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The sclloscop with a diff
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...... the difference is that it measures amplitude
against frequency (instead of time). This comparatively
small change has led to our instrument being called a
“Spectrum Analyser™ which, in turn, has caused

oscilloscope users to believe it’s for a completely different

job, “they are complicated things used only by boffins
and people concerned with light waves or something™.

But — excuse us - that’s
where they're wrong. Our TF 2370
is easier to use than many
oscilloscopes, it has a frequency
range from 30 Hz to |10 MHz and
gives much, much more information
about waveforms of nearly all types
than does a ’scope. And it has a
built-in digital frequency meter and
sweep (tracking) generator of its
own so you can check amplifiers
and filters too.

Signals are displayed with the
fundamental, harmnnics, sidebands
and spurious content all clearly
indicated and quite distinct from
each other. You can see the
waveform as it really is and

FREQUENCY MHz

measure hum, distortion, modulation depth and all
sorts of things to an accuracy impossible on a 'scope -
even on signals which 'scopes show as being ‘pure’.

Our special digital store and television display
system gives you a steady ‘infinite persistance’ picture on
which you may also compare your ideal waveform with

AMPLITUDE

.

f
My

Y

THE OSCILLOSCOPE
CISPLAYS THE SUM OF
THE FREQUENCY
COMPONENTS.

TIME

FREQUENCY

THE SPECTRUM ANALYSER
DISPLAYS THE DISCRETE
FREQUENCY COMPONETS.

your actual live image. The graticule
is electronically generated - so no
parallax errors — and you can move
it up and down, or sideways, or
expand it, all at the twist of a knob
or two.

Whether you are involved in
design, production, calibration,
maintenance or indeed virtually any
application where oscilloscopes are
used, you will find that the TF 2370
Spectrum Analyser will provide a
faster, easier, more informative and
accurate answer to nearly all your
questions.

If you're still a sceptic ask us
for literature or, better still, ring
us for a demonstration.

e
IMI MARCONI INSTRUMENTS

Marconi Instruments Limited - Longacres - St. Albans - Hertfordshire - England AL4 0JN - Tel: (0727) 59292 - Telex: 23350

Marconi Electronics Inc -
Marconi Instruments -

100 Stonehurst Court - Northvale - New Jersey 07647 USA - Tel: (201) 767-7250 - Twx: 710-991-9752
32 avenue des Ecoles - 91600 Savigny-Sur-Orge - France - Tél: 996.03.86. - Télex: 60054!.F

Marconi Messtechnik GmbH - 8000 Miunchen 21 Jorgstrasse 74 - West Germany - Tel: (089) 5820 41 - Telex: 5 212642

Ww—00l FOR FURTHER DETAILS
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Front cover shows part of Afghan-
istan imaged for land resource map-
ping by Landsat satellite and sent by
radio to NASA receiving station.

wireless
world

ELECTRONICS /TELEVISION/RADIO/AUDIO

MARCH 1978 VOL 84 NO 1507

IN OUR NEXT ISSUE

Cassette-deck calcula-
tor programmer enables
a simple, four-function
calculator to carry out
complex functions under
the controf of a pro-
gramme stored on"an or-
dinary audio cassette.

Microwave landing sys-
tems. ICAO will take a
decision in April on the
system to be adopted in-
ternationally. This article
will describe the several
competitors, together
with some background
on the subject.

Also in the April issue will
be the last in the series of
articles by S. Fedida on
Viewdata.

33 Electronics and unemployment

34 Loudspeaker coloration
by D. A. Barlow

38 News of the month
The Crown and the Home Office / Racal trial results /
Defence research

40 World of amateur radio

41 Audio amplifier design
by P. J. Baxandall

46 IEA ‘78

47 Logic design
by B. Holdsworth and D. Zissos

Current i1ssue price 40p, back issue
(if available} 50p. at Retail and
Trade Counter, Paris Garden, Lon-
don SE1.

By post, current issue 55p. back
issues (if available) 50p, order and
payments to Room 11, Dorset
House, London SE1 9LU.

Editorial & Advertising offices:
Dorset House, Stamford Street,
London SE1 9LU.

Telephones: Editorial 01-261
8620 Advertising 01-261 8339
Telegrams/Telex: Wiworld Bis-
nespres 25137 BISPRS G. Cables.
Ethaworld, London SE1.
Subscription rates: 1 year. £7.00
UK and overseas {$18.20 USA and
Canada).

Student rate: 1 year, £3 50 UK
and overseas ($9.10 USA and Ca-
nada).

Distribution: 40 Bowling Green
Lane, London ECIR ONE.
Telephone 01-837 3636.
Subscriptions: Oakfield House,
Perrymount Road, Haywards
Heath, Sussex. RH16 3DH.
Telephone 0444 59188, Sub-
scribers are requested to notify a
change of address.

USA mailing agents: Expediters of
the Printed Word Ltd. 527 Mad-
ison Avenue, Suite 1217, New
York, NY 10022. 2nd-class postage
paid at New York.

IPC Business Press Ltd, 1978

ISSN 0043 6062

53 Letters to the Editor
Digital electronics lacks sound theory/ Phase-filtering with time reversal/
The ear in phase audibility

56 Stereo coder
by T. Brook

59 Circuit Ideas
Cross-coupled transistor bridge

Multiple station two-way intercom Programmable strobe

63 Analogue gate applications
by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams

64 Broadcast frequencies

65 Integrated-circuit memories
by John Dwyer

73 Pickup arm design techniques
by Tejinder Singh Randhawa

77 M.icrocomputer design
by P. Pittman

e
ibpa ABC
mmieanond Busaese W L.
Prev Busod ates

83 A basic radio telescope
by J. R. Smith

85 New Products
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The world bver_ Forhigh quality electronic valves,
semiconductors and integrated
= circuits — and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
throughout the world. Haltron product

best SerVice quality and reliability are clearly

confirmed. The product range is very,
very wide. And Haltron export

from Ha ltron expertise will surely meet your

requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,
Cray Avenue, St. Mary Cray,
Haltr ) orington, Kent BRS 30..
. - Telephone : Orpington 27099
Telex: 896141

WW —~072 FOR FURTHER DETAILS
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LOW COST TESTERS

INSULATION TESTER

e Y
£y

® .

= T
&
.QW)'
e PP
’ v
PP 0 o :

A logarithmic scale covering 6 decades Is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current available is limited to a
maximum value of 3mA for safety and capacitors are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES

10M Qto10TQ (1073 Q) at 250V, 500V, 750V and 1kV.
TMQto 1T Qat 25V, 50V and 100V.

100k Q10 100G Qat 2.5V, 5V and 10V.

10k Q010G Qat1Vv.

Accuracy +15% +800 Q on 6 decade logarithmic scale.
Accuracy of test voltages +£3% +50mV at scale centre.
Fall of test voitages < 2% at 10pA and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100uA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA, 200mV
at 100nA and 400mV at 100pA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3sforresistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1uF on 50V to 500V.
Discharge timeto 1%is 0.1s per pF on CAL position.
RECORDER OUTPUT

1V per decade +2% with zero output at scale centre.
Maximum output 4+ 3V. Output resistance 1k Q.

v, £120

LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 6SD
Tel: 01-449 5028/440 8686

LEVELL

PORTABLE INSTRUMENTS

TRANSISTOR TESTER

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
checked from 1uA to 100mA. Breakdown voltages up to
100V are measured at 10pA. 100pA and 1TmA. Collector to
emitter saturation voltage is measured at TmA, 10mA, 30mA
and 100mA for I -/l g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lcso &lggo:10nA. 100nA, 1pA, 10pA and 100pA f.s.d.
acc. £2%f.s.d. £1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V, 80V, 100V
120V, and 150V acc. £3% +£100mV up to
10uA with fall at 100pA < 5%+ 250mV.

10Vor100Vis.d.acc +2%f.s.d +1%at
currents of 10pA, 100pA and TmA +20%.

10nA,100nA, 1pA .. . 10mAf.s.d. acc. +£2%
f.s.d. +1%atfixed | of 1pA, 10pA, 100uA,
1mA, 10mA, 30mA, and 100mA acc. +1%.

3inverse scales of 2000to 100, 400 to 30 and
100to 10 convert ! 5 into h g readings.

1Vf.s.d.acc. £20mV measured at conditions
onhpg test.

Vee (sat)’ 1Vfs.d.acc. £20mV at collector currents of
1mA, 10mA, 30mA and 100mA with | c/ls
selected at 10, 20or 30 acc. +£20%

DIODE & ZENER DIODE RANGES

IoR As | g g transistor ranges.
\TE Breakdown ranges as BV - g  for transistors.

VpEe: 1Wfs.d. acc. £20mV atl e of TpA, 10uA,
100uA, TmA, 10mA, 30mA and 100mA.

v, £110

Prices are ex-works with batteries. Carniage and Packing
extra. VAT extra in U K. Optional extras are leather cases
and mains power units. Send for data covering our range of
portable instruments

WW—009 FOR FURTHER DETAILS
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F.M. TUNERS,

MODULES & KITS by

P 93
s K “:;% TR

THE WIRELESS WORLD TUNER"

PRESENTED BY THE AUTHORS

R o Tuner
T2TOUCH TUNED .. ........ ... £121.00
T3 DIGITAL (AS SHOWN) . ... .. .. £149.00

BOTH WITH FIVE-YEAR GUARANTEE

MAIN RECEIVER MODULE M1

072 7

c / ,
This tuner must surely provide the best value for money
available today. Combining the best of the modules shown
betow, it includes a full digital readout of frequency to a
resolution of 0.1 MHz, so that exact station identification can
be made. In addition, six pre-set stations may be selected by
touch controls having internal solid state lamps, while manual

tuning allows easy searching for distant stations under the
guidance of the digital meter.

A switchable mute system allows reception of the weakest
stations while muting inter-station noise and S$purious
responses. Perfect reception is assured by not permitting any
station to be heard which is tar enough out of tune to cause
distortion. The tuning indicator lamp provides a means of very
fine tuning, and is automatically extinguished between stations.
A powerful A.F.C. system is also incorporated which holds all
stations in tune, while not preventing manual tuning.

Good stereo reception is assured by the use of a phase locked
decoder with full "birdie’ and spurious output filtering.

Finally, but not least, the external appearance and styling bring

Kit a fresh new look to Hi-Fi. The sturdy wooden cabinet is finished
£109.00 In mat teak veneer. housing an attractive gold and brown
. anodised aluminium front panel, which carries black controls
£139.00 and inscriptions. The indicator lamps and digital displays are in

We have claimed before that this F.M system 1s the most advanced on the
market, and after nearly three years we repeat our claim. Some have borrowed

ideas, some have.not, but no other tumer gives you all the features of this unit.
How many tuners mute the spurious tuning effects found at either side of a
correctly tuned station? How many tuners fade the sound out as you tune too
far off station for good quality sound? How many tuners kill the tuning indicator
so that it does not indicate when there is no station there? How many offer you
drift free tuning? We could go on. If you want a tuner that has been well

thought out and engineered, start with this module.

M6
£44.40

W W. APRIL-MAY 1974 BY SKINGLEY & THOMPSON (UPDATED)

-

-

red, giving the finishing touches to a tuner you will be proud to
.own. .

M1KIT £27.95
MODULE £29.95

DIGITAL FREQUENCY METER M6

We are very proud of this one. We don’t have to say it’s the best, as far as we know
it's the only one! On a board less than 4'' square is all the electronics of a stable

counter with

i.f. offset (added) and a stabilized power supply! With the aid of a

small daughter board (not shown) which fits neatly into the above module (M1), the
exact station frequency is displayed to the nearest 0.1 MHz. It's a tuning scale 20"’
long with accurate calibrations every 0.1'! You get the transformer, daughter
board (ready wired in), polarized-filter, and a list of station frequencies. What more

do you want?

MODULE ONLY

NEW TOUCH TUNE MODULE M5 Mk. 2

This new module includes several new features for no increase in price
sensitivity with *"touch to earth”* mode is coupled with remote stepping and changeable
“power up’’ selection. Brighter lamps are also added and 20 turn cermit pre-sets provide

rehiable pre-selection of stations

Improved

FULL CABINET/METALWORK KIT
(Including all Nuts and Bolts, Plugs pnd Sockets, etc.)

OTHER MODULES etc.

M2 Stereo decoder . . . .... £8.36 kit £6.84

M4 Powersupply .. . ... .. ... .. £6.93 kit £6.49
SL1310 decoderIC . . ... .. £2.15

TBA750fm.if. .. ... ... ... £1.71

20vregulator iIC .. ... ..., .. £1.65

LP1186 front-end .. ... . ... £8.53

Filter, SFJ1I0 7MA .. . .. ... .. £1.71

7 segment L.E.D. (c/a) ...... £1.99

Descriptive booklet . ... .. ... . ... £0.50 (£1.50export)
Small orders (< £5.00) ...... ... £0.50 Handling charge

ALL PRICES + 12.5% VAT, U.K. ONLY

Overseas Sales by Pro-Forma Invoice. send no money.

=
BARCLAYCARD|
{mJ

£28.16

MODULE ONLY
£17.54

33 Restrop View

TO ICON DESIGN Purton, Wilts.., SN5 9DG

Please supply data on. (Circle as required)

M1 M2 M4 M5 Mk. 2 M6 ALL

Address label Block letters
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How do you translate performance,
appearance,construction, reliability
and reputation into Japanese?

for the closest approachto

Simple. Just say Quad.

Most people express surprise when they
learn that Japan is one of QUAD's largest export
markets, but a moment's reflection would show
that it's obvious.

In‘the world's' most competitive market,
the most discriminating buyers are looking for
impeccable performance, appearance,
construction, reliability and reputation, and that
1s what QUAD is all about.

Japan's foremost audio magazine Stereo
Sound has just completed a survey of its readers
in which they were asked to name the power
amplifier they would most like to own.

The QUAD 405 was voted ‘Best Buy' and
top in its price category (under 150,000 yen) by a
large margin, and was voted second irrespective
of price.

Clever chaps these British!

For further details on the full range of
QUAD products write to:

The Acoustical o
Manufacturing Co. Ltd,,
Huntingdon, Cambs. PE18 7DB.
Telephone: (0480) 52561.

QUAD

the original sound

QUAD /s a Registered Trade Mark

WW-—-063 FOR FURTHER DETAILS
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EEl

J

PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS

~

MSI 6800

with 8K Ram. Runs at 2MH2Z

KIT £375

SWTPC 6800

with 4K Ram.

KIT £275

FD8 FLOPPY DISC £935. BFD68 MINI FLOPPY £522
SOROC 10120 TERMINAL £699 ASS.
CASSETTE INTERFACE KIT £18.95

Send S.A.E. for full brochure

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321

Runs at 1MHZ

WW—M0 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. It 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:
@10 times gain X and Y
(1mV/cm on 4 Y channels)
oFully automatic triggering
(with higher sensitivity)
elmproved recording facilities
(for greater flexibility)
@ Light control filter
(for excellent contrast)

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

@ 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

3

medelec 3

1972

Leadersin
Hiore OpticRecording

WW—018 FOR FURHER DETAILS
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Be Trigger Happy

—with these new Philips 25 MHz scopes

PM 3214.:25 MHz[2mV. Dual-trace with
calibrated delayed sweep and simultaneous
display of both time-base signals. Double-
insulated power supply.

PM3212:25 MHz/2mV. Dual- trace

Comprehensive triggering facilities
ncluding peak detected auto mode, d.c.
coupling, t.v. sync and composite.

PM 3212/14 -
they make more of yout’budget

- l_\..
Budget beaters PM3312 and v m/ crl?f\)‘l3214 aff;!'rsu s
ir 3214 set new prme/peffomanég :@Rgu bﬂ'hothtlmeibaée.t J|..
- standards, offering everytTung—voud N sne tnnn i~ .
expect |r1 Lnstr [ ent
h-fre
I

;_pl--o to
Cé

WW--079 FOR FURTHER DETAILS
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Design
Development

Prototype or
quantity production

Wound components
sub-assemblies

Professional or
consumer

applications

Design onour
capability

Probably the best-equipped — and most experienced
coil-windings specialists in Europe, Plessey Windings
invites enquiries for all types of wound components
and sub-assemblies.

PLESSEY

WINDINGS

Vicarage Lane, llford, Essex, England IG1 4AQ
Telephone (01) 478 3040 .Telex: 23166

More information, please, '
about coil winding

Name

Company

= Position

Telephone

Please call me '

WW-—-015 FOR FURTHER DETAILS

¥/ 612P0O75

WIRELESS WORLD, MARCH 1978

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 urit 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.

HH Allen and Heath Limited.

WW——074 FOR FURTHER DETAILS
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NIRPLIIN

in a modern world of electronics

AUDIO MIXER

A superb stereo audio mixer. It can be
equipped with up to 16 input modules of your
choice and its performance matches that of the
very best tape-recorders and hi-fi equipment.
It meets the requirements of professional
recording studios. FM radio stations. concert
halls and theatres. Full construction details in
our catalogue. A component schedule is
0

THE “DRUMSETTE"
RHYTHM GENERATOR

Drganists, pianists. guitarists . .. an automatic
drum set to accompany you'! Nine highly
realistic instruments play fifteen different
rhythms. Fifteen rhythm-select touch switches
and a touch plate for stop/ start without rhythm
change gives absolute ease of operation. Build
it yourself for under €65 including smart
teak-etfect cabinet. See it and hear it in our
shop! Send for full construction details now:
MES 49. Price 25p.

SYNTHESISER

The International 4600 Synthesiser. A very
comprehensive unit. Over 400 sold. We stock
all the parts costing less than £500 including
fully punched and printed metaiwork and a
smart teak cabinet. Far less than half what
you'd pay for a ready made synthesiser of
equal quality. Specification on request. full
construction details in our construction book

INTEGRATED
CIRGUITS

Over 35 pages in our catalogue
devoted to hundreds of useful
1.C.s. Al with data, pin connec-
tions and many with applications
circuits and projects to build.
Post the coupon now!

"T.V. GAME —

A fascinating TV game kit that

plays football, tennis, squash and | RN e
practice for only £21.59. Reprint of & » g ‘?‘ PWHO SAYS THE
construction details 35p. Add-on & *s MAPLIN CATALOGUE'S
rifle kit only £10.60. . WORTH HAVING??

p in our ‘musls’ for readers-10-

collect list” — P.E.

“contains . . . just about everything the DIY
electronics enthusiast requires.” — P.W.
‘probably the most comprehensive catalogue
we have ever come across.” — E.E.
““has been carefully prepared and is very well
presented.” — R.E.C.

“make the job of ordering components an
easy, accurate and enjoyabie pastime.” — P.W.
“only one word describes the publication
— superh!” — E.T.L.

OVER 60.000 COPIES SOLD
DON'T MiSS OUT! SEND 60p NOW

MAPLIN ELECTRONIC SUPPLIES
P.0. Box 3. Rayleigh. Essex SS6 8LR
Telephone: Southend (0702} 715155

Shop: 284 London Road
westclit!-on-Sea. Essex
{Closed on Monday)

Our  bi-monthly newsletter
keeps you up to date with latest
guaranteed prices — our latest
special offers — details of new
projects and new lines. Send
30p for the next six issues (5p
discount voucher with each

Telephone: Southend 3
(0702) 715157 4
o ) d POST THIS COUPON \ W=
! - 3 I NOW FOR YOUR COPY OF OUR CATALOGUE \ .
> ¥ J PRICE 60p .
¥ ’ J )
2 L Please rush me a copy of your 216 page catalogue. ‘ A
¥ » il L l | enclose 60p. but understand that if | am not completely ‘ -
N - satisfied | may return the catalogue to you within 14 days
S TR : ' and have my 60p refunded immediately.
. e
Lhy e 1
. o 3 NAME
' ";‘AuunEss Someeasnnaanass a6l .
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HIGH POWER DC

COUPLED AMPLIFIER

PO e UP TO 500 WATTS RMS FROM ONE CHANNEL
' " * DC-COUPLED THROUGHOUT
o i »a * OPERATES INTO LOADS AS LOW AS 1 OHM

»*

FULLY PROTECTED AGAINST SHORT CCT,

T ‘ * 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 dehvering its full power, and maintaining its faithful reproduction of Pulse 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.

Power Bandwidth

Power at clip point {1 chan)
Phase Response

Harmonic Distortion

tntermod. Distortion

Damping Factor

Hum & Noise (20-20kHz)
Other models in the range: D60

DC 20kHz « 150 watts + 1db
500 watts rms into 2.5 ohms
+0 15 DC to 20kHz. 1 watt 802
Below 0.05% DC to 20kHz
Below 0.05% Q.01 watt to 150 watts
Greater than 200 DC to 1kHz at 80
At least 110db below 150 watts

60 watts per channel

Odb Slewing Rate
Load impedance
Input sensitvity
Input Impedance
Protection
Power supply
Dimensions

8 volts per microsecond

1 ohm to infinity

175 V for 150 watts into 8§

10K ohms to 100K ohms

Short. mismatch & open cct. protection
120-256V. 50-400H:z

19" Rackmount. 7" High, 93" Deep

D150A — 150 watts per channel
Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD.

MACINNES FRANGE

18 Rue Botzaris

Macinnes House, Carlton Park Industrial Estate Paris 75019, France

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

Tel: 206-60-80 or 206-83-61
WW—046 FOR FURTHER DETAILS

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

there’s a lot of
real POWER!

Illustrated right is a TITAN DRILL

Mounted in a ti-purpose stand This drill 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 siand obustly constructed of steel and aluminium The base and bracket are
tinished n hammer blue
Aiso available for use in the stand s the RELIANT DRILL which 1s a smaller version of the Titan

Approx speed 9000 rpm 12v DC torque 35 grm cm Capacity 2 4 m/m

TITAN DRILL & STAND £19.50
+ 8% VAT = £21 06 + £1 P&P

TITAN DRILL ONLY £8.90 + 8% VAT = £9 61 + 35p P&P
RELIANT DRILL & STAND £16.37
8% VAT = £17.68 + £1 P8P

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

hese are exam, f
de elonme'\l er\g er

the ext ve range

¢ p !h power tools. Exp
other tools
END STAMP for full dataills in main distributors

J Power Services & Co Ltd., Worcester

TITAN MINI KIT DRILL £14.78
Plus 20 Tool + 89 VAT = £15°93 7 50p P&P
RELIANT MINI KiT DRILL £12.00
P s + 8% VAT = £13 08 + 50p P&P
TRANSFORMER UNIT £8.55

8% VAT = £9 23 + 75p P&P

t power tools designed to meet the needs of
laboratory workers, model makers and others requining small precison

offer a comprehensive selection of Drills Grinding Points and

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 Models, Hereford, Bertella, Gioucester

WW-—031 FOR FURTHER DETAILS
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/ The EF5400, a 4 stage varicap tunerhead, tuning 88-108MHz
with a bias swing of just 2 - 8 volts DC. A single IC provides

all functions, including PIN diode AGC drive, balanced mixer,

TUNER MODULES OK?

We've said it before, and we’ll say it again;

We offer the Largest and the Best range of FM Tuner modules in the UK, Europe and we

believe in the World. {Please advise us if you know differently.) We gasp when we read the
unsupportable claims of other ‘suppliers’, describing things like deviation muting, which we have

been offering in our 7030 FM IF system for ages. Long before most others gave it a thought

To read some adverts, you might imagine somebody had just discovered the wheel. Furthermore,

we believe good signal processing is more important than rows of pretty lights and numbers, don’t you?

ALL NEW CATALOGUE

To celebrate our new range of ICs, components, coils, filters, FM and AM modules etc., we are
presenting an entirely new cataiogue, which is free if you send an A4 SAE (15p stamp on it pse), and
the front page from one of our old catalogues. This offer ceases on May 31st 1978, when the normal
price of 45p will apply. The new catalogue contains radio and wireless features centred on our new
developments with Sprague, Telefunken and RCA, with the TDA1083 MW/LW/FM/Audio all-in-one

IC system, the TDA1062 4 stage |C tunerhead, the CA3189E IF system, the Hitachi HA11219 FM noise
blanking system and other radical new technology announced in the past few months. We are certain
this will be of great value and interest to anyone concerned with radio and RF design.

11

S - == Always in the leading group, here is Ambit’s 73189 )F system.
The rest of our new range includes resistors, capacitors and many items that now complete our optional 2 or 3 6pole linear phase |F filters, 2xMOSFET IF
range for the electrenics enthusiast and designer. We naturally carry thé very latest in radio AGC stage, with the CA3189E. £16.25 built and aligned.
semiconductors, and are pleased to report many new developments in the past six months, that
are now readily available, with technical backup, from Ambit. But quite apart from our technical
capability, we think you will find our prices attractive, and our product always first quality.

Examples from the range of compenents, modules etc.:

Resistors % watt types in E12 series, 1 ohm to 100 ohms (Mullard/Iskra/piher) 15p/10
Minimum order 10 per value please. Minimum resistor-only order £1.50.

Ceramic plate and disc capacitors: only miniature and compact types eg. 10nF: 35p/10
CA3189E: RCA's new IF system, £2.75 inc. detector coil and 22uH choke.

TDA1083: Sprague/Telefunken AM/FM/Audio IC. 800mW output max £2.55
TDA1062: Telefunken FM tunerhead IC, good for 200MHz, £2.75

Modules as previously advertized, plus these new ones: EF5803, 93189 EF5400, MPX decoder:
911968: The superior HA1196 now with a 2W monitor amplifier, and eptional adjacent or
alternate channel notching facility, as well as a 55kHz low pass filter, pilot tone filters etc. £16.45
New from TOKO: CFM2 series 4 section ladder filters for 455kHz 6 & 12kHz versions £1.35 each,
CFM2 2 section mechanical filters for 455kHz, same size as CFS series filters! Plus others

.............. The EF5803 here 1s shown tess the tinplate shielding can normally supplied
The EF5803: the ultimate? 2x low noise MOSFET RF stages

a
with AGC, MOSFET mixer, very loose stage coupling for super
high Q. Amplified local osc output. Used in conjunction with
the 73189 system, provides 35dB S/N with 0.63uV PD input.

And all these modules are British Made. EF5803: £19.75.

2 GRESHAM ROAD BRENTWOOD ESSEX Prices exclude VAT. Postage 25p per order. Catalogue {see text) 45p.

Telephone (0277}216029. Parking outside the front of our building.
WW -—087 FOR FURTHER DETAILS

Get your copy of the
Proline Professional
tape recorder leaflet.

REL WILLYOU BE

Written by
ol for he nv [“n MAY 1978
only for the .
prOfeSSiona l The E.E.C. Directive 76/889, covering radio interference

the leaflet caused by electrical houschold a pl}ancc(l)s:igortablc tools and

i similar equipment, wil} become law in 1978, ) -

gtves ul To assist manufacturers 10 comply with these regulations we
information have not only established a tully equipped supgrcssn(l)n
laboratory for undertakin R.F.I. testing, but have also
on a range of developed a wide range of components 10 perform this

recorders,noted suppression function.
for their Send for our brochure on R. I I and discuss vour problems with our

Engineers.
SOPHISTICATION WITHOUT COMPLICATION

Fill in the reader enquiry card or write to:
TONY COSTELLO OR JOHN ROBINSON
LEEVERS-RICH EQUIPMENT LTD

319 TRINITY ROAD LONDON SwW18 3SL
01-874 9054

ITT Components Group Europe

RESISTOR DIVISION
South Denes, Great Yar,mouth, Norfolk NR30 3PX

Tel: 0493 56122 Telex: 97421

Components

WW-—043 FOR FURTHER DETAILS WW—069 FOR FURTHER DETAILS
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KGM TV CAMERAS
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Type 130 is a compact 2/3 inch camera with an unusually
high specification for a camera of this size. It is a sturdy,
reliable camera of great versatility.

Type 113 is an extremely rugged camera designed for critical
applications of a very wide nature. Resolution is better than 800 lines.

Type 118 is a day and night camera based on Type 113 but with many
unique features to enhance its performance in difficult light conditions.

KGM cameras and monitors are backed by KGM’s many years’ experience
of designing and building CCTV equipment for large industrial
users and leading public authorities. Send for your data sheets now.

ELECTRONICS
= ; UMIMTED

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

WW—041 FOR FURTHER DETAILS

KFYL @ él METER PROBLEMS?

TRANSDUCER and RECORDER | I

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 137 Standard Ranges in a variety of
prices. sizes and stylings available for 10-14
days delivery. Other Ranges and

D Fylde special scales can be rnade to order
~ Electronic

i Full Information from:
49/51 Fylde Road Preston L?b(_)ratones wil Information from
PR12XQ Limited. HARRIS ELECTRONICS (London)
k VElepen WS ey -/ 138 GRAYS INN ROAD, W.C.1  Phone: 01/837/7937
WW—053 FOR FURTHER DETAILS WW—028 FOR FURTHER DETAILS
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Understanding Digital Electronics
New teach-yourself courses

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes — each A4 size — are
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 finally to a
complete understanding of the design and operation of calculators and
computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimaland binary number systems; conversion
' between number systems, representation of negative numbers;
complementary systems; binary multiplication and division.

Book 2 OR and AND functions; logic gates. NOT, exlusive OR.
NAND, NOR and exclusive-NOR functions; multiple input gates; truth
tables; De Morgans Laws. canonical forms: logic conventions;
Karnaugh mapping. three-state and wied iogic.

Book 3 Half adders and tuli adders; subtractors; serial and parallel
adders; processors and arithmetic logic umits (ALUs); multiplication
and division systems.

Book 4 Flip flops: shift registers; asynchronous and synchronous
counters. ring. Johnson and exctusive-OR feedback counters: random
access memories (RAMs) and read only memories (ROMs).

Book 5 Structure of calculators; keyboard encoding; decoding display
data; register systems; control unit; program ROM, address decoding;
instruction sets; instruction decoding. control program structure.
Book 6 Central processing unit (CPU): memory organisation;
character representation; program storage; address modes: input/
output systems; program interrupts; interrupt priorities; programming.
assemblers; computers; executive programs; operating systems and
time sharing.

Digital Computer Logic and Electronics is designed for the
beginner. No mathematical knowledge other than simple arithmetic is
assumed, though the student should have an aptitude for logical
thought. It consists of four volumes — each A4 size — and serves as an
introduction to the subject of digital electronics Everyone can learn
from it — designer, executive, scientist, student, engineer.

Contents include Binary, octal and decimal number systems.
conversion between number systems; AND, OR, NOR and NAND
gates and inverters; Boolean algebra and truth tables, De Morgans
Laws, design of logic circuits using NOR gates, R-S and J-K flip flops.
binary counters, shift registers and half adders

4 CAMBRIDGE LEARNING ENTERPRISES. UNIT 3. FREEPOST. RIVERMILL
LODGE. ST. IVES, HUNTINGDON. CAMBS. PE17 4BR. ENGLAND.
TELEPHONE: ST. IVES (0480) 67446
PROPRIETORS: DAYRIDGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES
REGD. IN ENGLAND No. 1328762

their name into a telephone which would automatically look up their

of information before proceeding.

In the years ahead the products of digital electronics technology will play
animportant partin your hfe. Calculators and digital watches are already
commonplace. Tomorrow a digital display could show your vehicle
speed and petrol consumption; you could be calling people by entering

number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic. Learning by self-instruction has the advantages of being
faster and more thorough than classroom learning. You work at your
own pace and must respond by answering questions on each new piece

After completing these courses you will have broadened your career
prospects and increased your fundamental understanding of the rapidly
changing technological world around you.

The six volumes of Design of + 90p post &
Digital Systems cost oniy: £7 . l 0 o 5

! Y
And the four volumes of surface mail

Digital Computer Logic and

Electronics cost only: anywhere in

£4.60 !
£11.10

i the world.
But if you buy both courses,

the total cost is only: Airmail extra.

Flow Charts & Algorithms

HELP YOU PRESENT

safety procedures, government legislation. office
procedures, teaching materials and computer
programs by means of YES and NO answers to
questions

THE ALGORITHM WRITER'S GUIDE explains how
to define the questions, put them in the best order
and draw the flow chart, with numerous examples
shown. All that students require is an aptitude for
logical thought Size A5, 130 pages This book is a
MUST for those with things to say

+ 45p post & packing by surface
mail anywhere in the world. Airmail
extra

£2.95

GUARANTEE Giro Ac No 2789159
If you are not entirely satisified your money will be refunded

r Cambndge Learning Enterprises., Unit 3, Freepost.
Rivermill Lodge, St Ives, Huntingdon. Cambs,
England.

.Please send me the following books
sets Digital Computer Logic & Electronics @ £5 50. p & p
included
. sets Design of Digital Systems @ £8 00, p & p included
.. Combined sets @ £12 00. p & p included
. The Algorithm Writer's guide @ £3 40, p & p included

PE17 4BR.

Name
Address

I enclose a cheque/ PO payable to Cambridge Learning Enter-
prises for £

Please charge my "Access/ Barclaycard - Visas Eurocard/
Mastercharge / Interbank account number 5o a
Signature . “deleted as appropriate
Telephone orders from credut card holders accepted on 0480-
67446 (ansafone) Overseas customers should send a bank draftin

|
|
I
I
I
I
|
I
I
I
I
I
I
I
1

sterling drawn on a London Bank Ww3
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[ FAST RESPONSE STRIP CHART REGORDERS |

Made in USSR

Series H3020 Series H327

X

Basic error 2.5% . Polarized moving iron movements
Sensitivity 8mA F.S.D with syphon pens directly attached
Response 0.2 sec Built-in solid state amplifier {one
Width of each channe! per channel) provides 8 calibrated
Single and three-pen sensitivity steps Two marker pens
recorders: 80mm are provided

Five-pen recorders: 50mm Basic error 4% . Frequency
response from DC to 100Hz 2dB

Chart speeds, selected by push buttonss 0 1-0 2-0 5-1.0-
L 2.5-5.0-12.5-25 mm /sec
Chart drive- 200-250V 5CHz

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

Curvilinear co-ordinates Width of.each recording channel” 40mm

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

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 (Flve 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

i P2 el
WW-—-061 FOR FURTHER DETAILS

With the new 550603 you're getting high performance.
A high performance, precision instrument at low cost.
Justlook at the features m Sine square waveforms with three options on the'square
wave - including TTL output m Frequency range of 10Hz to IMHz m Sink capacity up
to 8 TTL standard loads m 0-15V pk-pk variable output m Special output to meet your
CMOS requirements m Output level flatness better than 19 over entire range
and all at only £91 plus VAT — that's real value.

—— i
SINE SGQUARE OSCILLATOR SS0603
. FREQUE ‘r
tOKk~10k

0% - 100K !
0ukc-1.0m S vy

% FEEDBACK

1001, K -
D= 4

5 W QUTRUT e

4 Vb - px

<
4

Y

. - » 2 8, Ty

SYRC OUT ““ . T - only
: % !
' g ’/}”Ii! ! “““ ' . l E’

e 1
The SS0603 S
from Feedback & ¢ P

Meeting your specification on performance and price. I L
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(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 right refay for most applications, e. g

\  Hybrid Relays AZ 1435..1442
with electronic input and contact output
AZ 1435 Voltage monitor (3. 30 V)
AZ 1436 Pick-up retarder (1. 30 s)

AZ 1437 Drop-out retarder {1 .30 s}
AZ 1438 Pulse time limiter

(50..1500 ms)

AZ 1439 Monoflop {(50. 1500 ms)

AZ 1440 Mulnflop (01 30s)

AZ 1441 Flip-tlop (24 V + 10%-15%,
approx. 30 mA max )

AZ 1442 And-gate

{nput currents 1 mA max.)

.y
. 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

WWwW—027 FOR FURTHER DETAILS

BRENELL MK. 7
TRANSPORTS

Professional Ya inch tape transports built into portable
carrying cases complete with all deck controls and
power supplies.

Full solenoid operation
Illuminated push button controls
Three papst motors

Indirect belt drive capstan

15, 7.5, 3.75ips

0.03% wow and flutter

Front panel for audio electronics

* 4 % % % 4

Heads are not included but a imited stock of 2, 4
and full track sets are available.

Contact: Andrew Munro
Allen and Heath/Brenell Ltd.,
Pembroke House, Campsbourne Road, Hornsey,
London N8
Telephone: 01-340 3291
Telex: 267727 BATGRP G

WW-—011 FOR FURTHER DETAILS

s Easiest and guickest way of punching holes in sheet
metal (up to 1.625mm mild steel)
s Q-MAX stands for quality and reliability
s Holes are punched cleanly and no filing is necessary
= Continuous even load during punching
No jagged edges. Burr freehole
® Specially heat treated to maintain keen cutting edge
s Used for years all over the world
s Simple operation, saving time and energy

57 METRIC & LINEAR SIZES

SHEET METAL PUNCHES

(R)
Q-Max (Electronics) Ltd

40-41 Furnival Street
London EC4A 1JQ
Telephone: 01-242 7400

WW — 026 FOR FURTHER DETAILS
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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 ) allow you to match the interface to al-
holds 4,096 words of this ) ,{f‘f‘ most any possible combination of
proven reliable and trouble ——— : i polarity 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

free memory. Cost—
only £80.00 for
each full 4K
memory.

PROCESSOR—

“"Motorola” M6800 processor
with l\/likbug® ROM operating
system. Automatic reset and load
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlied oscillator provides the clock signal
for the processor and is divided down by the fully expanded system of memory
MC14411 to provide the various Baud rate outputs 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.

POWER
SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a

_\Iz'lsbué'® is a registered lrademark of

DOCUMENTAT'ON— Motorola Inc.

Probably the most extensive and complete set of data available for any

microprocessor system is supplied with our 6800 computer. This includes sﬂ @@
the Motorola programming manual, our own very complete assembly in- Computer System
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,

sample programs and evem a Tic Tac Toe listing. of memory. . ... .. ...... £275.00
PRICE EFFECTIVE 1st OCTOBER, 1977 (Kit form only)

with serial interface and 4,096 words

. Please send me details of your full range of computer equipment
and software.

NAME . o e

qw esoo sz OB 1

e —

|

|

| Southwest Technical Products Co.
| 174 Ifield Road, London, SW10

Prices quoted do not
include VAT |

WW —048 FOR FURTHER DETAILS
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that’s the new, highly accurate RF signal generator from
Philips which offers everything you’ve ever asked us for.

Precise frequency selection between 100 kHz and 125 MHz has never been easier than withthe new PM 5326 RF signal generator.
Its built-in five digit display allows spot-on frequency setting to one partin 10,000 in nine push-buttonranges. Specially designed for
everyone involved withreceiver sensitivity and selectivity measurements, this exceptionally well screened instrument alsoprovides
four wobbulator ranges for the alignment of IF amplifiers and FMreceivers and even enables the counter to be used on its own for
measuring external signals. It adds yet again tothe highly-successfulrange of Philips instruments (some of which are shown here) for
theradio, audio and TV workshop.Write today for full information on the new PM 5326 and a 16 page brochure on radio and TV service.

1 PM5509 PAL TV Pattern Generator

The ultimate in pattern generators. Full IF
coverage:band |, I, 1V and V. Electronic
tuning with presetchannels.

2 PM5501 PAL TV Pattern Generator
Extremely light, portable instrument for service
in customer's home. Five different test patterns
available.

3 PM6456 FM Stereo Generator

The PM6456 gives a complete stereo signal,
L-and R signal.lInternal L.F. modulation:
1and5kHz.

4 PM5324 HF Generator

Frequency range 100 kHz-110 MHz. X-tal
calibration. Special bandspreadranges. High
frequency stability.

5 PM5334 TV Sweep Generator

Ideal for overhaulingrental sets. 8 frequency
ranges. 3 MHz-860 MHz. Sweep width
continuously adjustable. One variable and
three fixed markers.

6 PM6307 Wow and Flutter Meter

High degree of accuracy and stability from X-tal
controlled oscillator.Very easyto use.

®_ Pye UnicamLtd
[ Philips Electronic (nstruments Dept
York Street, Cambridge, England CB1 2PX

Tel: Cambridge (0223) 58866 Telex : 817331

priies]  Test & Measuring |
% Instruments

AV —086 FOR FURTHER DETAILS

[J AUDIO AND VIDEQ SERVICE EQUIPMENT [ AUTOMATIF." . AND MEASURING EQUIPMENT [ COUNIERS AND CUUNTER/TMIERS' ) BC POWER SUPPLIES AND AC STABILIZERS
(J LOW FREQUENCY EQUIPMENT ] MICROWAVE EQU * .i [J MULTIMETERS J'OSCILLOSCOPES [1 PROFESSIONAL TV EQUIPMENT [ PULSE GENERATORS. [ RECORDERS
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After the introduction of the CQ 110 E and CQ 301, NEC have
completed their CQ-Line with the CQ 201 Digital VFO, the SP 110
Speaker and the M110 SSB Microphone. The NEC CQ-Line
represents highest technical standard, with regard to design,
quality, reliability and price which is available to the modern radio
communicator today.

NEC CQ 110 E, 300 watts Digital transceiver Modes: FSK/
USB/LSB/CW/AM, 100-240V AC/13.5DC handmike, Control
speaker, VOX Sidetone, 3 Xtal filters, Blower, RCA 7360 RX
Mixer, 22 fix-channels, 60 Page Manual, 160-10 meter, 11

Ranges of 500 Khz.

NEC CQ 301 2-3 KW SSB/AM Linear Amplifier 160-10 meter,
2 EIMAC 3-500Z. Handbook, 100-240 V AC. High Speed
Blower, incorp. Power Supply.

NEC CQ 201 Digital Additional VFO for Split-Frequency
Operation, containing 3 VFO systems, usable as frequency
counter, 100-240 V AC/13.5VDC, Handbook.

NEC SP 110 Communication Speaker with Electronical Digital

Clock, timer, etc. handbook 100-240 VAC.

NEC M 110 SSB Communications Microphone, designed for CQ
— Line.

Colour of CQ line brown military sand-touch.

* Dealer inquiries welcome

* ASK ABOUT OUR UP TO 120 DAYS FINANCING FACILITIES

* ASK FOR OUR COLOUR CATALOGUE against payment of
SFR 16 — or any other equivalent currency.

* Shipments to EVERYWHERE

Sole distributor in Europe:

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

WW—059 FOR FURTHER DETAILS

"ELECTRONIC
INDUSTRIAL THERMOMETER

mii

P —

THE MODERN WAY TO 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 15
volt standard size battery.

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

Madel “Mini-Z 2" measures from—5° Cto + 105° ¢ Price £25.00

"ModeT “Mini-Z Hi” measures from + 100° Cto + 500° C  £27.50
(VAT 8% EXTRA)

Write for turther details to

HARRIS ELECTRONICS (LONDON)

138 GRAY'S INN ROAD, LONDON, WC1X 8AX
(Phone 01-837 7937)

WW—029 FOR FURTHER DETAILS

Contractors to H M. Govt. PO

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS
7-14 DAYS SERVICE

« MODEL 8 MKV

UPPLIERS OF GEC
LS50 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

LEDON INSTRUMENTS LTD.

GLADSTONE WORKS, GLADSTONE RD,
FOLKESTONE, KENT.
TEL: (STD} 0303 57555

WW—054 FOR FURTHER DETAILS
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Datatape 4020.A new

instrumentation

magnetic tape recorder.

§he T

The Datatape 4020
gives you:

Speedratio 128 to 1 with WB1 FM

Slow speed of 15/32 i.p.s. giving 34
hours of recording .

Subtractive flutter compensation
reduces effects of vibration and
shock.

FM signal to noise ratio 53 db.

WB Direct speeds switchable in
ranges from 60to 15/16 i.p.s. to
I.R.L.G. standards.

Optional Direct Bandwidths of IMHz
Wideband or 300 kHz Intermediates.

Mains or 28V d.c. operation.

The new 4020 laboratory/portabie tape i
recorder gives you a record/playback
instrumentation system which includes
all the features normally associated with
larger units. Standard features include:-
a tape footage counter, end-of-tape and
near-end-of-tape control, record transfer
at near-end-of-tape. Optional (plug-in)
features include:- FM calibrator, tape
shuttle, tape track speed control servo,
peak reading monitor meters, edge track
voice.

For further information please contact us
at the address below.

ELECTRONICS & INSTRUMENTS DIVISION

BELL& HOWELL

Lennox Road, Basingstoke
Hampshire RG22 4AW
Telephone (0256) 20244

WW-—093 FOR FURTHER DETAILS
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SK 10. Takes up to eight 14 pin

Insertion life of 10,000 cycles.
Contactresistance 5 millichm
average. Housing i1s acetal
copolymer

SK 50. Half size version of SK 10
for tight places and student use.
Takes four DILs.

Both sockets carry a lifetime
guarantee. If a unitever fails in
normal usage, returnitto us fora
free replacement. No questions
asked.

3
I8

INSTANT CIRCUIT DESIGN WITH THE BHe SYSTEM!

DILs. Allcomponents insert directly.

WIRELESS WORLD, MARCH 1978

Bugbooks i &l digital electronics.
Bugbooks V & VI: interfacing with
8080A.BRS series 1-4; operationat
amplifiers.

Send for The Complete

A good case for your system.
HO 6 high impact moulded case.
Takes four SK 10 sockets. Size
3.5IN.Hx7.6inWx8in D
(8.9x19.3x 22.9cm.). Slope

approx.17°. Bugworks -our [~ oy
catalogue of , BuGBOOr 1

digital learning —
he

aids and price list
including special

prices for cash
customers L————l |

E&L INSTRUMENTS UK

62, Queen Anne St., London W1M 9LA Tel: 01-486 3589

WW—012 FOR FURTHER DETAILS

le
Ire
repair

ANALYSERS
Ajrmec

Awrmec
Hewilett-Packard
Hewlen-Packard

BRIDGES
Marcon

Wayne Kerr
Wayne Kerr

DIGITAL VOLTMETERS
Micro Inst

Solariron

Solartron

Solartron
OSCH.LOSCOPES
Tektronix

Solartron

Tektronix

Tektronix
Telequipment

£125 00
£100 00
£7500.00
£1500 00

5-300MHz | /P 5uv-15mV
30KHz-30MHz 1/P 1uv-4V
10MHz-40GHz
10MHz-12GHz

0.25% 1KHz-10KH:z
15KHz-5MHz
Source & Detector 1MHz-100MHz

£250.00
£185 00
£575.00

£350 00
£550 00
£250 00
£190 00

4 Dign Transient Voitmeter DC/ AC
OC/AC & Resistance

5 Digit 10UV

Digital Muitmeter

DC-50MH: Portable
DC-30MHz Portable

+ 82 Plug In DC-80MHz
+ 1A2 Plug (n DC-33MHz
DC-6MHz

MARTIN ASSOCIATES
34, Crown Street

Reading, Berks. RG1 2SE
Tele: Reading (0734) 51074

£750 00
£400 00
£550 00
£500 00
£110 00

YouII do better at Martin Associates
we guarantee it!

Other items of equipment available include Meters, Climatic
Ovens, Signa! Sources, Power Supply Units, Multipoint
Recorders, Microwave equipment, etc.

TEKTRONIX 491
HEWLETT-PACKARD

Spectrum Analyser 10MH, — 40GH/ £3750.00
141T Spectrum Analyser 10MH/

4GH/ £7500.00
HEWLETT-PACKARD 8443A Tracking Generator £1850.00
SOLATRON A100 Dual Beam Oscilloscope DC - 30MH., £350.00
MUIRHEAD K- 134-A Wave Analyser 3H, — 31 6KH, £400.00

SOLARTRON 7040 Multimeter with R.F.
Probe & Case £275.00
WAVETEK 154 Programmabie
Waveform Generator 0.001H/
10MH?7 £950.00
RADIOMETER MS27g AM/FM
Generator 0 3MHz — 240MHz
£550.00
CHESSEL 301 3 Pen full overiap
ping Recorder £250.00
STATIM 88 Hot/Cold Oven
10°C to+70°C £450.00

Fii in the form for a free (ist

NAME

FOR REPAIR & CALIBRATION

WE KNOW OF DNI.Y DNE OTHER POWER AMPLIFIER MODULE SUPERIOR TD OUR

JPS 100 — The JPS 150

For starters. JPS Power Ampiifier Modules are designed
manufactured and tested in England. yet sold throughout the
world

Incorporating comprehensive protection circuits inciuding
mismatch. short and open circuits. impedance and thermal
protection. these Modules will ensure a high standard of both
reliability and top performance

Unlike other modeis, they offer an indetfinite ife-spant
Should they ever require any attention or repair, all
components on both Moduies are easily replaceable. And
what's more, they both also carry a full two-year guarantee

~
( JPS 100 £28.50 JP$7150 £33.30
Power Output 110 watls RMS ohms 170 watls RMS B ohms
Frequency Response 10-22kHZ — 02dB | 10-30kHz +0dB —02dB
Power Bandwidth 10-22kHz — 02d8 ‘ 10-22kHz +0dB —0208
Slewing Rate 8.4 Volts per microsecond 9.00 Volts per microsecond
Total Harmonic Distortion 0.04% @ 1kHz 0.04 @ 1kHz
Hum and Noise 115dB befow 100 watts 115dB below 150 watts
Oamping Factor Greater than 300 to 1kHz Greater than 400 to 1kHz
“Input Sensitivity 0d8 [0.775 Volts] 100 walts | 0dB {0.775 volts} 150 watts
47k 47K
“input Impedance - 45 Voits 55 Volts
Power Requirements 12 transistors. 1 integraled 12 transistors. | integrated
Transistor Complement circult circuit
Module Bimensions 4"Hx 5"W x 20 | 6"Hx5"Wx2'D
Guarantee Full 2 year i Full 2 year
{ /

-

That's confidence for you!

Y JPS Associates

B8ELMONT HOUSE STEELE ROAD PARK ROYAL LONDON NW10 7AR
TELEPHONE O1-961 1274 TELEX: TITTS 916226

~These paramelers may be changad to Suil particular requirements
For industrial usage Irequency response can be exiended OC 1o 30kHz +0dB —0.2dB (150 only}

POWER SUPPLIES
PS1 Powers 1 JPS 60 price £15.50
PS2 powers 1 JPS 100

Powers JPS 100

Powers 1 4PS 150 Price £21.50

PS3 powers 2 JPS 150 £31.50

All prices are subject to B2 VAT
All module drive cards are based on indusiry standard Eurocard system (100 x 15 m/m}
A B0-wait version is also available with a similar speciication. Price £23.30 + VAT

WW—070 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN) LTD.
'BROADLANDS" BAGSHOT ROAD

SUNNINGHILL, ASCOT, BERKS.
TEL. 0990 23732/6° TELEX: 84584

Of researCh--a "on components and accessories for dictating

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

L

£

STETORLIP SYeTQe! SENIQR
JUNIOR 60 STE uP
HEADSET HEADSET

STANDARD & PLASTIC

EXSEMHISSERS EARHANGERS

HEADSET

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

NASON

Dﬁ?éﬁ%gg_?m 'NDUCES)C’)“PAUD'O SUBMINIATURE

R
»
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MINIATURE
QUARTZ
CRYSTAL
OSCILLATORS

INTERFACGE

QUARTZ DEVICES LTD.

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

sole agents for

FILTRONETICY LC & crystal filters from 10Hz to 100MHz
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-—075 FOR FURTHER DETAILS

@ Battery Wire Wrapping Tool @ Standard Toggle Switches
@ Sub Min Toggle Switches @ Cyanoacrylate Adhesive

@ Nyleze Enamelled Wire ®@ Thumbwheel Switches @Filament
Indicators @ Crystal Oscillators @ Precision Resistors@P.C.
Terminal Blocks @Keyboard Switches @Potting Compound
@® Rocker Switches @Neon Indicators @ Cermet Trimmers

@ Circuit Lacquer ®Micro Switches @Epoxy Adhesive @ LED
Indicators #Label Holders @ Foot Switches &Mini Shears.

AVAILABLE EX STOCK BY RETURN
For your new catalogue write to:

VEROSPEED, Barton Park Industrial Est Eastleigh, Hants,
or phone 0703 618525

WW-—051 FOR FURTHER DETAILS
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Trader

There are times when trade information can
make or break your business — and then this is
the book to have around. It brings you a
proprietary names directory, buyers’ guide,
Trade addresses, Electricity Board addresses,
Trade organisations, radio and electrical
wholesalers, service depots and agents — plus a
really comprehensive legal guide that covers
just about everything you’ll ever need to know.
Get it and there’s one question you’ll ask
yourself: “What did I do without it?”

ELECTRICAL AND
ELECTRONIC TRADER
YEARBOOK 1978/79

rlllllllllllllllllllllllllllllllllllllllllllllllll
= MAIL THIS COUPON NOW
To: IPC Electrical-Electronic Press Ltd.,

General Sales Department, C.P. 34 Dorset House,
Stamford Street, London SE1 9LU

as

Please send me.............. copy ies of the Electrical and Electronic
Trader Year Book 1978 9.1 enclose cheque p.o. number.............
to the valueof £............. (£5.50 per copy inclusive). Cheques
payable to IPC Business Press Ltd.

a Name (please print)

= Company registered in England No. 677128,
= Regd. office: Dorset House, Stamford Street, London SE1 9L.U
LIIIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllllllll‘
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New from

Thomson-CSF

the chip that converts

any TV set into an
‘Electronic Teletype’

UHF

625 line TV set or monitor Modulator

features:

DISPLAY
CARD
incorporating SFF 96364

@® Low price - available as chip or display card
@ Uses standard parts
@ Full cursor control

@ Multi-page capability

#® Line erase
® Single 5V supply
@ TTL/LSI compatible

® 16 lines, 64 characters

P.O.
or
Acoustic
Modem
(RS 232)

@ Text scroll
Encoded

Keyboard

See a demonstration of the system
used as a TV game at STAND 143,
ALL-ELECTRONIC SHOW

A G-

lines
THOMSON-CSF

Thomson-CSF Components and Materials Ltd., Ringway House, Bell Road, Daneshill, Basingstoke RG24 0QG Telephone: 0256 29155

Available from these Thomson-CSF distributors:

Bariec Lid., 219 London Road. East Grinstead. Sussex. (0342 24383) Lock Distribution, Neville Street. Middleton Road. Oldham Lancs OL9 6LP. (061 652 0431)
A. Marshall (London) Ltd.. 42 Cricklewood Broadway. London NW2. (01-452 0161). Omni Components Ltd,, 59 Vastern Road. Reading. Berks. (0734 594834)
Phoenix Electronics (Portsmouth) Ltd.. 139-141 Havant Road Drayton Portsmouth. Hants (07018 73441) Spenco Electronics (Phoenix) Ltd., Kelvin Industrial
Estate. East Kilbride. Scotland (035 52 36311)

WW—089 FOR FURTHER DETAILS
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Professional Quality Instruments
at a price you can afford

TYPICAL MONEY SAVING MODELS:—

Cat.Ref Average Accuracy 0.4%
Seven Decade O to 11,111,110 by 1 ohm steps
Six Decade 010 1,111,110 by 1 ohm steps
Five Decade 0to 111,110 by 1 ohm steps
Four Decade 0 to 11,110 by 1 ohm steps
Three Decade 0 to 1,110 by 1 ohm steps

CAPACITANCE DECADE BOXES (Accuracy 1% 500 Vdc.)
JC2 Three Decade 30 11,140 pF infinite resolution £26.90
Prices subject to V.A.T

J.J. LLOYD INSTRUMENTS LIMITED

Brook Avenue Warsash - Southampton SO3 6HP England
nsTRUMENTS Tel  Locks Heath 4221 Telex 477042 JAY JAY — SOTON

£50.50
£43.00
£35.30
£28.70
£23.70

"CHOOSE

= FROM OVER

~ 60 MODELS MADE BY
BRITAIN'S BEST SELLING
MANUFACTURER OF
DECADE BOXES

WW — 073 FOR FURTHER DETAILS
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SOFTWARE GAMES (with paper tape) MEMORIES CONNECTORS & SOCKETS
FOR THE 6800 21021 £1.50 4027 (250ns} £6.00, | Subminiature D Type
The Bear Game €2.00 21021t £1.60 2114 (450ns) €10.00 9 way plug .58 25 way plug .82
The Wetl Tempered Microprocessor £2.00 2112 £€3.04 4116 {250ns) t.b.a. 9 way socket .68 25 way socket £1.50
3K Basic £5.00 Please enquire for 16K dynamic and 100 up prices 9 way cover .74 25 way cover 85
8K Basic £10.00 15 way plug .74 37 way plug £2.10
Coresident Editor & Assembier £10.00 . 15 way socket £1.09 37 way socket €311
and much more MOTOROLA MICROCOMPUTING IC’s 15 way cover 83 37 way cover £1.19
BOOKS MCB6800P £14.00 MC6EB30L7 £11.33
MCB6820P £6.20 MC8602P £2.88
p&p 50p unless otherwise stated MC6850P €6.74  MC14536P £3.69 EDGE CONNECTORS
g;x:;;:;?:&ﬁ;f:; 6800 Microcomputer Ez::g MC6810AP £3.61 MC3459 £2.53 80 way 0 1" single sided £1.80
WB 1 a TTL Microcomputer £6.50 ZILOG MICROCOMPUTING IC's 33 ::;8 }sg:pgifume:dw S.:z!g
Spaccldiaganisstiio VN €100 2:80 CPU 2 5MH: £15.50 2:80 P10 PS £10.00 for Motorola exorcisor. D1 D2 kit bus)
2Zilog. 780 Technical Manua : 2.80CTCPS £10.00 64 way plug for Eurocard to DIN41612 £1.65
2:S0[Q1OqISchaicallManual 2,25 64 way socket for Eurocard 1o DIN 41612 £2.89
Mggggh. Undevs\andm;; Microprocessors (30p p&p) :57: MICROPROCESSORS 10 way plug Molex for $+50 bus 30
M Microprocessor Programming Manual . 5 3 )
MEB00 Microprocessor Applications Manual (£1 p&p) £9.50 gga(p\),ﬁa Mi Il t.b.a. 6502 £14.93 10 way socket Molex for 5-50 bus -32
M.O.S. Technology. KiM 1 User Manual £5.00 d tba.  F8 t.b.a. .
6500 Programming Manual £5.00 2650 tba. | D.j.L SOCKETS
6500 Hardware Manual £5.00 (low profile gold plated) D-i-L PLUGS
Adsm Osboume. Introduction ta Microcomputers INTERFACING ICs BUFFERS 14 pin 24 24 pin 36 16 pin 60
Vol O Beginners Book - £5.95 811595 £1.43 16 pin 25 40 pin 86 24 pin £1.20
Vol 1 Basic Concepts X £5.95 MC1488P £1.40 811596 £1.43 . . .
Vol 2 Some Real Products £11.95 MC1489P £1.40 811597 £1.43
8080 Programming for Logic Design £5.95 7501 50p £1.30 For v24. 811598 £1.43 SCOTCHFLEX CONNECTORS
6800 Programming for Logic Design £5.95 75150N £1.20 RS232C 8726 £1.84 40 way plug £2.40 40 way socket £2.62
2.80 Programming for Logic Design £5.95 75184 £2.50 8795 €1.60
Some Common Basic Programs €5.95 AN33 1 8797 £1.60
Payrall with Cost Accaunting in Basic €995 3 €108 74367 £1.30 PRINTED CIRCUIT BOARDS
General Ledger System £9.95
Accounts payable and Accounts recewable £9.95 LOW POWER SCHOTTKY TTL PRICE LIST For 77-68 (8" x8" 0 1" edge 78 way) 1000
Sybex. Microprocessors from chips to systems Rodnay Zaks £8.00 741500 8 741530 7415107 CPU board .
Micraprocessor Interfacing Techniques C207 egoo [ 74289 il s £ e 32 | 4krambos £10.00
Some Common Basic Programs P 10 £8.00 741502 '21 741533 ‘30 2408112 ‘3g Bootstrap loader board £10.00
Scelbi. 8080 Software Gourmet Guide Cookbook £7.95 741503 '21 741837 :30 7415113 ‘38 Prototyping p ¢ b £9.95
6800 Software Gourmet Guide Cookbook £7.95 741504 26 741538 30 7405114 38 (tow pack density)
What to Do After your Kit Return £7.00 741505 ‘26 741540 .21 7415125 56 Prototyping p ¢ b £10.91
(PCC First book ot Computer Games} 740808 ‘21 741542 ‘88 7415126 ‘s6 (righ pack density)
PCC Reference on Home Computers £4.95 741509 21 741547 ‘86 7415132 80 For E.77 (double Eurocard)
Dr Dobbs Volume 1 £10.00 | 4510 21 7a(S48 96 7415136 38 | 4K RAM board £6725
Instant Basic £€4.95 741511 26 741551 2 7415138 €1.05 Prototypingp ¢ b £7.52
Your Home Computer £4.95 741812 21 741554 21 7405139 €1.05 (low pack density}
My Computer Likes Me £1.65 741513 S5 741355 51 7415151 ‘26 For 3U 43 way systems (4%:'' X8")
Games with a Pocket calculator £1.75 741514 £1.26 741873 ‘34 7415153 26 2K RAM board £8.50
Games Tncks & Puzzies for a hand calculator £2.45 741515 2 741574 ‘38 241S154 £1.98 Back piane (Vero} board approx 10’ x 4" £1.47
Best of Creauve Computing Vol 1 £6.95 741520 21 741575 'ss 74(5155 £1.05 For $-50 bus
Best of Creative Computing Vol 2 £6.95 741521 ‘26 741576 ‘38 J41S156  £1.08 4K RAM board £12.00
BestofByre £8.50 | ;4557 21 741578 34 7418157 96 oS H00bLs
101 Basic Computer Games €5.50 | 5855 ‘1 741883 £105 7415158 ‘a8 4K RAM board £15.00
Hobby Computers are here £3.99 741527 21 741586 38 7415160 £1.22 4k RAM board €10.00
QOur range of books I1s constantly expanding Piease write for latest ist 741528 40 ° For ExOrciser bus
Goods are normally shipped within 24 hours Barclaycard & Access VAT at 8% for Hardware Components 30p postage and packing unless otherwise stated Cheques to be made out to  The
Newbear Computing Store” Send for an up-to-date catalogue to The Newbear Computing Store 7 Bone Lane. Newbury Tel 0635-46898 Callers welcome Monday to Saturday 9 00 a m -5 30
p m The Newbear Computing Store 1s a division of Newbury Laboratories Ltd

electronic
design
engineers !

Invaluable for
holding P C 8 s and other

panels when inserting and soldenng
components Adjustable for work up to 280mm Rotate

for access to reverse side and locks in any positton  All metal

Worite or phone for full details Price £10 inc VAT P&P £1

$2
Drill Stand

Robust all metal
with ample throat
dimensions

Will accept both drills

sitbiglors

Adjustable height contilever with
lever actuated feed Spring return

price £18.50 inc VAT P&P 106p
P2 Mk 2 Dnll £18 inc VAT P&P 86p

S1
Drill Stand

Constructed to take the
popular P1 drill and
ensure a high degree of
accuracy 1n alf types of
o electrical precision
work B

Price £85 13 inc VAT
P&P 38p
P1Dnil £9.67 inc VAT
P&P 38p

-

PRECISION PETITELTD

132 HIGH STREET TEDDINGTON MIDDOLESEX TW11 BHG

TEL:01:-277 0878
WW—013 FOR FURTHER DETAILS
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special quality industrial
tool kits and cases

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

Write for free Jensen catalogue to:

SPECIAL PRODUCTS DISTRIBUTORS LTD,

81 Piccadiily, London W1V OHL. Tel: 01-629 3556. Cables: Speciprod London W1.

WW-—055 FOR FURTHER DETAILS

NEW FACILITI

WW TELETEXT DECODER

‘Board 3’ is now as an additi I unit to upd the ‘Wireless World’
Teletext Decoder to give double height characters, colour background,
conceal/reveal, etc., as described in the December issue of ‘Wireless World."
Our Kit includes plated through hole P.C.B., P and i I}
instructions. Price £33.68 + VAT (£3.47) + P&P (30p) £37.45 total.

PCB available separately at £19.60.
@ e

Qur main kits contarn ail the printed
circuit boards and components
necessary to build the complete
decoder

A reprint of the sertes of articles i1s
available at £1.50 + large 15p SAE

h tandard New version

(included free in complete kit} version I Tren Post &

PRICES INCLUDE VAT using 2513 X887 Packing
Set of 5 PCBs £21.70 £21.65 30p
Component Kit (incl. PCBs) £120.95 £133.70 £1.50
/Add-on Unit for lower case PCB £2.70 - =
Component Kit (incl. PCB) £13.75 = =
Cabinet £14.85 £14.85 £1.00

PLATED THROUGH hole PCBs for TEXAS version only st additional cost of £27.00
COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price list

READY BUILT & TESTED DECODERS — £241.87 + £5 Carr.

DE LUXE VERSION WITH NEW FACILITIES — £292.50 + £5 Carr.

WYY A H DECODER |

Based on the design for a MATRIX H DECODER published in June issue of Wireless
World, with subsequent corrections, this Catronics Decoder 1s now generally available
from stock in two versions
Kit: comprising P.C.B.s, i.c., and all components to mount on the boards at
£39.30. Ready built: housed in attractive cabinet with integral power supply and
STEREO/QUAD switching at £89.37
These prices include Sansui Royalty Fee, VAT and P&P

VHF FREQUENCY

COUNTERS

200MHz, 7 digit. D.F.M. for direct
readings up to the mobdie radio VHF
High Band

Wil operate on mains or 12v supply
making it ideal for use with
mobile squipment.

CATRONICS LTD. (Dept. 823)

]
r Communications House
n I 20 WALLINGTON SQUARE
WALLINGTON, SURREY
g Tl 01-669 6700
WW—823 FOR FURTHER DETAILS

" Manutactured and guaranteed
by Catronics Ltd

Price only £137.50 + £1 50

carnage + 8% VAT

Write for ittustrated leaflet.
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The Microcomputer That
Took America By Storm

Here’s your chance to get hold of the phenomenal KIM 1. More than
10,000 have been sold in
the USA for education,
hobbyists and for
industrial applications
including prototyping,
test, instrumentation and
control systems. It's
available now ex stock
from GR Electronics Ltd.

PRICE INCLUDES:
Keyboard & display

Audio cassette
interface

Teletype interface

Program development
software

15 program
controlled 1/0 lines

1K user accessible RAM
{Extension modules
available)

and full documentation
KiM1 by MOS Technology == .
For further Information contact: AT e ’U'o,‘," 0 14,

thesm, Ars en
GR ELECTRONICS LTD., ~"“ismts o
80 Church Road. Newport, NPT 7EH, Gwent 237 g‘
Telephone:Newport (0633) 67426 Telex:28604 ref 1796

.

.

.

.

.
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TWO NEW SUPERMODULES:
170W INTO 4 OR 8 OHMS

By popuiar demand we have designed higher powered versions of our well known modutes The CE 1704
which gives 170W into 4 ohms and the CE 1708 which gives 1 70W into 8 ohms are physically similar to
the orniginal types and have the same combinaton of compatible pertormance features which makes
CRIMSON amplification audibly superior 10 the competition and the only choice if you have an ear 1o music
We have also produced suitable power supplies which again use our superb TOROIDAL TRANSFORMERS
only 50mm high, with a 120-240 pnmary and single balt fixing

Write or phone for more intormation and biased opinions.

POWER AMPLIFIER MODULES
Home Europe THD. Typcaliy-~ .02 any power. IkHz. 8

CE 608 60W/8 ohms 35-0-35V £1630 £16.60
CE 1004 100W/4 phms 35-0.35¢ £1922 £1930 | T4 o tnsigarticam
CE 1008 100W/8 onms 45-0 45V £23.22 £2300 § Slewratelimit : 20¥/u
CE 1704 170W/4 ohms 45-0-45¢ £28,90 £2846 S/Nratto ¢ 110d8
CE 1708. 170W/80chms 60-0-50v £3190 £31.04 | Freq response :  10Hz-35KMz -3d8

Stabwlity : Unconditional
TORDIDAL POWER SUPPLIES Protection - Orives and joad Salely
CPS 1 for 2xCE 608 or 1xCe 1004 £1447 £18.40 § Sensnivity < 775m¥ (250mY or 100mY on request]
CPS 2 lor 25CE 1004 or 2/4xCE 508 . £1682 £2057 § Size 120080 x Tmm
CPS 3 for 2KCE 1008 or 1xCE 1704 £1766 £21.35
CPS 4 for 1xCE 1008 £1531 £19.18
CPS S for 1x CE 1708 £2268 £26 50
CPS Blor 2 x CE 1704 or 2 x CE 1708 £2398 £27.70 cnlman
HEATSINKS
Light Outy SOmm 2 £/W L 09 130 T lK
Medium Power 100mm 1.4 C/W £1.60  £240
Disco/Broup 150mm 1.} C/W £230  £365

Please note our new address and telephone number:
THERMAL (';10'1-0015 vty Stamford House. 1A Stamford Street.
Recommended for improved reliabll i .
78 C for use with free air haatsinh £160  £1% Leicester LE1 5;‘;7-7;;”9"0"8 (0533)
A0 Cfor use with tan colled heatsink 160  £1.90

Home prices include V.A.T & postage C 0.0 90p extra. £100 mt Export no problem European prices
include carriage. insurance and handling, payment in Sterling by bank dratt. P O international Giro or
Money Order Outside Europe. please write for specific quote by return Send SAE or two International
Reply Coupons for full literature Favourable trade quantity price st on request High quality pre- amp
circunt 20p.
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BIMCONSOLES
BIVIBOXES

MINI DESK BIMCONSOLES
Moulded in Orange, Blue, Black or Grey
ABS and incorporating guides on all sides
for holding 1.5mm thick pcb’s. Tmm Grey
Aluminium panel sits recessed into front of

BIMBOARDS
BIVIDRILLS

BIMDICATORS

ABS & DIECAST BIMBOXES

5 sizes, in either ABS or Diecast Aluminium

console and held by screws running into
Stand-off bosses in
base for supporting small sub-assemblies

integral brass bushes.

etc. 4 self adhesive
rubber feet also in-
cluded.

BIM 1005

{16 1x96x58mm)
£197*

BIM1006

LOW PROFILE BIMCONSOLES
- 1mm Grey Alumi-

3 nium panel  sits

recessed into front

, of console base,

\ which is moulded in |

4 Orange, Blue, Black

" or Grey ABS and

sits on 4 self adhe-

sive rubber feet. Incorporating guides
for holding 1.5mm thick pcb, the base also
has stand-off bosses for supporting small

{215x 130x75mm)

All boxes incorporate guides on all sides for holding 1.5mm thick pcb's and/\
stand-off bosses in base for supporting small sub-assemblies etc. Close fitting
flanged lids held by screws running into integral brass bushes {ABS) or tapped
holes (Diecast).

sub-assemblies etc. and ventilation slots.
Front panel is held by 4 screws which run
into integral brass bushes.

BIM6005 (143x105x55.5[31.5) mm) £2.14*
BIMB006 (143x170x55.5(31.5) mm) £2.73"

ABS moulded in Orange, Blue, Grey or Black
Diecast Aluminium available in Grey Hammertone
or Natural

ABS
BIM2002/12
BIM2003/13
BIM2004/14

Natural
£097*
£1.20*
£1.49*

Hammertone
£1.20*
£150*
£1.86"

Diecast
BIM5002/12
BIM5003/13
BIM5004/14

{100x50x25mm)
{112x62x31mm)
{120x65x40mm)
{150x80x50mm)  BIM2005/15 £1.18* BIM5005/15 £2.38* £191°*

(190x110x60mm) BIM2006/16 £1.84* BIM5006/16 £3.41°* £2.85°

Also available in Grey Polystyrene (112x61x31mm) with no slots and self tapping |
screws BIM2007/17 £0.82* i

MULTLPURPOSEBHWBOXES\\m{ﬂ
Moulded in Orange, Blue, Black or Grey k)

ABS with 1mm thick Grey aluminium tfici h
recessed front cover which is retained by efficient cooling.
4 screws running into integral brass bushes. Colour Code
15mm pcb guides are incorporated on all - . A

sides and as with all ABS boxes they are 8

85°C rated. 4 self adhesive rubber feet C

also included. '
BIM 4003 (85x56x28.5mm}
BIM 4004 (111x71x41.5mm)
BIM 4005 (161x96x52.5mm)

£0.87"
£097*
£1.05*

ALL METAL
BIMCONSOLES

All aluminium, 2 piece desk consoles with either 15° or 30° sloping fronts, sit on
4 self-adhesive non slip rubber feet. Ventilation slots in base and rear panels permit

15° Sloping Panel

BIM7151 (102x140x51(28) mm)
BIM7152 (165x140x51([28} mm)
BIM7153 (165x216x51(28} mm)
BIM7154 (165x211x76(33] mm]
BIM7155 (254x211x76(33) mm)
BIM7156 (254x287x76(33) mm)
BIM7157 (356x211x76([33] mm)
BIM7158 (356x287x76(33) mm)

Base
Blue
Green
Gold

Top Panel
Off White
Sand
Satin Black

£ 9.43
£10.43
£11.42
£12.39
£13.66
£14.65
£15.80
£16.78

£1.13"
£1.42*
£1.87*

30° Sloping Panel

BIM7301 (102x140x76(28) mm) £ 9.43
BIM7302 (165x140x76(28] mm) £10.43
BIM7303 (165x183x102[28]) mm) £11.42
BIM7304 (254x140x76(28) mm) £12.39
BIM7305 (254x183x102{28] mm) £13.66
BIM7306 (254x259x 102[28] mm) £14.65
BIM7307 (356x183x102[28] mm) £15.80
BIM7308 (356x259x102[28] mm) £16.78

" MAINS
BIMDRILL

Bimboards accept all sizes of DIL packages

Operates directly as well as resistors, diodes, capacitors and

from  220-240Vac
and supplied with
2 metres long cable
fitted with 2 pin
DIN plug. Wwill
drill brass, steel and
aluminium as well as pcb’s etc. Has integral
biased-off switch and accepts tools with 1,2
and 3.2mm dia shanks £9.72*
Accessory Kit including Tmm, 2mm, 125"

twist drills, 5 burrs and 2.4mm collet £2 2&}

12 VOLT BIMDRILLS

2 small but powerful 12V dc drills, easily
held in hand or used with lathe/stand
adaptor. Both drills have integral on/off
switches and 1 metre long cable.

Mini Bimdrill with 2 collets up to 2.4mm
capacity £7.56*

Major Bimdrill with 3

LED's etc. They have integral Bus Strips
running up each side for carrying Vcc and
ground as well as Component Support
Brackets for holding lamps, fuses and
switches etc. Available as either single or
multiple units, the Ilatter mounted on
15mm thick, matt black aluminium back
plates which stand on non slip rubber feet
and have 4 screw terminals for incoming
power.

Bimboard 1 contains 500 individual sockets
whereas the multiple units containing 2,
3 or 4 Bimboards incorporate 1,100, 1,650
or 2,200 individual sockets, all arranged
ona25mm{0.1") matrix.

Bimboard 1 £ 9.72* Bimboard 2 £22 68"
Bimboard 3 £32.40* Bimboard 4 £42.12*

BIMDICATORS!
li’ L

also one of Europe’s
largest manufacturers
of Filament, Neon

and LED indicators.
Send for our
BIMDICATOR DATA

collets up to 3mm
capacity £12.96*
Mains to 12 Volts
adaptor, lathe, stand
and accessory kits also
available, details on
request.

*All quoted prices are 1 off
and include Postage,
Packing and VAT. Terms
are strictly cash with
order unless you have
authorised BOSS account.
For individual data sheets
on all BOSS products
send stamped, self
addressed envelope

i =

INDUSTRIAL MOULDINGS LIMITED

2 Herne Hill Road, London SE24 0AU
Telephone: 01-737 2383

Telex: 919693 Answer Back ‘LITZEN G
Cablesﬁ Telegrams: ‘LITZEN LONDON SE24’
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The new, comprehensive JVC 34" video cassette range

See-and believe

A pioneering electronics organisation with 51 years’
experience of high-technology engineering, JVC has been
developing and introducing new and better video products
for 21 years.

Now, for the first time in Britain, you can choose from a
new and comprehensive range of JVC %" U-format colour-
plus-monochrome video cassette units, up to 38% smaller
than directly competitive equipment.

From the compact portable CR-4400E for location work
to the versatile CR-8300E for production studios, these
easy-to-use models meet every video cassette recorder
demand. They give you exactly the same top-quality
recording and playback throughout the range. Price
differences simply reflect the number of facilities available,
not the performance.

The range. For those needing NTSC as well as PAL playback
(perhaps for shipboard entertainment), JVC has the new
CR-5060ED.

~

If you're looking for stop-action playback and PAL record-
playback facilities, the new CR-6060E with its specially
engineered still-frame system is the one for you. (Optional
remote control available.)

PAL recording, plus PAL and NTSC playback, come together
inthe new CR-6060ED. Again, with optional remote control.

Full electronic editing facilities are built into the superb new
CR-8300E, a PAL record/playback unit. For even more flexible
editing, add the JVC RM83 editing suite.

Where you must have portable video eguipment, able to
record cassettes that can also be replayed by a mains cassette
unit without an adaptor, it's got to be the new assembly-edit
CR-4400E. This comes complete with built-in video/RF replay
facilities. And, of course, there's a colour camera to match.

Use the inquiry service to get the literature from Bell & Howell.
Test for yourself the versatility of these new JVC units. Admire
the outstanding picture quality each provides. Seeing 1s
believing. You'll believe, as we do, that JVC U-format equipment
is the best in the world.

WW — 094 FOR FURTHER DETAILS i
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Fuji tape. To get the optimum
results from any U-format
equipment use Fuji Beridox
tape. Provably superior to
conventional CrOz tape, it’s
now available from every
Bell & Howell dealer.

Bell & Howell A-V Ltd.

Alperton House,

Bridgewater Road,

Wembley, Middlesex, HAO 1EG.

B BELLe HOWELL

WW—050 FOR FURTHER DETAILS
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THRULINE°WATTMETER

0.45-2300 MHz / 0.1-10000 watts

The Standard of the Industry
What more need we say. ..

www americanradiohistorv com

Exclusive UK representative

aSpen electronié; Iimitéd

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UW
TELEPHONE: 01-868 1188 — TELEX 8812727

WW—034 FOR FURTHER DETAILS



www.americanradiohistory.com

30

WIRELESS WORLD, MARCH 1978

OSCILLOSCOPES

MISCELLANEOUS

£160
£480

J. Lloyd XY Plotter Type PL . . . . .
Grubb Parsons Type IRG A20 Analyser
6v 25 Amp. Power Supply Units £25
D.M. Digital Voltmeter. Type 2022S £240
Electro Scientific Industries Portametric PVB 300

TEKTRONIX

Type 551 with Power Supply
Type 545A with 1A2 Dual Trace Amp
Type 585 with Type 82 Dual Trace
Type 581 A with Type 82 Dual Trace
Piug in Modules
Type CA, G, H, L, K .
Type 3A75 Amp. 4MHZ
3A8 Operational Amp
3777 and 3576 Sampling
82 Dual Trace Amp

1820S Time Base

HEWLETT PACKARD

Type 180A with 1801A Dual Channel Vert Amp.

THE TEST EQUIPMENT BROKERS

EQUIPMENT SOLD, PURCHASED RENTED, LEASED
ALL PRICES EXCLUDE VAT AND CARRIAGE
TEL. NEWPORT 0633 211243.

EUROTECH

25 CHEPSTOW ROAD
NEWPORT, GWENT, U.K.

WW—037 FOR FURTHER DETAILS

GOLDRING G103
Belt Drive Turntable

Famous name turntable siashed
to near half price. Compiete with
plinth, cover and leads Accepts

any standard cartridge ot included)

OUR PRICE

£29.95

(- p/p&ins£2.50)

Build your own
GOLDRING CK2

Belt Drive Turntable

the famous Goldring company,
comes complete with instructions
and all necessary parts. Ready to
incorporate into your design £1 95
plinth and cover. The pleasure of 6-
assembling your own deck. (+ p.p & Ins. £1.75)
(Plinth, cover and cartridge not included). ALL PRICES
Usually sold for £54.95 with plinth and cover. INC. VAT
Call in or send cheque, P.O, M.O, Access, ’
Barclaycard, Diners Club or American Express Number.

S0z Sound Audio

248/250 TOTTENHAM.COURT ROAD, LONDON W3. TEL: 01-637 1908
WW—020 FOR FURTHER DETAILS
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TIME PEACE £945"

Not a spelling mistake, but another
descriptive term for the National
MA1012 complete clock & display
module.

Featuring sleep and snooze timers,

setting, alarm output switch

Display area 76 x 20 mm. Total size 3%x8x2 cm
The MA1012 is non-strobed, with direct drive to the display LEDs, thus causing none of
wideband RF| noise associated with earlier clock IC designs. It is suitable for any tuner
or radio timing applications, plus all the usual clock applications. Help reduce noise
pollution with our MA1012 clock module ! The module requires only switches and
mains transformer. A suitable 240v AC input transformer is available for £1.50 + 8%vat
Two modules, with two transformers, for £20.00 + 8% VAT.

REFERENCE SERIES TUNER MODULES

EF5803 2 MOSFET AGC RF stages, with low noise setected MOSFETs, MOS mixer
Buffered local oscillator output for counter and synthesizer purposes,

6 tracked tuned circuits, |F and image < 100dB down. £19.75
Selectable 2 or 3,6 pole linear phase | F filters, two MOS IF preamps,

twin detector coil for 0.07% THD Af 22.5kHz. Noise mute, deviation
mute, adjustable range AFC, meter output. £16.25
With the incomparable HA1196 PLL jow noise, wide range decoder (C,
preamp and LC low pass filter on input, twin LC pilot and base-bandpass
filters on the output. With 2 x LM380N ICs for monstor amp purposes
availabie on the board. £16.45

Ref. FMIF

Ref. MPX

Our other ranges of FM and AM tuner modules avarlable as before
EF5801 17 45 EF5600 12.95 7252 26 50 7122 13.22
7030 095 EC33020 750 7253 26.50 Most also available in kits
91196 1299 8319 1.5 91197 1135 details in catalogue & price st

24 hour alarm format, fast and slow

COILS FOR LW, MW, SW 1,2, and 3 now listed in catalogue 30 & 33p ea
| TOKO 10k series coils now for 1.5 to 30MHz, giving a total coverage in osc and rf coils
Low cost meters: Internally illuminated edgewise meters 200uA, and back
| it flat face meters 200uA. A wide choice of scales - or material to DIY.
with close fitting (flanged ) lids. 8x6x4 (cms) 54p ea*. 10x7.5x4 {cms) 66p ea*, and

| 12x10x4.5 {cms) 76p ea*. Also new stackable component storage boxes and trays.
DETECKNOWLEDGEY: theory and practise of metal locator

IB, phase anyle, pulse induction. A unique reference for users and constructors. £1.00
Our usual unique range of coils, filters etc for radio: from "TOKO, 350,000 in stock.
The best in linear ICs for RF, HA1137:£2.20; HA1196:£4.20; HA1197:£1 .40, plus

all common radio and multiplex devices, audio ICs {TBAB10AS £1.09), MOSFETs, a
unique line in varicap diodes for AM tuning - see the latest catalogue for details. 45p
Postage 25p per order, VAT 12.5% except where otherwise indicated (*8%). Send to-
{2 Gresham Road, Brentwood, Essex. tel (0277) 216029. Only 200m from station ! ]

Mblt international C}

Equipment boxes: These must be the best value in ABS (black] equipment boxes |

principles including BFQ |

WW-—016 FOR FURTHER DETAILS
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FREQUENCY COUNTERS — STANDARDS —
GENERATORS

DISTORTION .03%

1710 Hz 1o 1.2GHz. Sensitivity 10mV CRYSTAL 1 Meg, 100Kcs, 10Kcs . >
5 parts 10'° 5 parts 1010 Amplmcjﬁegzlabllny

OFF/AIR 10 Meg. 1 Meg, 1 part 108 10Hz to 100kHz

Jiom 32MHz 5 Digit  £98 401A 32MHz 6 Digit £138
501 32MHz 8 Digit £192 701A 80MHz 8 Digit £210
8018/M 25DMHz 8 Digit £280 901IM 520MHz 8 Digit £385
Memory versions available if not suf- 1001M 1.2GHz 8 Digit £670
fixed M £30 extra Start/Stop versions plus £18
Type 101 1MHz 10 KHz Crystal Standard £98
e FREQUENCY COUNTER Type 103 Off/Air Standard £98 LOW FREQUENCY
TYPE 8018 Type 203 Low Frequency Generator £78 GENERATOR TYPE 203

R. C. S. ELECTRONICS, 6 WOLSLEY ROAD, ASHFORD. MIDDX. ASHFORD (69) 53661

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts., Crystal
Manuf; and El ic Lab: ies world-wide

WW--090 FOR FURTHER DETAILS

wpﬂlﬂg 643A FUNCTION
® GENERATOR

- SINE, SQUARE & TRIANGLE
0.01 Hzto 1.1 MHz
- 10V pp + 5V DC OFFSET

m- 1000 : 1 Vco RANGE

0~ S T 1 I i g} ——
FOR POWER & HAND DRIVING * '

For Pozidriv, Phillips, Slotted, Torx, Hexagon, Tri-Wing,
and other recess and head forms.

c OOO® ©

Yoo —— In

R

643A FUNCTION GENERATOR £85 + £2.50 p&p

Other products include: WwO064

643 FUNCTION GENERATOR £98 mgsg

HY H H H 745 COUNTER TIMER £94 6

A range of Hand Screwdriving Kits is now available 63> FILTER OSCILLATOR o8 ANOEH
746 AUTORANGING FREQUENCY METER £68 Ww084

H M 615 OFF-AIR STANDARD - Lo .. £74 WWO085

catalogue andPrlce LISt on requeSt 35 SERIES PANELMETERS FROM £26 WW086

Delivery 1s normally ex-stock -— telephone tor contirmation

H A R M SWO R l H Prices exclude VAT and are correct at ime of going to press. Subject to
change without notice.

HARMSWORTH, TOWNLEY & CO. LTD. OMB electronics
HAREHILL TODMORDEN LANCS OL14 5JY Riverside, Eynsford, Kent. Tel. 0322 863567
Phone 070-681 2601 & 070-681 5246
WW—083 FOR FURTHER DETAILS

J E S AUDIO INSTRUMENTATION carhon film RESISTORS

lllustrated the Si 451 ON BANDOLIERS OR PREFORMED 12.5mm
Millivoltmeter — pk-pk AT NO EXTRA COST
or RMS calibration with : . R
variable control for S
relative measurements. PITTIE
50 cahibrated ranges e -
£60.00 Sadr -
WA -
Si452 . ....... . £48.00 Si453 .. . ....... £60.00 - - -
Distortion Measuring Unit Low distortion Oscillator, Sine Qarak
15 Hz — 20 KHz — 01% — Square — RIAA . AERD SERVIGES LTD
PRICES plus VAT & I 42-44A-46 Westbourne Grove
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501 z tondon W2 5SF
CARR STREET, CLECKHEATON, W. YORKS BD19 3LA Tel.01-727 5641 Telex 261306
WW—060 FOR FURTHER DETAILS
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follow this sign -)

GOULD ADVANCE INSTRUMENTS
HAVE AWORLDWIDE REPUTATION.
BUT THEY NEED NOT COST YOU
THE EARTH.

05245A AND 0S250B OSCILLOSCOPES

Two dual trace oscilloscopes, with sensitivity of
5mV/div., and 2mV/cm respectively. The 0S2508B offers
variable trigger level with or without bright line. The
0S245A has a bandwidth of 10MHz, the 0S250B offers
15MHz. Fully portable, these are the ideal instruments for
servicing, educational and general purpose applications.

Stay ahead-

ALPHA 11l DIGITAL MULTIMETER

Atough, attractive, 31 digit multimeter with 25
ranges and a basic accuracy of +0.2%. A bright red
LED display gives a clear reading even in high ambient
fight conditions, and yet power consumption is low
enough for extensive field applications.

A purpose built CMOS chip incorporates all
analogue and digital circuitry, giving a low component |
count and increased reliability. !

TC 320 TIMER COUNTER

This new, tough, 5-digit unit has an operating
frequency of 35MHz. Plated through hole PCB construction
keeps the component count down, for exceptional
reliability. Frequency measurements up to at least
35MHz can be easily read from the clear 7-segment
display. The TC320 offers outstanding performance —
including “disciplined" triggering — at a remarkably
modest price.

| BETA DIGITAL MULTIMETER

A general-purpose multimeter, offering 29 ranges,
including temperature (optional), and a basic accuracy
figure of 4-0.2%. A clear, 31 digit Liquid Crystal
Display, 0.5 high, gives a high-contrast read-out.

Fully portable, with a minimum of 300 hours’ battery
life, the Beta has already established a reputation
foraccuracy and reliability.

For details of any of these instruments and the
Gould Advance 2 year guarantee, write or phone today.
Gould Instruments Division,

Roebuck Road, Hainault, Essex |G6 3UE.
Telephone :01-5001000 Telex;263785.

WW—077 FOR FURTHER DETAILS
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wireless
world

Electronics and unemployment

SECRETARIES and newspapermen can now
type “North Sea 0il” with a facility
they would normally experience only
when typing out their own names. It
becomes clearer every day that a
counterfeit sense of pre-election
prosperity is clouding the judgements
of many of those in a position to
influence the national well-being tor the
next 20 or 30 years. The cil money may
be the worst thing that could have
happened to us, disguising serious
failings in the way our industries are
run.

Of these the most sadly evident is the
reluctance of the self-styled
«wealth-creators” (about as sensible a
description as calling the CEGB an
energy-creator) to prepare for the day
after tomorrow.

The electronics industry is sharing in
this short-sightedness. So far,
commentators on teletext, Viewdata
and the electronic home have chosen
to emphasise the positive aspects of
these changes, that certain tasks may
be made easier, and may lead to a
much more pleasant style of life. When
these things arrive they will make deep
impressions on our lives, but there is a
false tendency to imagine that these
wonders will be gained at no cost at all.

The first signs of the price we will
pay are already there. One is
unemployment. Our government is
disposed to persuade us that this is a
cyclical aberration which will
disappear with the passing of time, an
improvement in world trade, and a
judicious tax-cut or two.

The electronics engineer knows that
this is not so. We may be in for a
consumer-happy 1978 but there is a
deep-rooted movement in industries of
all kinds away from the employment of
labour.

1t used to be thought true that new
technology would always create
enough new types of job to take the
place of redundant skills. Far from

being a universal law, it now appears
that such instances of this as have
appeared in the past were just
manifestations of a transition between
the age of man and the age of the
machine. Not many new jobs have
resulted from the move away from
Strowger exchanges, and we report
elsewhere in this issue that advances in
computer technology are to put people
in the computer industry out of work.
When technology makes it
unnecessary for us to travel to our
work the process will be complete.

There will be no commuters, and no
need for railwaymen, bus-crews or city
sandwich bars. Labour will have
become so expensive, and will need to
be so highly trained, that
unemployment will be at 50%. The
worker, free of his twice-daily train
journey through the slums, will
inconsciously devalue other people and-
their importance as the reason for
increasing the community’s prosperity,
an effect already evident in parts of the
United States.

The only products to be made will be
those which provide some kind of
diversion from the thought of endless
years without a task to do. I'he Home
Office and the Post Office will take
over the Department of Education and,
with a system of one-way programmed
learning will have induced in the
younger members of society a kind of
baffled contentment.

The world need not be like that. Our
only hope is that future technology is
directed towards increasing output, not
just decreasing staff. That means we
must make the things required by
places where there is a market, and
forgo the short-term gains to be made
from a series of electronic equivalents
of the hula-hoop. It means selling to

‘the third world, and it means planning

ahead with the North Sea oil money
that now threatens to drown us in
complacency.

www americanradiohistorv com


www.americanradiohistory.com

34

WIRELESS WORLD. MARCH 1978

Loudspeaker coloration

Eliminating unwanted sources of resonances

by D. A. Barlow, Ph.D

Loudspeakers have always been the
weakest link in the chain of sound
reproduction. The tone is coloured by the
presence of unwanted resonances, which
may still be audible in spite of
considerable damping. The
already-reported limits of audibility of
resonances on white noise and music
over a range of frequency and Q are
discussed in relation to loudspeakers.
The white noise test was severe and few
if any speakers meet this "’ peak
criterion,”” even over part of the audio
range. Sources of unwanted resonances
and methods of elimination are discussed
and a design proposed for a speaker in
which coloration is inaudible.

IN LOUDSPEAKERS, there are many
causes of coloration or spurious effects
not present in the electrical input signal.
These usually take the form of
resonances or anti-resonances. In bad
cases, they show on a frequency res-
ponse curve; less severe cases may be
found by transient tests, or by watching
the motion of the moving parts by
holographic methods.'? Resonances
may be present in the diaphragm, sur-
round, rear suspension, voice coil, dust
cap, chassis, cabinet walls, etc. Other
resonances are the fundamental ones of
the drive units and of air cavities, in-
cluding the air enclosed by the cabinet.
Other effects, not necessarily audible,
include acoustic interference between
units in multiple speaker systems, phase
differences between units, phase distor-
tion in the crossover, diffraction at the
edge of the cabinet, speaker frame, etc.

I have long thought that listening
tests should be used where possible to
determine the limits below which the
various forms of distortion or imperfec-
tion in audio equipment become inaud-
ible. Effort could then be concentrated
on the most serious defects, and those
which are inaudible can be ignored. In
particular, listening tests were proposed
to determine the limit of audibility of
peaks, by introducing resonances of
various frequencies and Qs electrically

Peak listening tests
Preliminary tests were made in 1972,
using an Altec Room Equaliser. This has
a number of resonant circuits covering
the audio range. Each may be varied to
be either a peak or a dip. Listening tests
were carried out, using two makes of

high quality headphones, thus avoiding
the effect of room acoustics. Using
white noise a single peak of 2dB in the
mid-range was clearly audible, giving
the noise a definite pitch. At the ex-
tremes of frequency, the ear was less
sensitive, as might be expected. A 2dB
dip in the mid-range equally gave a
definite pitch to the white noise.

The main listening tests were carried
out by Fryer'. A number of frequencies
were used with a Q of 50, 25, 10, 5, 2.5,
and 1. Three sources were used, white

Fig. . Levels at which response peaks
become inaudible for six values of Q
and frequency, using three source
signals. Broken curves indicate
adjusted values (see text).

noise, the opening bars of Brahms first
Piano Concerto, and Cleo Laine singing
‘Peel me a grape’. The unbroken lines in
Fig. 1 show the level at which the peak
becomes inaudible. A-B tests were used
with compensation for the increase in
loudness caused by the addition of the
peak. A large number of listeners took
part, and were of various ages and
occupations. Each listener listened
alone, with no knowledge of other lis-
teners’ results.

White noise is the most sensitive,
followed by the Brahms. As the Q is
lowered, the level at which the peak can
be detected is also lowered. A hump of
given height, covering a large band-
width is more noticeable than a spike of
the same height, which affects only a
very small bandwidth. The ear evidently
detects mainly the energy or area under
the peak. In some cases, at high Q, the

beak can be well above the general level
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before being detectable, but in other
cases a low Q resonance, well below the
general level, is still detectable. Dam-
ping a resonance may not give as great
an improvement as hoped for, especially
at low frequencies. It follows from these
curves that a flat response, containing
peaks damped down to the general
level, is no guarantee of freedom from
coloration; also that two speakers with
smooth frequency response curves may
have quite different degrees of colora-
tion. Low-Q resonances near the ex-
tremes of frequency are similar in effect
to tone controls, and alter the character
of the sound rather than make it un-
pleasantly coloured.

There is naturally some scatter in
results; for example the gap between
the levels for Q of 25 and 10 for white
noise at 450Hz appears excessive. There
is good reason for thinking this.
Reducing the Q from 25 to 10 by dam-
ping means reducing the level by 8dB,
yet the detection limit drops 10dB. Thus
damping the resonance would appear to
make it slightly more audible! This is
highly improbable. 1 felt justified there-
fore in smoothing the curves, removing
this one anomaly. Values were adjusted
so that the differences between the dB
drop in reducing the Q, and the drop in
detectable level followed a smooth
curve in each case. This was done for all
points, the change in actual values
being kept to a minimum. The
smoothed curves are indicated by the
broken lines.

These curves agree in general with
similar tests reported by Bowsher®.
Under certain unstated conditions,
Harwood® obtained different results. It
can only be concluded that these con-
ditions were unrepresentative of normal
listening.

Application of results
The present curves, especially for white
noise, represent a very severe demand
on the loudspeaker; we may call this the
peak criterion. Few if any commercial
speakers meet the criterion, even over
part of the frequency range. There are
two basic ways of making a speaker
@® by using a relatively large light
diaphragm driven all over, for example
by electrostatic, piezoelectric or elec-
trodynamic means
@ by using a relatively small diaphragm
driven from a very small area, for
example by a moving coil.
For satisfactory operation, the first type
must have a very limp diaphragm,
operating well above the fundamental
frequency, in the hope that the over-
tones will be sufficiently damped as to
be undetectable. There is very little
information on this. The second type
must operate at frequencies well below
the diaphragm resonances. Most
speakers fall between the two stools.
Thin cones made of paper, metal,
plastics, carbon fibre, inevitably
resonate over almost all of their wor-
king range. The object in designing

such cones is to find a profile in which
none of the resonances is pronounced.
There is no way of calculating this, and
a suitable shape can only be found by
trial and error, a process which is still
going on after nearly 50 years, and could
go on ad infinitum. For this reason, it is
always possible that a beginner may by
chance produce a cone with a smooth
response. In some plastic film diaph-
ragms, the profile is known to be very
critical and small deviations may give
serious peaks. Even if a smooth res-
ponse is obtained, resonances will be
present. Such cones cannot be expected
to meet the peak criterion.

If a cone is to operate below its brea-
kup resonances, it must have the high-
est possible stiffness/weight ratio. As
deformation is mainly in bending, the
structure with the maximum bending
stiffness must be used, viz. sandwich
construction’®. The maximum stress in
bending is taken by the outer layers;
these are therefore made in a material
with the highest ratio of Young’s
modulus/density. The skins are glued to
a core, which must be as thick and light
as possible. Aluminium foil and ex-
panded polystyrene are the obvious
materials to use.

Possible speaker to meet the peak
criterion

By using sandwich construction, it
should be possible to meet the peak
criterion except at the ends of the
frequency spectrum, where the ear s
less sensitive and where further tests
are desirable. Sandwich cones are
usually of high Q, but the breakup
resonances can be damped down to the
general level by means of suitable dam-
ping material applied to the cone neck’,
If the white noise criterion is used, these
resonances must be about 24dB down,
assuming a Q of 1.

It is known from holographic
examination that a 25cm diameter
sandwich cone of 105° included angle
has a first resonance, the umbrella
mode, at 1300Hz, which is often difficult
to detect acoustically or by impedance
curves. Such a cone would meet the
peak criterion by crossing over at about
300Hz with a 12dB/octave crossover. A
6dB/octave crossover would be of little
value where a limit of —24dB is to be
met,

The mid-range could be handled by a
7.6cm diameter cone. The first breakup
would be at about 6kHz, allowing
crossover at 1.5kHz. Damping of the
resonances may require a rather large
weight of damping compound. Driving
from the periphery by means of a 7.6cm
diameter voice coil may give higher
breakup frequencies, although the mass
of the voice coil former would be
greater than for a smaller diameter coil.
Furthermore, diffraction at the cone
edge and resonance of trapped air may
be problems. If beryllium or carbon fibre
were available in suitable form, the
breakup frequencies could be raised
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considerably, thus easing the design.
The treble cone could be 3.8cm
diameter, again perhaps driven from the
periphery. To raise the first breakup
above 20kHz, beryllium or carbon fibre
skins would be necessary. Smaller cones
than this are difficult to construct and
the maximum permissible weight for
smaller cones is very low. The optimum
cone angle is 90 to 105°. The use of a
smaller included angle should raise the
circumferential mode frequencies but
decrease the radial mode frequencies.
As there are no radial modes in sand- °
wich cones, unlike paper, a small in-
cluded angle could be used. However,
this raised the first frequency, but low-

- ered the frequency of the second mode,

so that there was no advantage in going
to smaller angles than 90°.

The suspensions of the mid and treble
units should be designed to coincide
with the planes of the centre of gravity
and centre of inertia, thus avoiding any
tendency to non-axial motion. Likewise,
the leads must be brought out at 180°, as
it is known from holography studies
that if they are brought out together,
the unbalanced mass will cause rocking
of the cone. The fundamental
resonances of the two units when
mounted must be at least two octaves
below crossover, assuming good dam-
ping.

Very little can be done about the
fundamental resonance of the bass unit.
Most speakers show the effect of the
fundamental resonance in the slow de-
cay of the bass in delayed resonance
tests. The principal types of enclosure
are the reflex and the totally enclosed.
The full theory of the reflex has been
given by Thiele®. With correct design,
with correct coil and cone weights, flux
density, etc, the bass response can be
extended well below that for a similar
totally enclosed cabinet. Thiele’s work
has been translated into practical terms
by Garner and Jackson'® and by Col-
linson" at my suggestion®. However,
the reflex cuts off at 18dB/octave
compared with 12dB/octave for the
enclosed cabinet. In the present con-
text, a sharp cut-off is to be avoided. It
might be better to use an enclosed
cabinet with enough acoustic and mag-
netic damping to be critical (Q="2), the
response being —6dB at resonance. This
represents some loss of bass, but as the
cabinet is likely to be placed against a
wall during use, there will be acoustic
reinforcement of the bass.

The only other enclosure of interest is
the folded pipe or labyrinth, now called
the transmission line. This has the ad-
vantage of not increasing, or even
slightly decreasing the fundamental
resonance. Apart from any possible
extension of the bass, this would place
the fundamental resonance sufficiently
low in frequency to be inaudible. Un-
fortunately, the finite length of the pipe
and the necessary folds give rise to
resonances of the enclosed air'?, and
these are audible as ‘bumbling’, even
when damped with long-fibre wool'.
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Resonances of cabinet walls

The conventional rectangular cabinet
inevitably suffers from bending
resonances of the flat walls. In certain
cases, especially with large cabinets, the
sound output of the cabinet walls at the
frequency of panel resonance can ex-
ceed that of the speaker by several
decibels''. These resonances may be
damped by thick layers of damping
material glued to the panels, the weight
of the damping compound being
comparable the the panel weight.
Bituminous damping felt is the most
practical material * . Damping com-
pounds readily suppress the overtones,
but are less effective at the fundamen-
tal. The answer is to use a cabinet of
constant curvature, where there are no
bending resonances, only resonances in
direct stress!®. This has now been
utilised in two recent commercial de-
signs. Such cabinets are so stiff in
operation that almost any material may
be used for bass cabinets. A cardboard
tube of 30cm diameter has no
resonances below 2kHz, and the radia-
tion level at lower frequencies is 30 to
40dB below the signal. [t is fully equal to
brick and concrete and easily meets the
peak criterion.

The obvious method of mounting a
bass unit in a tubular cabinet would be
at one end. The tube could be 60cm long
X 30cm diameter with the bass unit
facing upwards. A long pipe may give
trouble with organ pipe resonances.
With a crossover at 300Hz, the bass unit
would be almost omnidirectional over
its working range. This would avoid any
possible apparent loss of mid-
frequencies due to listening off-axis.
Diffusers could not be used to increase
the spread of the upper frequencies
because they give irregularities in the
response curves and audible effects at
lower frequencies. Inverting the
speaker unit so that the rear faced
upwards, the rear face of the cone being
clearly visible from the listening posi-
tion, did not alter the directional pro-
perties. Mounting the speaker at one
end of the tube, facing the longest
direction has the advantage that the
rear reflected wave will be at the lowest
frequency; it is less likely to be audible
and has the maximum thickness of
acoustic absorbent through which to
travel. Re-radiation of the reflected
wave is thus at a minimum. A sandwich
cone gives much less re-radiation than a
conventional paper cone'®,

The mid and treble units could be
mounted in the cylindrical surface,
without unduly affecting the perfor-
mance of the cabinet; if necessary, the
cutouts could be stiffened up with ad-
ditional material. The diffraction effects
at the sharp edges of a conventional
cabinet are avoided, and provided the
units are not at centre height, a cylinder
was found to be almost as good as a
sphere or ellipsoid for avoiding diffrac-
tion. That diffraction effects can be
audible in the worst case is shown by
the following test.
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Fig. 2. In the listening tests discussed
resonance peaks with Q of I to 50 were
switched in and out in establishing
level of inaudibility. Detectability
decreased by 3dB for each doubling of
Q. ’

A single speaker was used, as no two
units sound the same on white noise,
and differences due to position in the
room are avoided. The speaker was
mounted in a 30cm diameter sphere and
fitted with a 30cm diameter removable
flat baffle. On white noise, the dif-
ference with and without the baffle was
quite clear. The effect of the baffle on
the frequency response was to intro-
duce a hump of 4dB at 1kHz and a
hollow of 4dB at 1.8kHz.

In addition to spurious external
radiation by the cabinet walls, there is
the possibility of sound being transmit-
ted from the bass into the treble cavity
and vice versa. Tests in 1974, which
unfortunately I could not complete,
suggested that this transmission may
not be negligible in all cases.

Crossover networks

[t has been known for many years that
there is phase distortion in most
crossover networks, the 6dB/octave
quarter section being the only common
one free from this. Crossover filters
have been studied by Wall'® at my sug-
gestion.* He devised a three-way filter
without phase distortion. This uses a
two-way half section with a mid-section
to correc the phase. Baekgaard'” has
devised a similar filter. Although the
mid-speaker operates only over a nar-
row band, the cut-off on each side is
only 6dB/octave. If it is to meet the peak
criterion, it must be free from
resonances over eight octaves. Such a
speaker would be a full range one and
would hardly need crossovers. It might
be possible to make an acceptable unit

by rolling off both bass and treble
acoustically by suitable design.

Another possibility is a linear-phase
filter of the Gaussian or Bessel type, i.e.
beyond cut-off the phase angle is pro-
portional to frequency, although design
data is scarce. Nomoto et al'® have
demonstrated the wavefront from
speakers by means of measurement
over a large number of microphone
positions, using a computer. A two-way
system using a Bessel filter showed a
wavefront corresponding to the input
signal, in contrast to a Butterworth
filter.

A number of commercial speakers
have been produced recently, in which
the mid and treble units have been set
back behind the plane of the bass unit.
The acoustic centres should thus be in
the same plane and acoustically in
phase — the “‘linear phase” system.
Some of these have crossovers without
phase distortion, others have conven-
tional crossovers. If in a two-speaker
system, the treble unit is placed on top
of the cabinet and moved back and
forth, there is a slight difference in
sound with position on white noise. This
is clearly heard from above the speakers
and is obviously due to reflection off the
top of the cabinet. The test was repeated
with thick absorbent on the top of the
cabinet and with the treble unit
mounted in a sphere to avoid diffraction
effects. The difference with position
was still present on white noise, again
clearly so from above the speakers and
was reflected from the top of the
cabinet. Setting mid and treble units
back necessitates steps in the front face
of the cabinet, and these may be bevel-
led to reduce reflection. A treble unit
was mounted off centre in the usual
way near the top of the front panel of a
typical rectangular cabinet. The edges
of the cabinet were bevelled to reduce
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diffraction. A removable 7.8cm thick
panel with a 45° bevel was fitted below
the treble unit. On white noise, there
was a small but definite difference with
and without the panel. The effect of the
panel on the frequency response was to
create a small dip at 2kHz. It seems that
any audible effect due to the acoustic
centres being in the same plane is very
small and is masked by reflection.

Other sources of spurious radiation
Other components of the speaker be-
sides the cone may give spurious radia-
tion. The surround in particular is of
appreciable area and tends to move out
of phase with the diaphragm, especially
at large excursions at low frequencies.
Also, it is well known that an insuf-
ficiently damped surround will give a
dip and a peak in the response curve.
The units could operate without sur-
rounds. The moulded edge of the ex-
panded polystyrene could be a clea-
rance fit in the chassis rim. The clea-
rance would be filled with a suitable
magnetic fluid, a retaining magnet
being incorporated in the rim of the
chassis. The outer edge of the cone and
inner edge of the chassis would need to
be rounded to reduce diffraction. Two
rear suspensions would probably be
necessary for centering the bass unit.

Dust domes are another possible
source of spurious radiation. There are
two possible forms

- @ A rigid airtight continuation of the

cone. This must meet the peak criterion;
on an area basis, the radiation will be
about 14dB below that of the cone.
@ An open structure, allowing free
passage of air. This assumes that the
acoustic resistance offered by the mag-
net gap is sufficient to avoid losing bass.
Rather than being strictly dust-tight,
this prevents most foreign bodies from
entering the magnet gap. Measure-
ments showed that the conventional
undoped impregnated fabric dome and
plugs of (flexible) open-cell urethane
foam were satisfactory. Any radiation
by these components would be largely
cancelled acoustically because of their
open structure.

Voice coils are another possible
source of resonance. The compliance of
the neck of the former may resonate
with the mass of the cone. The neck will
deform by direct tension and compres-
sion, but is unlikely to buckle except for
very long formers in thin material. It
can be easily shown that the load ne-
eded to cause elastic buckling of the
former far exceeds the load due to the
driving force. A typical 2.5cm diameter
former in Kkraft paper may resonate
around 8kHz, and in many moving coil
tweeters, the output consists mainly of
cone and coil resonances. In the present
case, short 3.8cm diameter formers in
epoxy-glass fibre and in carbon fibre
were stiff enough to avoid resonance in
the audio range.

Another source of coloration is
reflection from obstacles behind the
cone or resonance of air cavities created

D. A. Barlow, B.Sc. M.Sc.
Ph.D. F.A.E.S. ... unemployed

Don Barlow left Fane Acoustics when they
closed down their laboratory last year,
reluctantly joining the unemployed. And it
was another closure that forced him to leave
the Rank Leak Wharfedale research
laboratory three years before that. At RLW,
he worked on a viscous-filled sphere sus-
pension for turntables, also developing a
lightweight tubular enclosure designed to
be free from panel resonances. But perhaps
his most well-known contribution to audio is
the sandwich loudspeaker that he deve-
loped and produced whilst with H. J. Leak &
Co. in the 1960s. He actually conceived the
idea (WW Dec 1958, pp 564-9) in his
spare time, his job then being concerned
with the properties of aluminium alloys
following graduation in metallurgy at
Birmingham University back in 1943, and
through which he gained an external M.Sc.
12 years later. Two other WW articles
which reflected another spare-time interest
— groove deformation in records — were
published in May 1957, pp. 228-30 and
April 1964, pp. 160-6. :

by such obstructions, for example the
chassis. It is well known that the rear
radiation from a speaker is seldom as
clean as that from the front. Listening
tests were made with white noise fed to
the unit with a very open chassis. On a
flat baffle, the slightest obstruction at
the rear was immediately audible from
the front. The speaker was thén
mounted in the wall of a room and
obstructions introduced at the rear.
Small obstructions corresponding to a
chassis were detectable, but gross
obstructions, for example a shallow
enclosing box were clearly audible.
Providing the enclosure was fairly deep
and filled with absorbent, it was very
difficult to detect.

Acoustic interference between units
is noticeable on sine wave in bad cases
for example where two treble units are
used in parallel, perhaps to increase
power handling capacity. The loudness
varies on moving the head. In more
typical cases, the transient test results
are poor at crossover frequencies, but
whether this produces an audible effect
is not known. It may be desirable to
avoid crossing over in the mid-range
where the ear is most sensitive to col-
oration. It might be passible to reduce
interference by means of careful co-
axial design.

Fallibility of listening tests

In production, the sensitivity of units.
will vary due to variation in mass of
diaphragm, mass of dope applied, mass
and resistance of voice coil, and mag-
netic flux. In a multiple speaker system,
it is well known that if the units are not
carefully matched for sensitivity, the
whole character of the sound is altered.
Furthermore, we have already seen that
the character is altered by small dif-
ferences in shape of response curve.
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Again, in listening tests on amplifiers in
1972, it was found that a gradual slope
of +2dB from bass to treble due to
slight inaccuracy of equalization gave a
different character from the reverse
slope. Speakers may well be judged on
the character of sound which the lis-
tener prefers, rather than on the quality.
Speakers used by the British Broadcas-
ting Corporation have to meet very
close tolerances, perhaps in order to
maintain the same character of sound.
Harwood!? has described errors which
can arise in listening tests. The question
arises: if a speaker were built to be free
from coloration, would it be recognised
as such?
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Consumer scene has to
get better

MAKERS AND distributors of consumer
electrical and electronics products can ex-
pect a better year in 1978 — as Jordan
Dataquest point out in a recent survey, it
couldn’t be much worse than things have
been up to now. The nine largest private
companies in this sector made profits which
averaged 0.7% in 1975 and '76.

About 140 of the 392 companies surveyed
are private, and most of them are tiny: “The
largest private company . . . engaged in
electronics manufacture and also trading
profitably is Stereosound Productions Ltd,
which is 154th in order of size.” The profit
margin, said Jordan referring to private
companies, “is distressingly low.”

The survey goes on: “This low profitability
may, of course, simply reflect the nadir of an
economic cycle and low consumer demand.
Nevertheless a perusal of the companies’
figures for the previous year also reflects an
unexciting picture. Moreover out of 392
companies nearly a quarter (23%) were losing
money in the period reviewed.” One com-
pany, however, whose performance had been
outstanding was Waltham Electronics, a
subsidiary of an Irish company, which in-
creased its margin to 6.9% by nearly trebling
profits on a slightly increased turnover of
around £5.5 million.

There is little doubt that the consumer
goods trade will improve in the next year at
least. One reason is that as an election
approaches the Chancellor is likely to make
as much as he can of any opportunity to cut
direct taxation, and indeed he has already
committed himself to doing this.

Another reason is that as a result of North
Sea oil the pound is considerably stronger
than it was, and this has caused inflows of
foreign capital. These have been deposited in
British banks and will make lending easier.
This effect is an inflationary one in that it is a
direct increase in the money supply. This is
why the fiscal authorities have stepped in to
try to halt the rise in the pound by buying
gold and foreign currency in an attempt to
halt these inflows of hot money which, apart
from anything else, are just as likely to run

out of the country again at the first sign of an.

economic squall. Another point about a
rising pound is that it makes imports cheaper
and reduces the profits of companies selling
abroad. []

More space and support
for Communications ‘78

THE FOURTH international communications
equipment and systems exposition, Com-
munications 78, is to be held at the National
Exhibition Centre, Birmingham, April 4-7.
For the first time, the event is being sup-
ported by the International Telecommunica-
tions Union, Post Office Telecommunica-
tions, and the Home Office’s Directorate of
Radio Technology and Directorate of
Telecommunications. The IEE are again
organising the conference but, for the first
time, they are working with the IERE, the
UKRI section of the IEEE, the IEEE Com-
munications Society and the Convention of
National Societies of Electrical Engineers in
Western Europe (EUREL).

There will be three main themes: PTT
Telecommunications, Fixed and Mobile

Radio Communications, and Defence Com-
munications. Each has been allocated a day
of sessions. The inaugural day will include an
address by the president of the IEE, Mr J. M.
Ferguson. Three sponsored tours, called
inward missions, have also been arranged for
selected groups of visitors, preferably over-
seas visitors, interested in PTT, fixed radio or
defence communications.

In 1972, when this event was first held, the
exhibition covered only 120 square metres. In
1974 it increased by 50%, and in 1976 it
doubled to 3,678 square metres. Next year’s
exhibition space will be three times that of
the last — more than 12,500 square metres. So
far 90% of this space has been allocated to
electronics companies and other bodies. []

Gilbert Briggs

GILBERT BRIGGS, engineer, businessman, jour-
nalist and author, founder of Wharfedale,
died on January 10 aged 87. His death fol-
lowed those of Guy Fountain, founder of
Tannoy, and L.p. inventor Peter Goldmark by
a few weeks.

Briggs didn’t start in audio at all. Brought
up in an orphanage, he was self-taught, and
his career began in the Bradford textile
industry. He began Wharfedale Wireless
Works in 1933, under his wife’s name, where
it remained for 20 years. He sold the business
to Rank “for a slight profit” in 1958.

He built his first speaker in the autumn of
1932, winning a local radio society competi-
tion with it. A few days later, he once recal-
led, a wholesaler came round and ordered a
gross of them. He agreed to supply them at a
dozen a week. By March 1934 he had made
4,600 speakers and a loss of £1,000. By 1939
production was 9,000 speakers a year. During
the war the factory made transformers for
the navy.

After the war he began to write what many
regard as a classic series of books on audio
and related subjects. The methods he de-
scribed are still valid today.

He also began a now-famous series of
combined lectures, concerts and demonstra-
tions at various places including Carnegie
Hall. By the time the final concert was held at
the Royal Festival Hall on May 9, 1957, seven
of the fifteen items on the programme were
in stereo and Leon Goossens (oboe) was
taking part in the live demonstration.

He leaves a wife, Doris, and two daughters.

Racal — back to business

ON THE DAY two of their former executives
and a Ministry of Defence functionary were
found guilty of corruption at the Old Bailey,
Racal shares went up 18 pence, according to
the BBC financial report, and 9p if you believe
The Times business section. The news seems
to have damaged them not a whit. The wife of
one of the convicted men said she would go
out and celebrate the verdict with brandy at
£7 a glass.

The trial arose from the Middle East arms
scramble of the early 70s, caused by the
conflict with Israel and increasing oil
revenues. In 1966 the Defence Sales Organ-
isation was set up to allow British firms to get
the benefit of the arms contract bonanza. It
was staffed partly by British Army officers
but its first head was Raymond Brown, who
had, as it happened, founded Racal with
Calder Cunningham in 1950. Mr Brown was
knighted in 1969, when he left the D.S.O.

In January 1971 Britain won an order to
build 300 tanks for Iran. This was followed in
May by a further order for 433 tanks, and the
two orders were together worth £100 million.
The middle man between the Shah and the
British Government had been Sir Shaapoor
Reporter, given an OBE in the same year as
Sir Raymond received his knighthood, and a
knighthood in 1973, for services to British
exports. The Chieftain order earned, if that is
the word, Mr Reporter £1 million, 1% of the
sale price.

The next available contract was that to
supply radios for the tanks, an order worth £4
million. Reporter, a close friend of the Shah,
had to be paid commission if any Iranian

contract was to be won. Normally the bribe
would be added to the contract price, and
since the money would come ultimately from
the Iranian taxpayer the British authorities
learned to live with the arrangement.

The British Ministry of Defence official in
charge of trying to get British firms the order
for the radios was, at the beginning of the
seventies, Major D. A. C. Randel: by the time
he was tried for corruption he had been
promoted to lieutenant colonel. Randel was
in the Royal Corps of Signals, attached to the
Defence Sales Organisation.

One of the firms in the running for the
contract was Racal subsidiary British Com-
munications Corporation. The sales director
was Frank Nurdin who, like Shapoor
Reporter, had received an OBE in the 1969
honours list. He was determined that Racal's
VRQ301 radios would be the ones installed in
the Iranian Chieftains. Nurrdin, since dis:
missed by Racal and now working for
Plessey, and his managing direcor, Geoffrey
Wellburn, began a series of cash payments to
Randel for favourable treatment of the Racal
tender. Randel was convicted of receiving
£7,000, £5,000 and £2,800 on three occasions
during 1972.

According to evidence given at the trial,
Randel had demanded %% commission, or
£20,000. He had developed a taste for the high
life. He had joined a number of fashionable
clubs and had opened a Swiss bank account.
He first came to the notice of the army
special investigation branch when, in 1974 as
a consultant to the Oman government, it was
noticed he was living beyond his means. He
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was arrested in April, 1976, and is reported to
have told police: “I have had a bloody good
time, really, a bloody good time.”

Witnesses at the nine-week trial included
Racal chairman Ernest Harrison, who denied
any knowledge of the payments, as the two
Racal defendants claimed he had, and Oliver
Prenn, former chairman of Racal BCC, who
said at first that he had told Wellburn to
ignore pressure from Randel for %% and that
there had been no question of paying the
Iranians. Three days later he went into the
witness box to admit perjury. Five days later
he resigned from Racal. Reporter had
received 2% commission on the radio deal, as
well as another sum for Reporter personally
since the commission went mostly to charity.

The total was £250,000 in addition to the £1
million given him by the British Government
through Millbank Technical Services, part of
the Crown Agents, for the tank order.

There is no telling whether the trial will
have any more far-reaching results than the
sentences imposed: three years for Randel, 18
months for Nurdin and 12 months, suspended
for two years, for Wellburn. At the time of the
verdict a lot of newspaper speculation
centred around embarrassment — which we
can be sure was genuine — in Whitehall and
the Government, and stories of a new broom
sweeping through the defence sales system —
which we can be equally sure were not.

Defence sources believe that once the fuss
over the trial has died down defence con-
tracts with foreign countries will be con-
ducted much as they have been, if only
because of the difficulty of distinguishing
between bribes and legitimate consultancy
fees. There is some puzzlement that a com-
pany like Racal, which the sources say owes
its success to providing good equipment and
a first rate after-sales service, should have
been singled out.

As taxpayers we can only wonder whether
our own administrators are being suborned
in a way that we seem prepared to suborn
those of other countries, but we can feel
justifiably annoyed that these “commis-
sions” earn tax relief for the companies who
pay them.

Racal’s success in exports has been encou-
raged by successive ministers from govern-
ments of both parties, and the latest of them,
Fred Mulley, did not allow an impending trial
to deter him from opening Racalex 77.

. A Racal spokesman pointed out that the
two executives had been fired in 1974 as soon
as an internal investigation had revealed that

“improper payments had been made.” They-

reported these payments to the Ministry of
Defence and the police, the spokesman said.
The rise in share price “‘reflected the City
view that we were in fact the ones who
started this off.” It was not the company that
had been on trial.

According to the Iranian embassy an
agreement existed between the two govern-
ments that all transactions on the tank
orders were to be conducted on a govern-
ment to government basis, and that the costs
of re-equipping the lranian Army were to be
kept to a minimum. The trial now forced the
Iranian government to re-examine whether
this agreement had been broken. If so action
would be taken to recover the money.[ ]

dressed for a visit by the Prince of Wales.

E et

The Poldhu Hotel as it was in 1903. The four wooden aerials of Marconi's wireless station are

The Crown and the

Home Office

THE DECISION that the Queen should not
take part in an exchange of radio greetings
with President Carter to celebrate the 75th
anniversary of the first radio message from
the United States to England was not wholly
due to the malign influence of the Home
Office, as has been reported elsewhere. Even
“had the Home Office given its blessing to the
enterprise, which is extremely unlikely, the
palace would not have taken part on the
grounds that, as they told the Cornish amat-
eur radio club who organised it, the Queen
does not normally take part in 75th anniver-
sary celebrations unless the circumstances
justify it on some other grounds.

When the news that the President’s well-
wishes would go unanswered first appeared
in the Guardian on January 10, Conservative
MP Robert Adley issued a furiously intem-
perate statement saying he would put down a
question condemning “this bureaucratic,
bumbling, nonsensical decision (which)
could only have been taken by a socialist
minister who does not remotely understand
the feelings of ordinary folk. It was taken by
poor little Lord Harris, who no doubt sees his
job as repeating parrot-like and rubber-
stamping everything his civil servants tell
him.”

Mr Rees replied: “The international radio
regulations forbid the use of amateur sta-
tions for transmitting international com-
munications on behalf of third parties except
in emergencies . ..”

The anniversary is an odd one. The first.

transatlantic signals had been transmitted in
December 1901 when Marconi received the
letter S in Morse at St Johns, Newfoundland,
from Poldhu. Cornwall. Until 1949, New-

‘foundland was not part of Canada, and the-

Anglo-American Telegraph Company
immediately served notice on Marconi that
they had a monopoly of communications
between England and the British colony.
The neighbouring Canadian government
then offered Marconi £16,000 to build a
station on their territory, and Marconi built it
at Glace Bay, Cape Breton lsland, Nova
Scotia. It was completed in October, 1902. St
Johns and Glace Bay, two of the coastal

points nearest Europe, had been set up to
prepare the way for contact with stations
farther south, in the United States. A station
had already been established at Cape Cod,
Massachusetts.

On January 18, 1903, Cape Cod sent a
message to Glace Bay from President
Roosevelt, with instructions to forward it to
Poldhu. In the early hours of the 19th, how-
ever, it was picked up at Poldhu direct from
Cape Cod, making it the first wireless
message transmitted direct from the US to’
England. In it, Theodore Roosevelt sent
Edward VIII “most cordial greetings and
good wishes.” A full commercial service
started between Canada and Clifden, Ireland,
in February, 1908.

The Cornish amateurs began planning to
celebrate the message’s anniversary some 18
months ago. In April they wrote to Buck-
ingham Palace suggesting that the Queen
might like to reply to the messages they had
arranged to receive from president Carter.
The reply said the palace would look into it,
but in June the palace wrote again saying she
would not normally take part in a 75th
anniversary and that, in any case, they
understood that the message would be
against international regulations. A further
letter from: Lord Harris went into more detail.

It had never been proposed that the Queen
would go to Poldhu and speak into the
microphone the amateurs had set up at the
Poldhu Hotel. The idea was that the Queen
would send a message in writing which
would then be read over the air, and trans-
mitted in Morse over a simulated spark
transmitter. It would reply to a message from
President Carter which had been arranged by
Robert Dogherty of the Barnstable,
Massachusetts, radio club. According to Lord
Harris, “It is forbidden for amateur stations
to be used for transmitting international
communications on behalf of third parties.”

In fact the latest edition of the radio
regulations published by the ITU last Sep-
tember put it a little stronger than that;
Article 41, paragraph two reads: “It is abso-

Continued on page 70
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Transequatorial on
144MHz

One of the most interesting discoveries
resulting from amateur v.h.f. operation
during the past 30 years has undoubt-
edly been “transequatorial propaga-
tion”: the ionospheric reflection of
signals up to and above 50MHz, usually
between places in roughly a north-to-
south line, one on each side of the
equator (e.g. Cyprus to Rhodesia, Japan
to Australia).

What appears to have been the first
144MHz two-way contact to have been
effected by means of transequatorial
propagation was recorded in October
1977 between YV5ZZ in Venezuela and
LUIADA just south of Buenos Aires in
Argentina. The 3,180-mile (4,446-km)
contact also represented a new world
long-distance record, other than by
“moonbounce”, for this band; pre-
viously the record was held for what
appears to have been tropospheric duc-
ting between Hawaii and the USA.

Since the transequatorial mode con-
tact was between about 10° North and
35° South of the equator at roughly an
equinox, this suggests that 144MHz
contacts might be possible between say
California (35° North) and Argentina.
The YV5ZZ-LUIADA contact was or-
iginally established on c.w. but s.s.b.
was used later, with little fading. Sub-
sequently YV5ZZ also contacted
LU7DJX a little to the north of Buenos
Aires.

This is a further important success for
South American v.h.f. operators. In
June 1977, PY20B in Sao Paulo heard
the first transatlantic. 144MHz signals
when he received TU2EF in the Ivory
Coast, over 3,496 miles away, although
it seems unlikely that this was due to
the transequatorial mode, and may
have been the result of ducting: micro-
wave radar signals are also believed to
have been received in South America
from Africa on various occasions. A
S50MHz beacon station planned for the
French space centre at Kourou, French
Guiana (about 9° North) should prove
valuable for the detection of long-
distance v.h.f. propagation modes in the
area.

T.v.i. and receiver
immunity

The Home Office’s “Radio interference
report for 1976” (issued December 1977)
reflects important changes that have
been made in gathering and recording
information about the interference
complaints investigated by the Post
Office Radio Service and brings it more
into line with similar reports published
in some other countries.

For radio amateurs the changes have
resulted in the transfer of many com-
plaints previously recorded as being
caused by radio transmitters (when the
transmitters were not at fault) into such

DO

categories as insufficient immunity of
the receiving equipment. The 1976 total
of complaints registered as being
caused by amateur transmitters has
thus dropped dramatically from 785 to
only 151 (fundamental radiation) plus
36 (harmonic radiation).

The total number of interference
complaints (identified or unidentified)
was 42,395, representing a decrease of
4.73%; but although television com-
plaints continue to fall (27,723 or
—15.66%), complaints of interference to
radio reception have been climbing
steadily ever since 1971 and now reach
13,322. The Home Office suggests this
reflects “growing interest in radio lis-
tening”. Contact devices on domestic
electrical appliances (eg thermostats)
continue to represent the most common
cause of electrical interference,
although a very high proportion of all
complaints still arise from poor aerials
or faulty receivers.

RTTY trends

John Jones, GW31GG, secretary of
BARTG, notes that although the silent
visual-display-unit (v.d.u.) approach to
r.t.ty. is bringing many new operators
on to r.t.t.y., most of the operational
stations continue to use hard copy
machines for contacts. He notes a pro-
blem with the v.d.u. system is the loss of
easy tabulations. Because of cost, he
expects that the average amateur sta-
tion will continue using hard copy
machines rather than v.d.us for at least
the next five years. He also forecasts
that the “50 or 45 baud” speed problem
will remain important, with increasing
pressure from British amateurs to
change to 50-baud operation within the
next few years.

Just as the number of commercial
stations providing c.w. transmissions
suitable for morse practice has de-
creased sharply over the years, John
Jones notes that the use of com-
munications satellites and multi-
channel links with error correction Sys-
tems or privacy arrangements has led to
a big reduction in the number of com-
mercial stations on which r.t.t.y. sys-

tems can be set up with simple equip-
ment for test purposes. He also suggests
that amateur r.t.t.y. operators should
employ more of the informal abbrevia-
tions used in amateur c.w. operation, on
the grounds that it is faster to learn to
abbreviate than to learn to type. Mem-
bership of BARTG now exceeds 600.

Scanning the bands

A new 23-cm beacon station, GB3MLE,
has been installed in the enclosed room
at the 900ft level (1,800ft a.s.l.) of the
IBA’s concrete tower at Emley Moor
near Huddersfield, Yorkshire. It
operates on 1296.93MHz with an effec-
tive radiated power of about 50 watts;
also operating from this site is a
432.91MHz beacon station, GB3EM.

The tentative launch date for the
Amsat AO-D satellite (if successfully
placed in orbit this is likely to be known
as Oscar 8) is now March 5. The trans-
ponder will operate only in the 144MHz
to 432MHz mode during the first few
days after launching. Since January 1,
the Oscar 7 satellite is operating for two
days in Mode B, followed by one day
only in Mode A.

Arrangements for the International
VHF Convention at the “Winning
Post”, Whitton, Middlesex on February
25 now include a trade exhibition, dis-
plays of home-made v.h.f. equipment
(with emphasis on equipment made
with the type of facilities available to
most amateurs), and a programme of
lectures.

P. Pierrat, F2TU, has described
(Radio-REF, No 12, 1977) an ambitious
light-weight parabolic dish aerial with a
diameter of 6 metres. It has a claimed
gain of some 28dB on 432MHz and the
weight (not including source or
counter-weights) is about 35kg.

Interest in 10GHz activity seems to be
spreading to more countries in Europe.
It is also reported that 500 of the 10GHz
“Gunnplexers” marketed by Microwave
Associates and suitable for amateur
transceivers have been sold in 20 coun-
tries.

In brief

The new syllabus for the Radio Amat-
eurs’ Examination (to be largely based
on multiple-choice questions) is causing
some very raised eyebrows at the com-
plete absence of any requirement to
understand thermionic devices; it con-
centrates entirely on semiconduc-
tors... RSGB contests during March
include: March 4-5, 144/432MHz; March
11-12, Commonwealth h.f. contest
(former BERU contest); and March 19,
70MHz open . .. The mobile rally season
opens on March 19 with the White Rose
Mobile Rally at Lawnswood School,
Leeds ... Membership of the “G-QRP-
Club” devoted to low power radio com-
munication has now passed the 350
mark.

PAT HAWKER, G3VA
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Audio power amplifier design — 2

Negative-feedback concepts

The best result of mathematics is to be able to do without it — OLIVER HEAVISIDE

by Peter J. Baxandall, B.Sc.(Eng), F.I.E.E., F.I.E.R.E.

In the January issue the concept, and
possible consequences, of slew-rate
limitation were discussed. with particular
reference to one cause. in which the first
stage of an amplifier 1s unable to supply
the current demanded by the
collector-to-base feedback-stabilization
capacitor in the second stage. With
suitably modified circuit designs such
effects may be made insignificant. Before
specific circuits are discussed in later
articles, the present article will deal with
some basic 1deas about negative
feedback and transfer functions.

Feedback terms: definitions

k1g. | represents the general case of an
amplifier with overall feedback. The +
and — signs against the symbols for
voltages indicate the polarities that
exist when the instantaneous values are
called positive. V_ ,/V, is the gain with
feedback, or closed-loop gain. A is the
forward gain, or open-loop gain. From
the diagram it is evident that

(B vr)ut + vin)A =V

out

(kxcept at middle trequencies, the +
sign must be taken to mean addition
taking account ot phase angle.)

From the above

vou[(l - Aﬁ) = Avm
A

orV "
1-Ap

nul/vm = (1)
This formula may be regarded as the
universal teedback formula, and is just
as relevant to positive-feedback appli-
cations such as Q-muiltipliers and some
active filters as it is to negative-
feedback amplifiers. At medium
frequencies. where it will be assumed
there are no unwanted phase shifts, A
should be taken as a simple negative
number it the amplifier phase inverts,
B should be taken as negative it the
output from the 3 network is subtracted
from V,, instead of being added as
shown. For a negative-feedback
amplifier Aj} will be negative at medium
frequencies.

Sometimes the denommator of (1) is
given as 1 + AR, and then only the
magnitudes and not the signs of A and
are to be mserted in the tormula. The
formula 1s specifically a negative-
feedback formula, and the correspon-
ding formula for positive teedback then

has a denominator 1 — Aj3. This is surely
an unnecessary complication, which
can lead to confusion in some applica-
tions where it is not immediately
obvious whether the teedback is to be
treated as positive or negative.

The loop gain is the gain right round
the teedback loop, and is A in Fig. 1.
This concept is simple enough in the
ideal context of Fig. 1, but in many
practical circuits some care must be
taken when calculating or measuring
the loop gain. For example, how do we
calculate the loop gain in Fig. 27 If the
loop is broken by removing the connec-
tion between P and Q, and a test voltage
V, is applied between P earth, then this
would produce, at the junction of R, and
R;, with Ir; removed, a voltage of V3.
This voltage is effectively applied to the
emitter of I'r, 1n series with a resistance
of R,Ry/(R,.R,). whichappearsin series
with 1/g,,, reducing the etfective
mutual conductance of the stage.
Alternatively we may calculate the
value of R, and 1/g,, in parallel, and use
this value in place of R, for calculating
the actual feedback voltage appearing
at the emitter due to the test voltage V.
In obtaining the relevant output voltage

from Tr,, kKnowing its collector current,
it is necessary to add a load resistor
between ) and earth of the same value
as that previously provided by the feed-
back network.

Fig. 3 illustrates the meaning of the
terms series, shunt, current and voltage
teedback. It will be seen that the con-
vention is that ‘series’ and ‘'shunt’ relate
to the way the tfeedback is injected into
the input circuit, whereas ‘voltage' and
‘current’ relate to the manner in which
the feedback is derived in the output
circult. Voltage feedback causes the
load to be fed as from a generator whose
internal impedance, or output imped-
ance as it is often called, tends to zero as
the amount of feedback is increased,
whereas current feedback causes the
output impedance to tend to infinity
with increasing teedback.

lig. 4 shows how a combination of
voltage and current negative feedback
may be used to produce an amplifier
with a prescribed value of resistive
output impedance, such as might be
required, for example, when feeding
into a telephone line. This technique is
less wastetul of available output power
capability than is the alternative of

\

—Qa

gain
A

e

Voltage

0O—]

+
Vout Load

7

network

Fig. 2. Circuit relating to discussion
of loop gain. Biasing details are
omitted for clarity.
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(b) equivalent circuit as seen by load.

Fig. 3. Four different types of negative feedback.
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Fig. 4. (a) Feedback circuit with combined voltage and current feedback;

Vin

]

Load
Shunt voltage feedback

-
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: : Load

Shunt current teedback

|

Zioad

(A} assumed infinite)

(b)

using an amplifier with simple voltage
or current feedback, in association with
a resistor equal in value to the required
output impedance.

Considering Fig. 4(a), and assuming
the ideal case of an infinite-gain
amplifier, it is evident that

B Vmau*’ r Iluad= Vln

or “(Zluad Ih)ud) +r Iloud = vm

which gives

lowa =
foad = 4 BZ)d
or
@
load r/ ﬁ + Zloud

‘This shows that the equivalent circuit
must be as in Fig. 4(b). By arranging for
the voltage drop across r to provide
positive instead of negative feedback, a
negative resistive output impedance
may be obtained.

Amplifiers are often said to have x
decibels of negative feedback at a
specified frequency, and such a state-
ment is open to more than one possible
interpretation. It is sometimes taken to
mean that 20log,i|loop gain{=x, but
the normal and preferred meaning is
that the amount of negative feedback is
such as to reduce the amplifier gain by x
dB, due precautions being taken to
maintain equal loading conditions be-
fore and after closing the loop, as
already explained. A little thought in
relation to equation (1) will show that
these two definitions of the amount of
negative feedback are not precisely
equivalent, and differ quite significantly
when the amount of feedback is small.
With the preferred definition, feedback
is negative at a given frequency it it
reduces the gain and positive if it in-
creases the gain. trequently a practical
negative-feedback amplifier will exhibit
a peak in its frequency response at high
frequencies, near the unity-loop-gain
frequency. In the region of the peak, the
gain may be higher with feedback on
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than without it, so that the intended
negative feedback has here become
positive feedback.

It is sometimes said that feedback is
negative if the real component of the
teedback voltage, BV, 1s in antiphase
with V', Fig. 1, V' itself being taken as
purely real, and that teedback is positive
if the real component of BV, isin phase
with V’. This, however, is a popular,
misconception, and is quite inconsistent
with the distinction between positive
and negative feedback given above — as
will become evident from the discussion
of phase relationships later in this
series.

Stability considerations

The subject of stability in feedback
systems is a vast one, on which many
learned and highly mathematical
treatises have been written. The most
famous are probably those of H.
Nyquist! and H. W. Bode?, both of Bell
Telephone Laboratories. Though old,
these contributions deal with the fun-
damentals of the subject thoroughly
and in depth, and are still regarded as
absolutely sound. Many electronic en-
gineers such as myself, particularly
those lacking any formal training in
feedback theory, are liable to feel rather
overwhelmed by the amount and com-

plexity of the available literature, and
concepts such as complex frequency,
poles and zeros, contour integration,
the Heaviside operator, Laplace trans-
forms and signal-flow graphs seem like
insurmountable barriers to some
people. However, | believe that the vital
thing is to acquire sufficient theoretical
understanding to be able to appreciate
vividly the reasons tor the various
effects that occur, and what the avail-
able possibilities are for modifying the
circuit design as first conceived to give
optimum performance. The amount of-
detailed theoretical background
necessary to achieve this is in fact sur-
prisingly small — though some of the
mathematical enthusiasts will probably
deny this!

There are several reasons why it is
unnecessary for a good amplifier de-
signer to know as much mathematical
feedback theory as is sometimes sup-
posed. Firstly, much of the fundamental
analysis was originally done to find out
what the stability criteria were, and
how they could be expressed in forms
convenient for engineers to use. This
having been done, and being weil esta-
blished, the engineer can use the results
without needing to be able to prove
them. Secondly, provided there is a
proper qualitative understanding of the
problem, the precise optimum values of
some components are often best deter-
mined experimentally. This is largely
because, at the quite high trequencies
involved — which may extend up to
several MHz — some degree of
approximation to the true transistor
behaviour would inevitabty have to be
adopted in a purely theoretical, perhaps
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computer-aided, design approach. Some
people may say that arriving at opti-
mum values for some components by
trial and error does not constitute a
respectable modern design technique,
but 1 cannot agree with this outlook.
One way to regard such a trial-and-
error approach is to say that one is using
the actual amplifier circuit itself as an
analogue computer — changes are made
to the circuit values and the results are
displayed in analogue form on an
oscilloscope. If carried out in an intel-
ligent manner, this seems to me to be a
much more direct, economical and
generally sensible technique than that
of forming a mathematical model of the
circuit for processing by a digital com-
puter, but 1 recognise that what is best
done depends a good deal on the back-
ground and preferences of the designer.

In some quarters there is a belief that
the circuit designer himself should
spend his time in an office with paper
and a computer, and leave the practical
work to others, but I do not think that
this philosophy is the most effective
one. Experimental work is very stimu-
lating — some unexpected effect is
observed, and in a flash one may see
that a modification to the circuit would
be an improvement. This can often be
tried immediately, and may lead to pro-
longed thought and further ideas. At
some point a theoretical analysis may
be called for, followed by more ex-
perimenting. It is this continuous
alternation of experimental and theoreti-
cal activity that leads, in my experience,
to the evolution of novel and improved
designs. Of course, an almost inevitable
result of such activity is often that what
started off as a neat experimental board
tends to have become a somewhat un-
tidy bird’s nest at a later stage. How-
ever, 1 think most amplifiers having any
real originality of design have probably
evolved through such a stage before
reaching that of an elegant printed-
circuit board.

A very real danger is that it an engin-
eer becomes too absorbed in advanced
mathematical techniques, he may fail to
give enough attention to other more
down-to-earth, but very important,
aspects of the overall design work. In a
contribution some years ago®, | said
“whilst it is virtuous to be able to ana-
lyse a circuit, it may be even be more
virtuous to be able to see that a detailed
analysis is unnecessary, or to invent a
better circuit whose behaviour is more
easily predicted.”

The aim in what follows will be to
present the minimum theoretical back-
ground which is thought to be
necessary for anyone undertaking to
design the feedback stabilization
aspects of an audio amplifier with
understanding and in a properly
optimized manner. Little more than the
j-notation* will be employed. However,
some readers will doubtless wish for a
rather broader background of theory,
since much published literature on

amplifier design uses the concepts of
complex frequency, poles and zeros etc.
At a fairly elementary level, the excel-
lent series of articles by “Cathode Ray”
(M. G. Scroggie) in this journal in 1962
may be recommended® % 7 * A more
advanced and complete treatment of
teedback theory and practice will be
found in a very good book “Amplifying
Devices and Low-Pass Amplifier De-
sign” by Cherry and Hooper®. Though
they do not hesitate to use determinants
etc. when thought to be appropriate, a
true engineering outlook is evident and
the book contains much very en-
lightened practical advice on design
aspects.

In a.c. coupled amplifiers, stability
problems arise at both low and high
frequencies. Only the high-frequency
problems will be considered here, i.e. all
circuits will be treated as d.c. coupled
amplifiers, but the principles discussed
are very easily adapted, in common-
sense ways, to the low-frequency situa-
tion when necessary.

Some simple notions about transfer
functions will first be considered, be-
cause understanding these helps one to
appreciate better how the whole
negative-feedback story fits together. A
transfer function for a feedback
amplifier, or any other circuit, is simply
an equation giving V,,, as a function of
V.- It is normally assumed that the
amplifier is free from non-linearity
distortion, but apart from this reserva-
tion, the transfer function contains all
the necessary information about the
frequency response, phase response,
transient response and stability margins
of the amplifier. The snag is that, except.
in quite simple cases, deriving and sim-
plitying the transfer function for a
feedback amplifier is exasperatingly
tedious, even for those with a natural
aptitude for such things, which I cer-
tainly do not have! The Nyquist dia-
gram, and Bode amplitude and phase
plots considered later, represent a
vastly more convenient and practicable
approach for most amplifier design
purposes.

However, it is always theoretically
possible simply to use the j-notation to
calculate the currents and voltages
everywhere in the amplifier circuit due
to V,, and V_,, and thus to form the

43
transfer-function equation. Purely as an
illustration of the ideas involved, con-
sider the simple and somewhat idealized
circuit of Fig. 5. Using the j-notation
gives the current in C, as jwV,,C,. The
current in R, in the direction shown is
Vour/ Ry. The current in R, is the sum of
these currents, enabling one to calcu-
late V’. Continuing on these lines leads
to the result:

Vie = ~ VoulRin/Ry[1 + juCRy + Ry/Ry
+ jwCR, (1 + juCyRy + Ry;/Ry) +
jwGR, + Ry/Ry + R//R,] 6)]

This as it stands is not much use, for one
cannot easily see the physical
significance of it. The vital thing when
deriving transfer functions is to con-
tinue until they have been got into a
nice tidy, recognisable form. By collec-
ting terms and rearranging, equation (3)

.can be got into the form:

1

V! Vip = K X—m—————— (4)
1 + juT, — *T)}?

K in this is given by:
RiR,

K = (5)
R (R, + R, + R, + R)

T, and T, are time constants, each given
by a somewhat cumbersome expression
with several terms in. One can,
moreover, very usefully go a stage
further than (4), and get it into the form:

1
= K X (6)
1 + (1/Q)juT — *T*

Vv,

out

/V,

tmn

Here T is obviously equal to T, of equa-
tion (4), and we also must have /)T
=T, givingQ = T/Ty, i.e.:

Q= T,/T, (7)

Now the phys’ | significance of (6) is
instantly app. nt if one knows how to
“read” it. Q is the Q of a tuned circuit
arranged as in Fig. 6(a), having a
resonance frequency given by w, = 1/T.

Sometimes transfer functions such as

Gain assumed intinite

R> V! R

Vout

Fig. 5. Circuit relating to discussion of transfer functions.
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(6) are given in the form:

1
Vout! Vin = KX———— — (8)
1 + (1/Q)pT + p'T*
Comparing (6) and (8) it is evident that
p = jw. Though it is perfectly all right, in
a sine-wave context, to regard p simply
as a convenient abbreviation for ju, its
full significance is much deeper, for it is
Heaviside’s operator and means d/dt.
Equations such as (8) are thus appli-
cable not only under sine-wave condi-
tions, but also for any other kind of
input waveform. Mathematical techni-
ques are available whereby, given the
amplifier transfer function, the output
waveform resulting from a voltage step
or other transient input may be calcu-

lated. But in view of the ease with which’

such responses may be obtained using
an oscilloscope, the actual need for such
mathematical techniques seldom if ever
arises in normal amplifier design work,

in my experience. Sometimes when the
transient response of an .experimental
amplifier circuit is under consideration,
it is convenient to make up a little
simulator circuit, in which all time-
constants have been increased by a
factor of, say, a thousand compared
with the real circuit. The idealized res-
ponse can thus be obtained, and the
relationship between this and the res-
ponse of the original circuit may shed
light on the significance of stray
capacitance or other overlooked effects
in the latter. The ready availability of
type 741 operational amplifiers makes it
very quick and easy to do such tests.
Heaviside's operational calculus
tends to be somewhat out of favour
nowadays, but a very strong case in its
favour is presented by two authors from
the BBC Research Department in
reference 10. It is argued that the tech-
nique gives a much better physical in-
sight into the nature of the problem

being investigated than do the altern-,
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ative mathematical techniques avail-
able.

For amplifier designers, the import-
ant things to appreciate about transter
functions may be summarized as fol-
lows:

(2) Any linear network or amplifier has
a transfer function.

(b) However complex the network or
amplifier may be, the denominator of
the transfer function — if you're clever
enough — can be got into the form of a
number of factors, which may be either
quadratic ones as in equation (8), or
simpler ones of the form (1 + pT).

(c) If any of the quadratic factors in the
denominator have negative Q, i.e.
negative damping, the system will be
unstable.

(d) The numerator can take various
forms according to whether the system
has a low-pass, band-pass or high-pass
type of response, and whether there are
notches in the frequency response or
not.

Circuit Transter tunction Frequency response Phase response Step response
o
Vi
Wo )
=0 time
) 10 const.
° T
—90 o
0Wo
°
+90
B8 Yo
10
Oﬂ
10Wo
Vo 1+pT o
R EVARRETY:
R Vi P12
C 2 Wo=15
Vi k= Ty=CR2 °n transitional lag
C T, =C{Ry+R2)
o—-+ ;
Wy==—
1 T
Vi—
\/o= 14+pT T
Vv 1+pT2
wo=at
T=CRy 257 o .
D RiR2 transitional lead
Top=Cx [¢)
R1+R2 | 3
-_R2 b Y
R1+R2
£ Vo_ 1 /20dB/dec —00 dav_li
I; »C at =~ ¢
= T
tox®
20dB/dec /
F b =pC i +90
Vi
[¢)
+Vi
R Vo _1-pT
Vi T i+pT
G tiat
C SERAVA T=CR
9 S
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M =Kx ;‘-—ﬂ
Vin 1+ (Q)pT+p<T

5
Q=2 <--—1-+6d8
Vi 98 0 %/\\ 308
= — N _ e} e -
" NN
= = Vout
Wo=2Mig=UT T T -0
v - ‘00, O1fg fo
4 Frequency
(@) (b
(e) Any required response characteristic ~ Fig. 6.(a) Circuit giving same response References

whatever can be obtained from a com-
bination of suitably-designed feedback
amplifiers, without the need for any
inductors, this being the basis of the
whole subject of active filters."!

Though it is seldom sensible to try to
derive the overall transfer function of a
complete feedback amplifier, except in
the relatively simple cases which
usually apply in active-filter design, it is
quite important to be able to derive the
transfer functions of parts of the circuit
of a feedback amplifier, for this is really
the basis of most practical design work
on such amplifiers. The table gives some
simple networks familiar to most
readers, together with their transfer
functions and frequency, phase and
step-input responses. The relevance of
the all-pass case G will become evident
later. Though the transfer functions
may be worked out using the j-notation,
and p substituted for jw at the end, it is
really more convenient to work with p
trom the beginning. Thus the imped-
ance of a capacitor is 1/pC and the
impedance of an inductor is pL. Sup-
pose, for example, we have R and C in
parallel. The total impedance is given by

- - _RX(1/pQC)
R+(1/pC)

Multiplying top and bottom by pC gives

R
2= T¥pCR ©)
This is therefore the ratio V,,,/1,, for the
network, and as would be expected it
has the same form of transfer function
as network A in the table.

A simple illustration of the practical
utility of thinking of transfer functions
in terms of p rather than jw arises if one
considers the problem of determining
the output waveform to be expected
from network B in the table when the
input waveform is a linear voltage
sweep, or ramp. One simply ‘“‘operates
upon” the input waveform with bits of
the transfer function in turn, chosen in
the order that makes things easiest.
Thus the ramp waveform multiplied by
pT, i.e. differentiated, gives a step
waveform. The step multiplied by
1/(1+pT) gives an exponential output
waveform as shown at the top right-

as Fig. 5; (b) and (c) show the frequency
response and the step response
respectively for two values of Q.
Q=1/+/2 gives second order
Butterworth response.

hand corner of the table. A particularly
lucid and easy-to-understand paper
dealing with topics such as this was
written just after the war by Professor
F. C. williams'?. Though the practical
circuits are, of course, all valve ones, the
lengthy discussion of the overall design
philosophy is highly relevant to
present-day problems. The aim was to
evolve reliable circuits of precision per-
formance, suitable for trouble-free pro-
duction, using the minimum of mathe-
matics. Acknowledgement is made to A.
D. Blumlein for having provided much
of the early inspiration for this work.
Some of these pulse circuit ideas are of
greater interest to audio engineers than
in the past, even in the non-digital field,
because of the increased attention now
being given to transient response and
impulse measuring techniques.

In planning the feedback stabilization
details for most audio amplifiers, the
normal practice is to think in terms of
the rate at which the loop gain is atte-
nuated with rising frequency, bearing in
mind all along that the transient be-
haviour is closely related to this. The
relevant techniques will be discussed in
the next article.

Corrections to January 1978 article

InFig. 1, aresistor should be inserted in series
with Tr, emitter. The arrow in Tr,
collector lead should be labetied “I4..”" In
equgtion (6), the denominator should be
“2%Vy,". The equation just below equation (6)
is completely wrong and should be:

dew.rate it
Slew-rate limit _ ¢ &

In Fig. 3(a), the top waveform was inadver-
tently cut off at the bottom and should be a
complete sinewave. Apologies for the bad
reproduction of these waveforms. In the
fourth line of the footnote on page 55, the
word ‘‘is’” should be inserted before
“approximately”. On page 56, first column, 14
lines from the bottom, the word “amplifier”
should be inserted between “the” and “slew-
rate”.
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Wireless World, Feb.

Advertisement correction

We have been asked by E & L Instruments
U.K. to inform readers that there is an error
in their current series of advertisements in
Wireless World. This is an omission of the
fact that Quarndon Electronics, Slack Lane,
Derby, are also making the £12.50 special
offer for the SK10, cash with order. Quarndon
are also implementing, on behalf of E & L
Instruments, the lifetime guarantee on the
SK10 sockets.
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1.E.A. 78

The Instruments, Electronics and Automation Exhibition

List of Exhibitors

AB Engineering Co.
AGA Infrared Systems
AHB Heim-Electric
Adcola Products
Agmet Instrumentation
Albrecht, W. KG

Alma Components
Amelec Instruments
Anadex Instruments Inc.
Analytical Devl. Co.
Anderman and Ryder
Anders Electronics
Anglo Weld Equipment
ARI Industries Inc.
Ashford Controls
ASPO OY

Augat

Automatic Systems Laboratories
Avdel

Avery, W&T

Avtech Electrosystems

B & K Laboratories

B & R Relays

Bafco Inc.

Bahco Tools
Ball-O-Meter

Barry Instruments Corp.
Barry Belting Industries
Batley Valve Co.

Bauch, F. W. O.

Belix Co.

Bell & Howell

Berger Lahr UK
Blakeborough, J. & Sons
Bopla GmbH

Bourns (Trimpot)

Bristol Automation

BPL (Instruments)

British Sonceboz Co.
British Standards Institution
Bryan’s Southern Instruments
Budenberg Gauge Co.
Burgess Micro Switch Co.
Burr-Brown International
Butler, Howerd

CDC Elettromeccanica

CIL Electronics

C.S. 1. BV

CSM (Engineering)

Calex Electronics

Cambion Electronic Products
Carter Parratt Group

Cassenelli S.R.L.

Celdis

Cetronic

Charles Austen Pumps
Chemical and Thermal Controls
Chessell

Circuit Automation
Clarke-Hess Comms. Research
Corp.

Collison, H.F. — Goodwell
Conard Controls

Contraves

The Instruments, Electronics and Automation
Exhibition is again to be held at the National
Exhibition Centre in Birmingham alongside its
sister exhibition Electrex. The event, |.E.A. 78,
will run from 13th to 17th March and will be
open daily from 9.30 a.m. to 6 p.m. Price at the

dooris £1.

Control and Readout

Control Systems Research Inc.
Control Technology

Controls and Automation
Copes Regulators

Cosmocord

Coutant Electronics

Creative Instrumentation
Critchley Brothers
Cumbernauld Transformers

Data Precision Corp. USA
Daturr

Datwyler AG

Delta Controls

Digital Equipment Corp.
Digitran Endevco

Doric Scientific

Dresser Europe SA
Druck

Duncan Electronics
Dunegan Endevco

Du Pont (UK)

E & D Graphics

Eberle and Co. GmbH
Elcomatic

Electrical Contacts
Electronic Instruments
Elgenco Inc.

Elmside Group of Companies
Emerson and Cuming
Endevco

Endress and Hauser

EITB
Environmental Equipments

Eurotherm
Evans, Frederick W.

F.S.G. (UK) Fensteuergerite
Fabbrica Italiana Rele
Farnell Instruments

Feme SpA

Ferranti

Fithol S. J.

Fine Tubes

Flow Technology Inc.
Foreign Trade Co. Metronex
Foss Fasteners

Foster Cambridge

Fotherby Willis Electronics
Fothergill and Harvey
Frequency Devices Inc.

Gauges — Bourdon (GB)
General Eastern Corp.
Glenair International
Gould Advance

Grasslin (UK)

Green Electronic and Comms.

Guildline Instruments

Haefely Emile & Co.
Hamlin Electronics Europe
Helper Instruments Co.
Hemgstler GB
Hewlett-Packard

One of the products which will be on display at the Farnell
stand. This signal generator, type SSG520, is synthesized and
provides outputs from 10 to 520MHz. It has a resolution of
100Hz at maximum stability and a leakage of less than 0.2pV.
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Hinchley Engineering Co.
Hitachi

Hoke International
Holledge (Instruments)
Hollingsworth Terminals
Howden, R. D. P.

Hunter Equipment Sales
Hutson Industries Inc.

I.E.C. Electronique

IPC Electrical-Electronic Press
Icel SA

Imhof-Bedco

IMO Precision Controls
Inovan-Stroebe KG
Instagraphic Products

Instem

Institut, Reinhard Straumann
Insulation Systems Inc.

Introl

Iskra

Ivo Counters

KDG Instruments
Kappa Networks Inc.
Kaye-Dee

Keithley Instruments
Kenmeleon

Kent, George

Kent Automation Systems
Kent Instruments
Kent Meters

Kerry Ultrasonics
Klippon Electricals
Kovo

Krohnhite Corp.

L. A. Components

L. G. International

LNR Communications Inc.
L. T.H. Electronics

Landis & Gyr

Letromec Controls

Lee Engineering

Leeds and Northrup

Lemo (UK)

Lenco Italiana SpA

Licon Electronics

Light Soldering Developments
Litre Meter

Littelfuse (GB)

Littex

Loba

Lyons, Claude

Lyons Instruments

Machine Components Corp.
Mapco Inc.

Marden Electronic Systems
Markovits I.

Marvid European Electronics
McMurdo Instruments Co.
Measurement Technology
Medelec

Mentor GmbH

continued on page 87
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Logic design — 11

Design with m.s.i. — multiplexers and demultiplexers

by B. Holdsworth” and D. Zissost

“Chelsea College, University of London 1Dept. of Computing Science, University of Calgary, Canada

The introduction of m.s.i. circuits 1s
tending to result in the replacement of
the old methods of logic design.
Traditionally, the design engineer has
developed a logic function as the solution
to a particular problem. This function has
then been minimized using the methods
described earlier in this series and has
been implemented using s.s.i. Circuits.
However when implementing logic
tunctions with m.s.i. circuits such as the
multiplexer, the Boolean function is used
in its canonical form (i.e. each term in the
Boolean function contains all the
variables in the true or complemented
torm), and is implemented directly
without minimization.

THE CcosT of a digital system is
approximately proportional to the
number of i.cs in the system, hence, to
reduce the cost, the number of packages
used should be minimized. The logic
designer should therefore be looking for
the replacement of a large number of
s.s.i. circuits by one or more m.s.i.
packages. It is frequently better to use a
standard m.s.i. package even if this
introduces redundant or unused gates
rather than to design with s.s.i. circuits.

Data selector or multiplexer

The multiplexer selects one out of n
lines where n is usually 4, 8 or 16. A
block diagram of a data selector having
4 input lines, D,, D, D, and D, and 2
output lines f and f is shown in Fig. 1(a).
The device also has 2 control lines X and
Y and may have an “‘enable” line E. The
selector may be regarded as a single-
pole switch which selects 1 out of 4 lines
as shown in Fig. 1(b). The implementa-
tion of the multiplexer using gates is
shown in Fig. 1(c).

In essence the circuit is an AND-OR-

INVERT gate having complementary
outputs. The Boolean function which
represents the output of this circuit is:
f=XYD,+XYD, +X¥D,+XYD,.
Data lines can be selected by applving
the appropriate binary coded signal to
the control lines X and Y: when the
control signal XY =1 the output of the
circuit is D,, and so on. Some multi-
plexers are provided with an input en-
ableline as shown in Fig. 1(c). When the
input to this line is logical 0 the four
AND gates are enabled.

lThe number of data lines to be
selected can be increased either by

choosing a multiplexer with a larger
number of data lines or alternatively by
combining multiplexers. A combination
of two data-selectors, which allows the
selection of 1 out of 8 lines, is shown in
Fig. 2, the enable signal in this case

being used as an additional control
signal. The data lines are sequentially
selected with the aid of a binary
counter, the control signals X and Y
being clocked through the sequence 00,
01, 10 and 11, thus accessing the data

S
0> —_— f
D>
Dy ——> -~
——f
I I (a)

Dy—0
Dy
(b)

D4 (
D> 7
( f
Os
Dq '
Fig. 1. Symbols for 4-input
multiplexer (a) and its
mechanical equivalent (b).
/_rx v Circuit at (c) is multiplexer
:,_J using AND, NOR and inverter
£ X v gates.
= j'>0
Dsa———>( Ea Dig—» FB
Dop—> Ma fa Dog——> Mg fatfa
D1A-_> D1B_)
Doa———» Dog——>»
1 ] T I
Clock Binary
Counter

Fig. 2. Multiplexers can be combined to provide more inputs.
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lines in the order Dy, D;, —D;. A truth
table for the circuit is shown in Table 1.
This principle can be extended to allow
the selection of a larger number of data
lines. For example, the selection of 1 out
of 64 lines can be achieved using nine
8-input multiplexers, as shown in Fig. 3,
arranged in two levels of multiplexing.
An alternative way of looking at the
multiplexer is to regard it as a device
which converts parallel information
into serial information. For example, in
the arrangement shown in Fig. 2(a), the
two multiplexers M, and My can be
presented with an 8-bit word on the 8
input lines in paraliel form, and this can
be taken off in serial form by using the
sequential accessing technique.

Multiplexer as logic function
generator
The equation for a multiplexer having
four input lines is: _

f=ABD, + ABD, + ABD, + ABD,,
where the Boolean variables A and B are

used as the signals for the control lines

"X and Y. Hence A and B can be factored
out of any function of n variables, and
the residue functions of n 2 variables
can then be applied to the data lines. For
example if n=3, four signals of one
variable can be applied to each of the
data lines. Assuming that the third
variable is C the possible signals that
can be applied to these lines are C, C, 0
and 1. In ali there are 4*=256 possible
combinations of four input signals
which can be applied to the 4-input
lines; a multiplexer with 4 input lines
can generate any of the 256 possible
Boolean functions of 3 variables.

For the 4-input multiplexer there are
three possible choices for the control
variables — AB, AC and BC. These
various combinations of the control
variables can be associated with in-
dividual data lines as indicated in Fig. 4.
For example, with control variables A
and B, the input line D, is associated
with those cells marked A=0 and B=0,
that is the two top left-hand cells on the
K-map of Fig. 4(a). In effect, the K-map
for 3-variables has now been split into
four 2-cell, 1-variable K-maps, each of
these 2-cell maps being associated with
adata line.

WIRELESS WORLD, MARCH 1978

D
AABCD ABC
Q0 01 1110

oo|(C | Do 00

01 ] D) 01
EE 0> 11
10 02 10

(a)

Fig.

diagram at (c) is the implementation

T —>
o0 O1 1t 10 D —>
D)
GOl C—>
GlD S
® ®

(b)

DEF Table 1
lll E A B E, Eg
Do > o 0 0o 0 1
pU— 0O 0 1 0 10 Mg
Bz———-h 0 1 0 0 1 inhibited
e — Y 0O 1 1 0 1
Ds : 1 0 0 1 O
De 1 0 1 1 0o(m,
D7 —> 1 1 0 1 0 ( inhibited
DEF 1 1 1 1 0
D
Ds
D10
Bﬁ M,
12 !
D X ABC
Dia [}
Dis '
]
I -»Do
g_.’B‘l
2
10t64
3 g [12105
DEF Dg inputs
Dg
i—-PD7
D sg———> ] |
57—
e A— !
Dss— M, J
60—
Dgy — ) o .
Dgp ——> Fig. 3. Combination of multiplexers to
De3——» select 1 from 64 inputs.
BC BC BC
ANJoo 01110 ANJoo 01 1110 ANo0 01 1110
() | CH D olpo) | Chr ) | &d. oLEE)
1D | Co 02| (D | @ lvileilelle
(a) (b) (c)
Fig. 4. Association of data lines with control signals for 4-input multiplexer.
Control variables are A and B in (a), A and C in (b) and B and C in (c).
BC C
A0 01 1110 po-c
0 @ 13 D11 Q f
1 @ D2=0 L b4
D3=C C
(@) (b) T T
A B
Fig. 5. Generation of f= ABC + ABC + ABC+ ABC using a 4-input multiplexer.

6. Generation of f = 0,1,5,6,7,9,10,14,15. Association of data lines with
variable A and B is seen at (a) and the Karnaugh map is at (b). The

1]

C
CD+CD
t
: C+D
(S|

(c)
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Example 1. Implement the 3-variable
function

f=ABC+ABC+ABC+ ABC
using a 4-input multiplexer.

Plot the function on a K-map as
shown in Fig. 5(a) and make an arbi-
trary choice of control variables, say A
and B. Next simplify the four 1-variable
tunctions associated with each data
line. For example, the two cells
associated with D, are both marked
with a 1, hence the input to data line D,
is C+C=1. The remaining inputs are
determined in the same manner and the
implementation of the function is
shown in Fig. 5(b).

Example 2 Implement the 4-variable
function

f=20,1,5,6,7,9,10,14,15
using a 4-input multiplexer.

The function has been represented as
the sum of a number of canonical terms,
each term being represented as a de-
cimal number. For example the term
ABCD, represented in binary, is 0110=6
in decimal. )

Since a 4-input multiplexer is to be
used, the application of two variables to
its control lines will leave residue func-
tions of two variables to be applied to
the data lines. There are six possible
ways of choosing the control variables
~ AB, AC, AD, BC, BD, and CD. These
various combinations of control vari-
ables can be associated with the data
lines as indicated previously in Fig. 4. It
will be assumed in this example that A
and B are chosen as the control vari-
ables and the K-map associating these
control variables with the data lines is
shown in Fig. 6(a). The 4-variable K-
map has now been divided into four
4-cell, 2-variable maps and simplifica-
tion can only take place within the
confines of the 2-variable maps.

The K-map plot of the function is
shown in Fig. 6(b) and the data line

49

Table 2. Determination of the inputs to

inputs obtained from the four rows of
‘the 1st level multiplexer.

this map are: _ L
D,=C address AB _
D,=C+ D address AB

D,=CD+CD address AB ~ _____ LDE_ DE DE DE
D;=C address AB f=ABCDE ABC ___
. . . q . +ABCDE ABC
The implementation of the function is +ABCDE B C
shown in Fig. 6(c). +ABCDE ABC
It should be pointed out that it is +ABCDE ABC
useful to examine the various possible +ABCDE ABC
choices of control variables to ascertain +ABCDE  ABC
whether there is a simpler solution. In +ABCDE ABC
this case it is left to the reader to show +ABCDE _ ABC
that a simpler solution is obtained if C +ABCDE  ABC
and D are chosen as control variables. +ABCDE ABC 5
As the number of variables associated ::gggg ALais e
with the Boolean function to be imple- £ ABCDE ABE
mented increases, it becomes necessary +ABCDE ABC
to use more than one level of multi-
plexing and this technique is illustrated
in the next example,
BC A —>
o0 1 11 10 — o
A—>  |ABT+ABC+ABC+ABC
ol® ® M4
@ A —>
1 i
bk
BC A—» —
20 ©J 1] 1o A KBC+AI§C+£E
0 O) A—s P My
L @ ® o

TB c 1 a

BC f
00 O1 11 10 A "
ol® 0 A ?  |ABC+ABC+ABC+ABC
1 010 A
a
fa) B C (b)

Fig. 7. Five-variable multiplexer circuit to produce the function of example 3.

a 4-10 decoder at (b).

OONDD DWN=O

Fig. 8. Symbol for 4-16 demultiplexer is
shown at (a), with the logic diagram of

(a)

ABCD

(b)
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Example 3. implement the 5-variable

function
f=20,13,89,11,12,13,14,20,21 ,22.23,26,31

For the first leQ/el of multiplexing the
control variables D and E have been
arbitrarily chosen. The function is now
listed at the left-hand side of Table 2,
which contains four columns headed
DE, DE, DE and DE respectively. In the
column headed DE are listed all those
terms of three variables A, B, and C
example, in the case of the term ABCDE
the entry in the DE column will be ABC.
This procedure is repeated for each term
in the 5-variable function and an entry
is made in the appropriate column in
each case.

The input functions for the first level
multiplexer are now seen to be:

D,, = ABC + ABC + ABC + ABC

D, =ABC+ABC +ABC +ABC

D, = ABC+ABC+ABC

D, =ABT+ABT+ABC+ABC
These three variable functions can be
generated with 4-input multiplexers, as
described in example 1, at the second
level of multiplexing. However it should
be noticed that D,, = D,, and this func-
tion need only be generated once, hence
only three second level multiplexers are
required.

For the second level of multiplexing B
and C have been chosen as the control
variables. The K-maps for determining
the inputs to the data lines for the
second level multiplexers are shown in
Fig. 7(a) and from these maps the
various input signals are found to be:

Duz=7\ Dy;=0 Dy =A

D,,=A Djy=A D=4

Dp- A Dy=A Dy=A

D;¢2=A D33=§ Dy,=A
The implementation of the function is
shown in Fig. 7(b).

Decoders or Demultiplexers

A decoder or demultiplexer performs
the opposite function to that of a multi-
plexer. A block diagram of the device is
shown in Fig. 8(a). A single data input
line can be connected to one of many
output lines by the appropriate choice
of signal on the control lines. With 4
control lines A, B, C, and D there are
sixteen possible addresses and hence
the maximum number of output lines
that can be selected is sixteen.

A commonly used decoder has 4 input
lines and 10 output lines. The logic
diagram for this device is shown in Fig.
&b).IfA=0,B=0,C=0andD= 0, the
output line marked 0 will be at logical 0
whilst all the other outputs will be at
logical 1.

The device illustrated in Fig. 8(b) can
be used as a decoder, but in a4-to-16 line
demultiplexer there are additionally en-
able and data lines as shown in Fig. 8(a).
These are connected to the sixteen out-
put gates via the circuit shown in Fig. 9
which is in effect a NOR gate. This input
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decoder| . _5.Fg

Fig. 9. Input data and enable arrangements.
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Fig 10. Natural binary-coded decimal to Lorenz converter.

arrangement allows of two modes of
operation. In the first mode, if E = O &
D,=0, K=1, thus enabling all output
gates. For any other values of E & D,,
K =0, thus disabling all output gates.

In this mode the 4-to-16 line demulti-
plexer will act as a decoder allowing, for
example, a b.c.d. input on lines A. B. C
and D to be converted to a decimal
output. Alternatively the circuit can be
operated as a generator of the sixteen
canonical terms of four Boolean vari-
ables. If Py= ABCD is the input to the
control lines then the output on line 3 =
P3o
In the second mode E=0, D, =0,
hence K=1. Control signal P,=ABCD.
The output on line2=0=D,.

E=0, D,=1, hence K=0. Control
signal P,=ABCD. The output on line
2=1=D,.

In this mode the data on the data line
is transferred to the output gate
selected by the address applied to the
control lines, in this case ABCD.
Example 4 Using a 4-to-10 line decoder
develop a circuit for converting n.b.c.d.
to the Lorenz code.

The two codes are tabulated
alongside each other in Table 3.

NBCD Lorenz

A B C D P Q@ R S T
Po 0O 0O 0 0 v 0 0 1 1
P, 0 O 0 1 1 0 1 0 1
P, O o 1 0 1 1 0o 0 1
p, 0 0 1 1 O o 1 1 1
P, 0 1 O 0 0 1 0 1 1
P, O 1 o 1 0 1 1 0 1
Pe O 1 1 0 0 1 1 1 0
P, 0 1 1 1 1 0 1 1 0
P, 1 0 0 0 1 1 0 10
PP1 0 0O 1t 1 1 1 00

www americanradiohistorv com

From the tabulation:
P=P,+P, +P,+ P, +P,+ P,
Q=P,+P,+Ps+Pg+ P+ Py
R=P,+P;+P;+P;+ P, + P,
S=Py+P;+ P+ P+ P; + Py
T+ P+ P +P,+P3+ P+ Py

Now P=P;+ P,+ P+ Pg

Hence P=P;+P,+ P54+ P
and P=P, P, P; B

Similarly

.

S 1
ol
v
4
e,
E
o
N=3

The implementation of the code con-
verter is shown in Fig. 10.

The technique used in this example is
useful where there are many functions
of the same number of variables to,be
implemented. In comparison the multi-
plexer requires less additional gating,
but one multiplexer at least is required
to implement each function.

The second part of this article will
deal with the applications of read-only
memories.
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At the end of the test session
the communications engineer sang
the praises of our filters.

“What performance” he said, referring to the
capabilitv of the Barr & Stroud EF3 Filter System in
satisfying his signal conditioning needs. He and other
engincers in many fields arc equally complimentary about
our supporting range of Active Filter Modules and our
Custom-Built Filter Service.

We have fully descriptive literature which will
generate similar enthusiasm in yourself. Use the
journal reply system or call us, Barr & Stroud Limited,

1 Pall Mall East, London SW1Y 5AU (Dept. WW 1).
4 T'clephone o1-930 1541. Telex 261877.

EF3 Variable Filter System
Designed on a modular basis to give tlexibility in
usc and to match your budget. A plug-in system
developed for use in labs., test departments,
anywhere where signal conditioning is required.
Filter units can be used separately or combined
to give a wide variety of functions from low-pass to
band-separate.
“The current pass-band capacity is from d.c.
to 10 MHz.
Active Filter Modules
The ready-to-use convenience of small
cncapsulated filter units, each with a basic
function.

No filter knowledge required to set up
for specific characteristic or cut-off
frequency. These filters are equally suited
to the onc-ott lab. application and the

large quantity production requirement.
Available in low-pass, high-pass, universal
and notch designs with a range of cut-off
frequencies and attenuation rates.
Custom-Built Filters
The basis of our tilter activity, this service has
for 20 years provided solutions to customers
specific requirements. Based on in-housc
e computer facilities and an extensive
programme library we can design and
manufacture the filters not provided in
our standard range.
Designs can be passive or active
with cut-off rates up to several hundred
dB per octave in a frequency range up
to around 70 MHz.

e

Barr & Stroud

Add us to your resources

ELECTRONIC FILTERS.OPTICAIL. FILTERS. FIBRE OPTICS,
LASERS. SCIENTIFIC AND MEDICAL INSTRUMENTATION.
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DIGITAL ELECTRONICS
LACKS SOUND THEORY

THE digital electronics industry has sprung
up so quickly in the past ten years that the
theoretical foundation required has not de-
veloped at all. It is impossible to cross the line
separating the analogue and digital worlds.
The sine wave is a periodic, time varying,
steady state phenomenon, whereas a digital
signal is a fixed amplitude step (shock wave).
Each change of state is a single event in time
and cannot be correlated with any other
change. A dubious connection, via Fourier
analysis, is merely a mathematical arpeg-
gio, guaranteed to be worth a few exam
questions at least. A leading edge of astepisa
shock wave, it is a transverse electromag-
netic wavefront which travels at the speed of
light. Of course, it is possible to take this
single step and analyse it using Fourier
analysis, but this would mean combining an
infinite number of sine waves which exist
from minus infinity to plus infinity. This can
be easily seen to be quite absurd and of no
practical use.

The hard and fast rules laid down for
periodic sine waves must be cast aside and
new rules developed for the shock wave. An
obvious area to concentrate on is signal
distribution. We must have a basic under-
standing of the mechanism by which a block
or pulse of energy is transmitted in space.
This leads us into electromagnetic field
theory and it is here that the student will
learn and ultimately understand the subject
of digital electronics.

Unfortunately, nearly all the books written
on e.m. field theory are concerned with
steady state sine waves. There is no basic
theory written today which concentrates on
high speed digital techniques. How 1ns steps
propagate is known to only a few people. Yet
with the advent of emitter coupled logic and
Schottky t.t.l. this electrical phenomenon is
becoming widespread. Engineers today
attempt to put together fast, complex logic
systems which stand the risk of failure. The
paper design might well be satisfactory but
the problems that arise during testing and
commissioning seem endless. The unfortun-
ate engineer just cannot understand the
“gremlins” that keep upsetting his system.
Nowhere is he taught the important fun-
damental principles necessary for competent
digital system development.

To have a complete understanding of high
speed systems one must apply certain tech-
niques which are not taught in any
educational establishment in the country.
nor written about in any text book. One must
g0 back to the turn of the century to find any
suitable material. Then the main subject was
telegraph signalling, which is analogous to
digital transmission today. A 10-millisecond
risetime step travelling 1,000 kilometres
(telegraphy) is based upon the same
theoretical principles as a 1-nanosecond step
travelling 10 centimetres (computers).

Around 1890-1910 Oliver Heaviside and his
contemporaries Lodge, S. P. Thompson,
Hertz and Maxwell had developed many
theories which should be used today. By
thinking of digital signals as small, discrete
packets of “energy current’ flowing at the
speed of light between the wires (which
merely act as a guide) many of the present-
day design implementation problems could
be solved. The advent of the telephone and
wireless led to the predominance of sinu-
soidal time varying signals, so the concept of
“energy current” was lost as new theories

were developed to cope only with the
periodic waveform. We have now turned a
full circle and must look backwards before
we can advance.

The practical problems of digital systems,
such as cross talk (noise), power supply
decoupling, signal termination and drive
techniques, component pulse response, ear-
thing, and mains borne interference, need to
be studied. General models and original
concepts based upon Heaviside's "‘energy
current” idea can be used to tackle these

problems, making it possible to design com-,

plex digital systems in an orderly, scientific
fashion. Every practising engineer in digital
electronics must stop attempting to use
analogue ideas for digital systems: they will
not work. Pattern sensitivity, noise, power
supply problems are all raising their ugly
heads, and all quite unnecessarily. By fol-
lowing clearly defined design rules, systems
can be built which will work reliably and first
time, without the usual 3-6 month com-
missioning troubles.

The design concepts that are used are not
difficult. Although soundly based in theory,
they do not involve exotic mathematics and
are aimed specifically at practical problems
of hardware development. They are tools of
the trade to be used by ail engineers and
technicians.

Malcolm F. Davidson
CAM Consultants
South Mimms

Herts

ECONOMICAL TIME-
MARK GENERATOR

| AM surprised that Mr Winder has
apparently experienced trigger reliability
problems with the oscillator circuit of the
Time-Mark Generator (January letters), and
also at his preoccupation with improvement
of the rising edge of the output waveform.
Perhaps it was a case of ‘“"missing the
obvious”, but the 7490 is triggered from the
fulling edge of the waveform, and the fall-
time of my own circuit is better than 10ns,
well inside the manufacturer's recommended
SUns maximum.

His advocation of a 10MHz frequency
standard to enhance the capability of the
generator is, of course, a sensible idea, but
only echoes the same suggestion made in the
article.

Mr Winder's suggested method of setting
up the oscillator frequency to a high degree
of accuracy is unnecessary. Even manufac-
turers of top-flight oscilloscopes rarely claim

better than + 3% accuracy for their timebase
ranges. There seems little point in going to
the trouble of achieving better than about
*0.3% accuracy in the generator — amoun-
ting to a permissible error of *3kHz in
IMHz! I very much doubt that a 1MHz
crystal could be pulled off frequen cv by that
amount by even the most strenuous efforts.

As to the question of how Fig. 3 of the
article was achieved, the answer is quite
simple. The “alternate” sweep mode of the
dual-trace oscilloscope is chosen so the two
frequencies are displayed separately in
alternate sweeps, and the triggering is de-
rived from each frequency alternately. In this
way, two stable traces are obtainable and the
measurement may be made with little diffi-
culty.

A small drawing error did creep into the
article, however, for which I must apologise.
In the one-shot circuit, R, is shown con-
nected to pin 15, which does not, of course,
exist. Pin 9 is the correct connection, and |
am grateful to Mr Stewart Danks of Glasgow
for pointing out the error.

S. Roberts
Sheffield

THE ULTIMATE FIDELITY
TEST?

AS A humble amateur [ would like to raise
my voice for once in the discussion about the
audibility of imperfections in sound
reproducing equipment (November issue,
p.63).

It struck me that the instrument for the
ultimate measurement usually is a
testperson’s very subtle feeling of difference
between two not simultaneously generated
sounds. There are some “shrieking” sounds,
such as the scraping of a piece of chalk on a
blackboard at a certain angle, or the scraping
of a knife-blade on a metal surface at a
certain angle, that cause strong physical
reactions, such as shivering or goose pimples,
in people who are susceptible to this (one out
of every ten, I would say).

Using this type of sound as programme
material in a recording and reproducing
system, its performance could be judged by
its ability to cause shivering and goose
pimples among a selected, susceptible group
of testpersons. In this way the human
psyche, including possible bias, is bypassed,
as the final determining reaction comes from
the nervous system, rather than from the
‘conscious mind.

Although it’s just an idea, and  am not in a
position to work on it, I doubt whether there
is much equipment that could pass such a
fidelity test. '

Hein E. Riegstru
Amsterdum
Netherlands

AUDIO MIXER DESIGN

A MINOR disadvantage of transistors
compared with valves is that the output is
not completely isolated from the input, even
when an emitter follower is used. Thus if the
output from, say, three emitter followers is to
be mixed for further amplification, rather
lossy T-networks must be interposed, with
consequent worsening of signal-noise ratio.
This drawback can be avoided if optoelec-
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tronic isolators are used, one for each audio
input, or if desired an emitter follower for
each audio input can terminate in an le.d,
the illumination from which is picked up on a
phototransistor for subsequent amplifica-
tion. It would be possible to control levels
and possibly also tone of the three signals
mixed, by interposing optical filters between
the le.ds and the phototransistor, which
could well be cheaper and more compact
than potentiometers. The method could be
applied to the mixing of signals from
microphones or to the mixing of various
pitches and tones in electronic organs, and
would obviate risk of intermodulation at the
mixer stage.

K. J. Young

Derby

———
——

INTEGRATED CIRCUITS
TOO SMALL?

THE article “Wiring by touch” in the January
issue shows a level of determination which
should be an example to all of us who have
full sight. F or myself as I have grown older 1
have noted that components have shrunk in
physical size to an alarming degree so that
now, even with the benefit of glasses, and a
midget iron, I find it quite hard enough to
make the proper connections.

I am inclined to think that many experi-
menters would agree with me in thinking
that integrated circuits are just too small for
comfort and there is really no need in amat-
eur construction for quite this degree of
miniaturisation. I realise that commercially
this is necessary, but there is a solution.
There exists a standard circuit board for
0.15in pin spacing, so that if some enter-
prising small manufacturer could be persu-
aded to produce a socket accepting the
standard 16-pin i.c. but with its own connec-
tion pins spaced at 0.15in this would, I feel,
meet a very real need — and [ am not at all
sure that some of the development boys
would not use this slightly larger scale for
initial testing. 1 suggest a 16-pin socket as the
other i.cs with 14 or fewer pins could still fit
into the same socket.

I hope someone will take up this idea as 1
feel that Mr Jones, who wrote the fascinating
January article and many others with limited
sight, as well as thousands of other experi-
menters with normal human sized fingers,
would find such a socket adaptor to be a
boon.

B. R. Smith, GINNM
Herne Bay
Kent

PHASE-FILTERING WITH
TIME-REVERSAL

ONLY a subset of filtering operations that
can be formulated are physically realisable
(see reference 1). Further, only the subset of
these known as minimum-phase filterings
possess a true physically realisable inverse. If
Y(w) denotes the complex amplitude of a
physically realisable filtering as a function of
angular frequency w, then YY™' = exp (juwr),
with 7 = 0 and Y 'realisable if Y represents a
minimum-phase filtering. Otherwise a
realisable approximation Y’(w,7) to the

inverse of Y can be found only in the sense
that YY’ = exp (jwr) for non-zero time-delay
7. The tendency of phase-shift to 90° when
the slope of the amplitude-response is
6dB/octave over a sufficiently large
frequency interval, and what is usually called
the phase-integral theorem’, both belong to
the domain of minimum-phase filterings.

Hansen & Madsen? have described an
application to the investigation of aural
phase detection of the method of Beau-
champ? for cancelling the phasal part of a
filtering operation. Essentially the method
consists in recording with filtering Y(w) and
replaying the recording backwards through
an identical filter Y. The time reversal of the
recording has the effect of making the first
filtering equivalent in real-time to Y(—u«) =
Y*(w), where the asterisk denotes complex
conjugation. The combined effect of the two
filtering operations acting in cascade
therefore becomes Y*Y = | Y|*with respect
to the time-argument of the recorded signal.
For eventual use, the backwards signal
resulting from this process may of course be
re-recorded and replayed with a further
compensating time-reversal.

The purpose of this letter is to make two
inferences of significant generality from the
Beauchamp method. The first of these, which
is the more philosophical, concerns the lapse
of time between the original recording of the
signal and the time at which the processed
signal becomes available. Evidently the
minimum possible interval is twice the
duration of the recorded signal, and in
practice will often be much greater. This
interval is so long compared with the
transient response-time of any likely filter as
to effectively circumvent the restrictions of
physical realisability. In this sense the
Beauchamp method is just a way of ensuring
that the delay 7 is adequately large. In
addition, of course, it provides a convenient
technique for exploiting the freedom thus
conferred. As we have seen, a phaseless
amplitude filtering |Y|*results from including
a filter Y in both the initial and the
time-reversed steps, while any desired
phase-filtering can be approximated by
all-pass filtering in either or both of these
steps. In practice of course the amplitude and
all-pass filters would be concatenated and
condensed together, so that in general the
filtering would be different in the two steps.

The second general inference is more
practical. Phase-shift (other than pure
time-delay) between input and output of a
signal-processing system is usually undesir-
able, and indeed is often called phase-distor-
tion. Sometimes it may be useful however,
and more frequently there is advantage in
phase shift at intermediate stages that is
afterwards compensated in whole or in part.
For example relative phase shifts, usually of
90° and as accurately frequency-independent
as possible in the working band, are
employed in single-sideband modulators and
processors, and in directional encoding of
surround-sound on two or more channels’

Another application concerns overload
limits of signal-handling equipment, and
especially recording devices. In general there
are overload points dependent on the
signal-amplitude and on its time-derivatives
and time-integrals of various orders. In
power amplifiers, limitations on amplitude
and its rate-of-change (slew rate) are of
practical importance. In disc recording,
groove spacing, the maximum slope that can
be tracked, and the stylus radius set
respective limits on the amplitude, slew-rate
and acceleration of the signal that can be

recorded satisfactorily. It is customary to use
amplitude-filtering, adapted to the expected
power spectrum of the signal, to mitigate the
effect of these overload points; similar
considerations apply, mutatis mutandis to
other methods of recording, e.g. magnetic
tape. Equally, knowledge of the phase
character of the expected signal (e.g. that
peaks are percussive) can be used to
introduce phase-filtering which delays the
onset of overloads of any order; “chirp” radar
may be considered an example of this.
Another use of phase-shift is to give to a
signal characteristics which are distinct from
those of expected errors, for example
distinguishing digitally recorded bits from
tape drop-out effects by recording them as
impulse-equivalent signals.

The Beauchamp method provides a
convenient technique for realising these
various advantages without concomitant
undesired phase effects in the final signal.
Wideband 90° (or other) phase shifts
between channels are normally obtained as
the difference between frequency-dependent
phase shifts of substantial amount affecting
all channels; time-reversal recording enables
these overall phase shifts to be compensated
leaving only the required relative shifts.
Similarly the the method enables “chirp” or
other deliberate phase-shifts to be removed
from the final signal after they have served
their purpose.

The techniques that have been discussed
above are unlikely individually to occasion
any surprise, but they seem to have been
exploited surprisingly little in view of their
potentiality. This unified discussion has the
aim of catalysing more systematic conside-
ration of them by systems designers.

P. B. Fellgett
Department of Cybernetics
University of Reading
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COMPETITION FOR
VIEWDATA WELCOMED

VIEWDATA is no monopoly. The service
which we will be offering in the market trial
starting this June, and in the public service
which we hope to start in 1979, involves the
retrieval by customers of information held in
remote computer data banks, using the
telephone network as the transmission
channel. Such services are already provided
by the private sector, using conventional
computer equipment. It is equally open to the
private sector to establish and run computer
centres, operating in Viewdata format. Any
customer with a Viewdata-equipped televi-
sion set could access these private data
banks by dialling the appropriate telephone
number, in the same way that he would
access the Post Office Viewdata computers.
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In your February editorial “Viewdata
needs encouragement” you called on the
Government to provide an opportunity for an
experiment in private operation of
Viewdata-like computers. That opportunity
already exists and we will welcome competi-
tion from the private sector. There is scope
for competition not only in the running of the
computer centres, but also in the provision of
the terminal equipment, and the provision of
information. Once a public Viewdata service
is launched, any terminal equipment
manufacturer will be able to supply suitably
equipped television receivers to the public,
subject only to technical and safety approval
by the Post Office for attachment to the
telephone system. Likewise it is open to any
organisation to rent space in the Post Office's
Viewdata computers.

We see the Viewdata project not as some-
thing under the sole charge of the Post Office,
but as a co-operative venture, drawing
equally on the resources of the Post Office
and the private sector. Indeed much of the
marketing of the service will be done by the
tv set suppliers and the information pro-
viders. In short, the course we are pursuing
is, [ think, exactly the one you advocate, and
I am very glad that you feel it to be right.
A.A. L. Reid
Viewdata Project Manager
Post Office Telecommunications
Headquarters

THE EAR IN PHASE
AUDIBILITY

IN all these arguments about phase audibility
and the experiments of Dr Shanefield
(October issue) has anyone considered the
organ of Corti and the information handling
between it and the auditory cortex? Simple
reference to this makes it unlikely that phase
relations can be detected as such, unless
there is an additional wavefront detector that
we know nothing about. The ear transducer
is a fluid-filled coiled tube containing
stretched fibres of different lengths and
tensions. Sound waves are pulsed through
the fluid and each sensory fibre is attached to
a cell which codes amplitude of vibration as
frequency of nerve pulses. Intensity of
stimulation is coded logarithmically, so that
a small stimulus produces a small rise in
frequency but a large stimulus produces
progressively less and less change as it gets
louder. The reason for this is that a nerve has
appreciable capacitance and is in this respect
like a transatlantic cable. It has an upper
frequency response. The 20 Hz sound could
have its wavefront represented by the first
pulse down the nerve but at 8kHz several
hundred cyvcles may have passed at low
intensity before the first nerve pulse can be
emitted.

It has to be admitted that surgical skill
limits experimental work on nerves in the ear
but it stands to reason that if the gap between
pulse one and pulse two is to represent
intensity then the system cannot be expected
to keep the nerve cell in readiness to emit a
pulse at wave peak on the first wave. What is
more, the cochlea is a delay line. The sound
wave progresses down it but is detected only
as it passes its “resonant” element. This
means that the nerve net ought to contain a
compensating delay line. In the case of the
electric eel, where exactly the same

information problem is faced, compensating
delay lines are found in the nerves that
supply the electric organ. Informationally
the problem of discharging all the little
electrolytic capacitors in the electric organ is
identical to preserving the phase relation of a
wavefront. It can be done if an animal needs
to do it. On the other hand, what use would
phase coherence be to an animal like us?
Wavefront difference between two ears is
another matter as it can give direction in a
creature with miserable little ear flaps. Even
so it is hard to see how it is done.

In conclusion may I point out that in a
television programme on famous violins
where more great violins were gathered in
one place than ever before, the tone analysis
was only done by oscilloscope and the phase
relations between different violins were the
most noticeable feature. These may have
simply been due to different bow strokes. The
commentator was unaware that the shapes
would reflect phase more than harmonic
content. .

Detecting equality is the best possibility of
human performance. Dr Shanefield should
try to dope the recorded sound until it
produces equivalence and does take in the
observer. He should try thumping damped
objects as the tone is played to remove the
possibility that sub-audible percussion is
being picked up by the listener’s body. If two
violins can be made to give marked phase
differences, he should try to see if people can
distinguish them after their tone differences
have been equalised. Two recorded sounds
with phase differences are a fairer test than
real and recorded sound, if the ability to hear
phase is under investigation. The simple
expedient of picking up a sound, feeding part
of its harmonic structure into an amplifier
and reissuing it should phase shift real
sounds and this experiment should be quite
conclusive.

F. C. Allen
Cambridge

WHAT Mr Naish says in September letters is
undoubtedly true, but most of it, for example
the exact shape of resonance curve and
which part of a nerve carries which informa-
tion. is not relevant to my suggestion.

Any amplitude to frequency converter
working directly from the a.c. input is more
likely to fire near peaks than near zero,
unless one puts in extra complication to
inhibit this. Even if the brain does not want
the phase information there is no point in
providing the extra complication.

The reversing phase experiment is
interesting and demonstrates that a process
of adding the inputs from the two ears takes
place, a not surprising fact. When
the signal is about the same level as the noise
it is not surprising that a change in the
relative pattern of the firings from the two
ears causes one to detect the firings. This
does not established that cognisance is taken
of phase. There are many other possible
explanations. For example, two firings, one
from each ear, occurring together may be
more easily detected than separate firings or
perhaps a shorter time between firings after
the adding process makes the signal easier to
detect in low signal, high noise conditions. To
what extent is it the sense of the two signals
as distinct from phase that renders it audible
in this experiment?

J. H. Asbery
Wembley
Middlesex

THE BLUMLEIN

YOUR news item about the unveiling of a
plaque to honour the late A. D. Blumlein in
the August [977 issue prompted me to look
up the account of his work by M. G. Scroggie
in the September 1960 issue of your
magazine. With the benefit of the passing of
the years it is now possible to refute
Scroggie’s complaint of the non-
commemoration of Blumlein’s name in any
‘‘device, law or discovery ...”” He has
achieved posthumously a place in the ranks
of those like Watt, Joule, Mackintosh,
Macadam, etc. whose names are used alone
and not adjectively but with the unique
distinction additionally of incorporating a
pun. I refer of course to the “Blumlein”, the
reflective delay line invented by him to
generate submicrosecond pulses. In the
modern development of high power
relativistic electron beam generators the
Blumlein plays an important role in the form
of three coaxial conductors and is frequently
described in the literature as such.

J. W. Marks

The Weizmann Institute of Science

Rehovot

Israel

DIRECT PERCEPTION OF
RADIO WAVES?

HAVING read Mr Wood’s letter in the De-
cember 1977 issue, | would like to make some
remarks on my own experience. When [ was
achild (maybe 7-10 years old) and | was lying
in bed at night [ often heard weak morse-like
signals. My room, situated under the roof of
my parents’ house in a small town (5° 36’
East, 51° 08’ North), was very quiet and I
could hear nothing but myself. I never asked
anybody about this because I supposed they
would not believe me. Later in my life [ have
several times had a similar experience but
now [ live in noisier surroundings and I fear
my ears are too old.

Now [ know there are radio stations
transmitting that kind of slow morse at very
low frequencies, where ultra-sound and radio
meet and overlap each other. I do not know
whether a military air base a few kilometres
away transmitted something like that or
whether the tram rails in front of our house
could have acted as a sort of waveguide. |
have only one explanation for the phe-
nomenon: that waves of suitable frequency
may be somehow transformed, perhaps rec-
tified, in the inner ear.

Jan Smeets
Barcelona 9
Spain

DEKATRON R.I.P.

WITH reference to Mr R. E. Williams’ letter
in the January issue about the “‘Dekatron”
tube. we have used the Texas integrated
circuit TIL306 for several vears. This device
will count, latch. decode. drive and display an
actual number (in seven-segment form) and,
unhke the Dekatron, only needs five volts.

J. Baker

Department of Engineering

University of Warwick
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" Broadcast stereo coder

Three decoders assessed, a reference decoder circuit, filters, and a v.h.f. oscillator

by Trevor Brook, Surrey Electronics

This article concludes the series on the
high-quality stereo coder design with a
low-distortion decoder circuit.
Performance details of the coder,
assessed using this decoder, were given
in the October issue.

NEED FOR A REFERENCE DECODER for per-

formance checks on the coder prompted”

an investigation of some commonly
available types of decoder. Some de-
coders produce their best channel
separation from a-degraded multiplex
signal, such as is likely to emerge from
the demodulator of present receivers,
and the crosstalk measured in Table 3
using an ideal signal is given as a guide
to what to expect when testing decoders
fed directly from a coder. The setting of
the free-running frequency of the
phase-locked loop i.c. decoders can also
have a considerable effect on channel
separation and the best readings
obtained are given in Table 3. The 1310
used was the best of seven selected for
low mono distortion. All were very
similar in stereo but two of the seven
gave mono distortion readings of 0.45%
on one of their outputs.

The use of a low-pass filter pre-
ceeding the decoder is bound to reduce
channel separation if it does not have a
linear phase characteristic and low
amplitude ripple and this effect can be
seen in the Skingley and Thompson
circuit (WW May 1974 page 124).
Though a sacrifice in channel separa-
tion results, such simple filtering does
achieve its purpose of dramatically
reducing “birdy” interference from ad-

jacent stations, which otherwise is sub-
jectively far more irritating.

Two odd effects appeared when tes-
ting CA3090 decoders using the RCA
data sheet circuit. The decoder would
trip out of stereo if full level 15kHz M
signal was fed into it and limiting of the
audio outputs accompanied by large
beat tones occurred with full S signal for
15kHz audio. These effects are presum-

e

=~ i el

DEGREES

Fig. 13. Response of the audio filters in
the coder and their measured phase
response. The filters are two Toko
BLR-2011-N units, each consisting of a
modified = arrangement. Over 65dB
rejection is provided at 19kHz and the
ripple below 15kHz is less than 1dB.

Table 3. Stereo decoder comparison when fed with ideal multiplex signal.

Input Distortion (%) Crosstalk
mVv mono stereo ) d8
1kHz 15kHz 1kHz 15kHz
MC1310
CA1310 300 0.09 0.09 0.67 40 37
1310 &
filter 300 - — — 40 20
CA3080 180 0.17 0.18 1.7LorR 43 30
3 S at
—10dB
Portus &
Hayward 600 0.05 0.38 1.3 — -
P&H
modified 600 0.04 0.04 0.35 30 3

Stereo distortion measured at full L, R, M or S level. Worst reading of two channels shown. By altering the pilot
phase on the coder channel separation on the modified Portus and Haywood decoder will reach 54dB at 1kHz
and 50dB at 15kHz. This has the same effect as adjusting the oscillator trimmers on the 1310 and CA3090 for
best channel separation, not necessarily at a free-running frequency of exactly 76kHz.

www americanradiohistorv com

ably due to the 15kHz, or lower side-
band of the S signal, confusing the
19kHz phase locked loop.

Finally tested was the Portus and
Haywood decoder (WW Sept 1970).
Needing principally lower harmonic
and beat tone distortion, 1 devised the
following modifications, included in the
circuit of Fig. 14.

® Change Trll and Tr12, formerly
BC108 types, for 2N2369, ZTX313 or
any high-speed switching transistor.

® Change Trl4 and Trl5 for high-
gain audio types, BC109C, ZTX109C,
etc.

@ Convert the input_amplifier to a
compound emitter foliower, now with
a lower emitter resistor and a gain
potentiometer at the input. This can
be done neatly on the original Inte-
grex p.c. board using only one link.
This modification is only suitable if
the input amplifier is not required to
provide any gain.

@ Operate the decoder with only 1.4V
at TP2, the pilot level test point, not
1.5V.

These modifications brought the
1kHz distortion in stereo to 0.06% and,
with the further suggestion by Mr
Portus of fitting pull-up resistors Ry, Res
onto the bases of Trl4 and Trl5, gives
the excellent figures in Table 3 with the
only penalties a couple of dB lower
audio output and higher switching
waveform on the outputs. Low.
frequency channel separation is easily
improved by paralleling 1000pF 10V
electrolytics across C; and C,;. Though
irrelevant for normal listening, good
separation is desirable when measuring
the coder’s noise level.

All decoders proved sensitive to’sup-
ply hum and noise and filtering along
the lines shown, Fig. 15, is needed to
reduce the noise output fromi.c. voitage
regulators to allow signal-to-noise
measurements beyond 64dB or so.

VHF oscillator

A simple v.h.f. oscillator with a varicap
arrangement which has low enough
capacity along the multiplex path to
avoid h.f. loss is shown in Fig. 16. The
oscillator coil is printed on the p.c.
board alongside a coupling link which
gives roughly 70 ohms output imped-
ance through R;. Coupling is low en-
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BC108, ZTXAN
Other p-n-p BC309 ZTxA21
1544 or equivaient

ough to avoid frequency jumping with
various loads. This device is only in-
tended for use on a fixed frequency and
there is no varicap sensitivity or
linearity correction. Calculation for this
circuit suggests distortion at full devia-
tion of less than 0.5%. “or a fully tune-
able generator with calibrated attenua-
tor the coder could be fed into the
wideband modulation input of the
Sound Technology FM1000 signal
generator.

On stereo it is important for the de-
viation to be set correctly. Without an
analyser or deviation meter the best
way is to measure the pilot tone level
before deemphasis when tuned toa BBC
stereo station transmitting silence.
They tune to the frequency selected for
the oscillator and adjust its deviation to
produce the same voltage. All the BBC
stereo stations 1 can receive have pilot
deviations within 1.5dB of Wrotham
Radio 3. The output from the oscillator
at around 60mV is adequate to feed a
passive distribution system or with
coaxial attenuators it can be used for
receiver checking. Thirty decibels of
attenuation (at 1.9mV) will still keep
any reasonable f.m. receiver in full

A Fig. 14. Modifications to the Portus
and Haywood decoder to improve both
distortion and channel separation.
Faster switching times and high gain
transistors in the matrix with a
different input amplifier arrangement
give 1kHz distortion better than 0.04%.
Voltage levels of points A, B and C

can be either + 12, +6 and 0V or

+6, 0 and —6V respectively.

quieting on stereo while a further 6dB
attenuation (685mV) will quieten a
good tuner.

Fig. 15. Stereo decoders proved
susceptible to noise on the supply line
and filtering is needed to measure
signal-to-noise ratios much above
60dB. Regulator should be mounted
out of the transformer’s magnetic hum
field. 2000pF capacitor should have
low internal resistance. y

+15/24V -

pt—o-—9 Regulator
E MVR12V

+

2R2

+12V to tilters etc

+12V supply
tor decoders

2000pF |
16V

Common

+
10,000 6.8
T)’ F -ITuntulum

%470
Portus and
+ ———— 5V (Haywood
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The oscillator will run from either
+12 or +15 volts so it can be run from
the coder’s supply or tapped from the
receiver under test. The capacitor types
used should be observed as they were
¢hosen empirically to reduce the tem-
perature drift. Wiring inside the box
onto the p.c. board should use thin
flexible wire with a slight slack left so
that microphony is not transmitted
from the input and output connectors
onto the board.

The phase and amplitude mangling of
the S signal which occurs in most
receivers is so large that degradation is
clearly visible on the demodulated
composite signal even without any ver-
tical magnification. Both low S
amplitude and phase shift should be
seen at 15kHz with S amplitude loss
being predominant for lkHz modula-
tion. Oscilloscope synchronization will
be helped by locking to the audio input
to the coder or the deemphasized audio
output from the receiver’s active chan-
nel.

15kHz filter

This is just a convenient p.c. board
which runs from 12 volts and will
remove switching frequencies at de-
coder outputs without introducing
significant distortion, so allowing
distortion and signal-to-noise measure-
ments. The resistor from pin6 to supply
draws a small current to stop the
crossover distortion which 741s other-
wise generate with only a 6-0-6V supply.
To make distortion measurements be-
low about 0.15% two such filters are
needed to completely remove ultrasonic
components.

1 think the coder design presented
here has reached a cost/performance
plateau. Many of its identifiable de-
ficiencies can be attributed to the
balanced modulator i.c., and £80 or so
spent on a precision multiplier will pro-
vide some further improvements. The
lack of inductors and single p.c. board

"make for a repeatable unit with stable
performance.

The work described forms the basis of
stereo coders for broadcast transmis-
sion, outside broadcast radio links and
test units. O

A Fig. 16. Circuit of a v.h.f. oscillator
using a printed coil and providing a
simply repeatable output level. Output
voltage into 75 ohms is 55mV at
108MHz and 65mV at 87.5MHz.
Temperature stability over 20 to 57°C
at 96.4MHz is 4kHz / deg C. Deviation
sensitivity at 104MHz relative to
88MHz is +5dB.

Fig. 17. The v.h.f. oscillator shown just
fitting into the smallest diecast box
available (RS Components 509-923).
Coaxial attenuators provide lower
signal levels for receiver alignment . ¥y

This series was written by . . .

Trevor Brook, who is keeping quiet for the time
being about his latest idea, being a method of
reducing noise in cassette tape machines he has
decided to approach manufacturers with it first.
But starting the electronic side of a new company
to make film and tv equipment directiy after
leaving South London College (then Norwood
Tech) must have convinced him that he could do
the same sort of thing for himself, for he formed
SurreyElectronics five years ago with a capital of
£200. So we may see him making noise reduction
modules as well as distribution and monitoring
amplifiers, peak programme meters, and

to audible frequencies. Acquiring a transmitting
licence in 1966, he looked for good auroral
openings by charting a tv sound channel from a
transmitter 700km away, and heard a 20 watt
repeater at Kilkeel over a 500km path ‘“‘passing
directly through Snowdon with unusual diffrac-
tion effects’’. With the aim of detecting
sporadic-E backscatter and aurora be obtained a
Home Office licence for an experimental pulse
radar, but never quite o the probl of
receiver blanking with a good noise figure.

frequency shifters. His interests are not confined .

v Fig. 18. Circuit of a convenient filter
for removing ultrasonic signals when
making decoder measurements.
Distortion at +11dB, 0.04%. Response

—34dB at 19kHz, —45dB at 38kHz;
ripple below 15kRHz is less than 0.5dB.
Crosstalk —80dB at 1kHz, —55dB at
15kHz. Noise —96 to —82dB over gain
adjustment range of +4to + 14dB.

+12V
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35V
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%100!(
1
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W
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other 648
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CIRCUIT

D

Multiple station

two-way intercom

This circuit shows a four-station, two-
way intercom, where any station can
communicate in privacy with any one of
the others. Each two-station link-up is
assigned a code, three bits being suf-
ficient as there are six possible link-ups.
The appropriate code is selected by
Sw 1-4, and is generated at each station.
All the station codes are “OR-ed” by IC,
and decoded by IC, to drive a matrix of
analogue switches which couple the
appropriate audio inputs and outputs.
Code 000 is allocated to a system-free

Components

IC, CD4071  (C, CD4011
IC, CD4081  IC, ., CD4025
IC; CD4075 A, LM380
IC, CD4028 A, 741
ICy 5 CD4016

Station

links Code

1t02 001

1t03 010 Electronics

1t04 011 housed in

2103 100 station 4 as all

2104 101 three bits are

3to4d 110 used.

selected, the station inhibit output is

preventing any further codes being
generated at the station outputs. How-
ever, if a station wishes to use the
system and selects any of the other
stations while the system is busy, it will
flash a code for a time determined by CR
thus interrupting the established link.
If the electronics are housed in one
station, only two code wires are req-
uired to the other three. The system can
be easily expanded up to six stations,
where there are fifteen possible link-
ups, by using a 4-bit code and a CD4514,
4-t0-16 line decoder with an enlarged
matrix of analogue switches.
B. Voynovich,

zﬁtxs;;gfgﬁit,efs?s’t;&d:islii?j?c:tzglg? taken high and this forces the enable =~ Norwood,
the l.e.ds flashing. When a code is inputs on all other stations low, thus Middx.
Ic, IC2, 7
e o o
My > !
OQJ | —
Mp —>— !
R r1Cs.6.7
Oy +—~ ] | 5
M34= y. o 4,
— I /
\\ 1k o)
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Cross coupled transistor
bridge

THis circuit shows a full wave rectify-
ing bridge which has an off-set voltage
an order smaller than conventional
diode bridges.

2N1309

2N1308

The graph shows transfer character- 0O
istics for a conventional full wave
silicon diode bridge in curve 1, a ger-
manium diode bridge in curve 2,‘ and the 2N1309 NERR
cross coupled transistor bridge in curve
3. The off-set voltage of the transistor
bridge is about 30mV with good
“linearity above the knee.
The circuit was developed for use in a 50
simple but sensitive field strength
meter. The meter is protected by the
base-emitter junctions of the transis- 40
tors. With the devices shown, the ~
frequency response is up to 30MHz and < (3] 2]
the optimum value of R, is about 2k{. t 30
L. D. Thomas, E
Burton on Trent, €
Staffs. 3]
S 20
Iy
3
0 / 7
o) 02 04 06 08 /1-0 12 14
INPUT VOLTAGE (V)
+5V
Raq
27k
3
A=B 3
INOT4 Programmable strobe
WHEN using magnitude comparators to
A<SB {>C evaluate the dynamic operation of
digital counters, the output data for
A< B A>B, A<B, and A = B is compared
1C,4 with a known conversion time for each
7406 bit by enabling exclusive OR gates with
three separate strobe pulses. This
circuit uses a monostable which, with
the aid of three open collector inverting
Clock o gates, will generate strobe pulses of
Ic 7.8us, 10ps, 12ps, and a 15us pulse to
74122 74836 clear counters,etc.
> The pulse widths can be increased or
W IC4 decreased by altering the value of C for
A b_)D—] 7430 the longest pulse and the three resistors
! in parallel for the three strobe pulses.
""’)) > ! D. J. Greenland,
. B / Cambridge.
From device
under test ’_‘)
c DJ_E
: ) o
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“EEV Triodes and Tetrodes
coming through
loud and clear”

High quality components from [ =~ — — T T T ——— ol
EEV are the best replacements in ,_Toz EEV, Chelmsford, Essex, CM1 2QU, England.

fixed station, portable or transportable I;‘lee[‘;ffdzesndmme details of EEV Triodes and |
radio transmitters. ) _ .

EEV are one of Europe’s leading General information. [J Please tick. I
manufacturers in this field with Or information for equipment type ... .. |

|

|

. |
unparalleled experience and | Name ) B |
expertise. . |
Many types are available in the 50 | Position |
to 1000 watt range, but only one | Company ) , |

standard of quality, the highest. | Addre

If you want to know more, please | ress |
fill in the coupon and send it to us at | . |
Chelmsford. | Telephone Telex |

S5166/ww

EEV/M-OV

Members of GEC- turnover £1902 million

ENGUISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM12QU. TEL (0245) 61777 TELEX 99103. GRAMS ENELECTICO CHELMSFORD
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The Sinclair PDM35.
A personal digital multimeter foronly £29.95

(+8% VATI

1

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It's got all the functions and
features vou want in a digital
multimeter, vet thev're neatly
packaged in a rugged but light
pocket-size case, ready to go
anvwhere.

The Sinclair PDM35 gives you
all the benetits of an ordinary digital
multimeter - quick clear readings,
high accuracy and resolution, high
input impedence. Yet at £29.95
(+8% VAT ), it costs less than vou'd
expect to pay for an analogue meter!

The Sinclair PDM35 is tailor-
made for anvone who needs to make
rapid measurements. Development
engineers, field service engineers,
lab technicians, computer specialists,
radio and electronic hobbyists will
find 1t ideal.

With its rugged construction
and battery operation, the PDAM351s
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make 1t
just as useful on the bench.

What you get with a PDM35
31/ digit resolution.

Sharp, bright, easily read L.L1:D
display, reading to = 1.999.
Automatic polarity selection.
Resolution of I mV and 0.1 nA
(0.00011LA .

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 M.
1% of reading accuracy.

Operation from replaceable battery
or AC adapror.

Industry standard 10 M (1 input
impedance.

Compare it withan
analogue meter!

The PDM 35% 1% of reading
compares with 3% of full scale fora
comparable analogue meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve I mV
against around 10 mV fora
comparable analogue meter — and
resolution on current 1s over 1000
times greater.

The PDM35% DC input
impedance of 10 M (11s 50 times
higher than a 20 k(1/volt analogue
meter on the 10 V range.

The PDM35 gives precise
digital readings. So there’s no needto
interpret ambiguous scales, no
parallax errors. There’s no need to
reverse leads for negative readings.
There’s no delicate meter movement
to damage. And you canresolve
current as low as 0.1 nA and measure
transistor and diode junctions over
5 decades of current.

To: Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs.. PE17 4H].

Please send me qty PDAM35:s

« £33.00 ine £2.40 VAT and 65p P&

eachi . ik
1qty) De-luxe padded

carrying casersy 2 £3.00 (inc VAT

—  (qty,ACadaptor(s, for
240V 50 Hz power @ £3.00

I enclose cheque/PO made pavable

to Sinclair Radionics Ltd for

indicate total amount)i.......cconeun. L

Iunderstand thatif T am not completely

satisfied with my PIDM 35, I may return it
L\:‘ilhin ten days for a tull cash refund.

WW — 007 FOR FURTHER DETAILS
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Technical specification

DC Volts (4 ranges)

Range: 1 mV 10 1000 V.

Accuracy of reading 1.0% £ 1 count.
Note: 10 M (1input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V1o 500 V.

Accuracy of reading: 1.0% £ 2 counts.
DC Current (6 ranges)

Range: 1 nA to 200 mA.

Accuracy of reading: 1.0% = 1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 141 to 20 M.

Accuracy of reading: 1.5% + | count.
Also provides 5 junction-test ranges.
Dimensions: 6 inx 3inx 121n.
Weight: 6% oz.

Power supply: 9V battery or
Sinclair AC adaptor.

Sockets: Standard 4 mm for
resilient plugs.

Options: AC adaptor for 240V

50 Hz power. De-luxe padded
carrving wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts - from
programmable pocket calculators
to miniature TVs The PDM35
embodies six vears' experience in
digital multimeter design, in which
time Sinclair have become vne of
the world’s largest producers.
Tried, tested, ready to go!

The Sinclair PDM35 comes to
vou fully built, tested, calibrated and
guaranteed. [t comes complete with
leads and test prods, operating
instructions-and a carrying wallet. And
getting one couldn't be easier. Just fill
in the coupon, enclose a cheque/ PO
for the correct amount (usual 10-day
money-back undertaking, of course,
and sendit to us.

Sinclair Radionics Lid, .ondon Road,
Stives, Huntingdon,Cambs., PEI7 +H],
England. Regd No: 699483.

& Ssincl=ir- |

- World leaders in fingertip electronics
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Analogue gate applications

The final background article in the series

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams, Paisley College of Technology

THE HAZY WORLD between analogue and
digital systems is populated with a
variety of strange and legendary crea-
tures. One of these is the perfect switch,
as hopelessly quested after as the Holy
Grail as hunted as the Snark. As a
long-time connoisseur of Boojums it has
become obvious that we can hope for no
better.

Good design is always a question of
exploiting the behaviour of the avail-
able devices, of working within their
limitations and not against them. The
first step is to identify these limitations
for the alternative devices, to see the
implications and applications that fol-
low. Consider first the on-off switch.
This function can be duplicated by any
device for which the resistance can be
charged between two distinct levels.
Ideally the resistance should be zero in
one state infinite in the other and with
no injected error voltages or currents.
An adequate performance is possible
provided the off-on resistance ratio is
greater than 10%, though useful results
are obtained at ratios down to 10* while
ratios above 10% are becoming com-
monplace.

The changeover switch presents a
different kind of problem. There is no
direct electronic equivalent of such a
switch, and it has to be synthesized by
two separate on-off switches driven
antiphase. This is not easy since if the
conduction periods overlap then two
different e.m.fs are placed temporarily
in parallel. If there is a gap between the
conduction periods problems arise with

any current source that is open-

circuited. The problem is clearly worse
in multipole systems.

So far the switches, by implication,
are able to operate between any pair of
points regardless of their potentials. To
bring ourselves down to earth (or
ground) the transistor and f.e.t.
switches of Figs 1, 2 and 3 illustrate the
realities. Each can be switched from an
off state where the resistance is very
high to an on-state of moderately low
resistance — anywhere between 10{ and
1k{} depending on the device. In the
bipolar transistor the off-state is the
normal one, with a forward bias vol-
tage/current required to bring the
collector-emitter path into conduction.
This base current flows on through the
emitter to the supply common line. For
a junction f.e.t. which is a depletion-

mode device the drain-source path is
normally conducting and a reverse bias
on the gate is needed to switch it off.
The enhancement-mode device of
Fig. 3 requires the same sense of voltage
drive as for the bipolar transistor to
bring it into conduction, but the gate
current is vanishingly small. The ad-
vantage is clearly seen by drawing the
bipolar transistor switches with non
grounded terminals as in Fig. 4. The
base current then has to flow in either
the source or the load. Further, the
required drive voltage is affected by the
magnitude and sign of the signal vol-
tage, since at one extreme the device
might receive excessive bias while at
the other the signal might be sufficient

This raises the question of how the
drive voltage or current is to be derived.
In the junction f.e.t.,, for example, the
gatedrive voltage is of opposite polarity
to the normal drain source voltage and
will normally require a dual supply
system. The m.o.s.f.e.t. avoids the cur-
rent requirements of the bipolar tran-
sistor and the reverse voltage needs of
the junction f.e.t.

To summarize the imperfections that
can exist Fig. 5 shows one equivalent
circuit for a bipolar transistor in its
switching mode. When the switch is
open (no base current) the finite R
still permits some current flow. When
the switch is closed there is a voltage
drop that depends in part on a resistive
term R on, but includes a voltage V, the

to hold it permanently off.
/'I

Fig. 2

Fig. 4 -
RO"
Ron .
)t e
Fig. 5
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pedestal voltage that is present even in
the absence of current flow. This last
term is absent from the equivalent
circuits of both forms of f.e.ts making
them preferable for low-voltage appli-
cations. The equivalent circuit is partial;
it applies only to the static conditions,
takes no account of the load presented
to the switching voltage, and more
important does not indicate the effects
of the transients in the switching vol-
tage. At high frequencies, low voltages
or both these transients inject error
currents into the output that can have
the same overall effect as offset and
drift voltages in operational amplifiers.

These limitations are very relevant to
the process of muitiplexing, of using a
singlechannelto convey multiple sets of
information. As a simple example, Fig. 6
shows a set of switches which can be
used from left-to-right to transfer a
single signal to one of a number of lines.
Alternatively it can be used from right
to left as a data selector i.e. transferring
one out of a number of signals onto a
single line.

A quite different application where
transient properties are important is
that of a switch that is periodically
opened and closed (Fig. 7). If the rate at
which this happens is very fast
compared to any signal frequencies
applied to the switch, then it is the

fraction of the time for which the switch
is closed that is significant. For a given
voltage applied to the switch, the cur-
rent remains inversely proportional to
the resistance, but its average value is
halved if the switch conducts for only
50%of the time; it is reduced to a quarter
if the switch is closed for only25%of the
time and so on. The average current and
hence the equivalent value of resistance
is varied by the mark-space ratio of the
switching waveform. This is an applica-
tion of pulse width modulation to the
control of circuit and system behaviour.

The examples quoted so far, have the
switches used in open-loop systems.
They can be very effective within feed-
back systems and two applications are
shown in Figs 8 & 9. The first shows the
switch at the location that would be
occupied by a diode in a well-known
form of precision rectifier. In fact if the
switch is activated by a separate com-
parator that senses the input, it dupli-
cates the function with some advan-
tages. Replacing the resistor by a
capacitor, creates a peak rectifier in the
case of a diode, and a sample-and-hold
circuit in the case of a switch. It is a
testing application for the switch, since
the speed of response should be high,
the on-resistance low to allow the
capacitor to sample rapidly, and the
off-resistance should be high to avoid
discharging the capacitor in the hold
mode.

These are some of the areas in which
analogue gates can be applied. Analo-
gue gates are economically available in
c.m.o.s. form. They have excellent per-
formances in respect of drive input
impedance which is virtually infinite,
and an off-resistance which is also ex-
tremely large. Their on-resistance is less
ideal though falling as new devices are
introduced. The high-frequency be-
haviour is such as to permit operation to
above 1MHz, while they are useful both
as low-level choppers and as high-level
switches. The gate-drive voltage is
logic-level and the analogue signal may
have any potential between the supply
limits. It is for the flexibility that they
add to circuit design that they are per-
haps most welcome — no more need to
waste time on special drive circuits, but
instead use that time on applying them
to a wide-range of useful functions. []

Twenty circuit cards devoted to analo-
gue gate uses — sets 34 & 35 — concludes
the Circards circuit information service.
Individual back sets are available for £2
each (ten cards minimum) inclusive of
UK and surface mail (ten sets are £18)
and reprinted bound volumes of sets 11
to 20 are still available for £14.50.
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Broadcast
frequencies

Changes in broadcast frequencies, to
take place on November 25th, 1978, are
shown on the sticker presented in the
U.K. edition of this issue of Wireless
World.

The main changes are in the medium
and long wave bands. Radio 1 will
achieve national coverage on 285m and
275m and will have an additional
wavelength in the Bournemouth area of
202m.

Two medium wavelengths will carry
Radio 2 nationally — 433m and 330m.

Radio 3 is confined to a single
frequency — 1215kHz, which is 247m.

Coverage of Radio 4 will be obtained,
in the main, by two long wavelengths —

"1500m and 1322m. Ulster will be served

by 417m, Scotland by 202m and 207m,
the north-west by 202m and north-east
by 498m.

Local radio in Leicester will change to
189m and in Bournemouth to 221m.

All medium-wave stations will have
to change frequency by one or two
kilohertz to comply with an internatio-
nal agreement, but most listeners will be
unaffected by such a small change. Only
push-button selectors may need to be
reset. V.h.f./f.m. channels remain un-
changed.

Frequency and wavelength
Multiplying frequency in megahertz
(MHz) by wavelength in metres (m)
gives the result 300. To convert from
one to the other it is only necessary to
divide the known quantity into 300. For
example, the wavelength corresponding
to 100 MHz is 300/100=3m. Similarly,
the frequency of a 10m signal is
300/10=30MHz. The wavelength of
Radio 4 on 200kHz (0.2MHz) is 300/0.2
or 1500m.

Units
1 Hz=1 hertz=1 cycle per second.
1 kHz=1 kilohertz=1000 cycles per

second.
1 MHz =1 megahertz= 1,000,000 cycles
per second.

Abbreviations

a.m. amplitude modulation
f.m. frequency modulation

h.f. high frequency (3-30MHz)

k.w. short-wave (German)
Lf. low frequency
Lw. long-wave

m.f. medium frequency (0.3-3MHz)
m.w. medium wave

s.w. short wave

u.h.f. ultra-high frequency (300-
3000MHz)

v.h.f. (German)

very high frequency (30-
300MHz)

u.k.w.
v.h.f.
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Integrated-circuit memories — 1

A summary of techniques developed in the last ten years

by John Dwyer

Few sections of the electronics industry
have seen such rapid increases in sales
volume as that seen recently in
semiconductor memories. In the first part
of a two-part series the author gives a
summary of developments in the
fastest-growing part of memory
technology, the random-access memory,
and outlines what has led to that growth.

A MEMORY is any information-storage
device. Its history goes back to the
marks primitive man made in the sand,
but the need for electrical storage of
binary information did not arise until
the first electrical calculating machines
were developed towards the end of the
second world war.

So many types of memory have been
described, and even developed, since
then that it would be impossible to
name but a fraction of them. For the
purposes of this brief summary of the
current memory scene we must assume
that readers are familiar with the
better-known magnetic devices, such as
drums, discs, tape and magnetic cores,
and concentrate on the developments
that have taken place in the last decade.

All these are still being used, and in
increasing numbers, but their growth
has been very slow compared with that
of the semiconductor memory, which
offers greater speed, greater capacity in
a smaller space and is cheaper. Other
magnetic devices may not surrender to
new technology as quickly as the core
has, partly because the drum and disc
have different uses. The memories we
will look at are mainly those within a
computer as opposed to those storage
devices which retain data in a library
outside it and are brought to a
peripheral device, such as a magnetic
tape player, for reading into the com-
puter.

Yet even these have a limited life once
the storage capacity of non-mechanical
systems becomes large enough. One
reason is that discs, and the motors that
drive them, wear out. A floppy disc lasts
about three months. A more important
reason is that these storage devices
depend on human labour, and there will
soon (five to ten years) be no need to
depend on a man or woman bringing a
tape to a machine when its contents can
be called up from a store within the
electronic reach of the computer. Tech-
nology is now dedicated to the elimina-
tion of human effort as too costly, and it

may be that the devices about to be

described will have greater social -
impact than anything since the steam

engine.

Where peripheral devices are con-
cerned, their slowness compared with
the rapidity with which the data is
operated upon within the computer, at
sub-nanosecond gate speeds very often,
has been taken for granted for years.
The putting in and taking out of infor-
mation is performed by humans or
mechanical printers. This may change
but until recently it affected the size and
arrangement of the various parts of a
computer, its “architecture.” A com-
puter was so expensive, and its input
and output devices so slow, that users
began to be concerned about how little
of the computer’s time was spent com-

Motorola’s 6810 128 x 8 bit static r.a.m.
This n-channel device works from a
single power supply and was the first
of Motorola’s memories to use
depletion load techniques, reducing the
area of the chip by around 40%. Chip
size is 149 x 117 mils and access time is
500ns.

g P 7 LY » r *

puting, as opposed to waiting for in-
structions and data to be read in and
read out.

The solution, which came into
general use around the mid-sixties, was
to make greater use of the fact that a
central processing unit, the part which
performed the arithmetic functions,
could deal with any calculation pro-
vided the instructions came with the
data. The computers arranged their
work'in a queue, so that if the computer
engaged on one task had to wait for a
new piece of information it went on to
another task, drawing new data and
instructions from its memory, and on to
others, then went back to the first. Time
sharing made the use of the computer
much more efficient and was partly
necessary because the storage capacity
of a computer was usually much greater
than was needed for a single user. The
reason for that was, and is, that the
hand-made core memories then in
general use only became cheap enough,
per bit used, if they were large.

A development of the queueing idea
was that of multiplexing data into the
computer so that the tasks were hand-
led continuously instead of continually.
But computer-sharing met much -
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greater resistance than had been pre-
dicted partly because of the fear of users
that the information they put into the
computer might find its way to someone
who shouldn’t see it. This may have
been an imaginary fear, but it was an
added stimulant to research into l.s.i.
techniques that would allow computers,
and their stores, to become small and
cheap enough for everyone to have a
computer of their own. It then followed
that the uses of computers proliferated,
making them even cheaper.

“Their tasks are now so complicated
that much routine calculation is per-
formed by the terminals to which the
central processor is connected, so-
called intelligent terminals. The load on
processors has become very high, and
accounts for the emphasis on speed of
processing as one instruction from one
terminal rapidly follows another in-
struction from a different terminal. The
video display units now in use, for
example, are very hungry for data so
much of the processing needed to pre-
sent them with the information they
need is done at the data terminal itself
rather than by the processor. It follows,
therefore, that the terminals will require
some ability to store data.

Computers are not the only things
that require memory, of course, es-
pecially with microprocessors about to
come into more widespread use than
pocket calculators now have, but they
provide a convenient background for an
account of the uses and development of
various memory devices.

Before we look at the development of
the newer devices there are certain
terms which must be defined.

Access time: the time taken for a
randomly-chosen computer word to be
taken from the memory to the central
processor or another memory.

Cycle time: the minimum time during
which successive reading, writing, or
reading and writing operations may
occur. The cycle time is related to the
access time depending on whether the
memory cell is static or dynamic.

Dynamic memory: one in which the
data has to be continually refreshed,
usually 500 times a second or more.

Static memory: one which holds its data
without the need to be clocked or
refreshed.

Read-on memory (r.o.m.): once the
memory is programmed no information
can be read into it. It contains standing
instructions which do not need to be
altered, such as what bits to transmit
when a letter on a keyboard is pressed.

Random-access memory (r.a.m.):
strictly-speaking this should be called a
read-write memory, since a r.0o.m. may
also be random-access. As normally
understood, a r.a.m. is a device which
data can be written into and read from
at random, the access time being inde-
pendent of its location in the memory.

Some storage devices are continually
circulating shift registers and data can
only be taken out in the same order in
which it was written in. This means
access cannot be truly random, though
they can be arranged to behave in a
similar way.

Destructive read-out (d.r.0.); each time
a number is read from a memory with
destructive read-out it is lost unless
replaced, as in the magnetic core.
Semiconductor memories mostly have
non-destructive read-out.

Volatile: a memory which loses its data
when the power supply is removed is
said to be volatile.

E.c.c.: error correction code. Most of the
data going round in a computer con-
tains at least one parity bit, a binary
digit which checks automatically
whether the accompanying number is
correct. But now semiconductor
memories sometimes contain, on the
same chip as the memory itself, a set of
circuits which checks the data that goes
into a memory, and the data that comes
out. A code, the error correction code, is
added to the ingoing data, then the
outcoming data and accompanying
e.c.c. are checked. If an error has oc-
curred the e.c.c. will identify not just
that this has happened but where the
error is, and will correct it. The e.c.c. is
then removed before the data goes out
to its destination.

A memory may have to do a number
of tasks. It may have to store large
amounts of data which are only re-
quired from time to time and thus for
which speed of access is not a prime
requirement as long as the cost of
storing each bit is low. There may not be
a great deal of calculation to be done so
much as compilation, as in the case of
personnel, bank records and so on.

On the other hand, a memory may
have to store the results of a complex
calculation ready to give the informa-
tion out so that another part of the
calculation can be performed.

Fig. 1. Dynamic memory cells store the
information as the charge on a
capacitor. They now use one transistor
where three used to be needed. The row
select line turns on the transistor,
allowing the capacitor either to charge
up from the data line or discharge into
it, depending on whether the operation
is write or read.

Dynamic
memory cell

I

Row select

<
a

Data
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Memories which store these inter-
mediate calculations need to work very
fast indeed if they are not to slow down
the calculation process.

A third type of memory may be re-
quired, when presented with a number
at its input, to give out its square root,
or square, or reciprocal, or log. Thisis a
code conversion or table look-up opera-
tion which would be performed by a
r.o.m.

In general the first type of memory is
now more generally suited to tape or
disc storage, and the second and third
are where semiconductor memories
have most to offer. At first, indeed, their
use was confined to high speed
‘scratchpad’ and small buffer memories
where, say, information had to be
clocked in at one speed and clocked out
at a different one.

Random-access memories

Bipolar semiconductor r.a.m.
memories usually consist of t.t.l. ore.c.l.
flip-flops. E.c.l. is inherently fast since
the transistors are non-saturating, but
t.t.l. can be made aimost as fast by the
use of Schottky diodes to clamp the
collector-base junctions out of satura-
tion. This technique was used by IBM in
the 1K r.a.m. they put in their system
370 and System 7 computers introduced
in 1973. IBM had produced a computer,
the System 70, which used wholly-
semiconductor memories as early as
1971. Bipolar access speeds in the mid-
70s were less than 50ns, and are now
under 10ns.

The first m.o.s. devices were p-
channel, depending for their operation
on holes as majority carriers instead of
much more mobile electrons. The use of
n-channel devices has improved access
speeds, now under the 50ns mark that
bipolars had reached two or three years
ago. N-channel also allowed static
m.o.s. r.a.m.s to have a single power
supply, and all m.o.s. devices to have
t.t.1.-compatible inputs and outputs.

Early semiconductor memories con-
sisted of a matrix of storage cells. All the
addressing, timing and control logic had
to be made up from conventional inte-
grated circuits mounted externaily.

To improve their speed and cost, es-
pecially in large systems, dynamic
memories have to be used. The data has
to be re-entered each cycle, and since no
reading or writing can take place during
the refreshing period this means that
cycle time is increased and efficiency, in
terms of possible operating speed,’
reduced. In general, unlike static
memories, dynamic memories cannot
operate down to zero frequency.
Efficiency is defined by

.

E=c-rn X100
c

(about 98.3% for dynamics)

where c is the cycle time, r is the refresh
duration and n is the number of refresh
cycles needed in each cycle for all of
the cells to be refreshed. Usually a
number of cells are refreshed at once,
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and most of the refreshing circuits are
now on-chip. Dynamic cells have a
minimum operating frequency which,
unlike that for static cells, does not
extend to d.c. Dynamic cells also con-
sume power each cycle, and power
consumption in dynamic cells is
sometimes quoted in mW/cycle, while
static consumption may be expressed in
mW /bit.

The normal dynamic cell is a
m.o.s.f.e.t. whose gate capacitance
stores the data as an electrical charge
(see Fig. 1). At first bipolar r.a.ms were
preferred because of their higher
speeds. But m.o.s. is cheaper, needing
fewer masks in the diffusion process, its
speed is catching up that of the bipolar
devices, and it also offers greater pack-
ing density and lower power consump-
tion.

The need to refresh an m.o.s. dynamic
cell arises because its capacitively-
stored charge leaks away. The leakage
can be reduced by introducing a layer of
silicon nitride between the metal gate
and the oxide insulator.

A static memory cell can be formed by
cross-coupling two m.o.s.f.e.ts as flip-
flops, but this usually means using four
or more transistors and the number of
cells available on a single chip is thus
reduced. Dynamic r.a.m.s have reached
densities of 16K (16,384 bits)/chip
compared with 4K for a staticr.a.m. The
dynamic r.a.m. is also cheaper, though
this effect is mitigated by the need to
provide some external refreshing
circuitry, and three power supplies.

M.o.s. used to suffer from the disad-
vantage that it needed an interface
between the t.t.l. levels used by the logic
and the 20V or so used by the memory.
All these requirements for additional
circuitry could only make sense if the
required memory capacity was large
enough to reduce the consequent
additional cost per bit. Such interfac-
ing is now on-chip, but it remains true
that the greater packing density of
dynamic r.a.ms only outweighs the need
for more complex indirect or servicing
circuitry if the system is a large one. An
earlier analogy was that magnetic disc
peripheral memory systéms were
economic for large systems once the
cost of the drive motor could be spread
over a great number of bits of informa-
tion. -

In an m.o.s. static memory the load
resistor is replaced by another m.o.s.
transistor with its gate connected to the
drain to form a small-area non-linear
resistor. The reason for using this is that
it takes up less space on the chip, and
enables more gates to be packed in. Yet
Mostek have now introduced a 4K static
memory, the MK4104, which uses resis-
tors as loads to save space. This
apparently backward step reduces
space because the resistors are ion-
implanted polysilicon devices which
can be put almost on the same area as
the drive transistors. Mostek say the
device has the additional advantage of

" drawing only 1nA.
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Fig. 2. This device uses resistors where
most devices have another f.e.t. The
row line turns on Trl and Tr4, allowing
the two column lines to sense the state
of the flip-flop or during write, to
change its state.

In the c.m.o.s. technique the load
resistor is replaced by a complementary
transistor. Since, in theory, only one
transistor of the complementary pair
can conduct at one time the only cur-
rent that flows is the leakage current
through the top, load transistor. In
non-complementary circuits power is
continually dissipated through the load.
Dissipation is thus very low in c.m.o.s.
memories but they are slower, offering
access times of around 500ns, compared
with 150ns claimed for the 4104, and
consume much more chip-space.

In practice the transistors do, for an
instant, conduct together when the cell
is changing state causing a power pulse.
The reason for the slower operation is
the parasitic capacitances that exist
between the gate and the substrate and
in reverse-biased p-n junctions, all of
which have to be charged and dis-
charged. These effects have been
countered By the use of a sapphire
substrate with the transistor built above
it. The sapphire insulator allows the
speed of the c.m.o.s. device to increase
around four times, but the use of sap-
phire is never likely to be cheap enough
to be practical.

A continuing disadvantage of semi-
conductor r.a.ms of whatever type
remains, however, that they are
volatile. The usual way round this is to
provide a low-power or stand-by mode
of operation, and this may entail the
need for extra power supply connec-
tions to the chip which are disconnected
when the device is on stand-by. The
remaining power supply serves to keep
the memory alive as programmed.

Another technique, used in Motoro-
la’s 6802, is to use an on-chip reservoir
capacitor to sense a loss of power. When
power does go down 32 bytes of infor-
mation is transferred from wherever it
was when the power went down to a

part of the memory which is kept alive
on batteries. Power consumption is
reduced by turning off peripheral de-
vices on the non-storage part of the
chip. The 32 bytes that must be pre-
served are chosen in advance.

Another technique we reported in
February 1977 (p.75) was that used by
Toshiba, where charges are stored for
up to a year in normally unused m.n.o.s.
f.e.ts to which the date is transferred
once a power failure has been sensed.
This, though described as a non-volatile
r.a.m, is a hybrid r.o.m/r.a.m. The
number of transfers is limited to about
1,000 since there is a degradation of the
ancillary f.e.t. switches each time they
are used.

By 1974 it had become clear that i.c.
memories had largely replaced core
memories in new computer main
memories. Western Electric had an-
nounced the development of a 4K n-
channel r.a.m. to go into telephone
switching the following year. The de-
vice had an access time of 250 ns, and a
cycle time of 700ns. Bell were to phase
out their core memories in favour of
m.o.s. devices on grounds of cost.

That year a number of manufacturers
offered 4K r.a.m. samples, including
Siemens of Europe, whose S142 was t.t.1.
compatible, with access and read-
refresh cycles of 350 and 600ns.
Altogether, about 50 semiconductor
r.a.ms were being used in 1974 for every
one in use only two years earlier, and
70% of new memories were being de-
signed with semiconductors.

The responsibility for displacing the
core has been attributed to the Intel
1103, a 1,024 bit dynamic r.a.m. which,
though introduced in 1971, was still
selling at a million a month world-wide
last year, though in an improved form.
In terms of cost per bit, core, with an
access time of lus, became more ex-
pensive than the 0.5us dynamic p-
channel memory at the beginning of
1972, when they were both 0.7 cents/bit.
Dynamic n-channel, also at 0.5us, be-
came cheaper at the beginning of 1974
(0.4 cents/bit) and static n-channel
(1ps) at the beginning of last year. Yet
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core still appears to be selling fairly well, I_-———
largely as a result of its non-volatility,
and the above figures may reflect 4
merely the huge growth in the demand
for memory devices of all kinds. Never- |
theless the core is slow and requires a

great deal of interface and other perip-
neral circuitry.

By the middle of the decade the
number of different types of semicon-
ductor device had increased from two
— the 64 and 256 bit bipolar array and
the 1K p channel m.o.s. — to over a
dozen, each suited to various tasks from
the low speed, low power peripheral and
terminal r.a.ms, with main memory
applications inbetween.

Now the choice is even greater. In
just two or three years we have seen
improvements in e.c.l. and t.t.l. which
have brought bipolar access times down
to 7ns for e.c.l. and less than 50ns for
t.t.l. Last year Intel claimed they had
produced a m.o.s. r.a.m. which has an
access time of around 25ns, which puts
m.o.s. in the same class as bipolar for all
but the very fastest applications. Users
can choose from 4K and 16K dynamics,
4K fully and partially (clocked) static
types, 1K and 4K fast statics, 4K and
16K integrated injection logic (I2L)

Address
select

Fig. 6. The four-position, two-pole selector is
replaced by a gate circuit which has the
address information sent to it on two
address lines.

dynamic and static memories, as well as
the newer c.c.d. and bubble memories,
though these strictly speaking are serial
memories, or recirculating shift reg-
isters. Texas are reported to be working
on a 65K r.a.m. The variety of read-
only memories is equally large.

The large number is mainly due to
improvements in semiconductor fabri-
cation techniques, particularly in m.o.s.
technology; it has been said, indeed,
that bipolar devices are less good than
they could be if a little more research
attention were paid to them. Recent
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m.o.s, polysilicon multi-layer processes,
h.m.o.s. (a not-so-simple scaling down
of existing circuits to one half or one
third their previous size), electron beam
etching, ion implantation, and depletion
load techniques. ]

At the moment the rate of progress is
about the same as it has been for the last
ten years. Packing densities and speeds
have about doubled their improvements
every year or, more accurately, there
have been fourfold improvements every
two years. Memory capacities go up in
powers of two and the capacity is nor-
mally a perfect square. Thus a 1K
memory holds 1,024 bits which is 322

The next logical step, therefore, is to
go up to 4K (64?) since it would take two
years to design the device, and by that
time users would be ready for a new
device. Thus while there were a number
of 2K memories about a year after the
first 1K chips appeared, the biggest
growth was the following year, when
4K chips were launched with be-
wildering frequency.

Equally bewildering was the number
of packages available. Intel introduced
the 2107 4K dynamic r.a.m. in 1973,
followed closely by Texas Instruments.
These were both 22 pin packages while
the industry standard socket, and
therefore the cheapest socket and the
one easiest to fit, was 16 pin. In addi-
tion, the Intel and TI pin configurations
differed from each other. Eventually
Intel adopted the TI pin configuration
but AMI and Motorola together pro-
duced a third 22 pin version which
conformed to neither of the previous
configurations.

Then Mostek produced a 16 pin 4K
r.a.m. They did this by multiplexing the
12 address pins that had appeared on
the 22 pin packages down to six. The six
address pins are presented alternately
with six-bit row and column addresses.
Apart from offering cheaper packages
and sockets for users, the device offers
much greater packaging densities per
memory board, though it means the
designer now has to provide multi-
plexing circuits. TI then advocated an
18 pin package, and steadfastly refused
to go to 16 pin address multiplex. The
confusion was about complete.

Now that 16K dynamic r.a.ms have
arrived, however, all the manufacturers
agreed on the same pin configuration.
Moreover, it is one which enables 16 pin
4K users to make one address ling
change and simply plug the new 16K
memory straight in.

Memories can be organised in various
ways. Let us consider a static memory
cell as simply a flip-flop which, when
presented with both a number (0 or 1)
and a clock pulse, holds the number by
switching into one of its two possible
states. Looked at in another way, the
arrival of the clock pulse transfers the
input number to the output where it is
stored until the next clock pulse arrives.
(Fig. 1). The data is now written into the
memory and will stay there as long as
the power supply remains connected.
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By itself this flip-flop constitutes a one
word, one bit (1 X 1) memory.

If the state-indicating output of the
flip-flop and another line are connected
as two inputs to an AND gate then the
new line could act as a read line, only
showing the output of the flip-flop when
the read line goes to 1. This would
provide a latched output. However,
there is no need for two lines. If the read
and write lines were both active at once
the output during a read cycle might be
changed in mid-cycle by the write line.
One line is used, which is either read or
write. The latched output to the cell is
provided by a chip-select (CS) pin which
shows the output of the cell if that cell
on that chip has been selected and read
has also been selected.

However, in some cases the cell can
operate in read-while-write mode,
where a binary digit stored in the cell
can go out to the output within the
specified access time, and then another
bit can be read into the cell within the
same cycle period.

If we had a chip with four memory
cells, a typical size when the first
semiconductor memories appeared in
1965, we could arrange it in a number of
ways. We could connect it as 4 X1, 1 X4
or 2 X 2. The diagrams show the first two
arrangements. In the first case there is a
four bit parallel input, a common clock,
or write line, and four separate outputs.
If, however, we want to place the bits in
the memory so that they were available
serially, one at a time, we would need to
arrange the memory cells as four words
of one bit each. We would need to take
each of the clock lines separately out to
a selector, and each of the output lines
would need to be selectable too. The
arrangement is shown in the next fia-
gram.

This also means that each bit would
need to be accompanied by the address
for which it was destined. The address
could be selected either by a multipole
switch or, in reality, by logic routing.
There are four possible addresses in this
case, and the first four numbers could
g0 to them in any order, provided each
number was accompanied by a two-bit
address which said where the digit was
to go.

The more possible destinations the
digit has, and the bigger the memory,
the more the address lines that are
going to be needed. The 1 X4 memory
needed none, the 4 X1 memory needs
two since those two address lines can
define four states or addresses, and the
2x 2 memory would need one, since this
can define two states, or addresses
which the two-bit number could go to.

In the case of a 16 bit memory
arranged 4% 4 the number of address
lines needed is two (defining four pos-
sible addresses for the four bit number).
A 16 X1 r.a.m. would need four address
lines since 2¢ is 16, while 1X16 needs
none. In general terms, a z bit memory
arranged as X XY (where z=X.Y) will
require log, X address lines, where X is
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Fig. 7. A 16-bit (4 X 4) memory. The four
parallel bits coming in are each presented
simultaneously to a group of four cells. The
top bit, for example, goes to cells 1, 5, 9 and
13, and so on. But only one group of four
cells will be clocked at one time, according
to a write instruction being present and the
correct address. The address connects the
write signal to the correct group of cells, as
selected in the shaded area. The outer
dotted line corresponds to the block in the
previous diagram which, when an address is
selected for “‘read” delivers the

appropriate word at the parallel output.

the number of words, and Y the number
of bits per word. Y is also the number of
input and output lines that are needed.
In a practical case the 16 bit memory
might be on one chip, or it might be
spread among four chips. Chips are
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arranged in different ways, and for
small amounts of memory the number,
of data in and data out lines can easily
be provided on a conveniently-sized
chip.

But as the amount that each chip can
store goes up to 16K or more it is un-
‘reasonable to expect adequate addres-
sing and data lines to be available for
every configuration that might be reqg-
uired. Therefore the bigger the chip the
more likely it is that it will have one data
in and one data out line. If parallel
outputs are required more than one chip
has to be used.

In another case, not enough storage is
available on a single chip, and data has
to be addressed to one chip of a number.
This is where the chip-select (CS) pin
comes in. If the 16 bit memory men-
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tioned above had to be spread among
four four-bit chips then only one chip
would be selected at a time and the four
chip selects would be decoded down to
two lines just as the addresses on the
4 x 1 memory had been.

Thus if there are N chips, each with P
address lines, D data input lines and Q
data output lines, then the data-in lines
are all connected to each other, the
data-out lines are also commoned, and
the address lines are also connected,
giving P address lines for the group of
chips. From each chip the CS line is
taken to a decoder which selects one of
N, and the number of lines which will
come from this will be log,N. Thus the
total number of address lines needed for
the collection of chips will be P +
Log,N, which would write into, or read
from, one chip at a time.

As the size of semiconductor
memories has increased so has the
number of pins. A 4K X 1 memory needs
12 address bits. With data in, data out,
three power supplies for a dynamic
memory, chip enable or select, and
other pins this meant that the first 4K
memories were designed with 22 pins.

The newer 16-pin dynamic memories
still have data in and out and three
power supplies (four pins) but the 12-bit
addresses are multiplexed on to six pins.
A row address select (RAS) pin is
activated, the six row address bits are
presented to the six address pins, then
the column address select (CAS) is

operated and the column address pre-
sented, at the same time as read or write
are selected, and the cycle then con-
tinues.

This arrangement means the designer
has to decode the address into rows and
columns where this used to be done on
the chip, and multiplex the two ad-
dresses onto the correct pins. But the
use of standard 16-pin sockets has a
great many advantages in cost and
tooling. In addition, multiplexed
memories can be doubled in speed for
some applications by holding the row
address low and feeding in successive
column addresses without the need to
supply the row address more than once.
This is called page operation, and the
application of successive column ad-
dresses is known as “strobing” the col-
umns.

As already mentioned, some chips
have latched outputs. The 4K chips on
the market have latched outputs, the
latch being provided by a combination
of the chip select and column address
lines. Most of the 16K memories, how-
ever, have unlatched outputs, partly
because of the need to use the CS pin as
another address. An exception is the
Intel 21186.

Normally refreshing is done by put-
ting a clock signal on the address lines,
one row or column being refreshed at a
time. A timer on the memory card sends
a request to the clock circuit to carry
out a refresh, and the memory cycle is
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halted until the refresh has taken place.
A signal is then sent that the refresh has
finished and the timer may start a new
cycle.

There are normally a number of
boards in a memory, and each of their
timers, left toitself, might send a refresh
request at a different time from all the
others. Therefore one board is usually
determined as the master, and its
refresh clock determines the refresh
times on all the other boards. [t may be
that a link is removed on all the boards
except one.

In addition, many computers work in
two phases, with one lot of boards going
through a read or write cycle while the
other lot of boards are being refreshed.
Any card that is not in use during a
cycle may have a refresh signal applied
toit.

The high output impedance of m.o.s.
circuits allows them to be connected
together on the same output bus with-
out the need for a buffer. T.t.l, on the
other hand, will not, because, unlike
m.o.s., it will drive a load. Whatever the
device, if it is to be operated into a
common bus it must have a three state
output: high, low and floating. While an
m.o.s. output would not be damaged by
putting a 1 onto a bus that had a0 on it
from another device the bus needs to
see the output of the one device along it
that has been selected, with all the other
outputs floating for the moment to that

level. []

Continued from page 39

lutely forbidden for amateur stations to be
used for transmitting international com-
munications on behalf of third parties.” The
regulations even forbid the content of any
messages to be conveyed to a third party, so

that the television crew who recently filmed.

amateurs at work were technically in breach
of the regulations.

Some countries have agreed between
themselves to waive certain parts of the
regulations, so that Brazil and the US, we
understand, have mutually agreed that amat-
eurs in those two countries can transmit
third party messages. But no such agreement
exists between Britain and the US, and so the
Americans were, as the Home Office said,
breaching the regulations.

If an amateur is talking to someone within
his own country then he is subject to the laws
of the national PTT, in our case the Home
Office. In many countries there is no restric-
tion on talking to third parties non-
internationally, and that used to be the case
here until 1954 when, because of abuses, “the
syllabus for radio amateur licences was
strengthened,” according to a Home Office
spokesman.

We did, however, discover one lophole in
the Wireless Telegraphy acts which govern
such matters. It appears that Crown property
is exempt from the provisions of the Wireless
Telegraphy Acts on the grounds that licences
are granted by the Crown and the Crown
could not logically license itself.

Whatever else may be said about the Home
Office, the anniversary incident shows that
at least they are consistent. 1t is, indeed, the
bedrock of the British Constitution that the
monarch is as subject to the law as anyone
else.

That, at any rate, is the theory. At least two
photographs exist of the Duke of Edinburgh,
the Patron of the RSGB, at the microphone of
an amateur radio station. He is not licensed.
Oddly, the palace could not, when we asked
them, recall any of these incidents.

@ The Cornish amateurs have accepted the
Home Office’s attitude with good grace,
though they confess to being disappointed.
Their transmission wasn’t too successful
either. Supposed to be broadcast for 45
minutes on the hour every two hours from
one until five on the great day, reception
appears to have been poor. They planned to
re-run Roosevelt’s message, then a message
from Marconi’s daughter, then finally a
message from Carter, in Morse. On the first
transmission at one o’clock the first three-
quarters of the Roosevelt message were
heard through a lot of static but then the
signal disappeared. Yet reports from other
amateurs indicated that the Carter message
had been picked up elsewhere. The Cornish
amateurs would like to hear from anyone
who copied any of the messages. As someone
involved in the celebration remarked, “It's
funny, they could do it in 1903 but not in
1978.” (]
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Red faces all round

THE “DISAPPEARING BUILDING” in the
computer simulation of Brussels airport, used
during assessments of microwave landing
systems, has caught up with the FAA, the US
aviation authority. Interested parties in the
UK, among them Plessey and the Civil Avia-
tion Authority, who were a little downcast to
hear that Lincoln Laboratories’ simulation
proved that the British Doppler system

~would suffer degradation in a Brussels-like

scenario, were amazed to discover that the
postulated seat of the trouble — a large
hangar — simply did not exist. This was all
the more puzzling in that exact dimensions of
the “building” were used in the computer
simulation.

It seemed clear to Plessey and the CAA
that the FAA or the companies involved had
tried to mislead and to gain some kind of
advantage for the US scanning-beam systém,
and the House of Representatives Subcom-
mittee has announced hearings, starting on
January 31, to investigate the charges.
Whether any conclusion will be reached in
sufficient time to affect the final decision, in
April, by ICAO on the system to be adopted
1s open to question, but a spokesman for the
CAA told Wireless World that the results of
tests so far conducted with British and US
equipment at several “difficult” airports have
not changed their opinion that Doppler is a
much superior system.

One wonders why the Americans felt the
need to cloud the issue at Brussels, if, in fact,
they did so deliberately. (]


www.americanradiohistory.com

WIRELESS WORLD, MARCH 1978

A SPECIAL
FREE OFFER FROM
DORAM

. Buy either of these superb-value new Doram units,
eitherready-built orin kit form, and we'll enclose this free
digital desk thermometer complete with perpetual calendar
and pencil holder, beautifully finished in anodised
aluminium.

But hurry! Offer closes March 10th 1978

LOW DISTORTION
AUDIO OSCILLATOR

Attractive styling in
satin finish avocado and
black. Ready built and
tested, only £99.95 plus
8% VAT

KEY DATA

Range 10Hz-100KHz in 4 decades
Sinewave distortion < 0 005% at 1KHz

Qutput TmV-3V pp plus 0-10V square wave
Supply Mains 115/240v 50/60Hz

Save £20! Buy i kit form

HARMONIC DISTORTION
METER

A perfect match in
top quality and styling for
the audio oscillator. Ready
built and tested, only
£99.95 plus 89 VAT.

70 O . FER W
79.95 plus 8%, VAT

KEY DATA :
Continuously variable 20Hz - 40kHz - in
7 steps

60mV - 65V in 3ranges

Distortion range 100% - 0.03% FSD reading to 0.003%,
High impedanceinput  >75c0

BNC connectors. 500 Hz filter Residual output provided

Frequency range

Inputrange

Save E20! Buy in kit form - £72.95 plus 89 VAT

Doram Electronics Limited, PO Box TR8, Leeds, L$S12 2UF, West Yorkshire

I—Please send me the following umits | enclose cheque/PC value £ j
| Low distortion audio oscillator Order code I
| Ready-built: £99.95 + 8% VAT. [ 74-710- 7WM |
| Kitform 1£79.95 + 8% VAT. [0 60-610-7WM |
| Harmonic distortion meter |
| Ready-bullt:£99.95+ 8% VAT [J 74-720- 0WM |
| Kit form :£79.95 + 8% VAT. [ 60-612-1WM |
NAME . ... ... . ..

: ADDRESS . .. Dnl‘Am :
| BEmpe s m mmmm e Department WM |
U PO Box TR8
| COUNTY : R Leeds LS12 2UF |
l_ Offer closes March 10th 1978 West Yorkshire _l
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MEMORY
GOMPONENTS

RAM — ROM — EPROM - CCD

MEMORY
OfOTEMS

ADD-IN, ADD-ON, STAND-ALONE

As always Intel leads the way with an even more
powerful range of easy-to-use integrated memory
devices. They give hitherto unobtainable system _
performance (reduced package count and cost for I
user designed systems)...memory boards and
fully-packaged systems for integration into user I
hardware ...plus add-in and add-on for proprietary
computers...and stand-alone for bulk storage.

All popular devices from stock. We deliver, install

and maintain packaged memory systems. For all

your Intel memory products, just memorise our
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— . This easy-reference descriptive price list

T 1 contains over 2000 Intel products. We'll be
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delighted to send it to you by return of post with
our latest up-date material. Just use the reader
reply service or send this coupon to

I L — :ﬂ_ GEC Semiconductors Ltd..
I E:]:ﬂ East Lane, Wembley. Middx HAS 7PP,
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THE BENEFITS OF A TEST SET

— forthe price gf a gnal genesator!

arnell’s new synthes;zed 10 to 520MHz signal generator, the SSG52O It outperforms other
units in many respects, and, with its remarkable ease of setting, repeatability and SINAD
facility gives you most of the advantages of a receiver test set costing much more.

Typical tests the SSGs20 does with speed and simplicity are :—
checking and zligning channel frequency and bandwidth

1.f. and filter alignment

sensitivity tests (so easy with SINAD)

mute/squelch performance

adjacent channel rejection (using two units) and

signal to noise and a.f. distortion tests are made casier using the SSG520.

R.F. leakage is remarkably low, permittting totally unambiguous sensitivity measurements
down to 0.2,V (o. 05/:V if you like,using a 20dB pad). There’s no leakage from counter dis-
play holes—there isn’t one; you don’t need a counter with our thumbwheel setting/readout.
The S8G520 can be tuned in 100Hz steps under locked conditions with maximum stability
over the entire frequency range.

* Contrast this with competitive instruments which have either a mere 2° tuning range before
re-lock or will only fast synthesize in 100kHz steps! Stability and accuracy are excellent and
an optional ovened crystal version is available. Sideband pbase noise is better than ~100dB/
Hz and harmonics better than -25dB. Any combination of a.m. and f.m. modulation, in-
ternal or external is possible. Qutput is calibrated and automatically levelled over the whole
frequency range and the attenuator is set by adjacent 10 and 1dB click stop controls giving
direct reading of dBm and volts —quicker to operate and enabling accurate mute/squelch
settings.

So if vou want to improve service or production
throughput of mobile radio telephones, fixed receivers,

handportables, public correspondence radiophone and
paging systems without spending as much as vou would have
thought, use this magazine’s reply svstem now to obtain full

details and price.
Yoou ceill also recerve, wirh our compliments, a free copy of our
pocket card of useful Telecommuoncarions Data.

191
3

FARNELL INSTRUMENTS LIMITFD, SANDRECK \WAY WETHERE Vo ST OIRKSHIRE LS27 (00 TEL 0937 »3 3% 0L 5o /BT TNRIST G LuNDUN DERILE TEL 01 e /03
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Pickup-arm design techniques

History of the development of pickup arms, with a description

of design methods used in a modern arm ,

by Tejinder Singh Randhawa VU2TSR

THE AUTHOR of this article has recently
designed and constructed his own pickup
arm based on the experience he gained
on an earlier inferior design. The
following text does not attempt to
describe the constructional details of the
new pickup arm, but instead
concentrates on the methods employed
in its design. In addition to attempting to
remove some existing fallacies on the
subject of pickup arms, the author has
traced the history of their development
from the end of the nineteenth century to
the present day.

“Mary had a little lamb,” history’s first
recorded phrase, squeaked out from the
hill-and-dale recording of the tinfoil-
layered cylinder of Edison’s phono-
graph in 1877. The gramophone, which
substituted wax for tinfoil, was
patented by Chicester Bell and Charles
Tainter in 1886. In the following year,
the precursor of the modern record
player — a gramophone using laterally-
recorded discs — was developed by
Emile Berliner, and in 1890 the English
artist Francis Berraud painted the form
of Nipper, quizzically peering into the
reproducing horn of a gramophone,
listening to “His Master’s Voice”.

It was to the credit of these older

record reproducing machines that the-

sound box arm, a rough equivalent term
to the present day ‘pickup arm’, was of
substantial design and construction.
With the introduction of electrical
transducers came the early pickup arms
of the simple stub type and, over the
years, precision pickup arms have de-
velopedinto the pleasingly intricate and
technically perfected designs common
today.

Tracking error

One of the first problems faced by
pickup arm designers was tracking er-
ror, which is illustrated in Figs 1a and
1b. It was not the resulting distortion
which brought the problem to their
attention, but the excessive record
wear. According to extracts from 1937
issues of the American magazine Elec-
tronics, it is probable that European and
Australian audio firms were the first to
benefit from the use of a bent arm to
decrease tracking error, as follows: “A
survey of the literature indicates that
the situation has been thoroughly
appreciated abroad. Notable examples
of tone arms which correct for tracking

angle can be found in the products of
manufacturers in England, Continental
Europe and Australia. All of these de-
vices are of the bent arm type'.” In
October 1937, C. J. Lebel wrote?, “the
only fundamental improvement in
pickup arms to appear in a long while is
the use of the bent arm. This has been
standard practice in England for some
time. A consideration of the theory, as
given by P. Wilson and G. W. Webb?,
shows that the reduction of needle
tracking error is very great. . . . Ameri-
can manufacturers will undoubtedly
change over as their dies wear out.”
When Lebel wrote this, the Wilson
alignment protactor’ was already being
marketed in England by The
Gramophone. A month later, B. Olney®
recorded, “For several years past a
feature of phonographs produced
abroad has been some special arrange-
ment of the pickup arm for minimizing
the so-called tracking error, but it is
only lately that such devices have made
their appearance in this country. In 1930

_the author became interested in this

The author’s record deck showing
the turntable and pickup arm.

subject through an article published in a
British journal Wireless WorldS$...”

At about this time, in America, atten-
tion was drawn to the distortion pro-
duced by tracking error. In 1941, H. G.
Baerwald carried out a rigorous mathe-
matical analysis of tracking error and
the resulting distortion’, and derived
the fundamental equation (Equation 1)
relating tracking error distortion to
recording variables. In a simpler ana-
lysis in 1945, B. Bauer® derived the two
compact equations (Equations 2 and 3)
to determine the optimum offset angle
and overhang for a pickup arm. Bauer’s
equations held their ground until 1966
when J. K. Stevenson® derived new
formulae, which gave results slightly
nearer the optimum than Bauer's for-
mulae because the approximation
(Sin(X)= X Radians for small values of
X) was not used.

Two years ago the author developed a
‘direct’ method which, by using a com-
puter iteration method, gave marginally
better results than the geometrical ana-
lyses employed in 1941, 1945 and 1966.
The table shows the results obtained by
the author’s method. On the whole
Stevenson’s and the author’s analyses
give results which are slightly better
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- Reproduced sine wave distorted
due to tracking error

Fig. 1. (a) illustrates tracking error
distortion. Due to the error, angle o, the
stylus moves from A to C, instead of B.
Consequently, the reproduced signal
amplitude is proportional to AD and
not AB. The rest of the playback curve
is produced in the same way. (b) Shows
to scale, pickup arm positions relative
to a record. The force triangles for
skating force are shown for an

T
| Reiative movernent

I of cartridge axis

,' with respect to curve

optimum design and also for a straight
arm having no overhang or offset
angle. In the latter case the tracking
error is equal to 8, which produces

a considerable skating force.

By applying the cosine law to the
triangle at angle E, and remembering
that Cos(E) is equal to Sin(B), the
tracking error equation, Equation 4, can
be derived.

Equation 1: D,=100V tan(a)/S

For recorded velocity equal to 10cm/s
r.m.s., groove speed for 33 rev/min,
and correcting for a recording gain of
4dB/octave (by multiplying by 10-42¢
for playback) the above equation
reduces to:

D,=100.85 tan(a)/R
=100.85a/R approx.

Note that the term that requires
minimizing is a/R, not just o. This
means that more tracking error can be
tolerated at a larger radii than at a
smaller radii.

Equation 2: Offset angle (degrees)
D=R,(1+R,/R)57.3/AB
where B=0.25 (1+R,/R)*+R,/R,

Equation 3: Overhang

C=(R)*/AB
Equation 4: Tracking error (see Fig. 1b)
a=sin"(R/2A + (2AC - C%»/2AR)-D

To get the zero tracking error points for
a combination of C and D, insert the
values in Equation 4, equate to zero and
solve for R.

KEY

V, is the peak recorded velocity, D, is
the percentage second-harmonic
distortion, « is the tracking error, S is
the groove speed, R is the groove radius,
R, is the minimum recorded radius, R, is
the maximum recorded radius and A is
the pickup arm length from pivot to
stylus.
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Fig. 2. Design curves for a 9in pickup
having optimum offset angle and
overhang values. (a) Tracking error. (b)
Tracking error distortion. (c) Variation
of skating force with reference to the
value at the zero tracking error points. -
Main radii are: the first and second
zero tracking error radii, R, and .R; at
2.32in and 4.62in respectively; the
minimum recorded radius, R, at
2.125in; and the maximum recorded
radius, Ry, at 5.75in.

Table

Pivot to Optimum Optimum % 2nd harmonic Zero tracking error points Maximum tracking

stylus overhang offset distortion due in inches from record centre error

length (inches) angle to tracking error First Second {degrees)

(inches) (degrees)
7.5 0.76 27.62 0.91 2.34 4.61 2.93
8.0 0.69 25.56 0.85 2.31 4.60 2.77
8.5 0.65 24.00 0.79 2.33 4.58 2.58
9.0 0.62 22.70 0.74 2.32 4.62 2.33
9.5 0.58 21.33 0.70 2.30 4.60 2.23
10.0 0.55 20.19 0.66 2.34 4.56 2.1%5
10.5 0.52 19.24 0.61 2.33 4.59 2.00
1.0 0.50 18.38 0.58 2.33 4.61 1.87
11.5 0.48 17.59 0.56 2.33 4.62 1.76
12.0 0.45 16.67 0.54 2.31 4.58 1.75
12.5 0.43 16.01 0.51 2.31 4.58 1.66
13.0 0.41 15.40 0.50 2.31 4.60 1.8

Notes. (1) Do not compare values above with other computations without checking the values of minimum and maximum recorded radii used by
them. (2} The minimum recorded radius on a 33" rev/min LP record is 2.625in and on a 45 rev/min record itis 2.125in. The maximum recorded
radius on a 33% rev/min LP record is 5.75in. Design figures given in table are for R between 2.125in and 5.75in, and the differential speed
between 2.125in and 2.625in has been accounted for. {3) Column 4 is for a recorded velocity of 10cm /s r.m.s. The last column is for an arm having
the optimum offset angle and optimum overhang.
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than Bauer’s results, but when setting
up an arm, mounting errors can often
give rise to more distortion and nullify
the effect of these accurate calculations.
Bauer's equations can therefore safely
be used for as near optimum results as
possible.

As can be seen from the table, a well
designed and mounted 9in (effective
length) pickup arm will give less than 1%
harmonic distortion. These calculations
are based on a worst case analysis —
that is, for a completely monophonic
lateral recording. 1In stereo (45-45)
recordings, the corresponding distor-
tion figures will be approximately
divided by two. The introduction of
45-45 stereo brought the problem of
vertical tracking error, and the resul-
ting distortion, but helped in reducing
distortion due to lateral tracking error.
This indirect benefit comes because, in a
45-45 stereo recording, the total signal is
the sum of a lateral and a vertical com-
ponent (because the groove wall is at an
angle of 45 degrees to the vertical) and
the vertical component is not affected
by lateral tracking error. As the vertical
tracking angle is controllable there will
be a net reduction in tracking error
distortion. Vertical tracking error — the
difference in angle between the vertical
tracking angle of the cutting stylus and
the playback stylus* — has now been
eliminated because the vertical recor-
ding and reproducing angle has now
been standardized at 15 degrees. Until
recently this was a big source of distor-
tion. The 15-degrees vertical tracking
angle was recommended in 1961 by the
Engineering Committee of the RIAA,
but as late as 1965 vertical tracking
angles of commercial pickups were
measured'' to be anything from 6 to 38
degrees.

*This is a very simple, idealized definition and in
practice problems are created by the springback
action of the record material which has to be
accounted for. See reference 10 for details.

Design curves for a 9in pickup arm
having an optimum offset angle and an
optimum overhang are shown in Fig. 2.
Each curve is plotted with respect to the
radius of the recorded groove. Curve A
is a plot of the tracking error and Curve
B shows the percentage of second-
harmonic tracking error distortion.
Curve C indicates the percentage
variation of the skating force with res-
pect to the value at the zero tracking
error points.

Figure 3 illustrates how the overhang
and the offset angle combine to reduce
tracking error.

WIRELESS WORLD, MARCH 1978

Front-side view of mounting post and
weighting arrangements for author’s
pickup arm.

The next part of this article will in-
clude analyses of tracing error distor-
tion, pick-up resonance, damping and
skating force.
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Microcomputer design — 5

Introduction to microcomputer programming

by Phil Pittman B.Sc in association with NASCO Ltd

A microcomputer is capable of storing
information, controlling other devices,
performing calculations, making
decisions based on the results and
completing a given task very rapidly. The
processor cannot, however, perform
these tasks without direction. Each step
which the computer is to perform must
first be worked out by the programmer.

Put 1st. no.in
temporary store

v

Compare 2nd.no
with
temporary store

Put 2nd. no.in
temporary store

D —

Compare 3rd. no

with contents of
temporary store

Put 3rd. no. in

temporary store

-

Transter largest
no. to memory

As explained in previous articles a pro-
gramme is a list of instructions for the
computer to follow in order to execute a
given task. When a complex task has to
be performed the programme may in-
volve many steps, and writing it often
becomes long and confusing. A method
for solving a problem which is written in
words, and possibly mathematical
equations, is extremely difficult to fol-
low, and compiling computer instruc-
tions from such a document would be
equally difficult.

A technique called “flowcharting” is
used to simplify the writing of pro-
grammes. A flowchart is a graphical
representation of a given problem, indi-
cating the logical sequence of opera-
tions that the computer is to perform.
Having a diagram of the logical flow of a
programme is a tremendous advantage
to the programmer when he is deter-
mining the method to be used for
solving a problem, as well as when
writing the coded programme instruc-
tions. In addition, the flowchart is often
a valuable aid when the programme

Fig. 1. This flowchart is a preliminary
to writing a programme for selecting
the largest of three numbers. The
programme itself is shown in Fig. 5.

Fig. 2. Common symbols used in
flowcharts.

checks the written programme for
errors.

Fig. 1 is a flowchart which shows the
sequence of operations for a pro-
gramme which selects the largest of
three numbers. The assumption is that
the numbers are stored in consecutive
memory locations and that the selected
largest number is to be stored in the
fourth consecutive location. To help
with Fig. 1, Fig. 2 shows some common
symbols used in drawing flowcharts.
The rectangle represents an operation
to be performed within the programme.
The diamond shape is used to indicate a
decision point where one of two or more
paths is selected by the programme.
There are other symbols for various
other functions, but those shown are
the most frequently used ones.

The flowchart of Fig. 1 clearly illust-
rates the method for selecting the larg-
est of three numbers. Essentially, ad-
jacent numbers are compared and the
larger at each comparison is saved and
used as one of the numbers for the next
comparison. At the end of the sequence
of comparisons the last “saved” value
will be the largest from the group. By
repeating the process the method may
be extended to any number of values.
For more complex problems the initial
flowchart may not give as much detail
about the operation of the programme
as is shown in Fig. 1. For example, the
task of selecting the largest of a group
of numbers may be only a small part of a
much larger item of software. Conse-

Represents the start, the end, or an interruption of
the programme depending on the word contained

inthe box.

Represents a given task accomplished by the pro-
gramme, the description of the task being briefly

indicated inside the rectangle.

-

Indicates that a test must be made to determine the
subsequent path taken by the programme. The test
is specified within the diamond and its results
marked above the appropriate output paths.

Represents one or several operations which are
not detailed on the flowchart in question but are
detailed on another flowchart. A sub-programme
is often represented in this way.
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quently, on a different flowchart this
complete operation may be represented
by a single box, as indicated in Fig. 3.
The very first flowchart for the
operation of a microcomputer project
may contain very little detail of the
actual method by which the central
processing unit will solve the problem.
However, each block must then be
broken down into smaller and smaller
operations, probably resulting in
several “levels” of flowchart, depending
on the complexity of the problem, being
generated along the way. Finally, as

with the Fig. 1 example, the flowcharts.

will contain sufficient detail to be
translated directly to machine instruc-
tions. By adopting this method of
generating various levels of flowcharts,
a more orderly solution to the software
problem will result.

Programming models and
instruction types

Flowcharts are generally “machine in-
dependent” in that identical flowcharts
can be used as a basis for generating
programmes for virtually any com-
puter. However, in order to translate a
flowchart into a programme for a parti-
cular machine, the programmer must be
completely familiar with the instruction
set of the c.p.u. (see December 1977
issue, p.56 and p.59) and know which
registers within the c.p.u. are accessible
by these instructions.

Fig. 4 shows what is called the pro-
gramming model or internal register
organization of the Z80 microprocessor
chip. Before proceeding with a pro-
gramming example it is necessary to
study these aspects of the c.p.u. Note
that some of the registers are duplicated
in the Z80 and are referred to as the
main and alternate registers sets.
Within the Z80 there is a means for
selecting one or other set for current
‘working. The current discussion will be

i
1

Select largest
of N1 numbers

v

|
v

Fig. 3. Example of a flowchart referring

to a sub-programme.

limited to considering the main set only,
plus some of the other special-purpose
registers. Each register has a particular
significance in the overall operation of

the c.p.u.

There is a register known as the
accumulator. This 8-bit register, which
is denoted by the letter A, is always used
for one of the operands in any 8-bit
arithmetic or logical operation, and as
such is a very special and important
register of the c.p.u. For example, if two

Fig. 4. Diagram showing the

organization of the internal registers of

the Z80 microprocessor, known as a
“programming model”.

Main register set
A

Alternate register set

A,

4 N R
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8-bit numbers are added, subtracted,
compared, etc., one of them must reside
in the accumulator and this is also
where the result of the operation is left.
Registers called B, C, D, E, H, L are
general purpose 8-bit registers which
may be used as stores in a similar way to
any external memory locations. How-
ever, being part of the c.p.u. means that
they may be accessed faster and more
easily than external memory. In addi-
tion to being general purpose stores,
registers Band C,D and E,and H and L
may be used in pairs to form 16-bit
registers for many types of arithmetic
operations. Also, these 16-bit registers
may be used to hold memory addresses
for certain memory reference opera-
tions. This is particularly true of the H
and L pair, which may be used to con-
tain an address for many register-to-
memory and memory-to-register data
transfers, arithmetic and logical opera-
tions.

Register F in Fig. 4 is not really a
register in the normal sense but is the
collection of c.p.u. status bits which are
affected by the a.l.u. operations and
which may be tested by the conditional
jump instructions.

Registers [X and IY are 16-bit reg-
isters used primarily for holding
memory addresses for special “indexed”
addressing operations. Arithmetic
operations may also be performed,
using these registers.

The SP or “stack pointer” register is
another special purpose address register
whose function will be explained in a
later article. Register PC is the 16-bit
programme counter which keeps track
.of the current instruction address in the
programme memory.

Registers I and R have special func-
tions which will also be explained in a
later article.

Instructions which operate on data
within the above registers or memory
locations may be classified into various
groups. Any computer will have similar
instruction groups, although the actual
instructions within these groups are
likely to differ between different designs
of c.p.u.

The instruction set of the Z80 consists
of 158 different instructions, which may
be broken down into the following
major groups.

Load and exchange

Block transfer and search
Arithmetic and logical
Shift and rotate

Bit manipulation

Jump, call and return
Input/output

Basic c.p.u. control

The load instructions move data in-
ternally between c.p.u. registers or bet-
ween c.p.u. registers and external
memory. All of these instructions must
specify a source location from which
the data is to be moved and a destina-
tion location. The exchange instruc-
tions can swap the contents of certain
c.p.u. registers.
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A unique set of block transfer in-
structions is provided in the Z80. With a
single instruction a block of memory
data of any size can be moved to any
other area of memory. These instruc-
tions are extremely valuable when large
strings of data must be processed. The
block search instructions are also valu-
able for this type of processing. With a
single instruction a block of external
memory of any desired length can be
searched for any 8-bit character. When
the character is found, the instruction
automatically terminates.

The arithmetic and logical instruc-
tions operate on data stored in the
accumulator and other general purpose
c.p.u registers or memory locations. The
results of the operations are placed in
the accumulator and the appropriate
flags are set according to the result of
the operation. This group also includes
various 16-bit arithmetic facilities.

The shift and rotate instructions
allow data in the accumulator or other
8-bit registers to be shifted or rotated in
various ways, often including the carry
flag as a ninth bit.

Bit manipulation instructions allow
any bit in the accumulator, any general
purpose register or any external
memory location to be set, reset or
tested with a single instruction. This
group is especially useful in control
applications and for controlling “soft-
ware flags” in general purpose pro-
gramming.

The jump, call and return instructions
are used to transfer information bet-
ween various locations int the user’s
programme. This group uses several
different techniques for obtaining the
new programme counter address from
specific external memory locations.
Programme jumps may also be
achieved by loading the contents of
registers H and L, 1X or 1Y directly into
the programme counter, thus allowing
the jump address to be a complex func-
tion of the programme being executed.

The input/output group of instruc-
tions allow for a wide range of transfers
between external memory locations or
the general purpose c.p.u. registers and
the external i/ o devices.

Finally, the basic c.p.u. control in-
structions allow various options and
modes including instructions for effec-
ting the interrupt response.

Coding the programme

With the instruction set at his disposal,
the programmer can begin to translate
the detailed flowcharts into actual
machine instructions. In the case of the
“selection of largest number’ pro-
gramme, the flowchart of Fig. 1 is suf-
ficiently detailed to give approximately
a one-to-one correspondence between a
flowchart block and a c.p.u. instruction.
This will not always be true as problems
get more complex and as the program-
mer becomes more proficient and con-
fident. In Fig. 5 the flowchart has been
translated into a list of programme
instructions.

Address pointer

«—{ = L

Memory image

1st. no

2nd. no

3rd. no

Result

Load HL with address of 1st number

-

Load A from memory (addressed by HL)

Increment HL

P PN

Compare A with memory contents
(addressed by HL)

Jump if no carry
Load A from memory
ncrement HL

Compare A with memory contents

© ® N o @

Jump if no carry

10, Load A from memory
11Increment HL

12. Load memory from A

13. HALT

Fig. 5. Actual programme to select the
largest of three numbers.

Notice that in order to address the
sequential data memory locations it is
convenient to use the 16-bit pair of
registers H and L of the c.p.u. This is set
up at the start of the programme (line 1
in Fig. 5) to contain the memory address
of the first number in the data list.
Consequently, as the other numbers
have to be accessed the HL address
pointer, as it is called, may be advanced
by one each time with a suitable in-
struction (lines 3, 7 and 11 in Fig. 3). An
alternative method would be to include
the absolute address of each number as
part of a suitable instruction at the
relevant parts of the programme. How-
ever, in this case it would have resulted
in a more inflexible programme and
would require additional memory loca-
tions for the 16-bit address values to be
stored in the programme.

The temporary store referred to in the
flowchart has been chosen to be the
accumulator register of the c.p.u. This is
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because in order to compare two
numbers, one of them has to reside in
this register. Therefore, unnecessary
data movements can be avoided if this is
used as the temporary store in this case.

Once the data address is set in the HL
register, there are instructions available
for loading the accumulator from
memory address by HL (line 2) and vice
versa (line 12). Also, other operations
such as “compare A with memory” use
the contents of HL as a memory address
(line 4 and 8). Remember that the com-
pare instructions work in a similar way
to a subtraction, in that if the memory
content is larger than the accumulator
content then a carry (or borrow) will be
generated, thereby setting the carry
flag. The “jump if no carry” instructions
will test this flag and decide whether the
accumulator contains the larger value
or whether it needs to be loaded into the
accumulator from the currently ad-
dressed memory location. Conse-
quently, before the execution of the
instruction at line 7 or line 11, the accu-
mulator will contain the largest value so
far.

Instruction mnemonics
Programmes are rarely written as
shown in Fig. 5 since it becomes very
tedious to write out all the instructions
in this form. The c.p.u. instructions are
commonly abbreviated as shown in
Table 1. Mnemonics are used for the
various types of instruction, e.g. load —
LD, compare — CP, jump — JP, incre-
ment — INC, etc. Also, the operands for
the instructions are specified by suitable
abbreviations for the storage locations
in which they are held, for example A,
HL, (HL).

These mnemonics are collectively
known as the programming language.
In particular they are the assembly
language of the Z80 c.p.u. Some com- .
puter systems have an ‘“‘assembler”
which is a special programme for
automatically translating the assembly
language mnemonics into binary
machine code.

Note that the parenthesis in the case
of (HL) means that the operand is not
actually the contents of the HL register
but the contents of memory “addressed
by’ the contents of HL. Note also that

Table 1 — Mnemonic coded programme with comments

Line No. Instruction
1 LD HL, 0900
2 LD A, (HL)

3 INC HL

4 CP (HL)

5 JP NC, LINE 7
6 LD A, (HL)

7 INC HL

8 CP (HL)

9 JP NC, LINE 11

10 LD A, (HL)

11 INC HL
12 LD (HL). A

13 HALT

Comment
Set data address in HL
Get 1st data byte into accumulator
Update address pointer
Compare 2nd data with 1st
Test carry flag
Carry, so put larger in accumulator
Update address pointer
Compare 3rd data with accumulator
Test carry
Put larger in accumulator
Update pointer
Store largest in memory
Halt c.p.u. at end of programme
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Table 2 — Machine coded programme listing

Line No. Address Machine Instruction mnemonic
1 0800 21 0009 LD HL, O900H
2 0803 7€ LD A, (HY
3 0804 23 INC HL
4 0805 BE CP (HU)

5 0806 D2 0A 08 JP NC, LINE 7
6 0809 7E LD A, (HU)

7 080A 23 INC HL

8 080B BE CP (HL)

9 080C D2 1008 JP NC, LINE 11

10 ) 080F 7E LD A, (HL)

11 0810 23 INC HL

12 0811 77 LD (HL), A

13 0812 76 HALT

for the jump instructions the addresses
of the instructions at lines 7 and 11
would, in practice, need to be inserted as
part of the jump instruction.

In order to make the programme
more readable it is good practice to
include comments as shown in Table 1,
indicating how the programme opera-
tions relate to the task in hand.

Finally, before the programme can be
entered into the computer’'s memory the
instructions must be converted into the
appropriate binary codes. This is done
by referring to the c.p.u.’s instruction
set details. At this stage it is also
necessary to allocate memory addresses
both for the programme and also for
any data which must reside in memory.

The r.a.m. of the microcomputer kit
(November 1977 issue, p. 45) starts at
address 800 (hex), this being the begin-
ning of the third 1K address block (De-
cember 1977 issue, Fig. 4). Consequently
this would be a suitable address at
which to store the programme. Four
data memory locations are also required
and so addresses 900 to 903 (hex) could
arbitrarily be chosen for these.

We are now in a position to generate
the machine code programme. Table 2
shows the resulting programme, indi-
cating the relevant memory addresses
for the instructions. Note that the
hexadecimal number system has been
used throughout. Where an instruction
requires more than one memory loca-
tion all the bytes of information have
been shown on one line and the memory
address of the next line is adjusted
accordingly. The Z80 c.p.u. requires that
whenever a 16-bit address is specified as
part of an instruction, the least
significant byte must be placed first in
the memory, followed by the most
significant byte.

Initially it is not possible to fill in the
jump addresses at lines 5 and 9 until the
memory addresses of the jump destina-
tions (lines 7 and 11) have been estab-
lished. So, on the first pass through,
memory locations must be reserved for
these values. Having established the
memory locations required, one can
then fill in the remaining memory
references. For example, the jump in-
struction at line 5 must contain the

address of line 7. Consequently the
value 080A must reside in memory
locations 0807 and 0808.

Running the programme

The following paragraphs illustrate
how the above programme may be
verified by running it on the microcom-
puter kit. A typical operational
sequence is given, starting with the
entry of the programme into the com-
puter's memory, continuing with
executing and verifying, and finally
making a permanent record of the pro-
gramme on cassette tape. In the discus-
sion which follows the display listing
produced by the kit is given. Those parts
shown in bold characters are those
which are typed by the user. The
remainder is generated by the system.
The reader should refer to Part 2 of this
series (December 1977 issue) for a de-
scription of the system commands.

The first step is to type the pro-
gramme into the memory using the M
command. Each byte of machine code is
entered starting from address 800. The
M command responds with the current
memory contents. The user must then
type a space followed by the new value
required. A carriage return then gives
the contents of the next memory loca-
tion on a new line and so on as shown
below.

o M 800

0800 00 21
0801 00 o0
0802 00 09
0803 00 7E
0804 00 23
0805 00 BE
0806 00 D2
0807 00 oA
0808 00 08
0809 00 7E
080A 00 23
080B 00 BE
080C 00 D2
080D 00 10
080E 00 08
080F 00 7E
0810 00 23
0811 00 77
0812 00 76.
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The programme memory may be
checked by using the “tabulate” com-
mand:

o T 800 812

0800 21 00 09 7E 23 BE D2 0A
0808 08 7E 23BE D2 10 08 7E
0810 23 77 76

Three data values must be entered in
addresses 900-902. These can be any
convenient 8-bit numbers and may be
entered with the M command:

o M 9500
0900 00 12
0901 00 34

0902 00 0Be

Everything is now ready for the pro-
gramme to be run. However, it is rarely
advisable to try to run the whole of a
new programme without any interven-
tion by the operator at any point since
even the simplest programme is likely to
contain errors initially. It is therefore
desirable to set a breakpoint at a con-
venient place, after a few instructions
will have been executed. A suitable
point is at line 7 (address 080A). A
breakpoint here will cause the pro-
gramme to stop before the INC HL
instruction is executed. At his stage of
the programme the accumulator should
contain the larger of the first two
numbers. The following print-out shows
the setting of the breakpoint, the start
of programme execution and the dis-
play of programme counter and accu-
mulator contents when the breakpoint
is reached.

e B80A
o E 800
080A 34

See that the programme has stopped
with the programme counter at address
80A as specified by the breakpoint in-
struction. This confirms that at least
some of the programme has indeed been
executed. The accumulator appears to
have the value 34 which is the larger of
the first two numbers. However, in
order to check that the programme
branches correctly it should be tried
again with numbers of different relative
magnitudes.

To check the next part of the pro-
gramme a breakpoint could be set at
address 812. This will ensure that the
final c.p.u. register states will be pre-
,served for examination if required. The
following sequence sets the new break-
point, continues programme execution
from the previous breakpoint, and dis-
plays the final programme counter and
accumulator contents.

e B8I12

o E

08012 34

° Continued on page 88
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Theamazing, |
automatic,_ .
Logic
Monitor
LIVl

Just clip it over your IC.
It instantly and accurately shows both

Try the LM-1 and

static and dynamic logic states, you won't know how
on a bright, 16-LED display.

It finds its own yquhever_ n'1anaged
power. without it!

It cuts out
guesswork,

saves time, and
eliminates the risk
of short-circuits.
LM-1 is suitable for all dual-in-
line logic ICs; DTL, TTL, HTL, CMOS;
upto 16 pins.
LED on=logic state 1 (high), LED off=logic ‘

state O (low), and each LED is clearly numbered /
1 to 16in the conventional |C pattern. : ;

h - J ‘/
Brief specification Applications
(nput Threshold 2V + 0.2 voits. Design, breadboarding, testing and
Input Impedar;?ce 500,1000 Ohms 15 ot checking new logic systems.
Input Voltage Range m\égiztmnal?rgg; an;/towg fDU]r:i'ft rqa|—'ume momtormg of logic it's Easy to Order
: ion in operating equipment.

or more input leads Long-term testing of individual ICs. Ring us (01-890 0782) with your
Maximum Current Drain 200mA®@ 10 volts Identification of unused elements, Access, Barclaycard or American
Maximum Input Frequency” 10,000 Hz 50% duty cycle| 1o find room for an extra gate, clocketc. ~ Express number and your order
Operating Temperature Range 0°C to 50°C Observing relationships between ICs will be in the post that night.
Weight 3ounces (85 grams) on different boards of multiple board Alternatively, send a cheque, or
Maximum Dimensions 4.0x2.0x 1.8 systems (you need more than one postal order (don't send credit

102x51 x 45mm LM-1 to observe simultaneously, cards!) and it still only takes a
‘LM-1 will respond to signals up to 0.1MHz when the input of course). few days.
signal swing exceeds the threshold voltage by more than Plus dozens of other uses. You'll find Otherwise ask for our complete
0.5 volts. them. catalogue.

Plus 8% VAT, plus post CONTINENTAL SPECIALTIES CORPORATION
and packaging, S— _
total £32.34 including box R
and instructionmanual.

CONTINENTAL SPECIALTIES CORPORATION (UK) LTD..  SPUR ROAD. NORTH FELTHAM TRADING ESTATE FELTHAM MIDDLESEX TW140TJ TELEPHONE: 01-8900782
REG INLONDON 1303780 VAT NO 224 8074 71 TRADE MARK APPLIED FOR « CSC (UK) LTD 1977 DEALER ENQUIRIES WELCOME TELEX: 8813669 CSCLTD
WW-—025 FOR FURTHER DETAILS
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1
Now ...
the next

generation of
bench DM Ms!

Two New Keithley Models offer uncompromising
performance and outstanding value!

@ Accuracy 3%2's can’'t match: 0:4% + 1 digit on dc
voits and ohms

@ Large, bright, 20,000-count LED display that's quick
and easy to read.

@ Convenient bench size that won't get “'lost’’ yet
doesn’t crowd

@® Exceptional reliability

P DIGHT AL MURT

Modet 178

Model 178 offers functions and ranges for
most measurement needs 100,V to 1200V
dc, 100,V to 1000V ac, 0-1Q 1o 20MQ.
Model 179 is a full-function, multi-feature model
offering the same advantages as the 178. Plus
TRMS AC; 10,V Sensitivity; Hiand Lo Ohms; AC and DC
Current Yet it's still half the price you'd expect. Only £199

Both models feature designed-in reliability

Rugged circuits use a minimum of parts — high quality, off-the-shelf
parts — carefully assembled and tested by Keithley.

Outstanding overload protection and rugged mechanical design keep
both units going even after severe abuse. One-year accuracy
specifications minimise recalibration costs

A battery option, user installable, gets you off "“line’" for critical
measurements or for field use

For complete specifications on the 178 and 179, call Keithley
Instruments, 1 Boulton Road, Reading. Phone 0734 861287

KEITHLEY

The measurement engineers.
WW—039 FOR FURTHER DETAILS

A range of communications
amplifiers having power
ratings from 15 to 200 watts,
plug-in input facilities ensure
individual requirements can
be provided.

Manufacturers of
sound systems
and electronics

Station Road, Wenden
Saffron Walden
Essex CB11.4LG

Saffron Walden
(0799) 40888
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A basic radio telescope — 2

Construction, performance and testing

by J. R. Smith

WHEN NO SIGNAL coherent with
the square-wave generator is pre-
sent the noise blocks are symmetric-
cal about the zero line and the mean
d.c. output is zero. If the signal
and the square-wave are coherent the
noise blocks are not symmetrical about
the zero line and the d.c. output appears
with a polarity dependent upon the
phase of the noise blocks with respect
the square wave. Integration of the
output signal is carried out by a RC
circuit. The time constant is adjusted by
a variable 2MQ resistor and the capaci-
tor is selected for low leakage. The
maximum time constant obtainable is
20 seconds. The d.c. amplifier consists of
a bootstrapped pair of transistors with
'some carefully matched devices to pro-
vide an acceptable temperature
stability. Field effect transistors are
used for the input stage to provide a
high input impedance which permits a
long time constant. To obtain an equal
mark-to-space ratio, an asymmetrical
astable multivibrator is used to drive a
divide-by-two monostable multivibra-
tor, see Fig. 8. Buffer transistors provide
low impedance outputs, and normal or
inverted square-wave outputs at IkHz

Fig 8. Square-wave generator

are available as required. Early trials
showed that these outputs require
filtering to prevent radiation of r.f.
fields. Values for r.f. chokes and capaci-
tors are best found by trial and error,
but excessive filtering degrades the
shape of the square wave. The 12v
power supply must be stable to within
5mV. As the total load current is about
55maA dry batteries can be used for short
periods or a car battery for longer
periods. With the last mentioned the

-voltage should be stable, after a charge,
if it is partially discharged before use by
about 5%.

The values of most of the com-
ponents are not critical although high
stability resistors are used in potential
divider circuits and the d.c. amplifier.
Radio frequency chokes are made by
winding between twenty and thirty
turns of enamelled wire on polythene
tubing of 5mm in diameter. The i.f.
chokes consist of twenty to thirty turns

Measured performance of various stages

Stage V,when / to Noise

/is0 double factor

V\A

v mA No dB
Aerial
amplifier 037 a7 5.7 6.7%
and coax
Frequency
changer  0.15 14 15 1.5
Fitter 0.2 - - -
1t
amplifier  0.12 5 6 1.1

Noise
figure

Iy dl, Stage gain

v, v

mA mA per Absolute  dB

v v

08 8 16.2 12
0.1

13

0.1 130 13 10.5
38 L

0.03 1270 28 —145
45

0.1 45 105x10° 702

— Multivibrator

* A 3N140 f.e.l. should achieve a noise figure of 4dB. Some
improvement in gain should also be possible.

V,is the detector voltage. Output power is assumed te be
proportional to 1/ because a square faw detector is used.

< hy2 Drivers

/,is the diode anode current. The diode resistor is'5042 and
the voltage gain of the d.c. amplifier is 18.5 (absolute).

82k %5\)&

2kHz

APProx
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:: 1000u
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wound and glued onto OBA ferrite
slugs. A ImA recorder that can be
centred or end-of-scale zeroed is used
with a chart speed of one inch per hour
for most observations.

Noise diode
A valuable piece of test equipment is the
valve noise diode, Fig. 9, which pro-
duces signals of a similar character and
strength to a celestial radio source. The
diode is modulated by supplying 240V
a.c. to the anode while the detector
output is fed to the Y plates of an
oscilloscope. The X plates are fed from
240V a.c. through a phase adjuster.
With the diode connected to the input of
the correctly tuned aerial amplifier or
i.f. amplifier a display similar to that
shown in Fig. 9 is obtained. The left
side of the trace corresponds to the
receiver noise, and the right side to the
receiver and diode noise. The system is
adjusted to produce the largest dif-
ference between the two. The noise
diode can also be connected to a dipole
aerial which in turn can be placed near
an aerial which requires adjustment for
best performance. In this case, a pair of
headphones is connected to the detec-
tor. The modulated noise can then be
heard and adjustments made to produce
the loudest buzz.

Because the noise diode operates at a
high voltage, all exposed metal, in-
cluding the dipole, must be correctly

Fig. 10. Pen recordings from the
telescope used in the phase switched
interferometer mode. Portion (a) shows
Virgo A, galaxy M87. (b) Hercules A, a
galaxy 1500 million light years distant.
(c) Taurus A, Crab Nebula. (d)
Cassiopeia A, a super nova reminent.
(e) Cygnus A, a galaxy 600 million light
years distant. (f) active sun.

(a)
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Phase
adjuster

Fig. 9. Noise diode test circuit and

typical oscilloscope display of a.c.
modulated noise.

earthed. As the centre point of the
folded dipole is at an r.f. voltage node,
this point can be bonded to the earthed
box without affecting the r.f. perfor-
mance. All mains earthing leads must be
made as secure as possible, and a one
amp fuse should be placed in the mains
line lead. Similar precautions are
necessary for the transistor equipment
when running from a mains operated

(b)

/ ® © I.. 3 EST
| | |
LIAVAVA
| |'

I-II |

(e)
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power supply. Fig. 10 shows some
typical results. The voltages given in the
circuit diagrams were measured with a
meter having a 100k resistance. The i.f.
amplifier gain was determined from the
noise diode output corrected for the
difference of the if. 4AMHz bandwidth
and the 0.5MHz filter bandwidth,
divided into the change of the detector
output power. []

(c)
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Keyboard switches only 300 X 135 X 445mm, and exceptional performance and
A high-

Low-profile keyboard switches,
from Osmor Moulded Products
Ltd, are available individually or
they can be supplied mounted as
complete keyboards to cus-
tomers’ specifications. The
switches. which have a life of 10
x 10" operations, are only 0.45in
(11.45mm) high and they have

integral tops which are available
in a range of colours. The switch
contacts, s.p.s.t. n/o, are gold-
plated phosphor bronze with
cross-bar switching reliability
and are rated at 2.5W (50V,
50mA). Osmor Moulded Pro-
ducts Limited, 75 Bensham
Grove, Thornton Heath, Surrey.
wWWw 301

T.w.t. amplifier

The AF161P is a travelling wave
amplifier unit which has been
designed for incorporation in
ground-based microwave landing
svstems in the 5.00 to 5.25GHz
frequency band. The unit uses
an easily-replaceable miniature
t.w.t., and together with the
associated power supply, manual
and remote control facilities, and
monitoring and protection de-
vices. This unit, which is de-
signed to fit a standard 19in rack,
meets all the requirements of
both the Doppler and scanning
beam systems specifications for
military environments and has a
c.w. output power of 20W. ITT
Components Group, Electron
Device Product Group, Brixham
Road, Paignton. Devon.

WW 302

15MHz oscilloscope
The PM3211 oscilloscope, from
Philips, is a 15MHz, 2mV instru-
ment having a 8 X 10cm screen.
It is a compact unit, measuring

because of its construction and
the use of i.cs in the amplifier
stages, its down-time on mainte-
nance and repairs is low. In com-
mon with other Philips
oscilloscopes, the PM3211 meets
the IEC standards 348 class 11 or
VDE 0411. Consequently, no
earth connection is required and
measurements can be made in
safety without earth loops and
hum influencing the results.
Triggering can be in an auto
mode or in level-set modes and
multisourced, eliminating the
need to change probes. Channel
B can be used as an X input or it
may be inverted, giving an A-B
mode, to allow maximum advan-
tage to be taken of the 2mV sen-
sitivity. Pye Unicam Limited,
York Street, Cambridge.

wWWw 303

Microwave
spectrum analyser
The 7L18 microwave spectrum

analyser, from Tektronix, is
claimed to offer a combination of

n,«.,w

3
1432

;IQQ

Y

n)vm

rf"\ TI; 2. L2

ease of operation.
stability phase-lock system yields
a resolution of 30Hz at frequen-
cies up to 12.5GHz, while exter-
nal waveguide mixers extend the
overall frequency range up to
60GHz. In addition, the 7L18 in-
cludes microprocessor-aided
controls, a split digital-storage
system, and y.i.g.-tuned filters for
a spurious-free display from 1.5
to 18GHz. The instrument is a
three-module wide plug-in unit
for the Tektronix 7000 series of
modular instruments. External
waveguide mixers extend the
frequency coverage to 60GHz
with a response flatness specified
at =3dB or better. The stability
resulting from the phase-lock
circuitry, measured in terms of
residual frequency modulation, is
specified as 10Hz or less up to
4.5GHz (about four parts in 107).
A split memory allows the com-
parison of a reference with an
existing spectrum, or a calculated
display of the difference between
two spectra. The storage circui-
try includes a maximum-hold
capability that allows frequency

s . G

&é%’g’é

T TWT AMPUFIER TYeg ARSTP "

o - a
— o, TR ¢

WW 302

o . s ’i‘u
I Y ¥
f e B ¢ i ¥, &
s el
e

WW 303

&
it

“u o £ e wmpael.
%
e TRy lee 5 S g =

iy SR ) S,

e T s R s

WW 304

or amplitude signal variations to
be monitored. The mocroproces-
sor provides automatic resolu-
tion and sweeptime/division
modes to optimise setting up the
display and reduce operator er-
rors. The instrument can also be
converted to a high-quality
microwave receiver for time-
domain measurements by setting
the frequency span to zero and
using the calibrated time base.
Tektronix UK Limited, Beaver-
ton House, P.O. Box 69, Harpen-
den, Herts.

ww 304

Motorized
potentiometers

Precision, motorized poten-
tiometers, announced by F.5.G.
(UK), are available in a variety of
constructions enabling the drive
motors, gears and potentiometer
types to be selected to optimise
performances for particular
applications. Typical uses for the
potentiometers would be found
in slave systems for bridges and
compensation circuits, in the
measuring systems of indicators,
recorders and signal converters
and in analogue computing
circuits. They can also be applied
to signal stores and delay units.
Accessories such as switches,
wiper return mechanisms and
impulse devices can also be fitted.
F.S.G. (UK), 16 Conolly Road,
London W7 3JW.

WW 305
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Low-cost soldering

The Adcola Unit 333
temperature-controlled soldering
iron operates direct from an
existing transformer or 24V
alternating supply. It is a 50W
iron, based on the Model 101, and
it has a thermocouple sensor
providing a temperature accu-
racy to within *+2% of the dial
temperature, which ranges
from120 to 420°C. The dial can be

WW 306

locked in any position for the
desired iron temperature. Iron
plated or copper soldering bits of
the plug-in type are retained by a
stainless steel shim. A pulsating
neon light indicates when the
operating temperature has been
réached. Adcola Products
Limited, Adcola House, Gauden
Road, London SW4 6LH.

WW 306

Radio-telephone

test set

A compact, lightweight test set,
the Teleset C, is intended for f.m.
and a.m, v.hf and u.h.f. radio
telephone systems. It provides
facilities for high-accuracy
measurements by incorporating
the functions of a signal genera-
tor, a frequency counter, a
modulation meter, an r.f. watt-
meter, a digital a.c./d.c. vol-
tohmmeter and an a.f. generator.
The r.f. generator provides a high
stability signal over the range 25
to 520MHz, and may be
modulated internally or exter-
nally. Accurate if. testing is pos-
sible using three preset crystal-
controlled frequencies which are
push-button selected. The a.f.
generator has a range from 30Hz
to 30kHz and the counter covers
af. and r.f. with a frequency
range from 10Hz to 520 MHz.
Direct reading measurements of
r.f. power can be made over the
range 0.1 to 25W on the standard
equipment and up to 50W on an
alternative version. Aspen Elec-
tronics Limited, 2 Kildare Close,
Eastcote, Middlesex HA4 9UR.
WW 307

Precision wattmeter
The D4000 wattmeter, produced
by Norma Messtechnik of
Vienna, is now available in

the UK. This instrument offers a
wide range of power measure-
ments combined with an overall
accuracy of *0.1% from 45 to
65Hz, and +0.2% from 15 to 45Hz
and 65 to 400Hz. The built-in
current and voltage ranges are
selected by switches on the front
panel and measurements in the
range 0.IW to 5.5kW can be made
without additional accessories.
The current ranges are protected
up to 20A continuous and the
voltage ranges up to 650V, with
overloads being indicated by
l.e.ds. The display is a 4'%-digit,
12mm-high 7-segment t.e.d.
showing both the sign and unit of

-measurement. Since the instru-

ment is a double wattmeter,
measurements of active power in
both single and three-phase,
unbalanced-loaded three-wire
systems is possible. Current and
voltage transformers are avail-
able for extending the measure-
ment range. Cropico — Croydon
Precision Instrument Company,
Hampton Road, Croydon CR9
2RU.

WW 308

Coaxial switch

A high-reliability transfer switch
introduced by Transco Products
Inc., is suitable for the remote
switching of coaxial r.f. lines car-
rying signals from 0 to 18GHz.
The switch, which was designed
to meet the environmental

WW 309

specifications for space applica-
tions, has a latching action and
operates by means of a balanced
rotor actuator having a current
requirement of only 75mA at a
direct voltage of 28V. 1t is fitted
with SMA connectors, and has an
insertion loss of only 0.2dB. The
switch is capable of withstanding
sinusoidal vibrations of up to
100g at frequencies from 100 to
1000Hz. Aspen Electronic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>