high-performance IC Variable INTERSTATION MUTE.

Sens. 30dB S/N mono @ 1.2 uV PLL stereo decoder IC. Pre-decoder “birdy’ filter
THD typically 0.3% Push-button tuning

Tuning range 88— 104MHz PRICE: Stereo £31.95+ VAT

LED sig. strength and stereo indicator

S-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
""TEXAN’’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power ‘on/off’ FET transient protection.

"_I'Yp Spec. 24+ 24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape In/Out facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £33.95+ VAT .

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+VA1° PHASE-LOCKED IC DECODER KIT ... £4.47+VAT
BASIC MODULE TUNER KIT (stereo) £16.75+ VAT PUSH-BUTTON UNIT . ... ... .. .. .. £5.00+ VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT ... ... .. .. ... ... ... . £8.00+ VAT
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I.YNX ELECTRONICS I. d REGULATORS OPTO ELECTRONICS CLOCK CHIPS NEWS FLASH
( on On] I.TD. 123, 0.5 CLASS 1 Cio MmMoare 325 | s wil be holding 2
B DISPLAYS B
g 7812 150 704 099 2 Red 0.13 | AAY.5-1224A3.25 | ST TS Buimn
92 Broad Street, Chesham, Bucks. Tel (02405 75154 7815 1.50 707 0.989 2 Green  0.20 AAY 5 40070 9.95
v 7818 1.50 727 1.95 2 Cl 0.10 |c SUCKETS microcomputers  and
o . . d d ear b )
VAT 8% except « which are 122 % Return Post Service | imioox oes | 720 185 11200 00 | 5 pe 043 | b compnoations
. . - LM340-5  1.35 7 1.80 14 P
P&P 30p. Overseas 90p. Matching 20p per pair New Price List 20p- | imsaor2 133 | o0 180 MODULE B OF |Frpeds
Prices correct at 31st July, 1977. ACCESS WELCOME M34015 138 Y Y A 0 e
. n .
TRANSISTORS . L 7400 SERIES THYRISTORS
AC126 0.15 BC182 0.11° BDY60 1.70 BU133 1.60° 2N29260 0.09° CMOS- T T 8 1A 16A
ACI27 016 BC1BJL 0.120 BDY6]  1.65 BU204  1.60° JN2926R 0.10° PLASTIC (T3] {Stud) (C106} (F0220) |T0220) (70220) (T0220) {70220}
AC128 0.16 -10° Bpve2 1.15 BU205 1.90° 2N2026Y 0.09° 7400 0.16 7480  0.55
AC128k  0.25 BCIB3L  0.10° gpygs 214 BU206 2.40° 2N2926G  0.0°  4000BE  0.20 | 7401 016 1482 075 | Lo B3 8O0 ‘;;: el 2{2 8'2 iy
BC184  0.11° 8DY36  4.96 * 2N3053  0.20 : 0 940 0607 0. B G e
AC141 021 BU208  2.60 4001BE  0.20 | 7402  0.16 7486  0.32
aC14iK 0.3 BC184L  0.12 gDYq7 245 MJ280 080 2N3055 050  aopBE 020 | 7403 e oo 932 | s 065 085 070 - 109 1is 126 180
AC142 018 BC186 0.20' gg79 0.30 MJ481 1.05 2N3137 190 4006BE  1.05 | 7402 018 7490aN 0.49 2 O oe g2 o Z:;?f;
AC142K 032 BCi87 0.24" g8 0.30 MJ490 0.90 2N3440  0.58  4007BE 0.20 | 7408 0.18 7491AN 0.65 0o e £1.60 S c 8
AC176 0.16 BC2078  0.12" gpygy 0.30 MJ491 1.15 2N3442  1.20  4008BE 0.93 | 7408 0.18 7492 0.57
AC176K o.a: gg;;; 0.11° gr182 0.30 MJE340 040" 2N3570  3.60  4009BE  0.52 | 7409 018 7493 045
AC187 0.1 - BF183 0.30 MJES20  0.45 2N3702  0.10° 4D10BE 052 | ;410 0.16 7494 N — i -
AC187¢ 036 BC213 aFiBa 020 MJESIT 055 ONIT03  0.10° 401ibE 028 | sa19  oae 1331 085 | TRIACS — Plastic T0-220 Package Isolated
AC188 0.18 BC213L BF 185 0.20 0C43 0.95 2N3704  0.10° 4012BE 0.20 | 7413 0.40 7496 0.82 Tah
ACt88K  0.32 ggg:gL 8F194 0.10° gg‘lg g-gg 2N3705  0.10°  4013BE 0.50 | 7414 0.72 74100  1.07 4 6.5A B.5A 104 194
AD149 0.80 150 BE196 0.12° OCa .32 2N3706  0.10° 4014BE  1.00 | 7417 043 74107 035 ) g
AD161 0.35 B8C237 0.16° gryg7 0.12° 0OC46 0.20 2N3707 0.1 40158E 0.85 | 7420 0.16 74121 034 L T T I | [/ LT U}
AD162 0.35 BC238 0.16" BF224J 0.18° OC70 0.30 2N3708 0.09° 4016BE 0.54 7425 030 74122 047 1 060 0. 0.70 0.70 0.78 0.78 0.83 0.3 1.01 1.01
AF114 0.20 BC300 034 g5y 0.17° OCT1 0.35 2N3709  0.09° 4017BE  1.00 | 7427 030 74123 oes | 00V 084 064 075 075 087 087 097 1.01 117 117
AF115 020 BC301 032 ooc; 030 0C72 022 7N3710 0.10° 4018BE  1.10 | 7430 016 4131 o | %00V 077 078 080 0383 097 101 113 119 170 174
AF116 0.20 BC302 040 2330 035 0C84 040 23710 010" 40198E 080 .| 7432 028 74145 oag | S0V 096 099 101 110 121 126 142 150 211 217
AF117 0.20 BC303 046 p.a3; 0.32° 0C139 1.30  2N3735 1.70  4020BE 1.2 7| 7437 030 74154 1.30 NB. Coiumn (2} without intsrnal trigger (2 with inlernal irigger
A;;;g g.;g gg:g? g.:: BF338 0.45° 05140 3'33 2N3716 1.80  4021BE 1.03 | 7441AN 0.76 74164  0.93
A . H 0C17 .23 2N3771  1.60
a1 025 BCII2 080 Grwes  os0 TP9A 08 U1 180 soder 030 |74 ome 10 53 | mdk
AF126  0.25 BCY33 055 &, 3 TIP30A 0528 i i - SPECIAL OFFER SECTION - %
2 Ecya 055 Brweo 036 2N3773 210 4024BE  0.86 | 7447AN 081 74175 0.8a
AF1 035 acyas 085 L% o026 JIP31a 054 7N3819  0.28' 4025Bf 020 | 7448 081 74180 1.06
2[283 937 A 952 BEx30 0.30 }”’32 g-g: 2N4347 110 4D26BE  1.55 | 7470 032 74181 270
ALI03 1330 8Cyan 078 BFx8a 023 P41 072 2N4348 120 4027BE  0.62 [ 7472  0.26 74191 1.33 | NPNTO 3POwER  TO 18 NPN RECTIFIERS 00-4
AUT07 330 povad 030 BFXBS 025 (P42 073 oNaB70 035t 4D28BE 091 | 7473 030 74192 120 | [RANSISTORS TRANSISTORS PACKAGE
s "0 BFXE6 025 20+ 2N4871  0.35°  4D29BE  1.10 | 7474 0.32 74193 135 | Fuly tested bur  Medwum Voltage 10A 50V 0.80.
A S Boyse 359 gexas 020 2N636 920" 5Nagi8 00 4030BE 055 | 7475 047 74198 120 | unmarked Sumiac  High Gam Type  Please specity
Sy e gc;ﬁ o':a BFXB8 020 2N697 20 2N4919  0.70°  4041BE 0.80 | 7476 0.36 74796  1.64 | 10 2N3055 except unmarked Similar 10A 100V 0.80.
BC1078 012 ‘12 BFX89 090 2N706 095 5N4920 0500  40428BE  0.83 BVCED = 50+ Polarity
- BCY72 0.12 2N1131 0.15 £2N4922  0.58°  4034BE 1.00 HFE gam = 20 + 25 pes € 10A 200V 1.00
8C108 0.2 gpyis 055 BFY1! 110 an1132 016 TIN4923 0146 sosane o099 A e - %~ Stud Cathod
5 5 K I at q ud Cathode or
8105° o3 e o0 Brve0 00 des o 4046BE 132 Sa1 V3V AT TOSNARDVARE 10A 400V 1.20.
i e . b 40498E 0.54 LINEAR I.C.s 5 pes £1.00 Mica Washers Stud Anode
BC1098 012 gpy35 o036 oydl 080 5oy oas — T
“a@e BFY50 0.20 . Resistors 4050BE 0.54 25 pes £4.00 Solder tag Nuts, tdeal for Power
Belooc 018 BD136  0.39° grygy 018 2N1305 045 €24 Series 4069BE 030 [ 3014 040" MC1352P0.75° | 50 pcs  €7.50  Bols Supplies, Inverters,
28 513 049 BFY52 019 2N1306 050 ot U oes 40706 0580 | 30, 0'ss- MC1353P0.75 | 100 pes €13.00 50 sets for 65p et
BC119 0.25 BDi138  0.48 2N1307  0.50 g 3 6 90"
BC125 018" 85139  0.58- BFY53 0.25 2M1307 .50\ wan 1.5p 40718 0.26 | 3g0 0.00° MC1458P0.77 N
R T R A I B R S I S A
8C140 032 Bp157 060 °FY 99 oN17Hl 024 i S I0CN0 70 = X9
BSX19 0.16 - 40828E  0.26 | 709 0.27 SAS570 2.25 -
BCras o3 EDIBL 988 [0 oas 2N202 04a 451088 142 | 7a1 028 JAAS0D 181 | wrmonEs piopes AbD (1 ¢ S-ume
; ‘a7 BSX2: 2N2217 0.30 gppcin nopicE 45TIBE 150 | 748 0.35 TAA31041.38
0.20 c
8C143 0.23 gDp183 0.97 X 2IN2369 014 . BYX38 - 0A%0 0.08 SUPER
BC147 008" 80184 120 BSYS? 0.28 5053gan o1g Dot miss it Al ag:ggg 1-:: NES55  0.45 ;22215(‘)8'02-‘5 21024-6 3.60 3000.50 OA91 008 SAVERS
,BC148 0.08° BDp232 0.60 BSY53 0.39 535183 20 Ccoeges schools 352035 1. NES65  2.00° .| 211284 475 600 0.55 04200 0.69 SG309K 0.95
5C149 0.09° a8 B354 033 universites and 1.20 | NESEE  1.50- 1.25° 0.50 n
8C157 0.09' 80237 0.8 BSvss 078 2N24B4 018 amateur radio and NES6?  2.000 TAABS! 085 | 6508  7.95 1200065 Indo0r 004 mmenie Tam
BCISB  0.09° D233 060 BSYES  0.30 jndjii  ggg electronc clubs AOds 0Bs o001 90 | 2102 2.50 BZXE1 Senes  IN40D2 005+ 11209 0.10
BC159 009" 80410 0.0 BSYOSA 098 oN271p 015 MY deduct 10% ] Tl O Ut o o 0.26 IN40O3 0.06° 2 CLEAR 0.10
8C160 0.32 BDX32 2.30 BU10S 1.807 2N290aA 020 [P ode’ Vel Also availsble s0- TBA570 .98 _ BZXB3 Seres  IN40O4 0.07° MC1310P 0.95
BC161 0.38 BDY10 1-50 BU1I05,02 1.90° 2n2905  0.18 ' 3TSt October  popular values mg:gggg;-:s, 1CA27080 2112 450 .11 IN4OO5  0.08"
8C168 0.09° BDY11 2.00 BU108 3.00° 2N29054 0.22 Potentiometers 13 85 195 | 2513 8.50 BZYB8 Seres  INAQO6 0.09°
BC169 12° BDY20 0.80 BU109 2.50° 2n2906  0.18 snd slectrolytics | MC1310P1.18" : . b IN4007  0.10° :
BC169C 614" BOv38 0,60 BUI26  1.60° 2N2925 0,140 MC1351P1.20 2602 250 0A85  0.12 IN4148 0.04°

COMPONENTS IR

(WH,

Neon prices include P & P
LEDs 1 10 50 100 500 1000
Red (LED 32} 21p 19p 17p 16p 15p 14p
Green (LED 35) 0 27 24 22 21 20
Red (Thread) (LED12) 55 49 44 41 38 37
Green  (LED 15) §5 &8 52 49 45 43
NEONS, 110 or 230V 1 10100 500 1000 10000
PCA/N & PP 6" 32 27 24 21 19 16
PCA/l & PP 307 38 32 28 25 23 19
9 62 53 46 a1 37 3
LED, R Threaded chrome LED. Q. 5, PCG. PCH, PCI, SORNR SIS0 RN 2T 24 20
‘;E?:vepc?dpce B M Loas g?ee:cfr; o(v:m- o Nperl0iseononyi S0 a2 37 33 30 25 Hundreds of knobs, collet or screw fixing, plastic or aluminium, fluted,
threaded chromium housing, 5.5mm d. hole S neon 5 Smm d. Q neon PRICES  10finc P &P but not VAT textured, smooth, wing, pointer, 1nsulated, slow-motion, digital, crank-
handle, heavy-duty, wing, contemporary, dual, & diamond turned Shafts

7mm d. Neons in PC housings 9 5mm d.. 3 cap colours. dome, top-hat.
square PP 12 5mm d. 6" leads std.. 30" extra cost; neon only, 110, 220 or
500 volts

On L.. extruded PVC and anod ali Centre heavv duty carrying handles.
On R anod. & chromwum Wide range (47 different) in PVC, nylon,
chromium, anodised, fiush, extruded and carrying

Pop-up 20.000 ohms/v,, LTBOV, 17 ranges Pncket LT101 iow-cost, 12
ranges, 1.000 ohms/v TS141, 66 ranges, 20,0600 ohms/v, incl nyion case.
1t15mmscale, 5amps AC & DC, 2,500 v. AC, well damped, many accessories.

1 [
i
il |.J M |
CONECU e
L to R 2%" Bradrad, drils and deburrs %' /1% 11 diameters Bradrad
4 Conecuts, %"'/2 Adel nibbling tool, square or round holes 11mm d
entry Underneath 2 reamers, '/a "/1" To make round holes with no

vibration

Discounts for quantities
Minimum order £2 00

from 3mm to 10mm. Dia.

from 8mm to 58mm.

HANDLES KNOBS
Chiomium from 81 See Catatngue 1or Pricec
£ xruded 1rom 1'32 PANAVICE
vl noam . (Photo L 10 A
vC trom 89 357 hase plus viee
(AR 1.90 366 165mm open g
Flush precision $:58 390, Sirew base
Va7 (e G 380 Vacuum base
150 Kg 315 PC hoider
11 Bench clamp
TEST METERS 303 Vertiar vire
LT101 6.23 ORYX SOLDERING
L7801 13.35  Soiae pot 10.50
TS141 30.82 Oryx Sand 3.20
141 304 Shunt 5.86 Orvx 50 7.95
141 1L ux 26.41 SR2 drnider 7.75
141 Thermometer 23.47  SR3A desolder 5.60
141725KV 11.00 SHJS desoler 4.95
Soidersuc k 1.60
HESISFORS
[ . )
BRADRAD, CONECUT. ADEL P mo’
Bradiad 1 or Somm  12.34 0, 0 '29 75
Bradrid 2 or bOmm  44.02 o a .
TSRy 34 ‘91
Conecat N 1 5.40 X
9 HOE s 34 91
Conecut No 2 8.78 |, N
. BAW A 57 150
Cormout N 4 1312 0 sl ice
Coecat N 4 16.0a T, L |
23 24.70 - 0 Don 0 '
9.61 X 5.77 19.63
0 ol 824 " N b T 1
et aege 9.63 5.77 19.63
Reamer pan 16.07 , BA Cander 0
ot 8.66 29.45

OVER 400 DIFFERENT

CASES IN STOCK—SITE RAMGE

OVER 5000:1

IN VOLUME

Prices cormect Auguil 77

Send for ¢

WESBST

Talighioaa: Northwaed A0 TET,
Taas: FZI271 Wit Hydle Nihwl

WW — 075 FOR FURTHER DETAILS

atalog

HYDE

DEVELDPMENTE LIMITED
Ryafiid Cim, Noithwood Hille, Norfrwoad, s .
b ]

LEURLL]
1

WWW americancadinhistorvy com

A very good holding system. Four vices, 3 different bases, all interchange-
able Many vice jaws to h..Id PCs or available in steel, neoprene, nylon etc.
Max opening 6. Table mounting, Screw mount or Vacuum base.

Solder pots ncl neons temp controlled wons Oryx Stand avaiable ¢
but not shown Oryx 50O thermostat in handle Desoldering toots. all with
nozzle On right solder suck at minimum cost

c Mg
e <3 IR/ M2 ko 25 ORS Sk
Fy t 5 i 2Me RW ¢ ans 1K
RS ] 0
w Saton RWIA " '

(VIRV}

CASE SPECIALISTS
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HY5

Preamplifier

HY30

15 Watts into 8Q)

HY50

25 Watts into 8Q)

HY120

60 Watts into 8Q)

HY200

120 Watts into 8Q)

HY400

240 Watts into 4Q)

POWER
SUPPLIES

Kent CT4 7AD

I.L.P. Electronics Ltd
Crossland House
Nackington, Canterbury

Tel (0227) 63218

15—240 Watts!

The HY5 is a mono hybrid ampiifier ideally suited for all applications. All common input tunctions
(mag Cartridge. tuner. etc.) are catered for internally, the desired function is achieved either by a
multi-way switch or direct connection to the appropriate pins The internal volume and tone circuits
merely require connectingto external potentiometers {not included) The HY5 is compatible with all
I.L.P. power amplifiers and power supplies To ease construction and mounting a P.C connector is
supplied with each pre-amplifier

FEATURES: Complete pre-amplifier in single pack — Multi-function equalization -— Low noise — Low
distortion — High overioad — two simply combined for stereo

APPLICATIONS: Hi-Fi -— Mixers -- Disco -~ Guitar and Organ -- Public address
SPECIFICATIONS:

INPUTS  Magnetic Pick-up3mVy Ceramic Pick-up 30mV. Tuner 100mV. Microphone 10mV
Auxiliary 3-100mV; input impedance 47k} at 1kHz

OUTPUTS Tape 100mV; Main output 500mV R M.S

/ACTIVE TONE CONTROLS Treble = 12dB at 10kHz: Bass = at 100Hz

DISTORTION 0 19% at 1kHz: Signal/Noise Rato 68dB

OVERLOAD 38dB on Magnetic Pick-up;, SUPPLY VOLTAGE * 16 50V

Price £5.22 + 65p VAT P&P free

HY5 mounting board B1 48p + 6p VAT P&P free

The HY30 s an exciting New kit from t L P it features a virtually indestructible [.C with short circuit
and thermal protection. The kit consists of | C, heatsink, P.C board. 4 resistors. 6 capacitors
mounting kit. together with easy to follow construct:on and Operating instructions This amplitier is
«deally suited to the beginner in audio who wishes to use the most up-to-date technology available
FEATURES: Complete kit — Low Distortion —— Short. Open and Thermal Protection -— Easy to Budd
APPLICATIONS: Updating audio equipment - Guitar practice ampldier -— Test amplitier .— Audio
oscillator

SPECIFICATIONS:

OUTPUT POWER 15W R.M S into 812 DISTORTION 0 1% at 15W

INPUT SENSITIVITY 500mv FREQUENCY RESPONSE 10Hz-16kHz - 3dB

SUPPLY VOLTAGE =18V

Price £5.22 + 65p VAT P&P free.

The HY50 leads | L P s total integration approach to power amplifier design. The amphifier features an

integral heatsink together with the simplicity of no external components During the past three years

the amplifier has been refined to the extent that it must be one of the most retiable and robust High
Fidelity modutes in the World

FEATURES: Low Distortion -— [ntegral Heatsink -— Only five connections -- 7 Amp output transistors
- No external components

APPLICATIONS: Medium Power Hi-Fi systems -— Low power disco -— Guitar amplifier

SPECIFICATIONS: INPUT SENSITIVITY 500mV

QUTPUT POWER 25W RMS in 8() LOAD IMPEDANCE 4.16%). DISTORTION 0 04% at 25W at
TkHz

SIGNAL/NOISE RATIO 75dB. FREQUENCY RESPONSE 10Hz-45kHz - 3dB

SUPPLY VOLTAGE = 25V SIZE 105 50.25mm

Price £6.82 + 85p VAT P&P free

The HY120 s the baby of | L.P s new high power range designed to meet the most exacting
requirements including foad line and thermal protection, this amplifier sets a new standard in modular
design

FEATURES: Very low distortion — Integral Heatsink -— Load line protection -— Thermal protection
Five connections -— No external components

APPLICATIONS: Hi-Fi — High quality disco — Pubtic address — Monitor amphfier -~ Guitar and
organ

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OQUTPUT POWER 60W RMS nto 81) LOAD IMPEDANCE 4.161 DISTORTION O 04% at 60W at
1 kHz

SIGNAL/NOISE RATIO 90dB. FREQUENCY RESPONSE 10H2-45kHz —3dB. SUPPLY VOLTAGE
*+35 :

- 35V
Size 114 x 50 x 85mm .
Price £15.84 + £1.27 VAT P&P free.

The HY200. now improved to give an output of 120 Watts, has been esigned to stand the most

rugged conditions, such as disco or group while stll retaining true Hi-Fi performance

FEATURES: Thermal shutdown very low distortion — Load 'line protection integral Heatsink

No external components

APPLICATIONS: Hi-Fi -— Disco - Monitor — Power Slave - Industrial .- Public address

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 8() LOAD IMPEDANCE 4-16+) DISTORTION O 05% at 100W at

TkHz

SIGNAL/NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kH; - 3dB SUPPLY VOLTAGE !
45V

SIZE 114 x 100 x 85mm
Price £23.32 + £1.87 VAT P&P free.

The HY400 s L L.P 's 'Big Daddy  of the range producing 240W into 4()! It has been designed for®
high power disco or public address applications |If the amplitier s to be used at cont:nuous high power
levels a cooling fan s recommended The amphfier includes all the qualities of the rest of the family 10
lead the market as a true high power hi-fidelity power modute

FEATURES: Thermal shutdown — Very low distortion — Load liné protection No external
componénts

APPLICATIONS: Public address -~ Disco -~ Power slave - Industrial

SPECIFICATIONS:

OUTPUT POWER 240W RMS into 41} LOAD {MPEDANCE 4-161) DISTORTION O 1% a1 240W at
1 kHz
SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-45kHz - 3dB SUPPLY VOLTAGE
-45v

INPUT SENSITIVITY 500mV SIZE 114 x 100 x 85mm
Price £32.17 + £2.57 VAT P&P free.

PSU36 suitable tor two HY30's £5.22 pius 65p VAT P/ P free

PSUS0 swlable for two HY50 s £6.82 plus 85p VAT P/P free

PSU 70 suntabie for 2 HY 120 s €13.75 plus £1 10 VAT P/P free

PSU90 sunable for one HY200 £12.65 plus £1.01 VAT P/P tiee

£SU 180 sunable for twe HY2000's or one HY400 £23.10 plus £1.85 VAT P/P free

8148Bppius oy vA

Please Supply _
Total Purchase Price

Account number
Name & Address

Signature

www americanradiohistorv com

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

| Enclose Cheque [J Postal Orders [ Money Order []
Please debit my Access account [J Barclaycard account
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A range of communications
amplifiers having power
ratings from 15 to 200 watts,
plug-in input facilities ensure
individual requirements can
be provided.

Manufacturers of Station Road, Wenden
sound systems Saffron Walden
and electronics Essex CB114LG

Saffron Walden
(0799) 40888

p \/// =T T — / ://///\,
;/7// / ///\ / @% LW T

///
\ 3 MeasunngAccuracy

/ Stabilised Power Supplies //75»
/f 10 MHz Dual Trace /, A _

S 7S
"\\%7 10 mV Sensitivity

~ /3'

Akt ~

== //}//// =S

UKex VAT

_— "’;@p\\N

// 2 N 7
,\\ Scopex Instruments Limited, Pixmore Industrial Estate, Pixmore Avenue. W
Q’\ \Lexchworlh Herts. SG6 1JJ Letchworth 72771 (STD 046 26):

i L ” - 7 Fw '.\‘ﬂ*&it d S ‘
= #7//,‘,,,,,& =M= 2= U S S SO~ ///

WW—073 FOR FURTHER DETAILS
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The Poms are renowned

 fortheir two most autstanding products

..Us Aussiesand

Over a century ago we provided the

raw material for producing that distinc-

tive Aussie sound. Today we're still
giving the world the benefits of British
sound technology by producing the
ultimate in hi-fi loudspeaker quality.

Celestion is in the forefront of that
.British capability with the famous
Ditton and new {JL ranges that offer
everything you want for the price you
are prepared to pay to get the best out
of your hi-fi system.

Fromthe small compact bookshelf

speaker up to the big Ditton 66,
whatever you choose you get the
ultimate in speaker experience with
Celestion.

Ask any hi-fi enthusiast and he'll
confirm our claim. But first have a look
for yourself at the sound we're selling.
Send for our literature or visit your
local stockist.

wwWw americanradiohistorv com

Celestion EI I

Celestion loudspeakers bring home the world

oudspeakers

Rotla Celestion Ltd., Ditton Works,
Foxhall Road. Ipswich, Suffolk IP3 8]P.
Telephone: Ipswich (0473) 73131,
Cables: Voicecoil Ipswich. Telex: 98365.

| Name |

I Address

| of sound

"07-12-09
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- Bailey-Burrows preapiplifier @ 30-watt hig

BY POPULAR
REQUEST

Demand for reprints of Wireless World constructional projects for audio
equipment is so high that we have gathered 25 of the best of them
together in High Fidelity Designs. These are the ‘'most requested’ articles
which you have asked for and all have been fully updated. Hurry for your
copy — it's likely to sell out fast!

ligh fidell
esigns

Tape/disc/radio/amplifiers/speakers/headphones

A BOOK FROM WIRELESS WORLD

£2.50 from newsagents and bookshops or £2.75 by post from the publishers

Contents: @ FM tuner design e Novel stereo FM /7 [ N N S S S S N S S SN SN S SN S S S S g

tuner o Low-noise, low-cost cassette dleck =/
o Wireless World Dolby noise redb(’éf]o Wideband
compander design e High-quality
compressor/limiter @ An automatic noise-limiter
e Modular yntegrated circuit audio mixer @ The
‘walltM. Electronic pigno design
e Advanced preamplifi sign @ High quality
tone co e Multi-channel tone control e
"

Stamford Street, London SE1 9LU

Please send me copy/copies of
High Fidelity Designs at £2 75 each inclusive

I enclose remittance value £
{cheques payable to IPC Business Press Ltd))

fidelity amplifier @ 30-watt amplifier modification Nf’;"i -
e Baxandall tone controhgg(slted e Active Iplease pr:
crossover networks e ElectrgStatic headphone ADDRESS

amplifier @ Class A pow mplifier @ An 1.C
peak programme meter @ Horn loudspeaker
design e Horn loudspeaker @ Transmission-line
loudspeaker enclosure @ Commercial
quadrophonic systems

Company registered in England No 677128
Regd office Dorset House Stamford Street London SEV 9LU

www americanradiohistorv com

To General Sales Department, Room 11, Dorset House
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CRO AMPLIFIER &
MICROPHONE

Ex tehind the ea hearnng ads
complete with volume control
£2.16, and microphdne

VEEDER-ROOT
COUNTER

6 Dignt 230-250v cycle operated. not
resettable alsoc needs perspex or simular panel
over the wheels £1.62.

ROTARY WAFER
SWITCH

—wiper contacts 3 way 8 poles. 5 amp rating
break belore make — %'’ diameter 1'° long
spindle, slotted for knob screw. made by
Plessey Price £1.08.

115

IT'S FREE!

Our monthly Advance Advertising Bargains List gives
details of bargains arriving or just arrived — often
bargains which sell out before our advertisement can
appear — It's an interesting list and it's free—just send
S.A.E. Below are a few of the Bargains stilt available from
previous lists.

Nearly Soid out. Car Starter Charger kits — we have been able to get a few

more of the recufiers which made this kit possible at a very low.price but had

PP3/PP9 REPLACEMENT
MAINS UNIT

Japanese made 1n plastic container with leads size
2" x 1% x 142" this 1s 1deal to power a calculator
or radio. it has a tuill wave rectified and smoothed
output of @ voits suntable for a Ioading of up to
100mA £2.53.

PERSPEX ENCLOSED
12 VOLT RELAY

with 10 amp changeover contacts
approx. 2 x 1" x 2% in case €£1.08.

size

to pay more for these and with the increased postal charges, price of this is
now £7 95 its stili a bargain, however - and 1t is interasting to note the
vanous uses to which our customers have put this kit. One wrote in 1o say that
he started his old Bentley with 1. apparently i1 was aimost impossible to turn
over by hand but started quite quickly with our car starter. Another customer
writes to say that fitted on to his electric lawn mower, the battery of which had
worn out, he now uses the car starter to drive the mower instead of the
battery We like to hear abaut the uses found for our varigus kits and welcome
hunts and suggestions from customers

A, e T Exch this takes standard GPQ instruments
which c¢an dial each other, up to 75 can be nterc

Believed to be in good working order i tact it was working until removed
recently from a Bank by the buslders doing alterations The exchange which is
fioor standing 15 full of relays and uniselector switches and has a separate

"UNISELECTORS

These are pulse operated
SWiLh8s 3s uscd N autormatc
lephone switchtioards etc A
2dv pulse moves the switch
through one switch way all we
have are ol the 25 switch full

wiper type the following sizes

e 0 stock

3 bank €4.80 + 37p 3 barnk & Home:  £5.40

é Bartk £5.94 5 bank £7.02
hank £€9.72 + 10 bank

12 bank £12.96 + £10.80

PAPST MOTORS.

West German make. these fine mators are noted for their performance and
reliabiity Speciat features are the rotating heavy outer which acts as a
flywheel 10 ehminate wow and flutter and switchable reversing. We have
four types i stock. all 1380 revs., including staring capacitor

) Rel. No KLZ 20504, 230 volts 50MZ
£6.30.
{2) Ref No KLZ 32 50-4 230 vohs 50HZ
£7.28.

115 volis 50HZ £3.30.
110 volis 60HZ. £3.30.

{3} Ref same as above
{4) Ret same as above

power units supply for the 50v AC bells and the DC for speech. Price of this
exchange is £250, carriage at cost. telephones are not included in this price
but are avaslable prices £3 + 24p or new style £5 + 40p

Tubes for Rigonda 6" TV's. Limited quanuty of these are avallable. used
but tested and guaranteed o k Price £7 50 + 94p Post £1 50 + 18p
Power Units for Rigonda 8'' T.V. Again not new but tested and guaranteed
price £3 50 + 44p Post 40p + 4p

Fan Motor, marms operated. this is 10tally enclosed and therefore suitable for
extracting dusty or corrosive vapours, good maker. specifications as fottows
1300 rpm, 240v s, 50hz. 7W Spindle 15 threaded to take the fan blade. no
doubt could be adapted £1 50 + 12p Post 60p + 5p

12v Battery Motor. Delco. as used for blower heaters. fans, eic. This 1s very,
powerful but quite compact, size 3" long x 2% " dia with central fixing flange
and %'’ spindle, this 1s a series wound motor so 1l will also work off AC and
can be made reversible by bringing out the internal brush connections 10 2

MOTORISED DISCO SWITCHES
£y

With six 10 amp changeover switches Multy
adjusiable switches are rated at 10 amp each
50 a total of 2000w s can be conirolled and
this would provede a magnificent display For
mains operann £4.25 post & VAT pad. Ditio
9 swilch £4. 9 post & %AT pad DITTO BUT
12 SWITCH £€5.75 POST & VAT PAID

HONEYWELL P.B.
MICROSWITCH

1-2 or 3 10 amp 250v change over microswitch
thro panel mounting by cock nuts 1* dia btack knob
1 switch 40p, 2 switch 55p, 3 switch 70p.

8

dp chlngeovev switch Price £2.00 + 16p Post 50p + 4p

“‘C" Core , primary tapped 115v. 200v, 240v. pnimary screere
to separale tag and 4 saccndanes {1)1s 50-0-50v @ 9A (2) 17volts 7A (3)
17 volts 7A {4) 20 volts @ 1A 1t will be seen that by interconnecting 1t could
be made to give 50v-0-50v at 300mA, a useful transformer for high power
famplifiers, etc. Ex-equipment but guaranteed pertect £3 75 + 28p Post
£1 00 + 8p. The makers price of this 1s over £10

Professional Scotch Tape on 10%:" spool {these having the normal Y%’
spindle} We understand that this spool s standard for most poputar
professonal reel to reel tape recorders. Thes is first-class 1ape normally priced
at over £9 per reel We have Imited number. brand new and unused Price
£4 50 + 36p Post 50p + 5p

EX G.P.O. Telophonaes. We have recenliy had to replace our stocks of these
and like everything else the prices are up soc we take this opportumity of
revising our prices. Thiee types are available — standard desk model, this s

INSULATED
TERMINALS

Well made with metal panel insulaiors screw
down 10 trap wire or insert 4mm plug nto 10p
15p each. following Colours available red. blue.
yellow & green

the one with iniernal bell ana aial, price £3.00 + 16p. post 80p + 7p Model
3 has no dial but mternal beil price £2.00 + 16p Post £1 2G + 9p
Sundries availabie. 50v transformer for ringing GPO 1ype bells, price £2.00
+ 18p Post 40p + 3p Twin connecting wire for teiephones 100 metre coil
price £5 00 + 40p post 80p + 7p Bakeite cased bells. s0 you can hear
telephone when you are not in same room. price £2 50 + 20p Post 50p +
4p

Kymograph Brodie Starling. motor gear box type This is a mans operated
umit very solidly constructed in heavy cast iron case |t seems 1o be basicly a
maotor with a vaniable speed gear box. The output speeds are quoted in mm per

LATCHING
RELAY

]

vy Guardian Electerc mains operated it 1s 10 jact two relays mounted on &
metal base plate The relays being mounted in such 3 way to ensure that
when one closes the other opens and vice versa thus when closed reiay A
would remamn locked unol manually released or electrically released by
energising tetay B Each relay has 2 sets of 10 amp changeover contacts
Should be 'deal tor hurglar alarms and Simular applicatons £2.91.

EDGE MOUNTING
MOVING COIL METER

100VA tsd Size 3" x 2'' Sealed D.B
made for GP O onew and unused
£3.60.

te. on 9’ diameter cylinder but the drive which is fitted to the device
1s normal %" spindle and the speeds are seiected by a knob on the front dial
through which the knob rotates. s calibrated as follows 2. 4 8. 16. 32 64
128, 256. 512 1024 We are not at all sure to what purpose these machines
were normally put and would weicome any mnformaton about them from
freaders We have only a few price £17 50 + £1 40 Post £1 60 + 1dp

| interrupted Beam Switch Kit. This has been recently re-arranged and 1§
surtabie for operation by a normal hght beam or an infra red beam The kit
consists photo etectnc cell. 2 transistors. relay and all the necessary resistors
and condensers together with mounting board and tag Strip. This s both
useful and educational. price £2 00 + 16p Post 50p + 4p

Mains Klaxton, main. operated These make a ternfic noise and would
frghten away any intruder or they could be used 10 scare birds or 10 works to
signal starting, stopping tmes and tea breaks. erc These are actually

24 HOUR MOTOR

beautfully made by Sangamo This s
200-240v maimns drven motor with gear box
together in one housing size approx 1%'' dia
by 1% deep It you are contemplating mak:ny
a 24 hour switch with a [o1 of on offs then this
8 0bwviousSly Ihe motor Price £1.89.

MULLARD UNILEX

A mamns operated 4+ 4 stereo Sysiem
Rated one of the finest performers in the
sterso field, this would make a wonderful
gift for almost anyone, in easy-to-assemble
modular farm and complete with a pair of
Goodmans speakers this should sell at about
£30 — but due 10 a special bulk buy and as
an incentive for you to buy this month we
offer the system complete at only £14.00
including VAT and postage

15ed and have a tunnei shaped trumpet Price £6.50 + 32p. Post 50p
+ 4p
110 rev. per minute Motor. This is essentially an induction motor. fitted
with gear box and output drive spindle Works off our normal 50hz mains and
motor 1s 240v wound despite the fact that the unit was made in Amenca
Usetul for dozens of applications, stone pohishing. etc . e1c Prnice £3 + 24p
Post 50p + 4p
finsuiated Sheeting. Ofien referred 1o SRBP paxolin or bakalite. this 1s a
very hard matenal similar 1o formica, 1t s made trom resin impregnated paper
hughly compressed We have this availabie in large sheets, from very thin to
vepy thick and will cut 10 your specification Sold by weight and cuts. price per
kilo £2 + 16p. plus 50p per cut carniage at cost Or we stock this in smail
pieces approx thick 1n size as below

4 POLE MOTOR
Caretully balanced fitted with bell drnve
pulley for tape recorders, etc Normal mains

working. speed 1.250 rmp €2.12.

SPIT MOTOR WITH CARTER GEAR
BOX

Probably one of the best spit motors made
Oniginally intended to be used in very high priced
cookers however this can be put to plenty of
other uses for insiance your garden barbeque or
to drive a tumbier for stone polishing. in fact
there are no ends to its uses. Normal mains
operation £3.25 including POSY & VAT

Seze 6x2 1Bp+2p 6 x 6 53p + 4p
12x2 30p + 2p 12 x 6 90p + Bp
Bx2% 22p + 2p 6 x 8 66p ~+ 5p
12x2% 42p+4p 12 x 8 i 20 v i0p
6xd4”s 36p+ 20 12 x 12 E160 + 12p
12x4% 72p + 6p

Tutnol Sheeting. Similar 1o the above but instead of paper. fibre. tioth or
linen 15 used This means the finished sheet 1s extremely tough and unhikely to
break even undes abnormal strain conditons. Shouid also be used where a lot
of holes have to be punched or drilled in a smalt space Supplied to your size
and thickness Price per kito £10 + 80p. cutung charge 50p per piece extra,
casniage at cost

24 Hour Time Switches with 3 on/offs Continental made. these are a
precision ciock. having 3 on/offs. wili no doubt find many uses especially

HUMIDITY SWITCH
American made by Ranco ther type No
J11 The acuon of this device depends upon
the dampness causing a memivane 1o
streth and tngger a sensmive miccoswiich
adjustable by a screw Quite sensitive
breathing on it far instance wl switch it an
Micro 3 amp at 250v AC Overalil size of the
device approx 3% long 1" wde and
1% deep 65p.

RECTANGULAR HOT PLATE

Alunyniun janel wdan adged top
and angled underneah 1o stength
en it This s approx 107 x 47 of
flat plate Beneath please 15 100w
vlemen: and sensor swiich which
will marmain the surtace of the piate
just 100 hot to louch Wih teads and
tags This 15 wdeal if you are making
up a tood warmer or for an airing
cuphoard Price £€1.03,

"THIS MONTH’S SNIP

Breskdown Parcel — four unused, made for computon units contamning
most useful components, and these components, unhke those from most
computons panel. have easily usabie length The transistors for instance have
leads over 1' long — the diodes have approx 2"’ leads

FOR NORMAL 230/240 SO0Hz
MAINS

EXTRACTOR
FAN

£x compultrs - made by Woods of
Colchester 1deal for fixing through
panel - reasonably quiet runnming

very powertui 2500 rpm Choice
of two sizes 5" o1 6'2" dia €4.43.

TERMS

Cash with order Prices includes VAT and carsiage unless stated but orders
under £6 must add 50p to off-set packing. etc 01-688 1833.

BULK ENQUIRIES WELCOMED

J. BULL (ELECTRICAL) LTD.

(Dept. WW)
103 TAMWORTH ROAD
CROYDON CR9 1SG

www americanradiohistorv com

with the ever increasing prices tor fuel for heating. etc Switch is rated a1 13
amps. Additional on/off triggers can be fitted to this block to a max. of 5 we
hope to have these tniggers available very shortly Price of clock with on/offs
£7 50 + 45p Post 60p + 5p

Cabtes less than s price — atl Volex de
made 10 B.S.S

P V C covered flat except singles.

Sze Type Price 100 metres  Carrlage

1 5mm Single £2 50 + 20p €100 + 8p
1 5mm Twin £4 50 + 36p £150 + V2p
1 5mm 3 Core & Earth £6 00 + 48p £2 00 + 16p
4mm Single double ins £6.00 + 48p £200 + 16p
4mm Twin £8 50 + 72p £2 50 + 20p
4mm Three core & Earth £10.00 + 80p £3 00 + 24p
Hinm Single £8 00 + 64p £2 50 + 20p
6mm Twin and Earth £20.00 + £1 60 €4 00 + 32p
16mm Twin and Earth £51 00 + £4 08 £6 00 + 48p
Electricised Bargain. Fused outlets suitable for clocks fans heaters. etc

while baketite standard 13A luse easily renewable. price 15p + 1 5p
nimmum quantity of ten Post on ten 30p + 2p

FM Tuner Unit with stereo decoder with pointar and pointer scale and
drive L E D ndicator shows optimum tune position uses 10 transistors and
12 diodes 6v d ¢ or through resistor Price £14 00 + £1 75

FM Tuner Unit to suit Unilex and most other ampirfiars. operates off 12voll
or through senes resistor, complete with dial. pointer and drive spindle, this s
a very good performer, price £8 00 + £1 00

AM /FM Tuner, this is again 12v unit but if used with the Umlex or similas
amplilier then its power supply can be used with series resistor Fitted with
clear easy to read scale, pointer and spindle Suilable for use with the decoder

mentoned Price £9 756 + E£1 25

Decoder, suitable 1o work with the above tuners. price £8 25 + £1.04
300mA Battery Eliminator, plugs into 13 amp socket and has oulput which
can be vaned between the 6. 7 5 and 9 volts Aiso detachabie lead with 4 in
} plug Fiited with fuse and cut out meets B $ S covering this type of device
Price £3 70 + 46p

Push Button S h. each a 4 pole swiich mounted on a strip
complete with grey obiong knnb. These are suttable for most types of radios
or instruments. the (ength ot trant panei raquired lor the 4 switch is approx
2% plus a further 1'’ behingd the panel for the mechamism Two switch 30p
+ 11p 3 switch £1 30 + 16p 3 switch but 4 knob, 4th knob being oft
50 + 1 4 swach £1 75 + 21
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channel selector pre-set The PLL stereo decoder incorporates active filters for
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“  HI-FI NEWS 75W/CHANNEL AMPLIFIER
In Hi-Fi News there was published by Mr Linsley-Hood a senes of four-
_ arcles (November, 1972-February, 1973) and a subsequent follow-up
© article (April. 1974} on a design for an amplfier ol exceptional
o performance which has as its puncipal feature an ability to supply from a
3 direct coupled fully protected output stage. power in excess of 75 watts
= whilst maintaining distortion at less than 0 01% even at very low power
—_ } levels The power amplifier 1s complemented by a pre-amplifier based on a
(@] /nu/, 2 ) i discrete component operational amplifier referred to as the Liniac which is
a % s employed 1n the two most critical points of the system, namely the
‘g e egualization stage and tone control stage, positions where most
B conventional designs run out of gain at the extremes of the frequency
© spectrum  Unusual features of the design are the variable transition
c frequencies of the tone controls and the vanable slope of the scratch filter.
© . There 1s a choice of four Inputs, two equalized and two linear. each having
> By J. L Lmsley Hood independently adjustable signal level The attractive simline unit pictured
S . has been made practical by highly compact PCBs and a specially designed
Pack Price  Pack Price Toroidal transformer
&) 1. mmd-chdihuﬁvmlr mp£1.15° 1. Flbregiass printed-circeit board for powsr uppry
2. Set of resisters. capaciters. pro-sets for mnr |-| ............................... £0.85 I
S 800000000000000 " ............... 12. Sot of resisters. cepacitors. seceadary fuses. C S FU L K |TS
3 Set um powsr 1my semi-canductors for pawer supply ... .. .. £5.40 TEAK CASE WITH L
© 4. Pair of 2 dritied. finned heat sinks A 13. Set of miscellancons parts including DIN skis. mains
© §. Fibreglass printed-circuit beard for pre-amp £1.9C laput skt fuse hoider. inter-ceamscting cable. control
c 6. Set of lew noise resisters. capaciers. pre-sels for knobs ... ... £6.20
= pra-amp .......................... £4.10 14, Set of metalwerk parts Inclding silk screen pristed
7. 8at of lew meise. high pain uﬂulﬁcw:lzlw tascia panel and all brackets. fixing parls. etc KIT PRICE ONLY »
......................... £8.20
® ﬂ g’m potanuomolurs (including mains switch) £3.50  15. Handbaok [free with complete kit} . ... ... £0.30
O 4 push-butien switches. rotary mede 16. Teak cabinel 183" x 127" x 3.1 .. .... £10.70
b a0
] gnatic 2 each of packs 1-7 inclusive are required for camplete
9_) scroen/heusi Mnmmv secondaries: sloree systom. Total mlollmvunmnurmm WlRELEss WORLD FM TUNER
o 30338 Y £10.95 packs ...l
Designed in response to demand for a tuner to complement the world-wide
acclaimed Linsley Hood 75W Amphfier. this kit provides the perfect match
c The Wireless World (Skingley and Thompson — Apni, May 1974) published
© onginal circurt has been developed further for inclusion into this outstanding -
o) shmhine umit and features a pre-aligned front end module. excellent a.m.
= rejection and temperature compensated varicap tuning. which may be ya ;//
o controlled either continuously or by push button pre-selection Frequencies are DI, m
- indicated by a frequency meter and sliding LED indicators, attached to each O

Yugoslavia United States of America

“birdy’
integrated regulator
throughout
“Pack
1. Abregiass printed beard for trost ond ¥ sirlp.
AFC ond mate circuits .. .. .. 15

S. Fbroglass pristed circuit board for stereo dscodsr
£1.10

6. Set of metal exide resistors. capaciters. cermet
£2.60

for decoder
7. Sel of transisters LED. integrated circuit for deceder
£2.90

8. Sot of compements for chamnel selector switch
medule incloding fibreglass prinied circwit board,
push-button switches. knobs. LEDs. preset adjusters

BC e £9.40
9. tunction swilch. 10 tura tuning potentiometer. knobs
£5.80

0. Fragueacy meter, meler drive components. fibreglass
printed circuit board £10.35

Published in Wireless World (May. June, August 1976) by Mr Linsiey-Hood,
this design, although straightforward and relatively low cost nevertheless
provides a very high standard of performance To permit circuit optimization
separate record and replay amplifiers are used. the latter using a discrete
component front-end designed such that the noise level is below that of the
ape background. Push button switches are used to provide a choice of
equalization time constants, a choice of bias levels and also an option of using
an additional pre-amplifier for microphone use. The mechanism used is the
Goldring-Lenco CRV. a unit distinguished 1n its robustness and ease of

suppression and power 1s suppled via a toroidal transformer and
For long term stability metal oxide resistors are used

Pack

- | o .

2°Q°Qs
FREE TEAK CASE WITH FULL KITS

aroceany £ 70.20

LINSLEY-HOOD CASSETTE DECK

Price
17, Toroidal transtormer wilh electrostatic screen.
Primary: 0-117V 234V £4.90
12. Set of capacitors. rectifiers. voltage regulator for
power supply
13. Set of miscelianeous paris, mcluﬂlnu sockets, lm
halder. tuses. inter-connecting wire. gic. .. £2.05
14. Set of metal work parts inchuding silk scmn printed
facia panel. acrylic silk screen printed tuning
iodicator panel insori. internal screen. fixing Epm:
etc. 8

15. Construction notes {tree with complete ki) . .
16. Teak cabinet 10.3 x 12.7 x 3.1 ... ..
One sach of packs 1-16 inclusive are required for complete
storeo FM tuner. Total cost of individually purchased
packs

Sondy Ko 0 s

Pack Price
10. Set ot capacilors. reclihiers. |.C. voltage reguiator

for power suppiy (Powertran design) . .. £2.80
11. Set of miscellaneous parts. including sockets. fuse

Pack Price
1. Sterso PCB [sccommodates 2 rep. amps. 2 rec.
amps, 2 meter amps. bias/erase osc. relay)€3.35
Steres set of capitors. M.0. resistors.

02

operation Speed control and automatic cassette ejection are both L
\mplemented gy electronic circuitry. This unit which 1s powered by a toroidal 9 potentiometers for above. ., ......... £9.30 holder. luses. mlargnnaac}mu wire. elc. .
. Stereo set of semiconductors for ahove  £8.50 12. Set of metalwork incluging silk screenm
T transformer and uses metal oxide resistors _lhroughoul offers an excellent 4. Winiature relay wilh sockel 290 panal, interaal screen, fixing parts. otc. . €7.10
g match for the Wireless World Tuner and the Linsley-Hood 75 Watt Amplifier 5. PCB. all components for salenaid x-'-".d. e T ottt h e 28l
v circuits ... ... ...l . £3.80 14, Teak cabwet 183 x 1277 x 3.0¢ .. £10.70
[7,] PRICE STABILITY 6. Goldring Lenco mechanism as xpu: £2| 95 Dne each of packs 1-14 inclusive are
—  Order with confidence! Irrespective of any price changes we will honour all, 7. Function swilch. knobs ... ... . . . . £1.90 q tor stereo
prices 1n this advertisement until October 31st, 1977, provided that this 8. Dual VU meter with illuminating lamp . .. £8.70 deck. Total cost of |N“"¢'“'Y pur-
€ month’s advertisement is quoted with your order E&OE VAT rate changes 9. Tocoidal transtormer with ES. screen prim. chased packs ................ £90.05
O  excluded 0-117V. 234V, Sec. 15V 90
‘h  All components are brand new first grade full specification devices. All resistors SPECIAL PR|CE FOR
C  (except where stated) are low noise carbon film types. All printed circuit boards Q
Q are fibre-glass. drilled. roller tnned and supplied with circuit diagrams and COMPLETE KITS . i
8 construction layouts. Further details of above given in our FREE CATALOGUE
. a A . EXPORT CUSTOMERS. Please send five INTERNA-
<{ Value Added Tax not included in prices. TIONAL REPLY COUPONS OR £0 50 for catalogue 1o
EXPORT ORDERS No VAT charged Postage charged at actual cost plus 50p be sent by airmail DEPT. ww9
documentation and handling Please make payment by hrrevocable Letter of Credit
£ 500 mimmum  Bank Draft Postal Order Internationdl Money Order i Sterhing POW E R R N
g SECURICOR DELIVERY For this optional service {U.K Mainland only) add
%, U onoees et hargefor VAT. Corriage INDUSTRIAL ESTATE
= U K ORDERS. Subject to 122 % % surcharge tor arriage free
?}_ MAIL ORDER ONLY (#or at current rate if changed) PO RTWAY
® ANDOVER, HANTS SP10 3NN

'ndonesia Brazil

Switzerland Canada Saudi Arabia New Zealand Norway lIceland Sweden

warnar amaricanradiohistory com
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AUDIO KIT SUPPLIERS TO THE WORLD

2 MATCHING TUNERS!

WW SFMT Il

Following the success of our Wireless World FM Tuner kit we are now
pieased 1o introduce our new cost reduced model, designed to
complement the T20 and T30 amplifiers. The frequency meter of the
more advanced model has been omitted and the mechanics simphfied,
however the circuitry is identical and this new kit offers most exceptional
value for money. Facilities included are switchable afc. adjustable,
switchable muting. channel selection by slider or readily adjustable pre-set
push-button controls and LED tuning indication. Individual pack prices in
our free list.

POWERTRAN SFMT

This easy to construct tuner using our own circut design includes a
pre-aligned front end module. PLL stereo decoder, adjustable, switchable
muting. switchable afc and push-button channel selection. As with all our,
full kits, ail components down to the last nut and bolt are supplied
together with full constructional details. g

ni\.}" e

F

v

{iﬁ

SamM1 — 30

World gns. Full kits are not available lor these projecis but
component packs and PCBs are stocked for the highly regarded Bailey and 20W class AB
Linsley Hood designs. together with an efficient regulated power supply of our own
design. Suitable for driving these amplifiers is the Bailey Burrows pre-amplifier and our

circuit board, for the stereo version of it features 6 inputs, scratch and rumble filters and -

wade range tone controls which may be either rotary or slider operating. For those
intending to get thy best out of their speakers. we also offer an active filter system.
described by D C Read, which spiits the output of each channel trom the pre-amplifier
into three channels each of which i1s fed to the appropnate speaker by its own power
amplifier. The Read/Texas 20W. ar any of gur other kits are sutable for these. For tape
systems a set of three PCBs have been prepared for the integrated circuit based. high
performance stereo Stuart design Details of component packs are «n our liee catalogue

‘30W Bailey Amplifier .

BAIL Pk 1 F/Giass PCB . . T A
BAIL Pk. 2 i , C i st ... ... .. .. £2.38
BAIL Pk. 3 Semiconductor set . . ... .. aoo £4.70
20W Linsiey Hood Class AB

LHABPK Y F/GIass PCB . ... ..................... £1.05,
LHAB Pk 2 Resistor, Capacitor, Potentiometer set . . .. .. £3.20
LHAB Pk. 3 Semiconductorset ... . ... ... ... £3.38
Regulator Power Supply

60VS Pk. 1 F/Glass PCB .. .. ... £0.88
60VS Pk. 2 Resistor. Capacitor set . .. .. . ............... ... €2.20
60VS Pk. 3 Semiconductor set . aano £3.10
60VS Pk. 6A Toroidal transtormer (for use with Bailey) . £8.80
60VS Pk. 6B Toroidal ransformer (for use with 20W LH) ... .. ... ... ... £7.28
Bailey Burrows Stereo Pre-Amp

BBPA Pk 1 F/Glass PCB stereo £2.80
BBPA Pk 2 Resistor capacitor semiconductor set \sterec, £6.70
BBPA Pk 3R Rolary Potentiometer set \Stereor £2.88
BBPA Pk 35 Suder Potentiometer set with knobs .Stereo, £3.10
“Active Filter

FILTPk. t F/Glass PCB . .......... .......... 9o o ooo £1.40
FILT Pk. 2 Resistor, Capacitor set (metal oxide 2%, polystyrene 2% %) £4.20
FILT Pk 3 Semiconductorn 88t . . . .. .. ..., £2.28
2 off Pks 1. 2. 3 rqd for stereo sctive fi

Read /Texas 20W Amp

READ Pk, 1 F/Glass PCB . . . a °  aocoo £1.00
READ Pk. 2 Resistor. Capacitor set . faoooooancoaa £1.20
READ Pk. 3 Semiconducior set . .. . 90 00oo 0900090 9090000 £2.30
6 off pks 1, 2, 3 required for stereo active filter system

Stuan Tape Recorder

TRRP P| 1 Replay Amp £/ Glass PCB .s1ereo: £1.30
TRAC Pk 1 Record Amp F /Glass PCB - Siereo £1.70
TROS Pk 1 Bias/Erase/ Statilizer F/ Glass PCB istereo, £1.20

Further de1ails of above and additional packs given in our FREE LIST

EXPORT NO PROBLEM

Tunisia Germany Nauru Hong Kong Australia Eire Gambia Denmark France Muscat & Oman

sxie, 8
(]

PO
¥ R

KIT PRICE £40.
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T20+20 ano T30+ 30
20w, 30W AMPLIFIERS

Designed by Texas engineers and described in Practical Wireless the Texan was an immediate success
Now developed further in our laboratories to include a Toroidal transformer and additional)
improvements. the slimline T20 + 20 delivers 20W per channel ot trug Hi-Fi at exceptionally fow cost.
The design is based on a singlé F/Glass PCB and features all the normat faciities found on quaiity
amplifiers. including scratch and rumble filters, adaptable input selector and head phones socket. In a|
follow up article n Practical Wireless further modifications were suggested and these have been
incorporated into the T30 + 30. These include RF interference filters and a tape monitor facility
Power output of this new model is 30W per channel.

SPECIAL PRICES

- ﬁ sital transf — 240 prim. ™ T

iﬁ e OO 1+ I T FOR COMPLETE KITS!
e I ldmechimps o 0% 40 T20+ 20

2 ke om0 45 «rpriceony £ 34.20

T30+ 30
KIT PRICE only

£39.50

KIT PRICE

£47.70

KIT PRICE

£35.90

With 100s of tifles now avaifable no longer is there any problem
over suitable software. No problems with hardware either. Qur}
new unit the SQM1-30 simply plugs into the tape monitor socket!
of your existing amplifier and drives two additional speakers at;
30W per channel, A full complement of controls including’
volume, bass. treble and balance are provided as are’
comprehensive switching facilities enabling the umit 1o be used.
for either front or rear channels, by-passing the decoder for'
stereo-only use and exchanging left and right channels. The SQ
matrix decoder is based upon a single integrated circuit and was’
‘designed by CBS whilst the power and 10ne control sections are
"identical to those used in our T30 + 30 amplifier which the
/SQM1-30 matches perfectly. Kit price includes CBS hcence fee.

Ry

54 104 (rade narh of C5 ar

Special offer 10 T20 + 20 snd Texan
ovwnersl

Owners of T20 + 20 and Texan amplifiers.
which have no tape m
purchasing an SOM 1-30 will be supplied
on request, a free conversion kit to fit a tape

75

highty
decoder /reer channel amplifier.

SQ QUADRAPHONIC DECODERS

Foed 2 channels (200-1000mV as obtainable from most pre-amplifiers or amplitier
fape mortor outlets) into any one of our 4 deceders and take 4 channels out with no overali signal ievel

reduction. On the logic enhanced decoders Volume. Front-Back, LF-RF balance. LB-RB balance and Dimension
controls can all be implemented by simple single gang potentiometers,

These state-of-the-art circuits used under licence from CBS are offered in kits of superior quahty with close tolerance
capacitors, metal oxde resistors and fibre-glass PCBs designed for edge connector insertion. All kit prices include
CBS licence fee.

M1. Basic matrix decoder with fixed 10-40 blend. All components, PCB £5.90

L1. Full logic controlled decoder with “‘wave matching’” and “'front back logic™ for enhanced channel separation. All
components PCB £17 201

monitor, outlet,

monitoring facility to the existing amplifier.”
This makes simple l:r connection 0 the.

. ep:

N PUBuUI{ BDlLY UINOS BDIBAOISOYDSZ) BLISNY S3IS| PIEMPUIA  Eljely BAUSY PUR|OH- BOlBWEl dU0d] BuAIS

increased frequency response. All components (carbon film resistors), PCB . . .. .. ... ... . ... 25.90
Also available with M.O. resistors. cermet pre-set — add £4.20
SEMICONDUCTORS ‘as used in our range of quality audio equipment.:
2N699 €0.20  8C109 BF259 £0.47. MPSA12 £0.35 TIP41A £0.70°
2N3055 £0.45  BC109C BFR39 £0.30  MPSASS €0.26  TIP42A £0.80
2N3442 €1.20 BC125 BFR79 £0.30  MPSAES €035, TIP41B £0.75
2N371 €0.09, BC126 BFYS1 €0.20  MPSA66 £0.40.  TIPA2B £0.9Q ="
2N3904 €0.17;  8C182 BFYS52 £0.20  MPSUO5 £0.¢ 1N914 007 Q
2N3906 €0.20 BC212 CA3046 €0.70  SBA750A £1.90  1N916 £0.07 (@D
2N5087 £0.28  BCi82L LP1186 £8.50  SL301 €1.30 15920 €0.10 -
IN5457 £0.45  BCIB4L MC1310 £2.20 L3045 £1.20: -
2N5459 €0.45' BC212L -MC135t £1.05.  SN72741P £0.40 o))
2N5461 £0.50  BC214L MC1741CG €0.65  SN72748P £0.40
2N5830 _£0.3§  BCY72 MEC4010 £0.95 71209 £0.20 FILTERS —
40361 £0.40 BDS29 MJagy €1.20  7p29A €40 o0 C
40362 £0.45 BDS30 MJ491 £145 11308 €048 . o7MA €150 X
BC107 €0.10  BDYS6 MJES21 €0.60.  T/p29C £0.55 - @
8C108 €0.t0  BF257 MPSA05 £0.25  11p30C £0.80 3
Our Export Department will be pleased to advise on postal costs to any country in o~
the world. Some of the countries to which we sent kits in 1976 are shown o
surrounding this advertisement. $

6
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ELEGISL: TEGH

GOTIPDIENTS LTO

315, 317, 364 EDGWAR

E ROAD, LONDON W2

TEL: 01-723 5667 & 01-402 5580
Shops and mail order dept {mail to 364) open 9 to 6 Mon to Sat inc
Prices include VAT Carr./p. & p. quoted U K. only
ACCESS & BARCLAY accepted. Mimmum order £5 otherwise C.W.0 For credit on
approved accounts INvoicing costs necessitate a minimum order of £20

T T L sukusess

Please note we have purchased a distributor s entire stock
and can offer the toltowing items 1n substantial quantities at
haif current 1000 up prices

41BN TN 470 I 7415
T41N 1443 T476M T495M 74153
4200 7a45N  7480N  TAION  74155M
MZN 750 4K 410SH 74155
U TMBAN 1483 W0 741560
W Ta6N T4 T4 74180N
I TAABN 48 TAIZ 741800
43N TS TAOIN 41480 7418IN
TMON TSN 749 T4ISN 74182N
TN TAEON  TABIN 4I5S 74182
Nso: 7401. 7403. 7410. 7430. 7451. 7474, Lo

PHONE FOR QUOTATION
I'\TITIXIE TUBES

GN4  Red-Standard numerais 0-9 Complete with
ceramic base for PCB mounting 1 08’ dia x 1 38" high
plus ¥’ base depth inc pins Operating valtage 170v DC
min Complete data and connections supphed Brand new
£1.50.p & p 20p 100ff £) 00 each 100 or mare 85p
each p & p 40p any quantity
ITT 5870F Special Offer 95p. p &p 20p

PLESSEY. 30 way, 2 bank Single pole
Contacts 1 amp 240v AC/DC 0054 res
Make before break Stop snfintely adjust
able allowing for any desired arc of travel
Ideal for instrument and model switching
Size 2%' dia overall X 2%’ deep plus
1% X %" dia spindie £2.25. p & p
20p 5off £1.95each.p & p 40p

ROTARY STUD SWITCH l

UNI-SELECTOR

240v  AC or DC operation Spiit
30-way double bank contacts Overall
size approx 2%’ dia X 2%’ deep
Brand new Bargain at £4.50.p & p

TRANSFORMERS

DAVENSET AUTO

2KVA contnuously rated Tapped for any voliage from
5260v in steps of by With an isolated winding of
0-5-10v at BY2 amps this transformer 15 an extremely
usefut buy Push-on connections Size B x 5% X
&Y' Areally robust job Bargain at £23.50. Carr £3 00
750VA  continuously rated Tapped as above with
0-5-10V 1solated winding of 5 amps (Same connections

Size 4% x 3% x 4%" Also bargain at £12.50. Carr
£2 00
GOODYEAR 1KVa transformer

0-110-115-120-200-220 240v Fully shrouded
Terminal biock connections Size 5'° X 4% "' X 5% plus
biock Cannot be bettered at £13.95, p & p £1 60

ISOLATING TYPES

P 10-0-200-220-240v  Sec  3-9 27v at 9 amps
17017 a1 250 m a 0-17 a1 250 m a £7.95,p & p
£1 00

TORROIDAL

Pn 15.0-210-240v Sec 140v at35mv/a 31v at 500
m’act 10v at 1 9amps Scr Size 3" dia X 1%
£3.95p &p 30p

MINIATURE

Pri 240V Sec 6v atVramp Sie 1%’ X 1% x 1%"
fdeat as power supply base for modeis radios. cassettes
etc tl 50ea p & p 20p 6 off £100ea p & p 45p

Press on/oﬂ Smgle hole hxmg
SP/ST Size 1% x %' Stud
extends %' Rated 1 amp at
240v 2% amps at 125v Prce
for 5 (min qty) £1.75 ¢ & p
30p 10 or more 30p each p &
p 40p

REED SWITCHES
Glass encaps N/o contacts Glass length 1%
overali length 1%

W

dia
100off £100p & p 25p 100 off
£8.00,p & p free 1000 off £68.00. p & p free

SYLVANIA SWITCH

10 for £2.50

50 for £11.00
100 for £18.00
Plus 50pp & p

any quantity

L Y ——
Complete with magnet Contacts

N/C 3 amp Vacuum sealed
1" x %' dia

MOTORS
RANCO 1/6 H.P. 1425 rpm 240v 50Hz Spht phase
%' x 3" long shaft Unused Normally cradle mounted

but offered without
1/8 H.P. reversible geared
¥ Ph cap stat cont ™
raung Gearnng 51 Final .
drive approx 280 rpm % dia shaft Size 14 inc
£23.95, carr £3 00
ACADEX shaded pole motor Open trame 230v 50 Hz
Double ended 5732 dia spindle each 1%’ long Ideal
spindles £1.50p & p 45p
CROUZET shaded pole motor Open frame 115/230v
50 Hz 1425 rpm Suze 2%” X 2% x 1%’ deep plus
PAPST MOTVORS. Noted for advanced . &
design and superb construction Rotatng ggi—v
sHiecast outer body acts as flyweght and L
start
MODEL HSK2 32 80 6/12 220v Dual speed tape deck
motar 50071000 rpm 12 mm drive shaft gives tape
respecuvely Size approx 5%’ dia X 32" plus 1%
spindle. £18.50.p & p £1 10
MODEL RO 32 65-4 Dual voitage 125/250v Size 27%'"
MODEL HS2Z 20 25 2 Basically 42y but can be aperated
from mains with add smail
motor Size 1%" X 2% Spindle 5/16” dia £5.95, p
SOLENOIDS 240V A C.
MAGNETIC DEVICES LTD (No
1 has 20Ib pull for 50% duty
Shackle both ends Suze 1%"
wide x 3% hgh x 4’ long
plus 3 arm travel
(No 2} has 2ib pull continuously rated %" travel Size
1% X 1% h X 2%" plus travel £1.80, 30pp & p
PYE ETHER LTD Thrust operates through spring loaded
mouniing bracket and push on connections Size overall
inc bracket 2%"'w x 3'h X 3% long £2.25 p & p
45p
Octal base 2 C O 6 amp contacts
Following voltages 6v 12v 230v AC
¥2v 24v 48v 10vD C ali £1.25 each
11-pin 3 C/0 6 amp contacts 48v 116y
AC 24v 4Bv 110v DC all at £1.50
each base 15p plus 15pp & p -
BY TEDDINGTON CONTROLS Adjustable 1 to 2 ibs/sq
i SPDT Rated 15 amps 250v AC £1.85, p & p
25p
IMPULSE

motor 220/240v 50 Hz |

gearbox X 5% dia plus cap and base New Robust
for fans models etc Swze 1%’ X 2% X 1% deep plus
%' long X 5/32" dia spindle £3.50p & p 62p
¢ ehminates wow and flutter 50 Hz capacitor

speeds of 95371905 cm/sec (3%/7% ins/sec)
X 3%' Spindle 5/16'" dia £12.50,p & p €1 10

& p 45p

t%'" travel push aor pull

€6.75plusp &p £100

hinged lever giving a 1ib pull or push Complete with
RELAYS

-l i

plus base 15p postage and packing 15p

PRESSURE SWITCH

SODECO PRINTING

OUNTER.

ﬁodel PN 217 23y D C BRAND NEW 1st channel 6
digit decymal counter 2nd channel date and tme
register  Supplied ! oniginal maker s packing compiete
with struction manual £87.50, p & p £1 00

Wireless World, September 1977

FANS

DUAL EXTRACTOR FAN.
240v 50 Hz Two thick stack
shaded pole motars make this a
highly efficeent unit producing a
powerful aiwflow Mounted In

blades Size
deep £8.95, carr £2 75

heavy steel frame each has five element 62"
22%"

X 14" X 5%"
SINGLE FAN with motor simdar to
above Very useful in home and
workshop  Remember last summer
Keep cooi this year Only £3.95.p &
p 65p

MINIATURE LAMPS

?@\@@\@ﬁ%@@
F G

A B [+ D E
Size Siuze

Type (Dha} VoltsCurr Type Dat Voits Curr

A 3MM 56V 60MA O 3MM 2.5V 360 MA

8 4MM 4V 250 MA 5-6 60 MA
5V 60 MA E 4MM BV 200 MA
12V 40 MA 6 3 200 MA
12V 100 MA 14V 40 MA
14V 75 MA  F 4AMM 2 7V B0 MA
28V 40 MA 12V 160 MA

14V 80 MA

C SMM 28V 40 MA
G

Small telephone jack type 6 or 24V
Price Types A-F £4 00 for 25 50 and upwards 13p each
Type G 45p each p & p 20p per order

BENDIX MAGNETIC CLUTF
Superb example of electro-me Dozens of uses
chanics  Main body n 1two n Home. Farm.
sections coil section fixed with Workshops & Lab
'’ sleeve drive sectian rotating Y2
on guter perimeter Uniting plate
has % ID beanng concentric
with main section and 18-100th
cog wheel Extremely powerful
transmsssion 24V DC 240
m/a £3.75 Pusp & p 40p

PCB EDGE CONNECTOR

CINCH 15" pitch 27 way but designed with adjustabie
hxing endplates enabling connector to be cut and used n
any length desired 15p, p & p 15p 10 off £4,00,p &
p 30p

MEM LIMIT SWITCH

Snap acuon 5 amps at 240 410 A C size base 3%'" x
1%" x 1%’ plus heavy duty roller plunger 1%’ ext or
1'" when compressed Very robust for tireless operat:on
weatherproot Price £2.20 plus p & p 40p

JABSCO (ITT) ROTARY PUMP

Self-priming Works tom electric dnll
or suitably powered motar lor Y&’
drive shaft  %'' hose connections
Throughput 2 3 galls per min  at
2400 pm Dozens of uses in home
and workshop Giveaway at £2.75, p

65p &p 20p
RADIO AND TV SPARES ALL COMPONENTS BRAND- MAIL ORDER ONLY. [ PHD COMPONENTS DEPT 3, UNIT 7,
NEW. CASH WITH ORDER ONLY. P & P 35np. ALL NO CALLERS. CENTENARY ESTATE, JEFFERIES ROAD,
PRICES INCLUDE VAT. AT 12%% CARRIAGE ON TUBES £1.25 EXTRA ENFIELD , MIDDX. 01-805 4060. TELEX 261295.
DIODES 0A81 11p BA102.24p BAX13 5p
MULTISECTION CAPACITORS | DROPPER SECTIONS 16p each AAIT3 14p OABS 11p BA130 35p BAX16 fn INTEGRATED CIRCUITS
Description AA116 130 0A90  6p BAMZ 12;: BAY38 10p
AA117 o OA91 6p BA148 16p IN4148 4p
20020015050/300 290 | WAINS DROPPERS AAII9 8 OAJ> 60 BAIS 120 BY206300 | Mci3iop 280 Stos 700
-200-150- A47 o OA202 11p BA155 15p i
1000-2000/35 8op | bve 1062 79 | OA79 60 BAI0O 14p BAI64 17p = ORI OB S 76003 N DO
6007300 190 ve 1.20 TAAS50 50p  SN76013N  1.80
600/250 155 BRC Mono 1400 80p | RECTIFIERS TUNER TAAB30S 4 00 SN76013N07 180
200-300/350 205 BRC Mono 1500 75p BY100 21p IN4001 4p / TBA120S 150 SN76013ND 160
1000.1000/40 180 BRC Colour 3000/3500 750 | BY126 15p IN4002  5p ELC1043/05 TBA120SQ 1.50 SN76023N 185
2500-2500/30 1.30 BRC Colour 8000 75p Bvy127 150  IN4003  6p 550 eachi TBA520Q 300 SN76023ND  1.60
300-300/300 225 BRC Cofour 8500 750 | BY133 22p INAOD4  7p  e~pveral TBAS530Q 2 50 SN76033N 275
200-200-75-25/350 240 Phillips G8 50p BY182 200 INA0O5  8p TBA540Q 3.00 SN76665N  2.50
100-300.100-16/275 1.60 Phillips 210 Iwith link} 55p BY238 40p INAOO6  9p 443 MHz TBA550Q 4.00 CA3065 250
150-100-100-100-150/320 2.60 :h‘;‘llips 2101 65p BYX10 14p IN4007  10p 1.90 each TBAS60CQ4 00 MC1358P 250
150-150-100/350 1.50 Mono 141 75p THYRISTORS Bridge Rectifiers TBA750Q 2.20 MC1327pP 2.00
RRI

I | qwss rmo | omue e | 7K LE Mo
2207100 32p TV106 180 BY179  65p :
2500-2500/63 1.70 ghE_ICI_ 20%% 75p BR10Y 450 . TBAQ90Q 4 00 MC1351P 120
700/200 130 illips 35p ERyag 450 High Voltage SN76003N 2.75 MC1352P 1.60
400/350 1.55 BR100 35p TV20 190 each
TRANSISTORS  Ar121 30p BC142 29p BC237 150 BF118 25p BF274 15p REPLACEMENT COMPONENTS
AC107 33p AF124 23p BC143 34p BC238 1p BF 121 24p BF336 34p Aerial Isolators 1 00 each
AC126 23p AF125 23p BC147 12p BC251A  16p BF 152 30p BF337 34p Lopt Korting 10.00 each
AC127 30p AF125 23p BC148 11p BC301 32p BF 154 30p BF338 34p BRC 3500 Cutouts 1.60 each
AC12701  S0p AF127 23p BC149 13p BC303 59p BF157 30p BF458 59p
AC128 23p AF139 34p BC153 19p BC307 11p BF158 24p BF X29 29p VALVES
AC12801 50p AF178 53p BC154 19p BC308 9n BF163 24p BF X84 24p DGR PCL82 75p
AC141 24p AF179 55p BC157 14p BC327 120 BF167 24p BF X85 25p Ov802 500 PCLB4 100
AC141K  40p AF180 53p BC158 12p B8C328 12p BF173 24p BF X88 23p E op PCLBS 90p
AC142 24p AF181 29 BC159 14p 8C337 150 BF177 29p BFX89  30p Eggg 352 Eftggo gg“
AC142K  25p AF186 39p BC171 14p BC547 12p BF178 32p BFY50 22p P
AC153 23p AF239 39p BC172 13p BD115 64p BF179 32p BFY? 220 Eggg jgp E::gg s;gp
AC176 24p AL102 105 BC178 21p BD116 60p BF 180 34p BF Y52 22p 0 o]

BU105/01 1.90 EHI0 90p PL504 120
AC17601  S0p AU107  1.05 BC179 19p BD124 79p BF181 32p

BU105/02 1.90 PCC89 120 PLS08 200
AC187 23p AUI10 185 BC182L  10p BD131 a4p BF182 43p

BU105/04 2.50 PCC189 160 PL509 3.00
AC187K 24p AU113 220 BC182LB  10p BD132 49p BF183 43p BU108 300 PCFB0 75, PL519 300
AC188 24p BC107 10p BC183L  10p BD133 49p BF184 25p 80126 290 PCFES ] 50" CVEROA e
AC188K  40p B8C108 10p BC183LB  10p BD134 49p BF 185 25p B8U204 1.90 PCFBOT 50 PYBOO 65
AC193K  29p BC109 10p BC184L 10p BD135 39p BF194 T4p BU205 1.90 PCFBO2 1 50” PLBO2 400"
AC194K  31p BC113 12p BC186 24p - BD136 45p BF195 14p BU206 1.90 :
AD140 45p BC114 190 BC187 26p BD137 47p BF196 14p BU208 300 :
ADI22  50p  BCIIS 19  BC203 15  BDIa8  49p  BFI97  1ap  MiE3a0  esp | EHT TRIPLERS (Priced each)
AD143 50p BC116 19p BC204 15p BD139 80p BF 198 19p MJES20 80p BRCY950 265 Pye CT205 5.50
AD145 50p BC117 190 BC205 15p BD144 210 BF199 24p AF126 1.10 BRC1400 2.65 Pyve731 8.25
AD149 100 BC118 28p BC206 15p BD155 74p BF200 34p MJE3055  73p BRC1500 {17°) 265 Decca 2030 6 60
AD161 45p BC119 28p BC207 15p BD157 74p BF240 19n MPSUOS 65p BRC1500 (247} 300 GEC 2028 710
AD162 45p BC125 21p BC208 1p BD183 550 BF241 21p MPSUSS  1.25 BRC3500 660 GEC2110 710
AF114 50p BC126 19p BC209 15p BD235 74p BF256LC 4dp R2008B  3.00 BRCB000 290 ITT CVCs 6.60
AF116 23p BC136 190 BC212L 11p 8D237 74p BF257 48p R2009 3.00 BRCB500 550 RRIT11/174 10.00
AF116 23p BC137 19p BC213L  11p BD238 74p BF258 65p R2010B  3.00 BRC9000 775 RRIAB23 770
AF117 19p BC138 19p BC214L  11p BDX32 250 BF271 15p TIP31A 60p Decca CS190  7.10  Korting 90 710
AF118 48p BC139 190 B8C225 15p BF115 19p BF273 15p TIP32A 60p Philtips G8 7 30 Tanberg 710
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Professional 3.77

i - "o =R i

Based on the famous A77 1) 3 tape speeds; (3%/7 Y2/15 ips or 7'2/15/30 ips to choice).
2) Wide-ranging built-in variable speed gives you 100% speed

Series design, the new variation on each speed.

i 3) Fulllogic control with motion sensing.
3.77 P rOfeSSIOnal has 4) Excellent editing facilities—the 3.77 has a flat facia for easy
been introduced access to the heads PLUS internal audio line up oscillator, edit
specifically for the studio dump control and *capstan servo off” selector, PLUS end of tape

lamp defeat button. Easiest editing ever!

user. Look at these new For immediate delivery £575+ VAT

features:

ITA3T7T

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497 Telex: 21879

WW — 110 FOR FURTHER DETAILS
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Kk kK ******************************************************************

What more
could you
ask for?

We are confident
you can’t do better
‘than to incorporate ALPS Panel Meters in your next project
whether it be Original Equipment Manufacture, Educational or
ithe Replacement of an Existing instrument.

MODEL SU

* SUPERB QUALITY AND SCALE PRODUCTION

* ATTRACTIVE MODERN STYLING

+ EX STOCK DELIVERY FOR STANDARD RANGES

* RAPID PROTOTYPE SERVICE

* PRODUCTION FOR SPECIAL REQUIREMENTS

* REASONABLE DELIVERY OF PRODUCTION QUANTITIES
available as: — True VU METERS

DC MICROAMMETERS AC & DC VOLTMETERS

AC & DC MILLIAMMETERS AC & DC AMMETERS

SERVO AUTOTESTERS:—A range

of four types of instrument

‘to measure auto/mobile currents and

voltages dwell angle engine speed, etc. =

Details from: —

SERVO AND ELECTRONIC SALES LTD.

Tel. LYDD 20252
24 HIGH STREET, LYDD, KENT TN29 9AJ TLX 965265

R 2 0eas s e e e adsare st st sesessasssotessdedtes s

44444444444444444444444444444444#&44444444"

O T P Y P T T T T T T TP T T TR TR PR PR PR R L Y RES S S 2

New!

"7 DC voltage ranges * 1-1000V

**ﬁ**t**t***ﬁ_tt*t****************
Also shortly available the V$-100 ultra-safe industrial
tester.

the SANWIA range contact.

from

samua

THE MULTIMETER TO
MAKE YOUR TESTER

OBSOLETE!

The fabulous LCD900
incorporates a liquid
crystal display only of the
range to which the meter
is switched.

PRI T TS

at 50K Q/ V.
5 AC voltage ranges 10-1000V
at 10K Q/V
4 DC current ranges =
0.3-300mA ar
1 AC current range 3A PRICE
4 resistance ranges 1K-1000K £67.09
Basic movement 17.5uA (+ £1 P&P)
exc. VAT

For full details on these and 24 other standard instruments in

QUALITY ELECTRONICS LTD.

24 High Street, Lydd, Kent TN29 9AJ
Tel. Lydd (0679) 20252, TLX 965265

NN OO XK KR KK M KN
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FREE WITH

SEPTEMBERS

PRACTICAL

A SEMICONDUCTOR POWERHOUSE
__ TRAMPUS ELECTRONICS LTD., 58-860 GROVE ROAD, WINDSOR,
A BERKS. SL4& 1HS. (Trade, Export & Retail)
xml Tel. WINDSOR (07535) 54525. Callers welcoms Mon.-Sst., 8 s.m.-5 p.m.
! o Fast service on ex stock products Same day despatch normally Quabty devices,
manufacturers specifications  lowest prices Barclaycard & Access by post or
tefephone £5 minmum VAT Add 8% to prices marked *~ add 12%% VAT 10 all
A other prices Post & Packing 20p U K Send CWO except Govt Depts etc Money
(2o« e back if not sansfied Catalogue sale st free Send SAE
1.C.'s All price sach ~ TRANSISTORS SCR & TRIACS: 572 28p*
555 DIL 8 TIMER 37p°  BC107 1080r 109 ALL  9p°  BR10O 40p*
723 T099 REG 47p"  8C107B 15p°  C106 4A 400V 55p*
723 DIL 14 PIN 69p°  8C108BorC 15p" 1A 400V 50p" 1A 600V 69p°
741DILBPIN OP AMP  25p"  BC109B or C 15p"  DISCO TRIAC 10A 400V 80p°
741 DIL 14 or TO99 38p°  BC147/8/9 12p VERO. All stocked 0 1"
747 DUAL 741 89p°  BC167.8 9 10p 21" x 3w" 42p° 3% x 5"
748 DIL 14 PIN 29p°  B8C177 8.9 20p 56p°
748 DIL 8 PIN a9’  8C182/3/4AorL 10p 3!/. x 17" £2.50° 2" x 4" DIL
7805 PLASTICor TO3  £1.00°  BC212 3/4 AorL 14p P’
781201 15 PLASTIC  £4.50°  BCY70/71/72 20p* s 4" DiL BREADBOARD
76013 or 76023 €1.69 BD131 or 132 ea 39p° £2.
8038 SIG GEN £5.00°  BFY50 51 0r 52 20p°  POTS 2Sp. PRESETS 8p.
AY51224 CLOCK €2.50°  MJ2955 (PNP3055)  £1.50° RESISTORS 2p. CAPACI-
LM340 50p°  MJE2955 €1.40°  TORS: CERAMIC 5p. ELECTRO-
LM301 DIL 14 PIN 29p°  MJE3055 §5p°  LYTIC 1uf-100ut 7p.
LM301 OIL B PIN §9p°  ORP12 §0p°  HEATSINKS 1018 105  Sp*
LM309K TO3 5V €1.00°  TIP29 30 31 32C 60p" 103 29p°
LM318 70V US £2.25°  TIP4TAOR42A 85p°  SOLDER DISPENSER 185WG
LM38ON 2W AF £1.00 TIP41C or 42C £1.00° 35p°
LM3300 QUAD OPA 78p°  TIP2955 65p°  SOLDERCON 100 asp’
MC1310 YES ONLY 78p°  TIP3055 55p° 1 £4°
NES55 TIMER 37p°  TIPA3 ULJT 30p DIL SOCKETS 8or 14 01 16
NES56 2 x 555 €1.00°  2N2646 UJT 50p" 15p’
SN76611 & 6OIF €1.25 2N2904 ORS 30p°  CMOS: Many stocked 1 e
TBAB10 7W AF £1.00 2N2926 VG 1Sp” 4007 or 2 23p°
g e 2N3053 24p° 400910 59p°
'ﬁESSNS e el 11pr  2N3055 115w a5p° 4017 20p° 4049 or 69 23p°
R Pl 2N3442 120V 3055  £1.50
N A 159" 5N3702/3 5 6 10p
LOUR LEDS 29p oN3704 F2S
DISPLAYS (RED LED) 2N3819E o 23E 18p TTL 7400N SERIES
03 DL704/2 65p°  2N3904/5/6 20p 7400  14p° 7490 49p’
03" DL707/2 85p°  2N5457 FET 50p 7401 9p° 7491 S0p°
06" DL747 /2 €1.00°  INSBUSH SETS EA 10p° 7404  20p° 7493,580p"
TGS308 GAS DETECTORES.00°  MATCHING ADD 20p° 7408/910p° 74107 20p°
JOQDQMED/SHORTYUNER B o 7413  39p° 74121 33p°
£1.00°,  FuLL SPEC. PAKS 7417/2029.: 74123 39p°
AUDIBLE WARNING BLEEPER  PAK A 10x LEDS £1.00° 7430 74141 80p°
12V 100mA .48°°  PAKB 4x 741G £1.00° 7430 15p 74157 $0p°
DALOPCBPEN 2TIPS  784p°  PAKC 3 x 2N3055 £1.00° 7441 79p° 74193 50p°
SRBP 6 x4 80p"  PAKH 6x2N3B19E  £1.00° 7447 8ap’
FEC £1.00° PAKK 40x IN914 £1.00° 7448  60p' QUOTE THIS
PCB ETCHING KIT €2.00° PAKN 25x0A81/91 £1.00° 7470 7229p° ap FOR
PAK M 3 x 2 AMP PNP/NPN 7473 7435p°
o o0 PAIRS 60 VOLT (TOTAL 6) 7475 40p: S
IN4148 & IN9T4 SILICON  4p* £1.000 7476  39p. sHOWN
IN40OY Bp ING0O4 7p  PAKW 20 x MIXED 10V 7480 23
82788 ZENERS 400mW  10p° ELeCiRoR IS 2‘102“,'00 o S
. B 7 . "
BRIDGEN WAL sOvEi2507 oA MORE PAKS IN FREE LISTS & ik

ELECTRONICS

Britain's best-selling 64-page electronic kitand component
catalogue from Doram with new products, new ideas!

Extra copies of catalogue available (send 20p to cover
post and packing) from Doram Electronics Ltd, PO Box TR8.

Wellington Road E state, : mm

Wellington Bridge, Leeds
LS12 2UF. Tel: 34222
WW — 021 FOR FURTHER DETAILS

(STD code 0532).

www americanradiohistorv com


www.americanradiohistory.com

Wireless World, September 1977

EX-MINISTRY

MARCONI! VALVE
VOLTMETER
TF428B £15 ea

Sinewave output.

Ohms. 240V Input.

GENERATOR 0-20KHZ
Metered. 600

16x10x9" deep. £22.50 each

EX-MINISTRY
MARCONI! 0-6WATTS
Multi Range, Multi

Size | POWER METERS. £30 each.

Impedance

121

EDWARDS HIGH VACUUM PUMPS
Type 1SC30 @ £55 each
Type ES35 @ £40 each
Carriage £2.75

MARCONI TF675F WIDE
RANGE PULSE GENERATOR
+ / — variable outputs up to 50V
Optional delay. Small compact
unit. £18 ea.

ROYAL INVERTORS manufac-
tured USA 28V DC Input. Output
115V AC 400HZ up to 24KVA.
Brand new. Crated £12.50 ea.

at£15 ea.

MARCONI NOISE
GENERATOR
TF987/1
4 Ranges 0-5. 0-10; 0-15; 0-30.
Due to large purchases now priced

TRIPODS WITH PAN
AND TILT HEAD
Will take 75Ib. load
£32.50 each

TEKTRONIX OSCILLOSCOPE type 502 rligh gain Limied
bandwidth £250 each

EX-MINISTRY X BAND SPECTRUM ANALYSER CT152
(Marconi TF1035) 8 6GHZ to 9 7 GHZ Power input 1156/250V
45-650HZ. Pan-climatic £120 each

J.A.C. ELECTRONICS FREQUENCY METER type 331
GHZ nand Out Prices trom £75 to £200 each
MARCONI| SIGNAL GENERATORS. Freq range 10-470MHZ.
Type TF801B/3/S £150 each. TFBO10/1/S £260 each
MARCONI FM/AM SIGNAL GENERATOR TF2002 One only
£1250.

FM/AM SIGNAL GENERATOR type AN/USM16 1010420MHZ
Limited quantity £300 ea.

MUIRHEAD DECADE OSCILLATOR D890A €75 each
MUIRHEAD FREQUENCY ANALYSER D699A £50.
SCHOMANDL FREQUENCY METER FD 1 with FDM1 £75 each
HEWLETT PACKARD Oscilloscope type 1754 DC-50MHZ Double
Beam .£200, with delay amohfier £230.

BRUEL & KJOER Automatic Vibration Exciter type 1016 5HZ to
10KHZ. £125 each.

AIRMEC WAVE ANALYSER type 248 £40 each

FLANN SIGNAL SOURCE 1 210 5 GHZ type PCL/PA £75.
RHODE & SCHWARZ ADMITTANCE METER BN3511 As new
£65.

POLARAD RECEIVER Model FIM-B2 Complete 1-10GHZ £375.
MARCONI OSCILLATOR TF1101 20HZ-20KHZ Nice conditon
Special price £50.

MARCONI Wide Range Oscillator TF1370. Freq range 10HZ to
10MHZ. Sine Wave 10HZ to 100KHZ Square Wave. High outputs up
10 31 6V Fantastic value at £90 ea

MARCONI ADAPTOR TM6113 for TF2700 TF1313, TF86688
£20 ea

AIRMEC 4 trace scope. (ype 279. Large screen £95.

MARCONI TF142F DISTORTION FACTOR METER giving
percentage distortion on a directiy calibrated dial and includes any
spunous components up to 30KHZ £29.50 ea

MARCONI PORTABLE FREQUENCY METER TF1026/11
to 160MHZ. Very fine condition £25.

DECCA NAVIGATOR DISPLAY UNIT. Very impressive £12.50 ea
COURTENAY MAJOR Mk. 2. 250 joules. 5 outputs Can be
combined — 1250 joules No heads, £30.

AIRMEC MODULATION METER 210 £75.

HILGER & WATTS SPECTROMETER H 1170 £200.

RHODES & SCHWARZ Tunable Indicating Amphifier UBM £75
TEKTRONIX 180A Time Making Generator £55

S.E. Labs Oscilloscope Type 102 £220

RHODES & SCHWARZ POWER METER. BNRD-BN 2412/50
£50

MARCONI RF POWER METER. TF1020A/1 75 chm £65

1.C. TESTER by SCHLUMBERGER. Model TCL232 — tests 741,
709, etc. Dual i jines: tlat packs or TOs £50

SPECTRUM ANALYSER by NELSON ROSS. Plug-in for
TEKTRONIX Oscilloscopes 561/506. etc. Freq. 0-500KHZ
Model 023 £200

SOLARTRON CD1212 SB 40 meg £85. DB 24 meg twice £120.
Many other types available

Ex-Minjstry OSCILLOSCOPE. CT436 Double beam DC 6MHZ £95
ea.

HZ to 3

100

PICK-A-PACK —
50 PENCE
A POUND

From Our "'Pick-A-Pack’™ area weigh
up your own components. No restric-
tions on what you take

EX-DYNAMCO Oscilloscopes INVERTORS 30V input
6KV Qutput. Size 2'' x 4V2" x 1Y2'". Complete with
crecuit €10 each P&P £1

MINIATURE OXLEY PATCH PANELS BRAND NEW
EX-DYNAMCO. 10 » 1D complele with pins €8 each P&P
50p

*TELEPHONES. Post Ofice style /46 Black or two-ton
£6.50 ea Modern style 706 Black or wo 1one grey £4.50
ea P&P 75p each Oid black style €1.50 ea P&P [
*HANDSETS only 706 siyle £1.75 each alder style £1.
P&P 75p

TELEPHONE EXCHANGES.
exchange only) from £95.
MOOERN FANS. 4% x 1% = 1
quiet 6 hlades €4.50 ea P&P 75p

PAPST Model 230V availabie at £7.50 ea P&P 75p

Eg 15-way automatic

240 Volts Superbly

SURPLUS BRAND NEW REPLACE-

MENT TUBES FOR DYNAMCO 7100 SERIES

OSCILLOSCOPES TYPE BRIMAR D13-51GH

Mesh P D A Transistor Scan Wide Bandwidth

60MHZ + Rectangutar 6 x 10cm — 1KV EHT X

Sensitivity  15V/CM Y Sensitivity 6V/CM
standard heaters Length 13'%"

THIS 1S A MUST AS A SPARE FOR THE

DYNAMCO 7100 SCOPE OR IDEAL FOR THE

HIGH QUALITY TRANSISTOR SCOPE BUILDER
At £65 each Carniage £2.50

To Tube purchasers only Numetal Shields at
£2

.50
ALSO AVAILABLE TUBE TYPE BRIMAR
D10-210GH/32. Rectangular 7 x 5cm Mesh
P DA. Short 9'%'. 30MHZ+ Sensitivity x
14V/CM. Y 10V/CM BRAND NEW at £75 each
Carriage £2 60

DATA LOGGER
by DYNAMCO

These are BRAND NEW
not finshed - DATA LOG-
GERS BY DYNAMCO.
They are completed but for
the plug-in boards
The case with hinged hd 1s quite superb and extremely adaptable [t
contains as well as the mother board an equally superh Power Supply
with the following voltages + 28V + 15V 4+ 5V (2 5A) — this supply
is crowbar protected. -5V 14V, 20V, --24V .-48V and other
supplies including auto 110V This unit supplied in 1ts onginai
cardboard box complete with onginal manual and must be of serious
interest to the professional constructor and anyone considenng the
construction of a micro processor system Unit size 7% high x 19"
wide x 23" deep

Price £45 each Carriage £2.50

PHOTOMULTIPLIER Type 931A £4 ex P&P 75p Ot
types available

*POTENTIOMETERS Ail Sp ea P&P exna Metal
bodes AB Linear PCB Mount Brand oew 10K 100K
ganged 250K ganged 100K ganged. conceming shafts
BEEHIVE TRIMMERS 3/ 30p( 8rand New 10 off 40p
PRP 15p 100 off £3.50, P&P 75p 500 off €15, P&FP
£125 1 000 oft €25, P&P £ 50

LARGE RANGE OF ELECTROSTATIC VOLTMETERS.
From 0-300V 2" £3, 10 20KV Max_General gude 5KV 3
£5. Thereafter £1 per KV. P&P 75p
DON'T FORGET YOUR MANUALS.
cequirements

TUBE Type DB7 36
€11 ea PRP LY 50
£.H.T TRANSFORMERS 20KV 2KVA €70 ea

240KV SINGLE PAHSE 20KVA Output 2 x 2 5KV €85,
240V SINGLE PHASE 1KVA Ouiput 40KV 25MA €175,
Many other EHT Transformers and EHT Capacitors availahle

SAE w

Replacement for Telequipments $31

A LARGE QUANITITY OF MISCELLANEOUS TEST
GEAR. CHASSIS UNITS, otc., on view a1t LOW COST.

PICK-A-PIECE

FROM OUR
"PICK-A-PIECE" AREA

PICK-A-METER
— £1 EACH

A LARGE SELECTION OF BRAND
NEW AND EX-EQ. METERS

BACK IN STOCK
Attractive cast alloy front panel, vertical mount. Size
16% x 15% x 5%’ containing 72 push buttons with
manual or electrical reset (28V) with provision for
labelling with your code; 65 illuminated symbols or
functions (complete with 28V lamps) which again
you can change; 16 bit front panel microswitch
assembly to enable your coded cards to be read. and
host of other electronic parts. NOW £5 each

DESKS with Punch, Reader
Various models from £200.

2’ MAG TYPE

Approx. 2,000tt. NOW 25p each. P&P £1

INTERFACING
SERIAL/PARALLEL — PARALLEL/SERIAL. TTL buffered Ins
and Outs Inverted and Non-inverted: Pos or Neg strobe Adjustable
Baud rates (dispatched at 110): Min. 20mA drive for all outputs
Requires + 5V Supplied with edge connectors. £38.50 ea. P&P £1
TTL/232 (CCITT) — 232 (CCITT)/TTL. Min. TTI output 20mA
Requires + 12V, —12V, and /5V. £19.50 ea P&P 75p
DRIVER BOARD to suit Paper Tape Punches TTL to 24/48V for
solenowds etc 9 Channel £55 ea P&P £2
TELETYPE PLUG COMPATIBLE 20mA to 0.5 amp Drive Board
with edge connector £18.50 ea P&P £1. Requires external 18-0-18V
1 amp transformer. 1500mfd 50V Cap. and Power Transistor

Primer and Keyboard Some ASCii

NOTE. Demand for these items already means one month delay. Save
Money. save time. order 'KITS' al HALF PRICE — you assemble

WE ARE BREAKING COMPUTERS
UNIVAC/HONEYWELL/ICL 1900 etc
Boards. Power Supplies. Core Stores are available
CALL AND SEE

ITEMS OFTEN AVAILABLE
CORE STORES with Drivers from £100.
Some small RAM Boards from £15.
Good used TWIN PACKS £10 each
Good used MULTI PACK £25 each
SINGLE DISK £5 each
CORE PLANES (no drivers) from £5.
HEADS for PACKS {individual) £15 each
P.C. MOTORS (Disc Drives?) £15 each

FOR THE VDU BUILDER. New stock of Large Rectangular Screen
30 x 20cm tube. Type M 38 at the ridiculous price of £4 each. And aiso
still availabie the CME1220, 24 x 15cm at £9 ea Base connections for
both tubes suppled

C.D.C. DISK DRIVES
TWIN E.D.S.

Single phase air conditioning not required. Guaranteed fine
condition £240 each. Complete with copy of manual and 50 packs
Size approx. 2'x 2’ x 3" 8’ high

SUPERB PROFESSIONAL VDU CASES, size 23" x 16/ x 16" on
stands. Hammer grey BRAND NEW. SCHLUMBERGER Surplus £20
each

SOMETIMES AVAILABLE
TELETYPE ASR23 at £500.
KSR33 at £325.
KSR33 non standard. e.g. basic ASCii-20ma loop — but small print 0
to 9. above standard O to 9, some of the symbols having been
relocated £250 ea

WE HAVE BEEN TRYING
and are still trying. and should soon succeed in getting a few systems
up and running to enable us to demonstrate the increasing number of
\tems that are becoming available. Most Callers will be Welcome

NO TIME WASTERS PLEASE!
P S No Floppy disks — no cheap memory.

=3
e

HILTM

7/9 ARTHUR ROAD, READING, BERKS (near Tech. College, King's Road). Tel. Reading 582605

Minimum Matl Order £2 Excess postage refunded Unless stated — please add £2.75 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with * 122 % VAT, otherwise 8%
Official Orders Welcomed. Gov./ Educational Depts., Authorities, etc., otherwise Cash with Order

Open 9a m to 530 p.m. Mon. to Sat

www americanradiohistorv com
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708

. BF244 0.35* CRS3/05 045 .08 1.95 2N113]1 .
BDI132 0.54 BF257 0.37 CRS3/40  0.75 0A200 0.10 0OCl41 225 ZTX302  0.17* 2N1132 0.26
BDI35  0.35* BF258 0.42 CRS3/60  0.90 0A202 0.11 oCl170 0.60 ZTX303  0.17* 2N1302 037
BDI3  0.38* BF259 045 | GEX66 150 | OA2I0 75 | OCL7l  0.60 ZTX304 019e | 2N1303 037
BDI37 037 BF336 050 | GEX541 175 | OA2ll  ¢75 | OC200  1L00 2NI1304 045
BDI138  0.40* BF337  053* | GI3M 0.75 0AZ200  0.65 0C201 1.50 . 2NI305 045
BDI39 043 | BF38 035 | Gism 075 | OAzZ20t o065 | OC202 125 . INI306  0.50
BDI40  0.47* BFS21 227 | GIm 075 | 0AZ206 065 | OC203 125 ZTX501 Qa4+ | 2NI307 650
BDI44 2.0 BFS28 138 | GMO0378A 150 | OAZ207 065 | OC2M4 1.25 ZTX502  Q.16* | 2N1308 0.0
BDI18! 1.38 BFS61 0.25¢ KS100A  0.40* 0C16 1.25 0C205 175 7ZTX503 o0.17* 2N1309 0.60
BDISZ 148 | BFSS8  025* | MIE340 o058 | OC20 200 | OC206  L75 ZTX504 020¢ | 2NIBI3 033
BD237 080 | BFWIO 090 | MIE370 o6 | OC22 250 | 0C207 125 ZTX531 @200 | 2NI6TI 150
BD238  0.85 BFWIl 090 | MIE37) 081 0C23 275 | OCPTI 135 ZTX550 016" | 2NIS83 033
BDX10 075 | BFX84 038 | MJE520 a5 | OCH 35 | orriz 070 IN9l4 007 | 2N2147 140
BDX32 225 BFX85 041 MIJES21  0.75 0OC25 0.90 R2008B  2.25* IN916 0.07 2N2148 165
BDY20 142 BFX87 035 | MIE2955 125 | OC26 090 | R2009 225 IN#00l 006 | 2N2218 o3
BDY60 075 BFX88 032 | MIE3055 075 | OC28 200 | R2010B  225* INGOOZ 007 | 2N2219 042
BF115 039 | BFYS0 028 | MPFI02 0.30% oc2 200 | TIC44 036 IN4OO3 008 | 2N2220 035
BF 152 025 | BFYSl 026 | MPFI03 030° oC3s 150 | TIC226D 1.30 IN4004 009 | 2N2221 022
BF153 0.25 BFY52 0.26 MPFI4  0.30* 0C36 1.50 riL209 025 IN4005  0.13 IN2222 025
BF154 825 | BFY64 030 | MPFl05 030 oC4l 050 | TIP29A 0.50° IN400S 015 | 2N2223 275
ACYIS  0.65 BFI59 035 BEYS) 132 | MPSAG 020+ 0oc42 050 | TIP30A 0.60° INS0O7 015 | 2N2368 017
ACY20 0.5 BFIS0 030 | BSXI9 031 | MPSA56 g.zo+ 0C43 150 | TIP3IA 062 INSOS 015 | 2N2369A .21
ACY2l 065 BF167 0.39 BSX20 034 | MPSUOI 032* OC44 050 | TIPR2A 075 IN4I48 007 | 2v24ma 021
ACY39 100 BF173 039 | BSX2l 032 | MPSU0G 0.40° oCc45 050 | TIP33A  Loo IN5400 014 | 2N2646 030
ADIS 070 BF177 038 | BTIOB 125 | MPSUS6 o0.45* oC7i 045 | TIP3MA 130 IN5401 .16 | 2N2904 035
ADIBl 075 BFI78 045 | BTY79/400R NKT4#0! 200 | OC72 045 | TIP4lA 070 1544 0.06 | 2N2905 035
ADI82 0.75 BF179 0.48 319 NKT403 173 0C73 1.00 TiP42A 0.9 15920 0.08 2N2906 0.25
AFI06 045 BF180 045 | BU205 235 | NKT4#04 173 0oC74 0.50 | TIP2955  L.0o 15921 008 | 2N2907 021
AF114 0.25 BFI81 0.45 BU206 2.25% NE555 045 oC75 0.60 11P3055  0.50 2G301 1.00 2N292%  @.15¢
AFI15 025 BF182 045 | BU208 250 | 0AS 075 0C76 os50 | TIS43  a3se 2G302 100 | 2N2925 @17¢
AF1l6 025 BF 183 045 BYI0 045 | Oa7 0.55 ocT7 120 | ZS140 0250 2G306 110 | 2N2926  0013°
AF117 0.25 BF184 0.39 BY126 0.14 0Al0 0.55 oCsi 0.75 28170 0.12* 2N404 0.60 2N3053 025
AFI39 040 BF 185 037 | BYI27 015 | OA47 014 0oC8lz 100 | ZSI78  o354e IN696 025 | 2N3054 050
AF186 1.50 BFI%4  q12* BZX61 0.20 | OAT0 0.30 0Cs2 0.75 Zs271  e.22* 2N697 .18 2N3055  0.65
AF239 045 BFI95  011* | Series OAT9 0.30 ocs3 055 | 25278 0567 2N698 030 | 2N3440  0.60
AFZIl 275 BFI%  0.13¢ BZYS8 013 | Oasl 030 ocsa 060 { ZTXI07 o011* 2N705 080 | N34l 080
AFZ12 275 BFI97  014° Senies 0A85 030 0C122 150 | ZTXI08 0.10° 2N706 012 | 2N3#2 120
ASY26  0.45 BF200 032 | CRSI/05 045 | OA%0 0.08 0CI23 155 | ZTX109 o.12° 2N708 021 | 2N3525 090
ASY27 050 BF224  0.20° CRSI1/40 060 | 0A91 0.08 0OC139 125 7ZTX300  0.12° 2NG0 026 | 2N3614 120
1 3CX100A5 20.00 6857 4.00* 724 0.75* 1624 125
VALVES Sioom izee 1 02t b | Swaon Wot sse | SBWS a7 | les w0 |6 100
. - Y 0. . d * ..
AlS34 600 C400-1K 1350 | OB2t 045 0610570 Vet 1000 | EBXIGT 496 PN i | e e
A2087 1048 GN4 450 | OB3 075 | QQZOE- 465A 2535 | 6BZ6 L8 | 15006 gs0+ | 42124 11885
A234 481 GNea 450 | OC2 230 3880 41255+ 1200 | 6C4F 0400 | 0aU7t gase | 5544 5400
A2293 410 GS16 900 | OC3t 045 | QU37  11.00 4250A 3600 | SCB6At 050° | 15Ave ok0c | 5545 59.00
A2426 8.20 GTIC 695 | OD3t 0.45 QV03-12 3.00 44008 37.00 6CDBGA  4.00* 1ZAVT  2.84¢ 5551A 62,70
A2521 853 GUs0 966 | 0Z4 0.75* | QVO4-7 250 b 1B32 1000 | 6CGT  172v 2AX7+  o45e | 55524 i
200 Q1 55 T5 &2 B B || e 5R Urser  oBe facs aeoo | scie ame | AT ol | BAER M0
A343 1843 GXUL 1043 4 i 4CX250B 17.50 | 6CL6T  0.75° 12Baat  100° | 5642 16+
AZ3I  Llo* GXUZ  q72¢ | PC95S 070+ | QY3125t 1000 | UFSST  50% 4 JRlonl ite | 6Cwa  ag2e o 316
AZ4l L5t GXU3  graz | PC97  o8ss | Qv4250 5130 | UFSS: 050w | GBI 28 | ol gag, | 12BA6 050 s e
BK 448 6270 GXU4 2194 | PC0Ot 075° QY4-00 5550 | ULl Logw | ACKIS0A 2100 | CDK6 249 12BE6  060° | 3651 Lso*
BK484 84.70 GY501 132+ QY5-500 118.50 ULB4t 0.60* a5z D068 S 12BH7t  0.60* 5670 2.86°
Bis BT ey QY5.3000A UMBD  1oor | SB2MM ILzs | SDOSB 34 128Y7t  o080* | 3675 9.09°
BSSI0 2775 G233 4.00° 17000 | Uvalt 075" ; i 6EBS 2120 1261 a0 1 B G304
b Z06-20 38.95 Uysst  gesc | €22 40.00 o 12E14 1980 | 5696 1.94*
Bri e am e A10 500 | Viseal g | DVIBE 49500 | BEWE 0| 3EIC 4355 | 5718 336
. e o N7 Cess | XG12500 2310 | SR4GY® 100 75 19H4 1688 | 5725 330
BTI19 19.00 350 5U4G  1Looe | 6F23 132 5 .
BT29 189,70 KT66  4.00° Ri8 aser | XG5500 1680 | UG 100w | B i ;3;{5 22.50 5%? 220
BT69 17365 o G AR et ?\‘.‘532‘_‘.;’;{,0“ 95 | 3vaGr  oes | 633 ers | 358 e | o hits
75 E.72.25 . RG3-250  8.85 7415 | 3Y3GT  ogse | 6! 8.9 30C17 120+ | 5751 2.93*
BTS5 6680 KTW62  1.75 0 . 523 \50c | 6HIZN 075 S .| e .
CBL3I 1500 KTWE3 175+ RG3-250A 885 | XRI-1600al9.00 | 23 1200 | N omse 0C 1.28° 3.00
CL3z  Zoo* M8079 838 RG31250 2095 | XR1-3200 5400 | 3246 1L00% | G o 30FS 100 SBI4A  2.60%
CY31 1.00* MB8080 3.80 RG4-1250 27.50 XR1-3200A54.00 gsou :-g. 614t Heh 30FL1/2  1.00* 5840 4.40
Sk ol M8081 616 RG#-3000 5345 | XRI 6400 5910 | 300 Jee | 66t 03s* | SOFLIZ Lade | 5842 6.90
K o cisos RR3Z50 955 | XRIei0assio | SABS 0750 | B3 oS 3FLI4 128+ | 5876A 938
Gn MS083 580 Y RR31250 2200 | YDII20 20600 | 8287 0787 | Gl Q7% 3001 OE | 2 316
DA4l 16.85 M8091 7.70 | PCF805 128° SUEIZ 1800 | YDI2d0 20600 | SACT 0. 6K6GT 0.75* 30L15 132 3886 10.50
DAz E8I Ms096 375 | PCF806 osoe | SI30 200 | Z758 650 P ovae | skro wzse | 37 lazeo | 593 Ls7e
DAI0O0 . 31386 M8097 356 | PCES08 128 S130P 250 | zMi000 40 | SAGT 078 | eks 07 30P4 092° | 5965 2.20*
DAFOI  0.40° Ms$098 320 | PCL8Zt o0 STVB0-40 1000 | ZMI00I 538 HEC GKDE  37or 30PI9 092 | 6005 3.65°
DAF%  1.00* M8&099 520 PCL83t  ¢.92* STV280-8020.00 ZM1020 855 6AKS 0-3? 8L6G 50 30PL1 1.32¢ 6021 4.46
DETZ2 1512 M8100 59 | PCLeat gs0» | SUdl 250 | zmi02) 756 | BAKE 085 6L6GA  Isor | 30PLI3  Laar | 6057 5.95
DET24  41.00 M8136 595 | PCL85t 0.80* SU42 9.00 | ZMI022 g2 | SALST - 030s | S-lon e 30PLI4 168 | 6058 4.56
DFoIt  0.40° M8137 608 | PCLS6t 0.65% TDO3-10 15.00 ZM1023  7.66 | SAM4 230 fleac i 30PLI5  1.44* 6059 4.00
55 velo  ioe | persosses TDO310E 1750 | ZMI040 1157 | 6AMS  37ee | 6LS R 35w 060° | 6061 425
DK9lt 055 M8141 485 0.80* TDO3-10F 17.50 | ZMIn4l 967 | G6AMEt 0.65- | BC o | sues 070+ | 6062 335
DKS2 125 M8l2 400 | PDSGO 300 | TTI5 2200 | ZMloa2 1Los | SAND 250w ) QUCT 073 | 7381 aB |y e
DK96 110 MB8144 3.75 PE66-10N 27.30 TT21 7.00 ZX1051 g7.00 | SANBA: 070 N7 e 75C1 1.55 6064 5.60
DL92 075 MBl49 510 | PFL200 ggse | TT22  7eo | IBGTT ass | 8AQSt ezse | ANL 0I5 g5l 750 | 6067 6.08
DLY4 1.20 M8161 562 | PL36t  0.92¢ TTI00 3750 | 1B24 1000 | SARS — 070° 6Q7° 75 85A2 150 | 6072 3.77
DL LI0* MelGz 576 | PL&) - esse | TYI2 4020 | IBISa  heo | BASSL ol | Gy o1s || aG 728 ) 6080r - sa00
LS10 M8163 450 | PL8IAT Lo0* TY4.400  54.00 45.00 3 - . b H097A +B +
TR & MBIS 460 | PLR2 060+ | Tys50 eiso | RSt  osse | SAT6T essn | G5l 0787 | soci 150 40.00
DLSI6 825 M8195 370 | PL83Y  0.55° TY5-500 160.00 | IS5t 0.40° SAU’GT 426 SeEy e 90CG 574 | 6id6A 427
[ DLsls 825 MBI9% 340 | PLB4T  0.60¢ TY6.800 14500 | [Tat o040+ | 6AUET 055 Soity oae | ey 599 | 61468 465
DM70 125 MB204 3.50 PL504-500+0.96% TY6-5000A 2A515  10.00 SAVSGT 3.74° et e 92AG 7.26 6159 6.00
DM71 125 M8212 g6z | PL50SY 132° 18800 | 2C39At 900 | SAver ~050n | BT B30 | wav 716 | 6189 6.08
DMI60 1350 M8223 230 | PL509t 216* TY6-50008 2C43 1800 | SAWBAL LOOY 4 T oae | %A 415 | 6201 471
DY86/7t 0.45% M8224 280 | PLSI9T 286 20600 | 221t 055 | SAXSGT 310 6SNTGT 0.55° 15082 1:80jy] 6442 150
DY80Z  068* M&225 260 | PL8OI  1L1oe TY6 5000w 2E26 300 | 6B7 e 63Q7 . 0750 15083 330 | 68838 493
E55L 2189 M8248 654 | PLBOZE  Lso ! da2 0 e | R T | esR7 s | 192 10 f 6973 281
E80CC  4.86 MUI4  1o0c | PY33  oese TY7-6000A 255 17500 | S0A8 ooy | st ot 150C4 230 | 7025t 120
EBOCF 623 MX119 17.49 PY8It 0.72* 2704 205.00 BAR 375 §USG 200 11 5.00 7551 3.65
E80F 557 MX123 3207 | PY82 0.45* TY7-6000W 2J70B 212.00 282‘4“ Lk SUst B 723ABt  8.00 7586 6.79
£80L 534 MX145 2525 | PY83 o0 175.00 | 2K25% so0 | fBL4 8T AEto o 1000 | 7587 12.54
ESICC 516 MX151 1169 | PYS8t  o.6s TZ40 1500 | 34002 3500 | SBECE edar | BULES DS | o 2000 | 7609 2875
ERIL 5.61 MX152 6165 | PYS00AT 136* Ule20 2500 | 25002 300 | gl omoe | 6xat  oase | Son. 965|788 2.93
EB2CC 585 | ECLs4 090+ | EZ8)t gzoe | MXI6l 60 | TYRGO/BITOTZY o des i oo | eBKy ame | exsoTt gss | Gla 398 | 5005 zmoe
E83CC 608 | ECL85 085* | EZEt  0.35° MX163  11.69 poTm 0.72 Uz o 3828t A 6BL6 85.00 787 1.00° 813+ 600 | 8068 5.50
E84L 525 | ECLs6t 065 | EZoot 045+ | MXI6d 12 | QQWORG 900 | 1 e | 3839 1000 | BLIGT 3see | 7Cs L75% | g33a asp0 | 8122 3315
E86C 853 | ECLL0 700° | pwasoo 2500 | MXI66 3940 | QAU 0L L UABCS0t 0.50® | 3B-240M 1500 | 6BM6 8500 | 7C6 125° | 566 845 | 8136 1.54
ESSC 524 | EF37a1 160* | Fwi4800 250° | MXI68 2228 | QQVO3- . | UAFiz oose | 38201M 1500 | 8BNS o0see | 707 oo | gy Tae | sa ST
ES8CCt L00 | EF39r  160* | GI-371K 1500 | N78 LR RO Uit L2ee | 3023 1000 | 6BQ7A  155° | T7R7 150° | gy 436 | 18042 5.17
E9CC 492 | EFa0 145 | G56-1K 850 | OA2t 045 | QQV0s-a0A - ' 6BR7  400* | 77 2.25 i g
8500 UBCalt 075 | 3C45t oo | SBRI0 | W LB | A 1224 | 18045 557
INTEGRATED CIRCUITS 7492 0.60 74125 080 | 74759 zov 225
BASES : ey AL 7493 070 | 426 s | 7170 260 225
CRT'S SEPI 2500 | vCRi3s* 10.00 | 7400 020 | 7422 025 7453 020 | 7494 0.80 74128 080 | 74172 5.00 1.75*
4EP7 2500 | VCRI3BA'12,50 | 7401 0.20 7423 0.35 7454 0.20 | 7495 0.50 74132 0.50 74173 1.75 IAAST0  2.30°
BIG unskirted 018 | 1cp31 3100 | 4EPLL 2500 | VCRI39A- 800 | 7402 020 | 7425 035 | 7460 020 | 719 09 | 7413 068 | THTA 157 | TAAB30S 3.50¢
G skinted . 618 | 2API' 850 | 5ADPI 3500 | yCR5I7a- 3.00 | 7403 020 | 7427 035 | 7470 035 | 7497 367 | 74141 085 | 75 100 | TBA180Q 184
5o ::m;j& o030 | 28P1° 9.00 58p1° 500 | VCR517B* 3.00 7404 0.26 7428 0.50 772 0.36 74100 1.75 74142 3.00 74176 1.10 TBAS520Q 2.30°
et 020 | 38P1 600 | 5CPL° 500 | vCR5(7C* 300 | 7405 023 | 743 020 a3 036 | 74107 0.45 74143 300 | 74178 165 TBA530  1.88
Mazda Octal 020 | 3DP1° 500 | SCPIA  40.00 7406 055 | 7432 036 A 040 | 74109 086 | 74143 300 | 74179 185 | TBAS40Q 2.3
Nuvistor 025 | 3EGI* 7.00 SFPISA  5.00 | Tyupe Bases0.75 | 7407 0.55 7433 0.37 e 0.59 74110 0.57 74145 1.00 74180 1.65 TBA530Q 3.22+
i 95 | 3Fpr 300 | 3FP7° 500 | - =Surplus 7408 028 | 7437 0.42 76 042 | 7411l 0.86 | 74147 245 | 74190 148 | TBA360CQ3.22°
R o | e 500 | 5UpP7° 500 | vaTs% 7409 028 | 7438 037 780 080 | 74116 189 | 74148 200 | 74191 148 | TBAGT3 219+
oo ois | aupr 860 | DG7-5 2500 7410 020 | 7440 022 . 74118 095 | 74150 175 74192 125 | TBA700 152%
pin : 3Jp2° 8.00 DG7-32  36.00 7412 0.26 741AN 092 7183 1.00 74119 2.00 74151 0.90 74193 1.25 TBA720Q 2.30*
16 pin DIL 017 | 35570 1000 | DH3BI 3160 7413 045 | 7442 0.78 7484 10 | 74120 1.10 74154 200 | 74194 1.25 I'BA750Q 2.07%
Valve screening 7486 40 55
g 030 | 3KPI® 15.00 DH7-11  68.00 7416 0.40 7447AN 120 0. 74121 045 15 0.90 74195 110 TBAS90(Q 2.99*
cans all sizes £ 3RPI* 3500 | VCR97® 5.4 7417 0.40 7450 0.20 490 052 | 74122 0.60 74156 0.90 4196 1.20 TCA270Q
7420 0.26 7451 0.20 7491AN 085 4123 1.00 74157 0.90 74197 1.00 TCA760A 1.38*
Terms of busi CWO. P ge and packing valves and semiconductors 25p per order. CRTs 75p. Items marked " add 12 V2 %
VAT. Others 8%
t Indicates cheap quality version or surplus, but also available by leading UK and USA manufacturers. Price ruling at time of Ie:gpg(z"se7gg'677 2424/7
despatch. elex
A facilities ilable to approved panies with mini order charge £10. Carriage and packing £1 on credit orders. E&O.E.
Over 10,000 types of valves. tubes and semi conductors in stock.
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The SECOND-USER

Systems,Peripheral

Compulter
Specialists

Mini~-Computer
Exchange

Latest arrival —
Super PDP8 SYSTEM

DEC PDP8E 8K Processor
KCBEA Programmers Panel

KL8-M & KLBJA Serial Interfaces

RK8E Disk Control

2 x RKO5-BB Disk Drives

Mounted in standard DEC 4ft cabinet
complete with power supply. In immacu
late condition and highly recommended.
DEC PDP8M-ML Processor. 8K core

KCM8M Operations Panel
BRAND NEW!

DEC PDP8I System

8K Processor

6801 64-line communication system

DF32 disk drive and controt

Mounted in 2 standard DEC 6ft cabinets complete with
power supply

DEC PDP 11/40 System

28K core

TU10/TM 11 magnetic tape station and control
2 x RKOS disk drives and control

DEC TM/11/TU10 magnetic tape station brand
new in DEC 6 cab

DEC TUS5S5 single DEC tape diive complete with
brand new magnetic head

DEC PRS8E High-speed reader and control
DEC LA36 DEC writer terminal {paraliel interface)}

DEC KE11A Extended Arithmetic element complete
with backptane

DEC AFO01 Analog-Digital Converter and Multi Plexer
(rack-mounting unit)

DEC DF32/DS32 Disk drive and control plus

expander unit

EXTENSIVE STOCKS OF PDPS8E/
PDP81/PDP11

series interface, processor and special feature modules
let us know your requirements

AVAILABLE SHORTLY
PDP8E System

8K processor

PCBEA High-speed reade) / punch
LA30PD DEC writer with paraltel interface
3 x DF32EP disk drives

AFC8 A/D Convector

WANG 2200B-1 Systems
1) 4K Processor
CRT Display
Twin floppy disk drive (524K)
Matnix printer {180 cps}
2) 8K Processor
CRT Display
4.9 Meg. Diablo disk drive
Matrix printer {(1BO cps)

LARGE STOCKS OF ASR33 AND
KSR33

TELETYPE TERMINALS

* ASC11 Keyboard

* Hard copy umit {friction or sprocket paperfeed)

* Paper Tape punch and reader (ASR33 only)

* Line Unit (20mA/6V/80V}

Overhauled in our own workshops to the highest
standards and sold with 90-day warranty

Prices from £425 (KSR33) and £625 (ASR33)

Also available:
DATA DYNAMICS 0DD390 ASR and KSR

terminals with acoustic covers

CENTRONICS 102A twin-head printer
132 print positions. 330 cps
9 x 7 dot matrix

DIABLO Hi-type | dasy-whee! printer
30 cps (BRAND NEW, and offered complete with
interface module for Data General processor)

TEKTRONIX 611 Storage Display
11" CRT XY input, stored
resolution 400 x 300 line pairs

COSSOR DIDS 401-2A and 402-2A visual display
units, 13 fines of 80 characters, 600/ 1200 baud rate,
modified ASC11 code

Special Purchase of:
CATHODE RAY TUBES BY
RAYTHEON/BRIMAR

Ideal for Visual Dispiay units and monitors

70 12" diagonai screen

P4 phosphor tube

Electrostatic focus and magnetic deflection

Overall dimensions 10%" x 7%" x 17%" {(neck dia
1%") Brand new surplus in original manufacturer's
packing. Supphed with full technical data

Our bargain price £10.00 plus £6 carnage + 8% VAT
(send £17.28)

JUST RECEIVED A NEw CONSIGNMENT OF
CLARE-PENDAR ASC11-CODED REED-SWITCH KEY-
BOARDS. IDEAL FOR VISUAL DiSPLAY UNIT APPLICA-
TIONS

Equipment &
Componenls for
Data Processing

LARGE STOCKS
OF A WIDE
RANGE OF
KEYBOARDS
ALWAYS
AVAILABLE

KB8 KEYBOARD

« 78 Station ASC11 Keyboard including separate
numeric cluster. cursor control keys. and 6
special function keys

* Standard TTL logic

* Power requirements +5V @ 100mA and —12V @

4mA
* 8-bit ASC11 code {including parity)
providing full 96-character set with upper and
lower case outputs
* negative strobe with 4.0 ms delay
Overall dimensions 16%2 x 7% x 2''. supplied complete
with full technical data and circuit diagrams
PRICE' £55.00 + £1 25 p&p + 8% VAT (send £60.75)

DX8-CRT 96 station ASC118-coded TTL-compati-
bie 4 bank alphanumeric keyboard 8-bit code upper and
lower case alpha output plus separate numeric pad
Delayed strobe and 2-key rollover. Mounted in attractive
box overall dimensions 20% x 7% x 3%"

PRICE. £65.00 + £3 carriage + 8% VAT (send
£73 44)

558W3-1 54-station BCD-coded 4-bank alphanu
meric keyboard Hall-effect switches. Input +5vDC
negative logic and strobed output. two-key rollover Setin
attractive panel Incorporating 5 indicator lamps and
on/off switch. Dimensions 16%2 x 6% x 24"

PRICE £39.50 + £2 P&P + 8% VAT (send £44 82)

18-KEY PUSH-BUTTON CALCULATOR
KEYBOARD

Numerals 0-9 decimal point CK + — X =+ Mounted
on PCB overail dimensions 5% x 4% x %"

PRICE £4.00 + 50p P&P + 8% VAT (send £4 86)

MINIATURE MATRIX PROGRAMME
BOARDS:

Brand new X-Y Matrix boards, with 3mm grating 3 x 10
positions (1% x 1”) £4.00 40p P&P plus 8% VAT
{send £4 75}

SCOOP — up to 45% OFF manufacturer’s list prices

HAZELTINE 1000

Compact terminal providing 12 tine by 80 character
display {960 chs ), full/half Duplex MOS-shift register
memory with constant refresh. Underline cursor

New List Price £900.
OUR PRICE £525.00

Add 8% VAT to all

Exclusive Purchase from
Hazeltine —
World Leaders in CRT

Terminals
* Teletyp patible *12'' Diagonal Screen % TTY
Format Keyboard * 64 ASCII Chnmc(o\r—Sﬂ *5x7
Dot Matrix * Switch-sel ble Tr issi Rate
up to 9600 baud % Switch-selectable Parity #
Standard CCITT V.24 Interface

HAZE LT' N E 1 200 All the features of the
Model 1000 but with double screen capacity of 1920
characters (24 lines of 80) Reverse block image Cursor

New List Price £941.
OUR PRICE £725.00

HAZELTINE 2000

Superb buffered terminal with full edit facilities. 1998
character capacity (27 lines of 74), detachable ASCII
xeyboard inctuding 10-key numeric pad and 13-key
edit/cursor control cluster Selectable transmission
full /half Duplex or batch

New List Price £1649.
OUR PRICE £895.00

Callers welconie

wown. | =] = ELECTRONIC BROKERS LIMITED (ComputerSales&Services Division) o wfrvs-

Carriage extra
detalls on request, ="

www americanradiohistorv com
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buy, lease or rent:

Teletype 33 and DD 390 (10cps) printer terminals

DECWRITER LA36 and DD303 (30cps) printer terminals

— - ‘
OKIDATA 11066 Iom) and Teletype 40 (300 1pm) high- speed printers £14.95 £29.99
+ VAT £1 20 per pair
Lear Siegler ADM 1,2 and 3A wideo keyboard display Latest transistorised Telephone Amplifier + V.AT £3.75

Teletype 40 (7200 baud} asynchronous and synchronous displays
DD Paper tape punch range (up to 110 cps)

for prompt delivery

telephone London(01) 848 9781
Edinburgh (031) 226 6201
Manchester (061) 224 3306

935429
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NEW T AMERICON STVLE CRADAL

TELEPHONE AMPLIFIER

L
&

is completely automatic with detachable
plug-in speaker. Ptacing the receiveron
to the cradle activates a switch for
immediate two-way conversation with-
out holding the hand-set. Many peopie
can listen at a time. Increase efficiency
in office, shop, workshop. Perfect for
‘‘conference’”” calls: leaves the user's
hands free to make notes. consult files.
No long waiting. On/Off switch. volume
control. Model with tape-recording
facility £16 95 + VAT £1 36 P &P 87p
C W O 10-day price refund guarantee

NEW IMPROVED

NO BATTERIES
~ 1O WIRES

ONLY

Made to High Safety and Telecommunica-
tions Standards The modern way of instant
2 way communications. Suppled with
3-core wire Just plug into power socket
Ready for use Crystal clear communications
from office 1o office Operates over V2-mile
range on the same mains phase On/off
switch Volume control Useful as office
intercom, surgery and homes,
office and warehouse Full price refund f
returned 1n 10 days Six months’ service
guarantee. P & P 97p

WEST LONDON DIRECT SUPPLIES (W/W)
169 Kensington High Street, London W.8

betweer, .|’

C.H.L. CONCOURSE

\ T.T.L. 74 I.C.s By TEXAS,
\ NATIONAL, I.T.T., FAIRCHILD, Etc. \
’ I E I 7400 14p 7428 40p /383 85p 74131 100p 74162 80p 74177 100p 74191 140p~
R U M N \ 7401 14p 7430 15p 7485 100p 74132 65p 74163 90p /4178 140p 74192 120p
7402  14p 7432 25p 7486 30p 74135 100p 74164 125p 74179 140p 74193 120p \
7403 14p 7437 2Sp 7489 250p 74136 80p 74165 125p 74180 100p 74194 100p
7404  14p 7438 25p 7490 35p 74137 100p 74166 125p 74181 200p 74195 100p \
7405 14p 7440 15p /491  7ISp 74138 125p /4167 325p 74182 75p /4196 100p
7406 40p 7441 65p 7492 45p 74139 100p 74170 200p 74184 150p 74197 wop\
7407 40p 7442 @5p 7493 40p 74141 60p 74173 150p /4185 150p /4198 185p
- 7408 20p 7445 80p 7495 60p 74142 220p 74174 100p /4188 350p 74199 nsp\
o e ] @ R 7409 20p 7446 85p 7496 70p 74143 270p 741/5 75p 74189 350p
Al oncourse X Of 4l 7410 1Sp 7347  75p 74100 95p 74144 270p 74176 100p /3190 140p
instrument cases are manufactured 7411 20p 7448 70p 74104 40p 74145 75p
trom PVC coated steel in a simpie two 7412 20p 7450 15p /4105 40p 74147 230p q \
piece construction giving maximum 7413 30p 7451 15p 74107 30p /4148 160p ll-gg;: :;goo %omosz?:aooo
access to chassis mounted compon- \ ;3:2 gg ;:gg ::: ;31(\)3 gg: ;j:g(l) I:g: - .
ents 7417 30p 7460 15p 74120 90p 74153 65p WIRE WOUND RESISTORS BY VTM \
7420 15p 7470 30p 74121 25p 74154 120p 5K 9 Wets
7422 20p /472 2%p /4122 741155 70p 10 1o, £1.00
White or phone for further details 7423 28p 7473  30p 74123 60p /3156 70P 100 for £6.00
\ 1425  25p 7474 30p 7A\22 50p 73\28 ;3: 1000 for £50.00
7426 25p 7475 30p 74126 SOp 743 10 000 for £400.00
cAprqL.chn";po';;q:' 7427 25p 7476 30p 74130 130p 74161 90p
Applob: s:' ' All pnces nclude Postage and VAT at 8 o1 12% 7 as appropriate \
e Soles office \ XEROZA RADIO

Blackbum 56546

Skelmersdale 20747

.

‘

306 ST. PAUL'S ROAD, HIGHBURY CORNER, LONDON, N.1 - Telephone 01-226 1489

T ITTITTTIIITIE.
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NEW COMPONENTS

Resistors 5% carbon E12 1Q to 10M,
YaW 1V2p. present pots subminiature
01W E3 1000 to AM7 verucal 9p.
horizontal 9p. potentiometers 0 25W E3
4K7 10 2M2 log rlin single 30p. dual 95p.
polystyrene capacitors E12 63V 22pf to
8200pf 3Vap. ceramic capacitors ver:

TV GAMES CHIP

AY-3-8500 £11.50. Printed circuit and kit
of extra parts £9.95. Colour model £24.95.
Send sae for data

BATTERY ELIMINATOR BARGAINS
3-WAY MODELS

With 4-way muiti-jack connector Type 1 —
3/4%/6V a1 100mA £2.30. Type 2 —

HIGH QUALITY
LOW DISTORTION
OSCILLATOR

An ideal instrument for testing

50V E6 22pt to 4700pt 3p. mylar | 6/7%/9V 300mA £2.90. hi-fi systems.

capacitors 100V, .001. 002. 005 4p. | 100MA RADIO MODELS Designed by Mr J. L. Linsley - -
01. 02. 025 4V2p. polyester capaci. With press-stud connectors 9V £3.45. 6V Hood =

tors 250V E6 .01 to 1mf 5V2p. .15, 22 £3.45. 9+9V £5.15. 4% +4'4V £5.15.

7p. 47mf 11p. electrolytics 50V 47 1. 6+6V £5.15 Kit price, £19.50 + Taxat8%.P/P & Ins , £1.00. Made and tested,
émf 5p. 25V 5, 10mf 5p. 16V 22.47mf | 150MA CASSETTE MODELS £23.

18082(’):1;"7;)“3’2'0233. :(;,grr:\;\/‘E‘Z':l. 7%V with 5 pin din plug £3.65 Specification — Frequency range: 10 Hz-100 kHz in 4 steps

3v3 to 33V 8 Vap.

FULLY STABLIZED MODEL £6.40
Switched 3/6/7%/9V 400mA

MAINS TRANSFORMERS

BATTERY ELIMINATOR KITS
100mA radio types with press stud battery

Output: 10mV—1 volt in 3 steps
Sine- and Square-wave forms: Dist below 02%
Attenuator: Powered by 9 V battery

6-0-6V 100mA 94p. 9-0-9V 75mA 94p. | terminals 4%V £2.10. 6V £2.10. 9V Other instruments: MILLIVOLTMETER, FREQUENCY METERS, 60 V I A
12-10-12v 50mA 94p. [£2.10. 4%V+4%V £2.50. 6V+6V REG P.SU., F.M. SIG GEN.. DISTORTION ANALYSER A/so. HI-FI AMP
0/12715/20/24/30V 1A £3.85. | £2.50. 9v+9V £2.50. KITS 10-100 W. F.M. TUNERS, KEF SPEAKER UNITS.

0/12/15720/24/30V 2A £5.15

60-6V 1A £2.75. 9-0-9V 1A £2.39.
12-0-12V 1A £2.69. 15-0-15V 1A £2.89.
30-0-30V 1A £3.59.

PRINTED CIRCUIT KITS, ETC"
Containes etching dish 100 sq ins of pc
board. 1 Ib fernc chlonde. etch resist pen,
dnll brt and laminate cutter £3.85. 1 Ib
fernc chioride £1.05. 100 sq ins pc board
80p. etch resist pen 75p.

S-DECS AND
T-DECS"

Stabilized 8-way types transistor stablized
to give low hum
3/4%/6/7%/9/12/15/18V  100mA
model £3.20. 1 Amp model £6.40.
Heavy duty 13-way types
A% /6/7/8%/11/13/14717/21/25/28
1A £4.85. 2A £7.95.

Car Convertor kit Input 12V DC Output
B/72/9V 1A regulated £1.95.

Stablized laboratory power kit Switched
110 30V ino 1V steps 1Amp £12.45. 2
Amp £14.95. ’

SINCLAIR IC20
1C20 10W+10W stereo amp kit with

1

SA E for further information to

TELERADIO ELECTRONICS
325 FORE STREET, EDMONTON, LONDON, N.9
Telephone: 01-807 3719

MAIL ORDER PROTECTION

15,_85((:: g; 69: ,_/\‘ printed circuit £6.95. PZ20 power supply sc H E M E
' - i TERaa for above £3.65. VP20 control and preamp o R R &R
sgsgé gg:; V:J:Y kit £8.95. Send sae for data (lelted L'ab'l'ty)

16 dil IC carriers £1.91

SINCLAIR PROJECT 80 MODULES

JC12 AND JC40 AMPLIFIERS
JC12 6W IC audio
amp with data

If you order goods from maii order advertisers in this

magazine. except for classified advartisements.

and pay by past in advance of delivery. Wirsless World will consider you for compensation if the

o, advertiser should becoma insalvent or bankrupt. provided
PZ5 £4.95. 240 £5.75 and printed ey T e, : L. p '
BI-PAK AUDIO MODULES circuit £1.95. NN , 1. You have not received the geeds or had your money returned: and
$450 tuner £21.95. AL60 £4.86. PA100 Also new JC40 BN )\‘ J : 2. You write lo the publisher of Wireless World sxplaining the position nol earlier than 28 days from
£14.95. MKB0 audio kit £36.45. Stereo | 20W model with = fﬁ "“J/,'{ ‘Iho day you sent your order and not fater than 2 monihs fram that day.

30 £17.95. SPM80 £3.75. BMT £4.25

FERRANTI ZN414
IC radio chip £1.44. Extra parts and pcb for
racio £3.85. Case £1 Sae for data

ncb £3.95. Send sae
for free leaflet

SINCLAIR MICROWONODERS
Sinclair  pocket TV £165. camb sc
programmable £13.95. camb scienufic
£8.45. Oxford scientific £10.60.

Please de not wail until the last moment to inferm us. When you writs. wa witl tell you haw to make your

claim and what evidence of payment is required.

We guaranies to meet ctaims from readers made in accordance with the above procedure as soon as
pessile after the advertiser has been declared bankrupt or insolvent up to a limit of

£3.550 per annum for any ons advertiser so affected

and up to £10.000 per annum in respect of all

msolvent advertisers. Claims may be paid for higher amounts. or when the above procedurs has not
been complied with. at the discretion of Wireless World: but wa do not guarantes to do so in view of the

need to set some Hmit to this commitment and to iaarn quickly of readers’ difficulties.

This querantee cavers only advance paymenls sent in direct respsnss 1o an advertissment in this
magazine [nol. for example. payments made in rasponse to calalogues. efc.. received a3 a result of
answering such adverti ). Parsonal adverti are

DEPT WW, PO BOX 68, 32 GOLDSEL RD. SWANLEY, KENT BR8 8TQ
Man order only No callers Send sae for free data on kits Post and packing 30L Prices
include VAT Official orders welcome Overseas customers deduct 7% VAT on items marked”
and 11% on others
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Strobes, Tachos,Meters, Generators and Telecommunications Test Equipment

NEW FUNCTION
GENERATORS!

G432 is a source of sine, square
and triangle signals, 1Hz to
1.1MHz. 5V from 501, via
attenuator.

Also independently

£115 10V from 6000
fixed level. Variable
d.c. off-set.

G430 (illustrated) provides Sine-
wave (0-10Vrms) and Square-
wave (0-20V p-p) from 6001,
continuously variable, via 0-60dB
step attenuator. Frequency range
THz to TMHz.

£95

Add 8% VAT to all
prices shown.
Carriage extra
details on request

Send for
details of our
complete range'

NEW POWER SUPPLY UNIT!

Model PG312 ‘Hercules’
(illustrated above)
This high-power (180 watts, max) bench p.s.u. features
dual protection — a currentlimiter PLUS an electronic
cut-out proof against persistent short circuits
* 10 to 15 Volts, vanable, at 12
Amps, maximum % Ripple less than
10mV at full-load * Stability 0.3%

Send for full details of our range of power supply
units

| = = ELECTRONIC BROKERS LIMITED (New Products Division)
] =" = 49-53PancrasRoad,London NW1 2QB. Tel:01-837 7781

Units

Hercutes'' is just one example of our new and
expanding range of laboratory Power Supply

We can also supply. from stock

73-15 Ot 165V @ 3A
73-40 410 40V @ 2A
160N 010 25V @ A

Send for full specifications

610 14V @ 2 5A
310 15V @ 2.5A
12.6V @ 2A

£22.00
£29.50
£15.95
£47.50
£49.50
£59.50

NEW TRANSISTOR

TESTERS!
KDP Model TT1

This compact unit
facilitates the rapid
checking of junction
transistors (NPN or
PNP}), indicating a
fault in either
junction, excess
leakage current
PLUS a spot-check
of d.c. current-gain.

£23

Invaluable in any
Service Department
or Development
Laboratory.

£69

See inside back’™
cover for details
of ICE Super
range of multi-

OR FURTHER DETAILS

Callers welcome—
Monday to Friday
9am. to5pm.

reprints

If you are interested in a particular article/
special Feature or advertisement published in
this issue of

WIRELESS WORLD

why not take advantage of our reprint service.
Reprints can be secured at reasonable cost to
your own specifications providing an attractive
and valuable addition to your promotional
material.

For further details contact:
Brian Durrant, IPC Electrical-Electronic Press Ltd.
Phone: 01-261 8597 or simply complete and
return the form below.
—— — - — _ o - . >"
To: Brian Durrant, Reprints Department
Dorset House, Stamford Street, London SE1 9LU

laminterested in...................... copies of the article/

advertisementheaded............................. featured in
WIRELESS WORLD

on page(s).......... intheissuedated .................ceein

Please send me full details of your reprint service by
return of post.

A FEW OF THE
MANY BIG FEATURES

@ Wow Flutter 0.1 5%, peak

@ Rumble -60dB weighted

@® Removeable headshell

€ viscouse damped

cueing device

® Easily adjusted tracking
force and bias setting

@ Two speed. 16 pole
synchronous motor
@®Dimensions 37.8x28.3cms

www americanradiohistorv com

BELT DRIVE TURNTABLE
CONSTRUCTION KIT

Complete with SAU2 arm, template and easy-to-follow
instructions. Ready for operation in a short time.

BRAND NEW
IN SEALED CARTONS

12 MONTHS GUARANTEE

OUTSTANDING VALUE
R.R.P.£31.50

OUR PRICE

£16-95

(+£1.50p/p &ins)

Plinth and cover available £12-50 (+ £1-75p/p & ins)
Goldring G800 Cartridge £4-50. Call in or send a cheque, P.O,
M.0, or Access, Barclaycard, American Express or Diners
Club number.

Lion house=’

227 Tottenham Court Road, London W.1. Tel 01-580 7383


www.americanradiohistory.com

Hectronic

The Test Fquipment People

SIGNAL SOURCES

ADVANCE
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Signal Generator J4. 10Hz-100KHz 600
ohms impedance, Sine & Square Brand
new condition £150.00
V.H.F_Square wave Generator SG21. 10
KHz-100MHz Max. o/p 2V . £50.00
H1 Audio Signal Generator. 15Hz-50KHz
Sine and Square £35.00
R.F Signal Generator
10KHz-100MHz £76.00
H1E Audic Signal Generator. Sine &
Square Wave 15H2-50KHz. 200V to 20V
(Sine). Distortion 1% 14mV to 140V
(Square). Brand new condition  £70.00
Type PG59 Puise Generator 2 Channel,
double pulse. Functions: Frequency.
Width. Rise & Fall Time. Amplitude,
Offset, Delay, Prepuise & Gate. Repetition
Freq. 1Hz to 10MHz (20 MHz in double
pulse mode Delay & Width 25
nsecs/ 1sec. Full specification on request
£625.00
Type SG67A Wide Range Oscillator Freq.
Range 1Hz-1MHz. Sine or Square. Qutput
Amplitude up to 2.5V. Battery operated
9

Type J1 Audic Signal Generator
15Hz-50KHz. Output 0.25V to 25V at
impedance 600 ohms or 5 ohms £50.00
HEWLETT PACKARD

10515A Frequency Doubier. Extends the
usable frequency range of signal
generators. Operating on input frequen-
cies 0.5MHz to 500MHz it provides a
doubled output in the range of TMHz to
1GHz. The frequency response of this 50
ohm device is very flat (< *+ 2dB typically)
over the entire frequency range and
undesired harmonics are well suppressed
Brand 211A Square Wave Generator
1Hz-1MHz £75.00
F.M./A M. Signal Generator 202H F M
AM. C.W. & pulse coverage 54 10 216
MHz R.F o/p 0.1pV-0.2V 500hms Im

pedance £495.00
Audio Signal Generator 206A
20Hz-20KHz *2% accuracy. Distortion
1% £90.00
612A-U H.F Signal Generator

450-1230MHz. 0 1V-0.5V (500hms)

A M. Internal & external. Pulse mod

facilities. SUPERB CONDITION
£1250.00

MARCONI INSTRUMENTS

TF1060 U.H F. Signal Generator

450-1250MHz  Sine wave and puise

am £350.00
Signal Generator TF867. T5KHz-30MHz
o/p 0.4uV-4V. Int. & Ext. mod. Supplied
£185.00

with Terminating unit

-
TF2005R Two Tone Source. The
instrument comprises two identical low
distortion a.f. oscillators and a monitored
attenuator unit, 1o form a compact test set
for the measurement of inter-modulation
distortion using the methods recom
mended by SMPTE and CC.IF
Frequency range: 20Hz to 20KHz in six
bands (each oscillator can be adjusted and
used independently). Harmonic distor-
ton. Less than 0.05% between 63Hz and
6KHz when using unbalanced output
Generally less than 0.1% under other
conditions Intermodulation Below
-8B0dB with respect to the wanted signal

Amplitude: Reference Level: Up to
+10dBm from each oscillator. Output
attenuator 111dB in 0.1dB steps. Output
impedance. 600% unbatanced or 6002
1508 or 752 balanced and centre-tapped
85.00

F.M /A M Signal Generator TF
995A/3S. Ministry type No. CT402
1.5MHz-220MHz. R.F 0/p 2uV-200mV
Internal & External Mod. Facilities V good
condition £385.00
AM. Signal Generator TF801D/ 1 Freq
range 10-470MHz R.F. output 0.1p-1V
Piston atienuator. 50ohms tmpedance
Moduiation Int AM. 1KHz. Ext. AM
30H2-20KHz. Low spurious F.M. & drift
V.SWR. 1.2o0rless £400.00-£800.00
A.M. Signal Generator TF801D/1S
Military version 10-485MHz
£450.00-£800.00
R C. Oscillator TF1370A 10Hz-10MHz
Square Wave up to 100KHz High Outputs
upto 31.6V £285.00
Phase/A.M. Signal Generator TF 2003
0.4-12MHz £€150.00
AM Signal Generator TF 801B/3S
12.485MHz. 0. 1uV-1V £195.00
R.C Oscillator TF1101. Frequency range
20HZ-200KHz Qutput Direct into
60000-20V vanable. Attenuator 0.6dB in
10dB steps. Impedance: 6002 Distor-
ton: Via 1KHz Filter less than 0.1
Direct or via Attenuator Less than 0.5%
S50Hz-20KH2 Less than 19
20Hz-200KH2 £€120.00-£150.00
Signal Generator TF144H/4. Later
models in super condition
£500-00 to £650.00
MF/HF Signal Generator TF2002
10KHz2-72MHz. 100% A.M depth Int
AM. Variable from 20Hz to 20KHz R.F
0/p. 0.1pV 10 2V Solid State  £675.00
AM/FM Signal Generator TF995B/2
£675.00
MARCONI-SANDERS
Microwave Sweep Generator type 6600A
¢/w 6619 piugin 1 7GHz-4 2GHz
£2,900.00
MUIRHEAD L F Decade Oscillator
DB8BOA. 2-phase 0.01Hz-11.2KHz
£295.00
Decade Oscillator DBY0D. 1Hz-11 2KHz
£260.00
PHILIPS
PMS501 Colour bar generator. Extremely
light and compact instrument for mobile
maintenance, 5 different test patterns for
cotour and black/white TV installation
and service. R.F_output signal switchable
VHF. Band Il and UHF Band IV. 1KHz
tone for sound performance checks (sine

wave) £165.00
50MHz Pulse Generator PM5712

£435.00
Pulse Generator PM5775 £800.00
Pulse Generator PM5776 £800.00

L.F. Generator PM5105 10Hz-100KHz
Sine & Square Wave 2V(RMS)
Stabilised o/p. Low Distortion: <0 8%
{10Hz-100KHz) £156.00

Type PM5334 TV Sweep Generator 8
ranges 3MHz-860MHz Sweep freq
adjustable 8-50Hz 1 variable and 3 fixed
markers. 75 ohm impedan