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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
WW-—001 FOR FURTHER DETAILS
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speaker. An article on the
design and construction of a
small, closed-box speaker,
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Microwave voice link. A
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link, using a similar type of
microwave diode and
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described. Full construc-
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Some experiments involv-
ing live performances throw
fresh light on this contro-
versial subject.
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INSTRUMENTS THAT STAY ACCURATE

With P.I.L. fast becoming the most
comprehensive instrument stockist in the
U.K., offering instruments manufactured by
over 60 established world-wide companies,
and the expertise of |.E.C. in the repair of
virtually any type of electrical as well as
many types of electronic measuring

why you are dealing with

companies that are expertsin the field of
electrical measurement.

Soremember, the next time you need
our kind of help — take a generous measure
of P.l.L.or |.E.C., you canrely on it — always.

Precision Instrument Laboratories
Instruments Electrical Company Limited

Instrument House, 212 llderton Rd.,
London SE15 INT
Tel: 01-639 0155 Telex: 8811854

instrument, you will see
PEEI

[EE

The name droppers.

WW — 092 FOR FURTHER DETAILS
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LOW COST VOLTMETERS
from the
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PORTABLE INSTRUMENTS
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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

AS SUPPLIEDTO
THEHOMEOFFICE,
LONDON.
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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
-M
[SE,LA\JSPngSES EARHANGERS

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

ANASON

DANASOUND 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?

l

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



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

CAMERA TUBES

ol .

DGITAL
SSPLAY TUBES

RTand PHOTODECTORS
STORAGE TUBES

LASERS

‘ ‘ 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

a4 ..- 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 4o »mmma.n =

4 EmhE R

.

ey
e Ve mAD A~ W0 SemO

| 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

et

-

e g N MSSES

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

Instruments

% est & Measuring pH I I-I ps
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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

Eelephone

Response I
Analyser and the
RTS2 Audio Test I

Set.

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

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

Components ITT

WW—018 FOR FURTHER DETAILS

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

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 ————_————
DC volts in 5 ranges: 100uV to 1000V. — 1
To: Sabtronics (U.K.) Ltd.
50 Galiton Road
Westcliff-on-Sea, Essex

AC voits in 5 ranges: 1004V to 1000V.
DC current in 6 ranges: 10nA to 2A.

AC current in 6 ranges: 10nA to 2A.
Resistance in 6 ranges: 1) to 20M().
Input Impedance: 10M().

Display: 9mm (.36') LED.

Power requirements: 4.5 VDC to 6.5 VDC.
(4 "'C"" cells - not included).

Size: 8"W X 6.5"D X 3.0"H.

r
|
|
|
|
I Piease send me . . . . . Sabtronics Model 2000 DMM
|
|
(203W X 165D X 76H mm). ] Total enclosed herewith: £.......
: |
|
|
|
|
|
|
|
|
L

Kit(s) at £69.95 each incl. V.A.T. and Postage.

ORDERING INFORMATION FOR READERS QUTSIDE THE U.K.

The price listed 1s for readers in the U K only which includes import
dutes and VA T

For readers in overseas countries the price 1s £49 95 plus £5 00 for
Handling and postage. not included are any import duties or other taxes
levied upon receipt of goods overseas Payments from overseas
customers should be made only by Bank drafts or International money
orders and payable to Sabtronics International Orders should be sent to
Sabtronics International Ltd.

Winkelriedstrasse 35

6003 Luzern

Switzerland

Readers Overseas please see ordering Information.

)
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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
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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 / 15 / 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.

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



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
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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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Jointhe 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 Theshe courses were written 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

SCIe-ntISt 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 Address
A
I .

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

e e e e e o e e e e e e o e o 2
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,@rd ners

~a\s

ROW b\ .
Y®TheBest

of British

(Gard ners)

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

by & 2% 16y
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

b s e e Lo s ) 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
STATEK! 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




Wireless World, September 1977

L AND
- ANAY

b

D

L=

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.

-1 L/[ LT L B B P I T ) R I i

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
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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
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\OW OMETONTION GICR{ATOR  TYIE CB WWE

LIKE OUR NEW LOW DISTORTION

OSCILLATOR/FREQUENCY COUNTER. This 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 to 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




"He's asking
fora
| reed relay
assembl

with a 30kV
ISolated coll”

People otten bring their neeu 1o us. They know the
Whiteley speciality. Being helpful! And the item that
started life as a customer request, joins the Whiteley
product list, ready to help other designers over a problem.
You, perhaps? Consider a neat relay assembly — one or
two dry reed switches with a rating of 25W, housed in a
mounting tube, with either ‘normally open’ or ‘change-
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 tag strips. |f you're interested,
ask for a data sheet. But more, keep Whiteley in mind
as the people who make useful things.

\ manufacturm}g
& yourelectrica
~Oe? and electronic
requirements.

Whiteley

Whiteley Electrical Radio Co. Ltd.
Mansfield, Notts NG18 BRW, England. Tel: 0623 247'62‘

WW — 025 FOR FURTHER DETAILS
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NEAL streo
[NEAL 3 CHANNEL AUDIO VISUAL

[NEAL 4 CHANNEL RECORDERS

140Series
. 4 Channel

CASSETTE
RECORDERS
FOR THE
PROFESSIONAL
USER

Special modets
to order

102AV, 103AV STEREQO AV DOLBY
4 CHANNEL
HEAVY DUTY REPLAY

NEAL Range includes:
102,103 STEREO DOLBY 140SERIES
110 MONO AV DOLBY 104

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
PCB’s,...

... you need
the Seno

'GS Etching

System!
; 1, iy
< @L{fﬁyg - \l’ g

A unique sealed-bag
etching system, designed
to facilitate accurate, rapid
and safe etching of PCB's. direct.

From your usual
component supplier or

A complete kit, comprising
sealable system, etchant,

Send in the coupon below
for details of the Seno /33
buffer, storage box and range of aids to PCB
neutraliser. All for only £4! preparation.
.y ¢ ¢ _§ § § F F B ] \

' Decon Laboratories Ltd. Freepost, Portslade, \
Brighton BN4 1EQ (no stamp needed)

I Name: - I

I Address = I

‘ - Phone 0273-414371 '
Qe cxe e S
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rise and fall . . .

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.

-
Northem(Stocknst: ) wldne P.0.Box 133,
Widney Dorlec (Northern) Ltd. R Al
181a Bramhall Lane, Birmingham B4 7BD.

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
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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

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




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.

[TT Instrument Services,

Edinburgh Way, Harlow, Essex.
Telex: 81525.

WW—019 FOR FURTHER DETAILS

| 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

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

() ——
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= 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

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

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).
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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

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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Band 1l ferrite aerial unit
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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.

1pH _lpH
IS > * I SPO0 ——O +6V
10n
100k o-5pH
10k
e RCA S
U — 565 ‘—I'—()Output
10n
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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,

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-

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

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

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

.




58

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.
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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

feedback
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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.



60

Wireless World, September 1977

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

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.

le——
le— < —»
o

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
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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

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
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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

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

!
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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.

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 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.
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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.
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(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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