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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES Supplied ready built and tested.

OMP POWER AMPLIFIER MODULES tow aniov a world-wide reautation for aualty, relisbility =nd
perfarmance at a realisto pnce. Four modeis avasable 1-suil the needs of the orofessional and hobby market Ue  Industry,
Laisure, insirumantal and H-F et When companng prices. NOTE all mecets include Torcidat powar supesy, Intearal heal sirk
Glass fibrs P.C B.. and Drive circuits to pewer compatible Yy meter Dpen ana shart arcuit proak

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output powsr 110 watts
RM.S. into 4 ohms, F‘Euuen.,v Response *-Hz -
30KHz —3dB, TH.D.0.01%. SN.A. -118dB, S=
Max. output 500mV &t 10K, Size 355 « 115
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Quiput powsr 110 wans B M
into & chms, Frequency Response 1Hz -
—308, Damping Factor, =300, Slew Rate 45
T.H.D. Typical 0.002%, Input Sensitivity S00mV. S.N
-125dB. Size 300 x 123 » §0mm

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts R M.S.

into 4 ohms, Frequency Response 1Hz - 100KHz

* -3d8, Damping Factor >300, Slew Rate 50V uS.
T.H.D. Typical 0.001%, Input Sensitivity 500mV. S.N.A

~130dB. Size 300 » 1855 x 100mm.

PRICE £62.99 + £3.50 P&P.

L3
OMP/MF300 Mos-Fet Output power 300 watts RM.S.
inte 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor >300, Slew Rate 60V uS
T.-H.D. Typical 0.0008%, Inpul Sensitivity 500mV
S.N.R. —130dB. Size 330 x 175 ¥ 100mm
PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANCAR
PEC {(PROFESSIONAL EQUIPMENT COMPATABLE] — INPLIT-SENS, 775mY B

. Vu METER Compatible with our four amplifiers detailed above. A very accurate
£ display employing 11 LE D, diodes {7 green, 4 red) plus an additional on ot in
Sophisticated logic contrel cirouits for very fast nise and decay times. Tough moulded glast
case, with tinted acryiic front. Size 84 « 27 « 45mm

PRICE £8.50 + 50p P&P.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID_ DISCO
RES, FREQ, 80Hz FREQ, RESP, TO 14KHz. SENS, 9948, _PRICE £29.30 + £2.00 P&P
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISGO, EXCELLENT MID
RES, FREQ, 70Hz, FHEQ, RESF, TO 6KHz. SENS, 10048 . PRICE £35.58 + £2.50 P&P
10" 200 WATT C10200GP GUITAR, KEYBOARD, DISCO, EXCELLENT HFGH POWER MID
AES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 10808 CE £48.67 + £2.50 P&P
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE. LEAD GUITAH ms\,o
AES, FREQ, 45Hz FAEQ. RESP, TO 7KHz, SENS, 98dE _PRICE £37.58 ~ £3.50 P&P
12° 100 WATT C121007C TWIN CONE) HIGH POWER WIDE RESPONSE, P A VOICE. DISCO
AES, FREQ, 45Hz FREQ, RESP. TO 14KHz SENS, 10048, . PRICE£38.58 + £3.50 P&P
12° 200 WATT C122008 HIGH POWER BASS, KEYBOARDS, DISCO, P A
RES, FREQ, 40Hz, FREQ, RESP, TO 7KHz, SENS, 100d8 RICE £65.79 + ts 50 P&P
127 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, K:-:vaomus DISCO, E
RES, FREQ. 45Hz. FREQ, RESP, TO5KHz SENS, 100dB. ... CE£87. 51 + s:a 50 P&P
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY, P A, Drsco
RES, FREQ, 40Hz, FREQ. RESP, TO 5KHz SENS, 88dB, ) PRICE £55.05 + £4.00 P&P
15" 200 WATT C15200BS VERY HIGH POWER BASS.
RES, FREQ, 40Hz, FREQ, RESP, TO 4KHz SENS, 99dB. . PRICE £75.10 + £4.00 P&P
15" 250 WATT C152508S VERY HIGH POWER BASS,
RES.FREQ, 40Hz FREQ RESP, TO 4KHz: SENS, 88dB PRICE £82.54 + E4.50 P&P
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREQLENCY BASS.
RES, FREQ, 40Hz FREQ, RESP. TO 4KHz. SENS, 102dB PRICE £96.47 + £4.50 P&P
18" 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS
RES, FREQ, 27Hz FREQ, RESP. TO 3KHz. SENS, 9948’ PRICE £172.06 + £5.00 P&AP
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC.
ALL EARBENDER UNITS 8 OHMS |Evceni FB3.50 & EAT0:50 wnict are dual mpsnence Lpped i 4 8
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
87 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-FI, IN-CAR.
RES, FREQ, 40Hz, FREQ, RESP, TO TKHz SENS, 5748 PRICE £8.80 + £2,00 P&P
10° 50 WATT EB10-50 DUAL IMFEDENCE, TAPPED 4:8 OHM BASS, HI-Fi IN-CAR
RES FREQ, 40HZ, FREQ, RESP, TO 5KHz SENS, B9dB. PRICE £12.00 + £2.50 P&P
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO
RES, FREQ, 35Hz FREQ, RESP, TO 3kHz. SENS, 9608 PRICE £27.76 + £3.50 P&P
12" 60 WATT EB12-50 BASS, HI-FI, STUDHO
RES, FREQ. 28Hz FREQ, RESP, TO 3KHz. SENS, 9208 PRICE £21.00 + £3.00 P&P
12° 100 WATT EB12-100 BASS, STUDIC, HI-FI, EXCELLENT DISCO
RES, FREQ, 26Hz, FREQ, RESP, TO3KHz. SENS. 5348, . PRICE £38.75 + £3.50 P&P

* PRICES INCLUDE V.A.T. * PROMPT D DELl VER

STANTON AL500

PRICE £16.99 + 50p P&P  PRICE £

THOUSANDS PURCHASED
HIGH POWER. TWO CHANNEL 12 INCH RACK BY PROFESSIONAL USERS

NEW MXF SERIES OF D‘OWER AMPL
THREE MODELS— MXF200 100w = 100w
MXF400 (200w MXF"" 300w = 300w
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FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
514" 60 WATT EBS-60TC (TWIN CONE) HI-F|, MULTI-ARRAY DISCO ETC
PRICE£9.99 + £1.50 PAP
6'4" 60 WATT EB6-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC.
HES, FREQ, 38Hz FREQ, RESP, TO 20KHz, SENS, 84dB
RES, FAEQ, 40Hz. FREQ, RESP, TO 18K Hz. SENS, 89d8. -PRICE£12.99 4 £1.50 P&P
10" 60 WATT EB10-60TC iT'WIN CONE) HI-FI, MULTI- J\F‘F!A\" DISCO ETC
TRANSMITTER HOBBY KITS
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

RES, FREQ. 83Hz. FREQ, RESF, TO 20KHz. SENS, 92dB
- PRICE£10.99 + £1.50 P&P
8" 60 WATT EBS-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC.
RES, FREQ, 35Hz. FREQ. RESP, TO 12KHz. SENS, 86d PRICE £16,49 + £2.00 P&P
COMPLETE WITH CIRCUIT AND INSTRLUCTIONS

TW FM TRANSMITTER 80-108M#z, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE. RANGE UIP T0 3 MILES, SIZE 38 x 123mm, SUPPLY 12V i 0.5AMP
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FETMIC, RANGE 100-300m, SI2E 56 » 46mm SUPFLY 3V 84T PRICE

3 watt FM
Transmitter

eters. Many outstandin
Wllh individual laders pro
bination of the fallo
3 Turntables (Mag) 3
plus Mic with talk
tor. Pan Pat L &
Output 775mV. Siz
220-2400.
Price £134.99 — £4.00 P&P

POSTAL CHARGES PER CROER £1.00 MINIMUM OFFICIAL ORDERS WELLOME EROM
SCHOOLS. COLLEGES, GOVT. BODIES, ETC. PRICES INCLUSIVE OF VA T. SALES COUNTER,
VISA ACCESS ACCEPTED EY POST PHONE OR FAX.

£8.62 + £1.00 PAP
i T

B. K. ELECTRONICS o.;.cc

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




Bare Board
£17.50
(plus postage and VAT)

SINGLE BOARD COMPUTER “SBC-1"

A computer doesn’t have to look like you'd expect a computer to look.
It doesn't have to have a keyboard and a screen and floppy disks and
so on.

The SBC-1 has the bare minimum of chips a Z80 computer can have

and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A I/O (input

]nferak 7ﬁ

output) chips giving 48 individual lines to waggle up and down. There
are one or two additional “glue” chips included, but these are simple
“74L.S"” or "HC" parts.

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
etc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the B-bit microprocessors — possibly the
cheapest too!

Although no serial interface is included, it is easy for a Z80A to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?

Applications already identified include: Magnetic Card reader, mini
printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg IBM PC keyboard
codes to regular ASCII), real time clock (with plug in module),
automatic horticuitural irrigation controlier.

By disabling the on-board Z80A-CPU this card will plug into our
Interak | CP/M Plus disk-based development systems, so if you
don't fancy hand-assembling Z80 machine code you don't have to!
The idea is (if you are a manufacturer) you buy just one
development system and then turn out the cheap SBC-t

systemns by the hundred. If you are really lazy we can write
the program for you and assemble the SBC-1 cards so

you can get on with manufacturing your product,
leaving ail your control problems to us.

Greenbank
For more details write or phone us:

Greenbank Electronics, Dept. (TOSE), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

SURVEILLANCE

PROFESSIONAL QUALITY KITS

A range of high quality kits as supplled to leading UK security companies, all in-house designed
and praduced, net to be confused with cheap imports, All kits come fully documented with
concise assembly and sefting-up details, fibreglass PCB and all components. Al transmitters
are fully tuneable and can be monitored on a normal VHF radio or luned higher for greater
security. Bulld-up service available if required.

MTX Micro-miniature audio transmitter. 17mm X 17mm, 9V operalion 1000m range £12.95
VT500 Hi-power audio transmitler. 250mW output. 20mm X 40mm_9-12V operation, 2-3000m

range £15.95
VOX75 Voice actlva(ed kransmmer Vanabie sensmvny 30mm X 40mm 9V operalion. 1000m
range £18.95

CTX900 Sub-carrier scrambied audio lransmmer Cannotbe momlored wuhoul decoder filted
lo radio 30mm X 40mm 9V operation 1000m range £21.95
DSX900 Sub-carrier decoder unit lor monitoring CTX900 Connecls to radio earphone socket

Provides oulpul for headphones 35mm X 50mm. 9-12V operalion £21.95
HVX400 Mains powered audio transmitler. Connects directly to 240v AC supply. 30mm X 35
MM, S00M FANGE .. .. £18.95
XT889 Crystal controlled audio transmilter. High performance. 100mW output. Supplied with
xtal for 10BMHz. Others available to 116MHz. 85mm X 28mm. 9V operation. 2-3000m
range £36.95
TKX900 Tracker/Bleeper lransmmer Transmils continuous slream of audio pulses. Variable
tone andrale. Powerful 200mW oulput, 63mm X 25mm 9V operation 2-3000mrange £21.95
ATR2 Micro size telephone recording interface. Connects between telephone lines {anywhere)
and casselte recorder. Tape switches automalically wilh use of phone. All conversations
recorded Powered from line. 10mm X 35mm £12.95
TLX700 Micro miniature telephone transmitler. Connects to line {anywhere) switches on and
off wilh phone use. All conversations transmitted. 20mm X 20mm. Powered from line. 1000m

range £12.95
XML900 RF bug detector. Variable sensitivity. Triggers LED and bieeper when in presence of
RF field. Detects MTX 15-20 feel. 55mm X 55mm. 9V operation ......... .... £26.95

XL7000 Professional bug detector/localor. Variable sensitivity. Twin mode ten segment LED
readout of signal strength with variable rate bleeper. Second mode AUDIO CONFIRM
dislinguishes between localised bug transmission and normal legilimate signal such as pagers,
cellutar etc, 70mm X 100mm. 9V operalion ...... ........................ . £54,95

UK customers please send cheques. PO's or registerad cash. Please add £1.50 per order
for P&P. Goods despatched ASAP allowing for cheque clearance. Overseas customers
sandsterling bankdraft or Eurocheque and add £5.00 per order forshipment, Creditcard
orders accepted on 0827 714475, Trade enquiries welcome. Send 30p stamp for full 1990
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Communications
Mike Bedford talks about
modems in the first of two
articles on communicating
between computors.

16

Tame that Timer
Video Cassette Recorders in
Britain may one day be more
responsive to remote
commands in order to record
the whole programme without
the guesswork involved in
getting that programme taped.
James Archer reports.

22

Testing Testing
Mike Barwise uses a signal
generator and oscilloscope to
measure the bandwidth of an
amplifier in this continuing
series.

26

Slide Projector
Controller

Presenting that audio-visual
display with a professional
crossfade gives the edge over
other slide shows. Professor
David Ponting talks us through
the construction.

Microwaves

The start of a two part feature
looking at the history and the
applications of microwaves by
Colin White.

SY77
Music Synthesis

The second part of a modern
day synthesis story. Mike
Barnes continues his trek
through the workings of the

SY77 synthesiser.
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Cross-over
Networks

Are speaker cross-over
networks a necessary evil?
Vivian Capel highlights the
pros and cons behind using
cross-overs for speaker
systems.

Audio TechTips

Some audio designs taken
from our vast archives.

Stereo Music
Relay System

Ever wanted to listen to your
favourite recorded music
anywhere around the house?
This project will relay the music
to your head via your personal
stereo. Kenelm Rawlings

delivers the goods.

The Ultimate

Diode Tester

A simple project that will put
any diode to the test. Jeremy
Siddons construct this handy
piece of test equipment.

54

Modern Diode
Circuits

In this final part, Ray Marston
examines light emitting diodes,
photo-diodes and transistors
together with the circuits that
use them.

29
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READ\WRITE 31l

Milling The Earth’s Elecric Field

he letter from Steve Thackery

in the May issue reminded me
that I have had for a long time an
interest in and a fascination with
the Earth's static electric field. 1
have looked at various ways of
measuring the strength of the
electric field and have come to the
conclusion that the main problem
is keeping the measuring equip-
ment weather-proof. The electric
field on a fine day is about 100
volts per metre but when thunder
clouds appear this figure can
change to several thousand volts
per metre and reverse its polarity.
Clouds however often bring rain
and this is where the weather-
proofing becomes important.

The Earth’s field can be

sampled by using an electrometer
or afield mill. Of the two the field
mill is probably the best instru-
ment to use as it is sensitive
enough to permit the use of low
gain low frequency op-amps. A
field mill consists of an earthed
rotating vane, often with four
blades like a cross and an elect-
rode which is alternately exposed
to the electric field and then
shielded from it by the earthed
rotor. The rotating vane chops (or
mills) the electric field, producing
an AC signal which is easily pro-
cessed to drive a meter or a chart
recorder. As the Earth's field may
reverse its polarity near thunder
clouds, some means of indicating
the the polarity of the electric field

is desirable. The electrode is
connected to the electronics
which may consist of a voltage
follower input stage and a synch-
ronous rectifier giving an output
proportional in amplitude and
polarity to the electric field.

The field mill I made used a
cassette recorder motor to drive
a 75mm diameter vane at about
5000 rpm. The electronics con-
sisted of two op-amps of the
TLO81 type and an opto inter-
ruptor driven by a second smaller
vane on the same shaft which
produced the switching signal for
the synchronous rectifier.

I have been unable to con-
tinue the project and so it has
been put to one side for the time

being.

Here are some references
which T found useful in my
research into this project:

1. Physics Of Lighting. D. J.
Malan, EU.P.
2. The Design of Simple Instru-
ments for Measurement of
Charge on Insulating Surfaces.
Dr P E. Secker, Journal of
Electrostatics, 1 (1975) pp 27-36.
3. Apparatus for the Accurate
and Continuous Measurement of
the Earth’s Electric Field. W. W.
Mapleson and W. S. Whitlock,
Journal of Atmospheric and
Terrestrial Physics, Volume 7,
1955 pp 61-72.
John Noakes
Camberly, Surrey.

Power Amplifier Parts s s s i h s,

Lucas of Glasgow writes in
your July issue about his
efforts in improving the sound
quality of his Audio Design power
amplifier by John Linsley Hood.
Audiokits Precision Compo-
nents have been supplying high
performance parts to constructors
of the original 1984 design as well
as the more recently published
version.

For 470nF capacitors, Audio-
kits offers a choice of parts
including the fabulous Wonder
Caps from America for those who

can make the space. Or a Bourns
conductive plastic volume control
which sounds even better than
the ALPS.

On the subject of connecting
wires, I strongly recommend the
use of PTFE insulated cables and
have recently introduced a 1 x
0.9mm diameter silver plated
copper wire specially for con-
structors who prefer to use solid
cores to stranded cables. In
technical terms, PTFE has much
lower dielectric loss and dielectric
absorption than any other cable

insulator and this factor directly
affects sound quality. The disas-
trous sonic effect of using PVC
insulation on wiring in audio
circuits can be easily observed
simply by removing the insulation
from a length of solid core cable
and directly comparing it in the
circuit with a similar insulated
length. Providing that the solid
cores are rigid enough not to
touch when the insulation is
removed, this test can quite easily
be carried out.

For the benefit of readers who

are building the latest version of
John Linsley Hood’s 80W power
amplifier, Audiokits has pro-
duced a component note ACN22
which describes many more ways
in which this amplifier can be
further improved in sound quality
simply through the use of better
quality parts and cables. This is
available from Audiokits for £2
post free.
Graham Nalty,
Audiokits Precision
Components, Derby.

Labcenter PRO-test s s s e i s S

feel 1 must point out the
following errors and omissions
in the write up of our PC-B PRO
package in the July issue of ETI.
a) The package allows 20 sizes of
circular pads, square pads and
track widths (not 6) and the user
can configure what these sizes
are.
b) Connectivity highlight has
always been a feature of PC-B
PRO, as has the ability to generate
a netlist from the layout for check-
ing purposes.
¢) Your reviewer fails to mention
that ours is currently the only
package with an auto-routing

option.

d) Since October 89, PC-B PRO
has been capable of netlistimport
i.e. the major difference between
Boardmaker 1 and 2, so to say it
is overpriced against the £295

Boardmaker 2 is debatable.
John Jameson
Managing Director
Labcenter Electronics

David Silvester replies:

I must initially apologize for the
error that has crept into the review
concerning Labcenters PC-B

PRO. The statement about 6
tracks relates to the low cost PC-
B Package only; not to the PRO
package which has advanced
facilities.

I must however disagree that
PC-B PRO AR is the only auto-
routing package that is available
in this price range; there are also
Ranger by Seetrax and EZ-Route
by Brigden that are within the
price range for autorouters. How-
ever it was specifically decided
not to include autorouting as it
would be impossible to do justice
to the autoroute packages in such
a short review. I had however

tried out the PC-B PRO AR pack-
age and it had failed the test that
I had set it. The simplest test that
[ already knew the answer to was
to get the package to draw from
a ratsnest a simple bus structure
with three 14 pin chips. PC-B
PRO AR did not give the output
expected with tracks passing
between pins but sent tracks all
over the board. Ranger incident-
ally has a special bus algorithm to
cope with this problem.

Whilst on the subject of auto-
routing, the professional will
almost certainly be using a double
sided board if he uses normal
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components. For the amateur
and the professional working with
surface mount components a
special autoroute algorithm that
works on the minimum through
board connections is needed.
The amateur needs this to allow
him to make his own boards
which are vastly simpler if single
sided with a few wires completing
the circuit on the other surface.
For the professional, hole drilling
costs money.

The test was kept secret to find
out how good the company pre-
sentation of their product was. In
fact they fall into two camps.
Easy-PC, Boardmaker and EZ-
Route come with large instruc-
tional manuals that after working
through leave the user in no
doubt as to the facilities. PC-B in
all its versions and Ranger come
only with a few sheets of A4
paper which cannot hope to
cover the ground that a booklet

can cover.

Readers of the electronics
magazines will be in no doubt that
Easy-PC and Boardmaker have
undergone substantial price or
facility revisions as they both take
full and half page adverts in most
of the magazines. PC-B is only
advertised in small adverts at the
back of the magazines that are
easy to overlook unless speci-
fically hunting for such adverts
with a view to purchase such a

package and as such it is easy to
miss revisions. The other pack-
ages appear to be rarely adver-
tised in the magazines that I read,
Ranger was found by chance
whilst attending the Beritish Elect-
ronics Week in London earlier this
vear.

After the review I did in fact
purchase one of the packages for
personal use based on my exper-
ience which formed the basis of
the review article.

Feedback On Feed

was interested in John Linsley

Hoods comments regarding
Mr Christians letter (ETI June
1990) and on series and parallel
feed. Mr Christian’s letter makes
it clear that he is referring to the
DC feed arrangements. In the
Hartley oscillator, this can be via
the coil — series feed (ETI April
90, Fig 7 on page 34) — in which
case there is a DC component in
the coil — or via a choke or resis-
tance (ETI April 90, Fig 8 on page
35) — in which case the choke or
resistance is at signal frequency,
shunted across (in parallel with)
part of the coil.

Each method had its pros and
cons. In the early days, when
fairly high powered valve
oscillators were common, the
presence of a high voltage supply
in a sizeable coil wound with
heavy gauge bare wire — or even
thin copper tube — posed a few
problems. Even as late as T1154
days, the danger still existed —
1250 volts fed via a 50k resistor
and a bare tinned copper wire coil
to the master oscillator. The
parallel feed system avoids this,
but loses out because of the
shunting effect of the choke or

resistance across part of the
oscillator coil. In particular,
efficient RF chokes are not easy
to design, especially if a sizeable
bandwidth is involved.

In the early days of radio,
when battery powered receivers
were still common, parallel feed
was often used at SF to overcome
deficiencies in the intervalve
transformers generally used to
give some inter-stage voltage
step-up. Many of these trans-
formers were very poor per-
formers with DC flowing in the
primary windings; parallel feed-
ing was a way round this. “Roll-
off” or resonance problems
resulting from the value of C and
the primary inductance were a
small price to pay for the overall
improvement.

The obvious next step was to
increase the effective transformer
ratio by an auto-transformer con-
figuration, using the primary and
secondary in series. During the
early/middle thirties this circuit
used specially designed small
transformers  with high
inductance windings on mu-

metal cores. G W Ashford
Warrington, Cheshire.
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Supplying The Answers

he following is in response to

points raised in connection
with my article Designing Power
Supplies (ETI April 1990). For-
tunately none of the mistakes are
catastrophic. As you will see, the
error on the heatsink calculation
serves to make a couple of extra
points.

On page 28, the full-wave
rectified cycle duration for 60Hz
is 0.00833 seconds, not 0.0833
seconds.

On page 30, the expression
for calculation of Iripple should be:
1.8 x 2rn x 2 x 50 x 0.022.
This does not change the answer

which is correctly given as
14.36A.

The expression for Vpeak {on-
load) should be (1.414 x 9.71)
— (2 x 0.7). This does not
change the answer which is
correctly given as 12.33V.

The expression for Pp should
be4d x (12.33 — (1.8/2) — 5).
This changes the value of PD to
25.72W. This value is used in the
Equation for 8,,,. Putting in the
new value of P gives a negative
value which is clearly an impos-
sibility. This negative value serves
to illustrate a situation not covered
in the article. I a negative value

is obtained, this means that even
an infinitely large heatsink would
not suffice. There are two ways to
overcome this problem, and in
this example both measures
would be required.

Firstly, reduce 6,.. The
338K, for example, has much
better thermal properties than the
78H05, havinga 8, - of 1° C/W.

Secondly, reduce the ambient
temperature below 50°C. 50°C
is quite high, and the temperature
would probably be lower in many
enclosures, and could easily be
reduced to 20° C by use of a fan.
Alternatively, mounting the heat-

sink on the rear of the cabinet on
the outside (like power transistors
on many amplifiers) would
reduce T, to room temperature.
Vac in equation 3 is used to
represent a general AC voltage.
Vix MAX, on the other hand, is
a particular AC voltage, namely
the maximum transformer out-
put, either off-load or on-load.
Mike Bedford
Keighley, West Yorks.
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Sanyo Electric has announced
a significant advance in its
amorphous solar cell technology
with the introduction of a new
flexible light-weight, solar cell film
material.

The new Amorton film, which
is 0.12mm thick and is flexible
enough to be bent into a tube
10mm in diameter, can be
shaped to conform to three-
dimensional surfaces that would
not normally accommodate
conventional cells which are
fragile or rigid. Because the film
is light, it yields a power-to-weight
ration of 200 milliwatts per gram,
10 times that of conventional
glass-type cells. The film can be
used to apply solar cell
technology to a new range of
solar-powered products.

To demonstrate the potential
for this new technology, the solar
film has been used to power the
“Sun Seeker” areoplane, the first
solar aircraft to attempt a trans-
continental flight across the
United States.

he principle aim of most
Uninterruptable Power Sup-
plies (UPS) is to keep a computer

system running while the
operator completes an orderly
shutdown after a power cut. The
power needed to do this for a PC
is between 90 and 150 watts, and
so UPS systems are typically
stand-alone boxes with big
batteries and big prices.

Emerson Electric have now
launched a UPS within the
budgets of most PC XT or AT
users. Instead of trying to keep the
whole system up and running,
the ACCUCARD UPS provides
just enough power to ensure that
every bit of data is saved, and the
computer is safely shut down
whether the human operator is at
the computer or not.

This requires only a small
battery, and so may be slotted into
the PC. The ACCUCARD hard-
ware is fitted into an expansion
slot on the DC side of the PC’s
internal power supply, and the
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Terminate and Stay Resident
software is loaded onto the hard
disk. Once installed, the system
monitors the power being
supplied to the PC.

In the event a power loss
ACCUCARD is automatically
activated. The memory resident
program freezes the operating
system and then saves to hard
disk all data in the RAM as well as
the video memory and all mode
and status registers. Finally, it
parks the disk heads and powers
down the mother board.

When power is restored,
ACCUCARD commences the re-
storation of the system software
and user files, reloading every bit
of data necessary to put the
operator back on screen at the
exact point reached prior to the
power failure, irrespective of the
program being used.

The ACCUCARD costs £199.
Emerson Electric can be
contracted on 0793 512669.

Betting on the dogs is not
always easy. Punters who

want to place bets face long
queues at the tote — several times
per race if they want to place win,
forecast and other combination
bets. There are long queues again
to collect winnings.

However, a Bristol-based
company called Data Tote
Limited is using computer
systems from Control Universal to
enable greyhound tracks to
economically update their tote
facilities. Data Tote systems are
installed in many of the countries
major tracks, including Wimble-
don, Wembley, Bellevue and
Bristol.

The systems comprise a cen-
tral computer linked to a number
of ticket issuing machines (TIMs)
and video display units. Critical
components are duplicated since
a system shutdown during a
meeting could lose the bigger
venues £20,000, as well as the
goodwill of racegoers. Systems
vary in size from track to track —
Bristol has 21 machines, while
Wimbledon has 105 and even
then has to borrow some for big
events like the Greyhound Derby.

Successive developments
have been aimed at making the
TIMs more portable and easier to
operate. The unit houses a

customised keyboard, thermal
printer and a large, clear, liquid
crystal display. Unlike older
manual methods, each operator
takes bets in all pools, whether
win, place, each way, forecast,
trios, jackpots or other novelty
combinations. The operator is
prompted by the machine to
enter pool, dog number and bet,
then to press a button to issue the
thermal ticket. Each station also
has a barcode reader which
enables operators to void bets and
re-issue tickets if a mistake is
discovered. So customers have to
queue only once for each race,
the queues move much more
rapidly, and bets can be changed
right up to the off.

During betting, the computer
continually reads data from the
TIMs, updating the pool and
working out the odds for display
on the video screens. The off is
the signal for automatic shutdown
of the TIMs. After the race, results
are entered via a keyboard, and
the computer calculates returns.
Winning tickets are identified by
the barcode reader, and the TIM
automatically tells the operator
the amount of money to be paid
out. The payout is virtually
immediate, contrasting with
manual methods in which, even
with high manning levels,
customers sometimes had a long
wait for their money.

For further information
contact Edward Keating at
Control Universal Limited.
Telephone 0223 244447,




SATELLITE CONSTELLATION

otorola has announced a
Mnew global communications
system that will allow people to
communicate by telephone any-
where on earth, on land, at sea or
in the air — via portable cellular
radio telephones operating as
part of a satellite-based system.
Callers using the new system will
not need to known the location of
the person being called, and can
just dial that person’s number.
The system will be able to handle
both voice and data.

The new system is called
Iridium. Its core is a constellation
of 77 satelllites in low-earth orbit,

working as a digital switched
communications network in
space. The Iridium system differs
from the geosynchronous satellite
systems currently used from inter-
national communications. The
low altitude of the Iridium satel-
lites allows radio links with
portable cellular radio telephones
on earth, using small antennae
rather than satellite dishes. It also
supports re-use of radio frequen-
cies, in a similar way to land-
based cellular systems.

The system solves the prob-
lem of low-orbit satellites dis-
appearing over the horizon by

combining a large number of
satellites in a space-based, inter-
satellite switching system. The
network of satellites will orbit the
earth at a height of 413 nautical
miles, ensuring that every point
on the earth's surface is in con-
tinuous line of sight with one of
the satellites. The satellites will be
deployed in seven circular polar
orbits, with 11 satellites per plane.

The satellites are approxi-
mately one metre in diameter and
two metres tall, and weigh about
315 kilograms. Each satellite
antenna pattern will project 37
cells onto the earth’s surface. Each
cell will provide communications
coverage for an area of the earth’s
surface roughly 350 nautical
miles in diameter. People will
communicate with the satellites
using equipment operating at
frequencies of 1.5-1.6 GHz, just
above land-based cellular tele-
phones. In addition to voice, the
digital system will be able to
transmit data at a rate of 2400
baud.

The Iridium satellite can be
placed in orbit by a variety of
launch vehicles, including the
U.S. Delta and Atlas rockets, the
European Ariane and the
Pegasus air-launched vehicle.
Each satellite should have a life
span of about five or six years.

A network of gateway surface
systems will be able to link Iridium

with the public switched tele-
phone network. The gateways
will store details of each user’s
location and bills.

Although Iridium uses cellular
communications principles, it is
designed to complement, not
compete with, land-based cellular
systems, Land-based cellular will
remain the most effective way to
serve high-density areas, whereas
Iridium will bring communica-
tions to remote or sparsely
populated areas that lack
communications.

The lridium system will be
capable of supporting millions of
users worldwide. Motorla hope it
will be particularly suitable for low
population density areas which
currently lack cellular communi-
cations, and for undeveloped
regions, which have no basic
telephone service.

Motorola also anticipate that
Iridium will be able to provide
voice or data links and positioning
information for ship and aircraft.
It may also be able to play a
valuable role in disaster recovery
efforts following natural disasters
such as earthquakes or hurri-
canes.

Motorola plan to place two
demonstration satellites in orbit in
1992. Implementation of the en-
tire system is planned to begin in
1994, and Motorola hope that
the full service will begin in 1996.
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anyo Corporation in Japan

have introduced a new
portable data retrieval system, the
Data Discman, DD-1. This model
accesses information from
sources such as catalogues or
dictionaries on an 8cm CD-ROM
disc, and shows it on a liquid
crystal display screen. The Data
Discman is aimed at computer
users who have previously been
confined to a desk or laptop
computer in order to retrieve
information.

Sony Corporation began the
portable audio revolution with the
Walkman in 1979 and in 1984 in-
troduced the audio Discman, the
first portable compact disk player.
These machines made music and
sound available anywhere, in or
out of doors. The Data Discman
follows this pattern and allows for
data availability anywhere,

The 8cm CD-ROM disc drive
and the liquid crystal display allow
the unit to be very small, with
retrieval software included in the

10

integrated circuits of the machine.
Information access should be as
easy as playing a CD.

The screen is able to display
text 15 characters horizontally
and 10 lines vertically. If addi-
tional text is available it will read
out in a scroll fashion. As well as
displaying data, conventional
8cm audio CDs may be played on
the machines.

Software publishers will
market information discs of many
kinds: travel guides, textbooks,
dictionaries, instruction manuals
and so on.

For further information,
contact Paul Cambell. Telephone
0784 467455.
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VX Limited, who design,

develop and manufacture
multilayer ceramic capacitors,
have used the same technology
to produce an -electrostrictive
actuator for precision displace-
ment monitoring.

Typical applications envisaged
for the actuators include mirror
angle and focus adjustment in
optical and laser systems, micro-
movement for tool wear compen-
sation in machine-tools, usage of
valves in automotive applications
and video tape head adjustment
systems.

According to AVX, the
advantages of the multilayer
ceramic device over its piezo-

electric and magnetostrictive
counterparts are repeatability of
movement and cost. The multi-
layer devices suffer very little
hysteresis loss, and the absence of
rare earth metals makes them
cheaper than magnetostrictives.

The mechanical force of 7.5kg
per square mm is higher than the
peizoelectric product and AVX's
devices produce a 90% deflec-
tion at 100Hz and 100-150V. In
common with piezo electric
devices, AVX’s electrostrictive
parts can be used in reverse to
measure loads and forces.

For more information, contact
Shirley Smart at AVX Ltd,
Telephone: 0252 336868.

NEW UK PCB DIRECTORY

Anew UK PCB Directory is
now available from Technical
Reference Publications, which
sets out to improve on previous
publications by incorporating
more detail about the PCB manu-
facturer’s capabilities, by supply-
ing an index of those capabilities
for purposes of cross-reference,
and by giving manufacturers an
opportunity to outline their capa-
bilities and services in their own
words.

The desire to present an over-
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view of the PCB industry as a
whole led to the addition of two
further sections, the first listing
suppliers of material, equipment,
products and processes, and the
second sub-contract services.
Priced at £55 plus £2.50
postage and packaging, this
publication is available from
Technical Reference Publications
Limited, Asahi House, 10 Church
Road, Port Erin, Isle of Man.
Telephone 0624 834888.

MIGHTY MOUSE

Selectech Lid have announced
an easty-to-use remote
controller for interactive video
systems such as Compact Disk-
Interactive, High-Definition
Television, Cable TV and video
games. The device, called the
AirMouse, functions in a similar
manner to a conventional
computer-type mouse. However,
the AirMouse is a hand-held
remote, with no connection to the
set. It uses patented sensor
technology combined with digital

infrared signalling to locate and
select on-screen menu functions.

The AirMouse replaces other
remote control technologies that
either required numerous button
functions or use joysticks, track
balls and thumb pads. Those
controllers are either cumber-
some, require considerable hand-
eye co-ordination or need two
hands to operate.

Selectech are based in
Vemont, USA. Telephone:
(0101) 802 860 7600.

ix new multimeters have

been introduced by Quiller of
Bournemouth. The QI Range
comprises “low cost instruments
with realistic specifications”. From
a modest 10A DMM at around
£15, the range progresses
through analogue units to two
high specification DMMs.

The first of three analogue
meters is a 500V insulation tester,
also offering a 300VAC measure-

ment scale. The remaining two
offer large displays, dB ranges,
semiconductor test and are
suitable for general purpose and
desk instrument work.

The range’s penultimate DMM
is compact, autoranging and
features a bargraph display. Top
of the range is a powerful and
rugged DMM with a comprehen-
sive selection of facilities including
temperature, capacitance, fre-
quency ranges and semiconduc-
tor test.

Allthe units are fuse protected
exceptin 10/20A ranges, and are
supplied with lead sets, full
specifications and operating
manuals.

For further information
contact Quiller Limited.
Telephone: 0202 417744,




RiD Computer Systems has
launched a graphics-based
computer tablet capable of recog-
nising handwriting.

The computer is called the
GRiDPad. All information is
entered via a stylus writing on the
computer’s glass screen. It can be
operated while the user is stand-
ing up or walking, and is suitable
for applications where desktop or
laptop computers impose two
many restraints. Development of
the GRiDPad began three years
ago. The algorithm it uses for
user-independent handwriting
recognition was developed by
Jeff Hawkins.

GRiDPad is aimed at the
market where the most common
medium for data collection,
retrieval and storage is the paper
form, mounted on a pad or
clipboard. GRiDPad replaces
these forms and allows

organisation to run a virtually
real-time data collection syster,
bypassing the usual time and
effort of having to transfer the data
held on the paper forms to its
computer.

The GRiDPad runs under the
MS-DOS operating system. It
weighs 2kg, and has 1Mbyte of
random access memory (RAM).
A 20Mbyte hard disk unit (of
similar size to the main computer)
can be clipped onto the back. The
unit has built in modem facilities,
which allow portable use.

The GRiDPad is already being
used in the US. In some states, if
someone uses a GRiDPad stylus
to sign for a shipment or order,
this can be stored and used as a
legally binding acceptance.

For more information, contact
Mike Daly at GRiD Computer
Systems Ltd. Telephone 0372
60266.

TC, the communications and

information systems group, is
to supply the first Digital Net-
worked Managed Transmission
system to the Traffic Control and
Communications Division of the
Department of Transport. This is
for the National Motorway
Communication System which
the Department uses to provide
an emergency telephone service
and signal system for motorway
users every mile along the
motorway.

STC’s order, worth £1.5
million, is for the supply and
installation of improved com-
munication networks for motor-
ways in Manchester, the West
Midlands and on the M25. STC
will commence installations of the
first network in October 1990 and
should complete the contract by
the end of 1991.

The Departments network,
designed for maximum com-

munication integrity and
reliability, will be equipped with
STCs Network 300 intelligent
multiplexers. The intelligent
multiplexers incorporate a special
management facility enabling the
systems manager to automatically
reconfigure the network immed-
iately if a rerouting is required.

These multiplexers are desig-
ned to be flexible. As the motor-
ways spread during the next
decade, the multiplexers should
be able to handle the increased
volume of telephone and data
traffic without impairing the
quality and resilience of the
network.

During the past two years,
there has been continual tech-
nical liaison between STC and the
Department of Transport; a trial
system is already operating
successfully between Dartford
and Swanley in the M25 area.

bout 35% of the cost of a new

office building development
goes into the infrastructure neces-
sary for efficient use of IT. And of
the cost of refurbishing an existing
building, 45% goes on IT. It is
cheaper to demolish and rebuild
a 1960s speculative office than to
refurbish. :

These are the findings re-
vealed at Infrastructure 90, a
conference organised by Applied
Network Research and Commed.

Office buildings of the 1990s
will have to accommodate ever
increasing layers of communi-
cations channels, for voice, data
and images, with cabling taking
up a correspondingly greater
proportion of available space.
Communication network cabling
is a long term investment, fixed in
the building’s fabric and expected
to last as long as the building itself.
A successful “intelligent building”
requires co-operation between

architects, contractors, design
teams and IT specialists. Poor
planning, installation and de-
cisions can lock an occupant into
a system which damages business
performance.

The conference also dis-
cussed the transmission media
used in intelligent buildings.
Copper cable, particularly in the
form of twisted pair cabling (the
system used in telephone cables),
is expected to have at least five
years life left. However, fibre
cabling is becoming increasingly
popular. While the cost of fibre
cabling is likely to fall, the cost of
connection is likely to remain
high. The blown fibre structured
cabling system allows an empty
plastic tubing to be inserted at
strategic points during construc-
tion of the building. These tubes
can later be used to blow fibre
optic cable into the required
operation environment.

ln 1985, worldwide sales of
personal computer local area
network (PC LAN) systems and
associated hardware and software
products totalled nearly $600

12

million. By 1988, sales had
reached $1.8 billion and by 1995
they are expected to exceed $9.1
billion. These findings are
revealed in a report “World PC
LAN Markets” published by
Market Intelligence Research
Corporation.

Several trends have emerged.
These include the replacement of
multi-user systems based on mini-

computers by PC LANs, and the
issue of standard, achieving a
common or compatible set of
standards, allowing PC LLANs to
intercommunicate. LANs will be
based on network controllers
increasingly using 80386
microcomputers.

Manufacturers are likely to try
to tap the market potential of PC
LAN:s for customers with specia-

lised needs for communication or
file sharing. The efficiency of
software must be optimised for
use in a LAN environment.
Competition is very strong in
the PC LAN market. Manufac-
turers will be looking to provide
the most differentiated systems
features combined with optimised
systems performance overall, in-
cluding hardware and software.
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ince the second world war, worldwide electronics It has teamed up with fellow European competitor
Shas been largely defence — more precisely, ~ Thomson of France to develop, make and sell HDTV
militarily — led. Apart from a monumental glitch products by 1995. Indeed, wide-screen receivers are
when American president John Kennedy committed ~ expected before the end of next year.
the USA to a course of manning the moon, first What Philips and Thomson are hoping to
western electronic industries have catered primarily ~ achieve is not just first place in the HDTV race, but to
for military purposes. Missiles, rockets, telecom-  completely define HDTV worldwide on a European
unications, computers, networks and so on are mainly ~ basis. Previously, it looked like the Japanese HDTV
results of this defence-orientated marketplace. A system would be steamrollered through to being the
familiar term, the cold war, was coined to represent ~ worldwide standard. However Philips and others hit
this electronic race to produce superior weaponryand  the Japanese steamroller head on and stopped it.
systems. At arecent plenary meeting of the International
Radio Consultative Committee (CCIR), Philips and
Thomson presented sufficient evidence to prevent
| decisions being taken by the committee on number
of lines and scanning rate. Thus a worldwide HDTV
Naturally, as a consequence, we consumerssee  standard could not be defined. This was despite the
a benefit (if benefit is the right word) in the off-casts fact the Japanese HDTV system is already in use in
of this race. Off-casts take the form of integrated Japany while a European system is only in early
circuits, without which a spacecraft could never have  development. As you might expect, prior to this the
found its way off the launch pad into orbit, let alone  Japanese system was expected to be accepted by the
to the moon and back. ICs in adapted forms have  committee.
since changed most household contents, and con- This is an interesting situation. CCIR plenary
tinue to do so. meetings are held only every four years. Philips and
Now Mr Gorbachev comesin fromthecoldand  Thomson (and any other companies wishing to ally
the race slows to a friendly jog before breakfast.  themselves) therefore have four years to prove their
Defence budgets are cut and slashed with consider-  system. And if they can do so before the next plenary,
able ease, even by governments passionately com- & European HDTV system could just be accepted
mitted to military priority. Many jobs, previously  publicly on a de facto basis.

assumed safe, are lost. Worldwide electronic in- This, then, is an example of the new electronics
dustries are now under considerable pressure to  race. Not now a cold war, more a hot one, trying to
perform and pay their ways. slow down the rising sun — or at least put on a sunhat

At home in the UK, we must take note of cold  and sunglasses before high noon.
war thaw. It is not too late to make a shift in priorities,
and shift we must. There is but one direction to shift,
too. Consider Japan, which has not since the second r |
wotld war had a military presence or requirement. It
maintains a strong electronic presence worldwide
instead, developed following a consumer-orientated
course which has set it at the forefront of a new
international electronics race. If our industry (or any
country’s national electronics base, for that matter) is
to be maintained, that is the race now to be run! It
would be ironic if we were to find ourselves out in the
consumer cold, after being for so many years hot-stuff
in defence.

BNNVHO NadO

There are many other areas where British and
European manufacturers can team up. Telecom-
munications is probably the most important now,
hence my high definition television example, although
computing, networks and software are areas which
we must maintain to the best of our ability also.
Without excellence in these we will become little more
than an offshore European cheap manufacturing base
for Japanese companies. I'm not decrying this — after
all, such industries employ British people, pay British
i_ _I taxes, and provided good quality products at

economic prices — [ just prefer to think we are capable

Worldwide, several industries are taking initiat-  of more. Without wishing to sound a zealous patriot,
ives. Philips, for example, appears to be selecting [ believe Britain is a nation or innovators. Let us now
consumer markets which look as though they willbe  innovate. We managed to maintain a high priority in
money spinners. Already, Netherlands-based Philips  the military-orientated market place. We can surely
is forcefully trying to define worldwide opinions in  do it in the consumer-orientated complement.
matters like high definition television (HDTV) systems. Keith Brindley

19” RACK CASES | OMNI ELECTRONICS

= Suitabla lor instruments, high quality amplifiers and many other appiications that demand strength and
professional finish + New Improved constructian anc finish « Black anod Jumminium front panels & B
front mounting plate, no fixing screws visioke on the front and tha side of the enclosure + Heavy gouge front parne
|2 ot brushed luminium finish enhancad with two professional handles + With vantilation slits and plasticfast
& Aear bax manufacturedtam 1.1mm steel finished in black: Rack mounting of frae standing. Comesinquick
assembly flat package

I 174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH

Order Code Panel Size Rear Box Weight Price

u:oew AR ijgg 36.95 New SERVICE SECOND TO NONE

U103 19x525 17x50x10 35kg 29.95 OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE

Vaom men e EE SR Ji catalogue VOUCHERS TO USE AGAINST FUTURE

U412 19%7,0  17xB5x12 46kg  34.95 avallable PURCHASES. TO RECEIVE A COPY, PLEASE

SEND YOUR REMITTANCE WITH YOUR NAME,
ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI

CATALOGUE.
el Open: Monday-Friday 9.00-6.00 =
Saturday 9.00-5.00

ETI SEPTEMBER 1990 13

Please add £3 00 P&P for the first item and £1.50 for each additional item

NOW

Please add VAT to above prices.  Dverseas srders welcome

CRICKLEWOOD ELECTRONICSLTD

40 CRICKELWOOD BROADWAY,LONDONNW23ET
Tel:081-4520161 Fax: 081-208 1441




BLUEPRINT

Here is a somewhat topical
enquiry:

Dear Blueprint

As you may be aware, the
safety of clothes driers has been
questioned as aresult of the death
of atoddler, who climbed into the
machine while it was operating,
and pulled the door closed.

I have seen my toddler open
the door while my drier was on,
which prompted me to write to
you

Ideally, I would like a circuit
which will inhibit my drier from
starting unless an external push to
make switch is pressed. My drier is
specified as 2400W max. lthasa
0-120 minute timer, which also acts
as the on/off switch, a 0-8 hour
delay, and a door switch. Can it be
done, and can | have a circuit
please?

Yours sincerely,
Costas Kardasopoulos

Yes, it can be done. It would be
easier to incorporate the required
function into a machine from scratch
than to add it on later, because it needs
to interface with the timers and door
switch to work efficiently.

Blueprintisacolumnintended to provide suggested answers
to readers’ electronics design problems Designs are only
carried outforitemsto be published, and willnot be prototyped
by the columnnist. Circuits published in Blueprint are believed
to work, but may need minor alteration by the reader after
prototyping. Individual correspondence will not be entered
into, save as necessary to prepare items for publication
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over mainsrelay with a mainscoil. Itis
apluginrelayrequiringan 11 pin base,
partno. JG53H. The choice of mains
rated push button I leave to you, but it
is probably best to use arecessed type
The relay should be mounted asfar
as possible from heat sources and
where the drum of the machine cannot
contactit. All wiring should be secured

Fig. 1 RLA2
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[ shall outline three approaches.
The simplest, and the one [ would do
if[faced this problem, is shown in Fig.
1. The only disadvantage of this ap-
proach isthat it involves altering wiring
inside the tumble drier. Such wiringis
sometimes almost inaccessible.

The circuit shown in Fig. 1 shows
arelay supplying power to the whole
drier, energised through its own con-
tacts. To avoid the need for the entire
running current of the drier to pass
through the start buttom briefly at
switch on, an extra relay contact is
used. A suitable relay is Maplin type
JG64U. This is a 10A triple change-
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away frommovingparts, and connec-
tions should bear as little strain as
possible and should be sleeved where
appropriate. Failure to take account of
these points could remove one danger
and substitute another.

Current Measurement

The second approach is to measure
the current drawn by the machine, and
keep arelay energised only while the
current continues to flow. The simple
implementation of this precludes the
use of the 8 hour delay timer, because
current must be flowing in order to
apply power to the machine. The drier

musttherefore draw current as soon as
the start switch is presssed, or else the
relay will switch off as soon asthe switch
is released.

There are many ways of designing
such a circuit, using a mains trans-
former or a resistor to power it, and
using arelay or triac to switch the load.
In orderto minimisethe cost, aresistor
power suppy is used, and to avoid the
high dissipation of a triac with 10A
flowing through it arelay is used. The
circuit of this is shown in Fig. 2.

The triac chosen for this design is
guaranteed to trigger with a gate
current of 5mA except in quadrant 4
where it requires 10mA. Since this
circuituses quadrant4, 10mA must be
provided.

The power supply must supply the
triggering current for the triac plus
enoughtoruntherest of the circuitry,
and it must do this without gettingtoo
hot. It is therefore important to
calculate the current available from the
resistive power supply. The current is
not, as one might expect, simply half
the AC which would flow in the resistor
if the diode were not present. To cal-
culate the current it is necessary to
integrate the current (a half cycle of
sinewave) and divide by the repetition
period (2n). This gives V/ (Rxn),
where V., is the peak voltage (340 for
240V AC). From this formula the
resistor value chosen will provide
approximately 16mA DC. The dis-
sipation will be approximately 8.5W,
whichis acceptable for an 11W resistor
This level of dissipation might justify the
drilling of small ventilation holesin the
case

The current sense transformer is
not required to provide accurate
measurements, so a stack of steel
washers drilled to accept amains wire
with extra insulation (to counter long

term abrasion) will be suitable. The
stack of washers should be wound with
about 50 turns of enamelled copper
wire. Some experiment with the value
of the loading resistor may be ne-
cessary to achieve the correct sen-
sitivity. Note that the sense transformer
willalmost certainly saturate at full load
current, but this will not prevent it from
detecting the presence or absence of
current

Component Choice

Note the use of comparatorsrather
than op-amps in this circuit. The
comparator chosen does not suffer
from phase inversion on small negative
voltage inputs, where if an LM358 op-
amp were used, phase inversion could
occur, depending on the character-
istics of the particular op-amp andthe
protection diode in use. The phase
inversion would give a very large
positive output for a small negative
input, and might trigger the circuit on
the current drawn by the clock motor.

The time constant on the current
sense circuit (approximately 5
seconds) should prevent brief current
fluctuations from shutting off power,
while not allowing time for a child to
climbinside and shut the door.

For safety, the circuit should be built
in a metal case, which must be earthed.
Makesurethatthe cablesenteringthe
box are secured, and that the earth
wires are the longest ones so that if the
cables are pulled the earth is the last
connection to break. As a point of
general design philosophy, it is im-
portant to make sure that protection
devices added to a system are not
themselves so unreliable as to defeat
their purpose.

A suitable relay would be the
double pole version of the one speci-
fied earlier. The Maplin partnumberis
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Further clock pulses caused by noise
will not switch the relay on again,
because the output will simply follow
the D input, which is permanently at
logic 0

Capacitors on the set and reset
inputs make sure that, if the mains
supply is interrupted and then
switched back on, the circuit will not
power up the drier. Do not forget to
ground unused inputs (on the other
flip-flop}

Afterthought

[t might be worthwhile incorporating
an alarm in the system, because a small
child in unlikely to fare well in a hot
clothes drier even if the heating is off.
A means of doing thisis shown in Fig.
4. AFET isused to switch the alarm to
avoid excessive load on the compara-
tor output.

Andrew Armstrong

JG60Q and it needs base part number
JdGbH4J. The switch, though it only
switches low voltage, is connected to
the mains neutral, so it should be a
mains insulated type even if the
contacts are only rated for less than
240V.

Set/Reset
Thefinalpossible elaborationisto add

a flip-flop to the circuit of Fig. 2 to
permitthe use of the delay timer in the
drier. The additional circuitry is shown
inFig 3.

The D-type flip-flop is positive
edge triggered, so that when the load
current starts to flow nothing will
happen. If the current ceases at any
stage, the flip-flop will switch over,

which will de-energise the relay. Fig- 4
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In the first of two
articles about how
computers
communicate with
-each other, Mike
Bedford looks at
modems.

16

DATA

COMMUNICATIONS

n recent years, the use of computers has
continued to grow rapidly. One aspect of
computing which has grown particularly fast
is data communications, the exchange of
information between computers. Here we look
at the methods and theory of data communications,
both wide area and local.

Modems

Most of our experience of interfacing various periph-
erals to computers is carried out locally, The printer
is probably sitting on the desk right next to the PC or

running a dedicated cable is out of the question, even
if RS232C or even RS422 would operate over that
distance (which they don't}. The obvious solution is
to make use of standard telephone lines but here we
run into a problem. Since telephone equipment was
intended to transmit and receive speech, all the
circuitry is designed to operate with a bandwidth of
3kHz. Any signals with a frequency of less than 300Hz
or greater than 3300Hz will not pass through the
system. This means that if R$232C was pumped into
the public telephene exchange a steady +12V level
and a steady -12V level would both appear the same
atthe other end — neither would get through and our
data stream would be lost. The answer is to convert
the binary data into a form which is compatible with
the telephone system or in other words to use the data
to modulate an audio carrier signal.

A piece of equipment to generate a modulated
audio signal from a binary signal is called a modulator.
The piece of equipment at the other end of the
telephone circuit which converts it back to a binary
signalis called a demodulator. Normally we require
a two way link and as such need to carry out both
these functions. The piece of equipment which
combines these functions in a single box is our old
friend the modem, the name being derived from
modulator — demodulator. The way in which two
computers are connected via a telephone systern and
a pair of modems is shown in Figure 1. The amor-
phous shaped lump in the centre of this diagram,
labelled PSTN (for Public Switched Telephone Net-
work) consists of some combination of telephone
lines, repeaters, exchanges and even satellite links.
Although we have concentrated on telephone circuits,
these techniques apply to any medium designed for
speech transmissions. Modems are also used to
effect data links via radio communications and, of

R8232C

PC/TERMINAL MODEM

Fig. 1 Typical Modem Application

i

RE232C

PCITERMINAL

is at most only a few metres away, In this situation the
constituent parts of the computer system are inter-
connected using cables with either a couplé of
conductors in the case of serial communications or
perhaps ten for a parallel interface. As most readers
willbe aware the binary data which passes along these
cables is represented by discrete voltage levels. So, for
example, in RS232C, +12V and — 12V are used.

Now, what happens if we wish to interface our
computer to another which is on the other side of
town, or even on the other side of the world? Clearly

course, this is exactly the way data was stored on
audio cassette recorders in the early days of home
computers.

Those who have dabbled in radio communi-
cations will be aware of the modulation methods
available and in the most basic terms the options come
down to amplitude modulation, frequency modu-
lation and phase modulation. With AM, a frequency
in the centre of the passband (say 1500Hz) would be
picked and this would be transmitted at different
amplitudes for a binary 0 and for a binary 1. The most
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obvious such solution would be to have zero ampli-
tude for 0 and maximum amplitude for 1, the resultant
signal being somewhat akin to morse code. This is
referred to as on/off keying. However the signal-to-
noise ratio of this modulation method turns out to be
unattractive and this is aggravated by the fact that a
constant amplitude signal may vary in amplitude at
the other end due to varying conditions of the line or
exchange. For these reasons, AM is rarely used, except
when it is used in conjunction with phase modulation
(as we shall see later).

Neither frequency nor phase modulation suffer
from the drawbacks mentioned for amplitude and as
such both are used extensively. Most of us will be
concerned with general purpose communications, in
which frequency modulation (otherwise known as
Frequency Shift Keying or FSK) is used, this being
relatively simple to demodulate. In phase modulation
(Phase Shift Keying or PSK), two phases, 0° and
180° can be used for the two states. However, since
detection of absolute phases is quite tricky, the
alternative Differential Phase Shift Keying (or DPSK)
is more commonly used. In this scheme there is a
phase shift at the start of every time interval, +90°
for a 0 and +270° fora 1.

Figure 2 shows a binary signal modulated by AM,
on/off keying, FSK, PSK and DPSK.

An FSK signal can be considered as two on /off
keyed signals of different frequencies, each on/off
keyed. As each such signal is keyed, sidebands of a
width proportional to the data rate are produced at
either side of the mark and space frequencies. The
maximum fundamental frequency produced is half
the data rate, so the maximum bit rate which can be
accommodated within the 3kHz bandwidth of a PSTN
is 1200. This is shown diagramatically in Figure 4{(c)
which we will cover in further detail later.

PSK is more difficult to understand but in essence
very similar constraints apply. In order to provide
higher data rates, more advanced modems take data
bits in groups of more than 1 at a time in order to
reduce the number of transitions and hence the
maximum modulation frequency. So, for example,
taking bits two at a time (dibits), the possible com-
binations are 00, 01, 10 and 11, so 4 phase shifts are
required and these are typically 0°, 90°, 270° and
180° respectively. This modulation method is often
referred to as 4DPSK. Figure 3 shows some phase
modulation techniques, and illustrates 4DPSK. We
must now ue the term bits per second rather than band
rate, since the two are no longer interchangeable. The
reason for this is explained next month.

ETI SEPTEMBER 1990

For higher speeds still, the next logical step after
use of dibits is use of tribits. Now we have to go to
8DPSK, as shown in the phase diagram in Figure
3(d). As a quick explanation of phase diagrams, if a
line is drawn from the centre to any point, its angle
represents the phase and its length the amplitude.
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Fig. 2 Simple Data Modulation Techniques
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The next logical step for achieving even higher
speeds would be to go for 16DPSK but since we are
the talking about detecting phase differences of only
22.5° this approach is not usually taken. Instead a
modulation method called Quadrature Amplitude
Modulation (QAM) is used for the highest specification
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possible on switched telephone lines. QAM is a hybrid
modulation technique in which various combinations
of phase and amplitude represent quadbits. Of course,
the amplitude modulation must be other than on /off
keying, even though we get a poor signal-to-noise
ratio, as it is not possible to detect the phase of a signal
with zero amplitude! So, for example, four phases
each with four amplitudes, or eight phases each with
two amplitudes, both give the 16 combinations
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required for quadbits. The latter alternative is il-
lustrated in Figures 3(e). In fact, there are numerous
QAM systems possible.

I ought to point out that this technique of cram-
ming more bits into each time interval cannot go on
forever. There is a theoretical limit to the amount of
information which can be transmitted on a particular
channel, and this depends on the bandwidth and the
signal to noise ratio. For those with a mathematical
leaning, the formula is as follows:

1+3

Information rate = Bandwidth x log, N

This suggests that the absolute maximum for a
switched telephone circuit is about 20,000 bits per
second (bps). In fact other factors tend to limit this and
for all practical purposes, 9600 bps may be considered
the limit.

Duplex Communication

Figure 4(c) shows a 1200 bps signal, the highest of
the normally encountered transmission rates possible
on a PSTN (using FSK). As already mentioned, the
mark and space frequencies need a separaticn of
1200Hz at this data rate and the half-way position
between these frequencies if referred to as fc, the
centre frequency of the channel. If the data rate were
halved, the mark - space frequency separation also
halves to 600kHz and so two such channels could be
accommodated. In this case one channel could be
used for flow of data in one direction and the other
for data in the opposite direction. A communications
system in which data can travel in both directions at
the same time is called full duplex — FDX, V21 is such
a case and is illustrated as Figure 4(a).

To achieve 1200 bps in both directions the
channel would have to be half duplex, used alternately
for communications in each direction. Actually, a
1200 baud channel does not entirely fill 3kHz and
V23 allows a so-called back channel at the reduced
speed of 75 baud as shown be seen in Figure 4(c). This
is the specification used for the Prestel system. The
1200 baud channel s used for the data passing from
Prestel to the terminal whereas the 75 baud channel
is used for the limited amount of data passing from
the terminal.

The example shown in Figure 4(b) is V22, 1260
bps FDX. It should be noted that since 4DPSK is used
here, the baud rate is only 600 and hence FDX
becomes possible. This also differs from the other
diagrams in not showing mark and space frequencies
since we are now dealing with phase rather than
frequency shift keying.

Having set the scene, the remainder of this
discussion of modems will attempt to guide you
through the modem jungle and assist you in selecting
one which is suitable for your needs.

Acoustic Modems

Itis quite possible to build a modem. Most of the basic
functionality can be found in a single chip, These vary
from the basic types to sophisticated VLSI designs
offering multiple modes which cost in the region of
£18.00. The bad news is that having built such a
modem it would be illegal to connect it to the British
Telecom system.

For this reason most home constructed units are
of the acoustic modem variety. Here, instead of
plugging directly into a telephone socket, the modem
interfaces acoustically to the telephone handset via
rubber cups. There is no direct connection to the
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telephone system. The modulated signal coming from
the modem goes into the mouthpiece of the handset
and the return signal to the modem comes from the
earpiece. In the days before telephone sockets were
as abundant as they are today, acoustic modems were
quite popular as they obviated the need to have a
modem socket installed at great expense.

Except for the fact that you can build such a
modem yourself, the only advantage now is that they
can be used in conjunction with a portable computer
in hotel rooms, telephone boxes or wherever. The
disadvantages, of course, is that acoustic modems can
be prone to audible noise pickup.

Integral Modems

The integral modem is another deviation from the
conventional modem. It is currently becoming pop-
ular, especially in the PC arena. Here, instead of
connecting to the computer via an RS232C link, the
modem plugs directly into one of the computer’s
expansion slots, The advantages are that it tends to
be a less expensive alternative, it doesn't take up extra
desk space and it doesn't tie up one of those valuable
RS232C ports.

The disadvantage is that on changing computers,
the modem becomes obsolete as it won't migrate to
the new machine. This is much less of a problem with
PC compatibles, which are stable long-term products
with a downward-compatible upgrade oath (PC add-
ons will plug into an AT 80286 or 80386 based
machine).

Standards

So, now to the V numbers, which refer to any of the
categories of modem which we have discussed.

V numbers are CCITT (Comité Consultatif
Internationale de Telegraphie et Telephonie) recom-

Table 1

Bell Speed
Standard| (bits/s)

CCITT compeatibility

103/113| 300 Uses different mark and
space frequencies from
V21 hence not

compatible.

212A 1200 Compatible with V22.

300 This Bell 103 compatible
mode is not compatible
with any CCITT
recommendation.

202 1200 (600) | Mark and space
frequencies are different
to V23 but only by
100Hz. They are
interoperable under good
conditions.

1200/75 | Some new Bell 202
modems have a 75 baud
back channel for viewdata
use. Thisis V23
compatible.
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mendations in connection with data transmission over
telephone circuits. Where as these recommendations
refer to all sorts of aspects including character en-
coding, circuit definitions and error control, the ones
which are of interest in selecting a modem are those
which specify the baud rate and modulation methods
which it uses.

Of these, some are only intended for leased lines
and even of those intended for ordinary switched
telephone lines some are quite obscure. Table 1 shows
the more common numbers which define modem
operating characteristics for use on general telephone
circuits.

Now, if the modem is needed to communicate
with one or more bulletin boards then it's simply a
matter of ensuring that the modem obtained matches
that specified for the services required. For example
if you intend to use Prestel (the BT viewdata system)
you need a V23 modem.

If, on the other hand, a pair of modems are being
obtained to implement a specific link then it makes
sense to get a pair which operate at the highest
possible baud rate. Remember though, that the higher
the speed, the more you can expect to pay. Also, it
is possible to get modems which operate on a number
of these standards but again these are more expensive.

Sometimes you may encounter modems speci-
fied as, say, Bel-103/113 or Bell-202 rather than by
a V numbers. The CCITT standards are European,
whereas the Bell standards are North American.
Some Bell standards are CCITT compatible, others
are not. However it is unlikely that many readers in
the UK will specifically want Bell compatible modems
unless they intend to access American bulletin boards
and this practice tends to be prohibitive in terms of
telephone call charges. If the modem is being used
for say amateur radio data communications, on the
other hand, it could be that there is more of a require-
ment for this compatibility. Modems from North
America are unlikely to have the requisite BT cer-
tification. It is possible to get multiple standard
(CCITT/Bell) modems which are BT certified, but if
they are switched to a Bell standard, the certification
may no longer apply and the user may be liable to
prosecution — you have been warned.

Table 2 shows common Bell standard modems
with notes on CCITT compatibility.

A quick word about Hayes compatibility. Simple
modems require the telephone number to be dialled
on a telephone before connecting the modem. More
advanced models have an auto-dialling facility which,
when driven by the computer, allows the user to select
the name of the required service from a menu after
which the computer will look up the number and dial
it.

On an integral modem, the auto dialling is carried
out by the dedicated software which comes as part of
the package. With a conventional modem, auto dial-
ling (and various other functions) are initiated by
ASCII commands sent via its RS232C interface. The
Hayes protocol is simply an industry standard syntax
for these commands, use of which means that the
modem will be compatible with most applications
software.

Modems are available with either tone dialling or
pulse dialling or can be switched between the two. In
pulse dialling each digit is represented by a string of
pulses varying from 1 to 10 {(which represents 0). With
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tone dialling, each digit is represented by a different ~ System X came into existence was the only method
frequency of audio tone. used. The newer System X exchanges will accept both
Obviously it is necessary to ensure compatibility ~ pulse and tone dialling. In other countries it would be
with the local telephone exchange. In the UK, pulse  necessary to check out the requirements of the local
dialling is the most universally accepted and until  system.
Table 2
Standard FDX Speed Modulation Synch/ Comments
/Mode /HDX Bits/s Asynch
V21 FDX 0-300 FSK Asynch
V22 1 FDX 1200 4DPSK Synch
2 FDX 1200 4DPSK Asynch
S FDX 600 2DPSK Synch
4 FDX 600 2DPSK Asynch
5 FDX 1200/300 2DPSK Asynch 300is FSK
V22 1 FDX 2400 QAM Synch
bis 2 FDX 2400 QAM Asynch
B FDX 1200 4DPSK Synch V22 compatible
4 FDX 1200 4DPSK Asynch V22 compatible
Va3 1 HDX 600 FSK Asynch
2 HDX 1200 FSK Asynch
3 FDX 1200/75 FSK Asynch Prestel
4 FDX 75/1200 FSK Asynch
V32 1 FDX 9600 QAM Synch High price, normally
2 FDX 9600 QAM Asynch only used for
8 FDX 4800 QAM Synch professional applications.
4 FDX 4800 QAM Asynch
5 FDX 2400 QAM Synch
m 6 | FDX | 2400 QAM Asynch

The Archer 780 SBC

The SDS ARCHER - The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

* OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of I/O &
memory extension cards.

CIRCLE NO. 122 ON REPLY CARD

The Bowman 68000 SBC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply
and case.

CIRCLE NO. 147 ON REPLY CARD

Sherwood Datadystems [td

Unit 6, York Way, Cressex Industrial Estate, High Wycombe, Bucks HP12 3PY. Tel: (0494) 464264
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-~ James Archer
describes how PDC
— the Programme
Delivery Control
System — will take
the headache out of
setting VCR timers

ne of the major successes of the tele-
vision industry over the past few years,
and one that was never predicted by
the crystal balls of the ‘new technology’
pundits, has been the pre-recorded
videotape rental market. Who would have foreseen
that within a period of about five years the demand
for prerecorded tapes would have grown from virtually
nothing, until it is now possible to find a video rental

TELEVISION LINE CONTAINING DATA

DATA

SIGNAL LEVEL

PART OF LINE EXPANDED

DATA PULSES

360 BINARY DIGITS

above the picture

* I_.JNES FOR BAOADCASTERS TEST SIGNALS Y
LINES USED FOR TELETEXT (CAN INCLUDE VCR SWITCHING DATA)

|
625 LINES

TELEVISION PICTURE AREA

SHOWING HOW TELETEXT LINES AND OTHER DATA
ARE CARRIED IN PART OF THE VERTICAL BLANKING
INTERVAL ABOVE THE VISIBLE PICTURE

Fig. 1 Teletext lines and other data are carried in part of the vertical blanking interval

22

shop in some of the country’s smallest and most
isolated hamlets, and that it would be worthwhile for
shops to stay open late into the night to satisfy the
demands of viewers wanting to hire the latest ‘movie’
to watch whilst eating their takeaway suppers?

Pushing a prerecorded videocassette into the slot
and pressing the ‘play’ button is so simple that anyone
can do it, and some video machines are used solely
for the playback of these tapes.

The vast majority of video recorders, however,
are also widely used to ‘time-shift programmes that
are recorded off-air, for playback at a more convenient
time. Unfortunately, though, many people find it
difficult or even impossible to understand the complex
instruction books that come with their recorders, and
so are unable to make the best use of their equipment.

Timing Troubles

Modern video recorders offer very sophisticated
timed-recording facilities, often allowing the viewer to
record many different programmes at different times
over a period of up to a fortnight, or to have individual
episodes of a favourite soap opera recorded every
night for a week.

Since the setting of the recorder timer often
appears difficult, most viewers never take the trouble
to learn how to make full use of the timer facilities and
restrict themselves to being able to record just one
programme, finding this sufficient for their everyday
purposes. Installation engineers say that the only
people who make use of the full range of the timer
facilities are teenage children, and they well know that
areturn call to a customer with a new video recorder
can often be avoided if the installer makes sure that
the children of the family understand how it all works!

Another problem with recordings being pre-set
for some time in the future, is that the broadcasters
do not always keep to their published schedules,
which can lead to great disappointment when the film
doesn'’t start until later than the published time, and
you find that you have recorded all but the last ten
minutes of it and that you will never know who the
villain was in the murder mystery!

VPS — The German Solution

These problems are not restricted to our own shores,
and to help overcome them, the Germans designed
a system of controlling timed recording sessions which
is much simpler for the viewer to understand and
operate. The VPS (Video Programme System)
switchirg system was developed by the West German
broadcasting organisations, in conjunction with their
equivalent of BREMA, the ZVEI, and has been
operational since the autumn of 1985.

Since the early 1970s some of the lines of the
vertical blanking interval, the period at the end of a
picture during which the scanning spot returns from
the bottom right-hand side of the television screen to
the top left in order to begin scanning the next picture,
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Fig. 2 Line 16 of the West German TV transmissions is used to carry data, 4 bytes of which are used for the
VPS switching

have been used to carry Teletext, an information
broadcasting system in which pages of text and
graphics are transmitted in digitally coded form. This
information is effectively carried on otherwise unused
television lines situated above the visible picture.

With the VPS video recorder switching system,
each programme is made to canry a teletext-like coded
label with each picture, and when the information on
the transmitted label matches the information that has
been previously been put into the recorder, and not
before, the programme will be recorded. At the end
of the programme the recorder will switch off until it
recognises another label for a programme which it has
been asked to record. Therefore, the actual time at
which the programme is transmitted is unimportant,
since the video recorder will not start until it recognises
the label at the beginning of the required transmission.

For some years now the West German broad-
casters have been carrying coded data on line 16 of
each TV picture, one of the data lines in the vertical
interval between picture frames. This data is used to
provide source identification, remote control of the
network, indentification of stereophonic sound
channels, and for the transmission of test measure-
ment results. The VPS labels for each programme
item are carried in four bytes of the data transmitted
on line 16. The comparator in the home video
recorder continuously checks to see if the label
information decoded from bytes 11-14 of line 16
matches the information that has previously been
programmed into it by the viewer.

Grundig have actually been making video
recorders with VPS for some years now, several
German networks are transmitting the labels, and
Austria and Switzerland originally announced that
they too intended to introduce VPS. Since this system
is notin use in the UK, and our line 16 is used to carry
ORACLE teletext information, Grundig (UK) have to
remove a small VPS circuit board from their video
recorders which are sold in the UK. For a long time
UK engineers wondered why the Germans did not
make use of the standard teletext transmissions for
tape recorder switching purposes, since the IBA
demonstrated that such a scheme was practicable
back in the late 1970s. At that time the IBASs intention
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was to use automatic teletext-controlled switching to
allow UK schools’ broadcasts to be transmitted during
the night. The UK teletext standard, on which the
German teletext system is based, actually allocates a
location in magazine 8, a so-called ‘pseudo row
address;, specifically for this purpose, but the IBA idea
was not taken up.

The search for a European standard

The German VPS system showed that it was tech-
nically possible to provide a more ‘user-friendly’
system of programming video recorders, but broad-
casting engineers in other European countries were
not convinced that this was the best system that could
be achieved. It would obviously make sense to have
a common system for Europe, in the interests of both
manufacturers and viewers, and so for about the last
five years members of the EBU have been involved
in discussions amongst themselves and with Euro-
pean industry to try to agree on a system which would
have all the features of the German VPS system, but
with considerable enhancements, and which could
encompass all likely future requirements. The
Programme Delivery Control System (PDC) is the
result of this work.

PDC in practice

The PDC system provides a service, designed for
domestic use, which allows suitably equipped video
recorders to record automatically programmes which
the viewer has previously selected. PDC can essen-
tially be divided into three parts: the labelling of the
programmes prior to transmission by the broadcaster,
the preselection of the programmes by the viewer, and
the automatic control of the video recorder by the label
data which is sent as part of the television broadcast
signal.

Programme Labelling

Each programme can carry, as an integral part of its
accompanying teletext service, various items of
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information which exclusively label the programme.
Some of the components of the label are essential to
the operation of the PDC system, others are optional,
to provide extra information, such as the Programme-
Type (PTY) byte which identifies the type of
programme or the series to which it belongs, and the
Conditional Access Flag (CAF flag), a bit of data which
indicates whether or not a programme is in scrambled
form.

The essential parts of the programme label consist of;

CNI — The Country and Network Identification.

AD — The Announced Date, which gives the
scheduled date of start of transmission in terms of
years, months, and days.

AT — The originally announced time. This is in
two groups, the announced starting time, and the
announced finishing time, both being expressed in
hours and minutes.

MCP — The Menu Cursor Position. This is used
to link the text information on the teletext ‘TV-guide’
page with the actual programme label information.

Itis also desirable, but not essential to the working of
the system, for the label to carry;

PTL — The programme title in clear text form.

LTO — The local time offset. All times used in
the system are carried as Universal Time, UTC, with
an adjustment being made for local time differences,
so that the viewer need only ever be concerned with
local time.

PD — The expected Programme Duration, in
hours, minutes seconds.

A typical programme label therefore consists of a
variable number of bits of information, which allow
any programme to be uniquely identified, as well
as giving further useful information about the
programme.

newspapers, or from the appropriate pages on
teletext.

Once the viewer has made these decisions, the
relevant information must somehow be put into the
memory circuitry of the PDC-equipped video
recorder. The actual input of instructions, telling the
recorder which programmes to record and when, can
be achieved in several ways.

We have seen that the digital labels which
accompany each programme contain, amongst other
things, the month, date, hour and minute of the
programme’s starting time, plus the code for the
programme source, so it is easy to use the remote
control handset to insert the required information
when prompted by a message on the television
screen.

Even easier is to wipe a simple ‘light-pen’ over
the bar-codes that will be printed in the programme
journals such as Radio Times and TV Times. Merely
passing this pen over the codes printed beside all the
programmes you would like to record, sets up the
required labels without any further action on the
viewer’s part, and this is bound to make life much
easier for the non-technical. Itis interesting to note that
Panasonic have recently entered into an agreement
with the BBC to carry a list of each weeks films
accompanied by bar codes in the Radio Times which
can be read only by viewers who have bought a
particular type of Panasonic recorder, equipped with
a light-pen code reader. This must not be confused
with PDC, but is an indication that such methods of
programming video recorders may well appeal to the
public.

A third, and probably the best method of pre-
programming the video recorder is to make automatic
use of the teletext pages which contain the details of
television programmes to be transmitted. There are
two recognised methods of utilising teletext for this
purpose.

cONTROL :
TELETEXT HANDSET | ||I| "l"l“”"l “”"‘
PROGRAMME
PAGES

LIGHT-PEN FOR ENTERING
INFORMATION FROM BAR
CODES PRINTED IN RADIO
OR TV TIMES

I PROGRAMME | TIME AND l

| SOURCE | DATA CODES | PURATION l

| ‘ ¥ |

‘ | TO VIDEO RECORDER

| COMPARATOR ™ START CIRCUITRY
TUNER f—s=| DEMOD | - DATA

| DECODER LABEL  TIME SWITCH

DIAGRAM SHOWING HOW A PDC OR VPS VIDED

RECORDER SWITCHING SYSTEM WORKS
Fig. 3 Diagram showing how a PDC or VPS Video recorder switching system works

Preselecting The Programmes You
Wish To Record

The viewer must first of all choose which programmes
are to be recorded, and the basic information about
which programmes will be transmitted and when, can
be obtained from the Radio or TV Times, from the

The first, and simplest, is for the broadcaster to
add data to teletext ‘TV-guide’ pages, which in-
corporates all the information needed for recording.
Some of this information could be visible, such as
instructions as to how to proceed, but some of the
actual labelling information could be concealed. To
preselect a programme to be recorded, the viewer
merely moves a cursor up and down the screen until
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it is in line with the desired programme, and then
presses a button on the teletext handset. The process
is repeated for all the other programmes that are to
be recorded, and the PDC equipment will then auto-
matically take control.

A further development of the use of teletext
programme pages is for the broadcaster to send
information which is additional to the normal teletext
TV-quide pages, using the so-called ‘ghost rows), rows

TELETEXT VISIBLE INFORMATION
24 ROWS OF 40 CHARACTERS

24-31 ‘GHOST ROWS’

TELETEXT ‘GHOST ROWS’ 24-31 CARRY
DATA BUT ARE NOT DISPLAYED

Fig. 4 Teletext ‘ghost rows’ 24-31 carry data but
are not displayed

of teletext which can carry data, but which are not
displayed on an ordinary teletext screen. (A normal
teletext page displays only 24 rows of information, but
has the technical capability to carry 32 rows.} This
additional information can be in the form of a
computer programme which can be used to provide
a more extensive menu than the normal TV-guide,
which can carry more details about the programmes
and which can incorporate error-checking to alert the
viewer if incorrect entries are made.

Automatic Control Of The Video
Recorder

The menu selection process described above first of
all causes the labels appropriate to each of the
programmes to be inserted into the memory of the
PDC-equipped recorder. The recorder then goes into
‘stand-by’ mode, silently monitoring each of the
transmitted programmes until one comes along which
is accompanied by a programme label which matches
one in the recorder’s memory. Once an incoming
transmitted label is found to match a label stored in
the PDC memory, the recorder switches itself on and
records the programme, switching itself off again when
it receives a label indicating that the programme has
ended. The recorder then continues to look out for
a programme containing the next label which has
been pre-programmed.

Other Options

Since it is unlikely that all programmes will be labelled
with PDC information, especially in the first few years
after its introduction, the system allows for the
automatic selection of label-controlled or timer-
controlled operation of the video recorder, so as to
cope with programmes that haven’t been labelled. It
is possible to envisage that the use of the timer could
be arranged to allow the recorder to wait for a label
only during a particular time slot, perhaps half an hour
before and an hour after the expected transmission
time, thus minimising power consumption.
Provision have also been made to allow for the
recording of programmes which are unscheduled,
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and for programmes which are transmitted at different
times from the scheduled time of transmission to be
recorded properly.

Interruptions to programmes

If a broadcaster has to interrupt a scheduled
programme part way through for any reason, the PDC
system allows the broadcaster to send signals to
interrupt the recording, and to start it again when the
scheduled programme resumes.

Whilst it is true that if the broadcasters would co-
operate by putting ‘off and ‘on’ labels at the start and
finish of advertisements, the PDC system could even
allow films to be recorded without recording the
advertising breaks, it is even more true that in any
system supported by advertising there must be sound
commercial reasons for preventing this from
happening!

Future Applications

PDC has been designed to be compatible with the
future MAC satellite transmissions, so that a PDC-
equipped recorder will be able to automatically record
PDC coded transmissions from satellite as well as from
terrestrial sources.

PDC might well turn out to be a good method
of enabling teachers to automatically ‘download’ the
schools programmes of their choice. If schools
programmes were transferred to night hours, this
might free the daytime schedules for more profitable
programmes. To do this at present, would require the
teacher to learn the intimate workings of the video
recorder timer, in order to record some schools
broadcasts but ignore others. PDC would make the
whole task simple.

Starting Soon — Perhaps!

The PDC system, as defined so far, is a technical
transmission specification, which does not yet include
any rules for day to day operation of the service. EBU
members are to continue their collaboration with
industry to ensure the orderly implementation of the
service, and the controlled introduction of any new
features.

In the UK, Channel Four are likely to take the
lead in introducing this exciting new facility, as early
as next year, and although this should encourage the
video recorder manufacturers to begin to build-in PDC
circuitry, there could still be potential problems on the
horizon.

Earlier this year the BBC let it be known that it
was considering introducing a somewhat different
system in which each programme would have its own
discrete label, but that these labels would not be in the
standard PDC format, and might be exclusive to the
BBC and its programme journal Radio Times. The
idea was that the BBC's special teletext decoder, which
could plug into the back of existing video recorders,
would decode the transmitted label, and that the
adaptor unit would then emulate the standard infra-
red transmission from a remote control unit in order
to switch the recorder on and off at the beginning and
end of the chosen programme. Novel though the use
of this technique would ‘have been, and with the
advantage that existing recorders could easily be
converted to the new service, the introduction of such
a different system could only serve to delay the
universal use of the PDC system, and so it was with
some relief that manufacturers learned that this idea
has now been dropped. Let us hope that all the
broadcasters, both satellite and terrestrial, will adopt
the PDC system before too long.
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like Barwise explains
ow to test the

‘equency response of
megaphone amplifier

TESTING, TESTING

he final test of our megaphone amplifier
which is of interest, is a quick look at its
bandwidth or frequency response. The
basic method of testing is obvious; apply
constant amplitude input signals over a
wide range of frequencies, and record the output
amplitude obtained. There are, however, several
different practical approaches to this test, and the
chosen approach will depend on how much money
and/or time you have.
If you are rich and in a hurry, the tool you will
use is the network analyser. This consists of a
spectrum analyser combined with a very accurate and
stable oscillator. The oscillator supplies the input signal
to your circuit under test (CUT), and the output from
the CUT is fed to the spectrum analyser. The oscillator
sweeps through a user-determined range of fre-
quencies in an extremely linear manner, and the
oscillator signal and output signal from your CUT are
compared to provide a display image which is a direct
graph of gain against frequency. The network analyser
is extremely quick, reliable and accurate, but expect
to pay about £3000 for a very basic one.

SIONAL
GENERATOR 1

Qrp

SIONAL CIACUIT
GENEHATORZ (A , UNDER TEST
SWEEP O/ Ie o
IN

SCOPE
[X-Y MODE)

Y X

Fig. 1 General layout for test

Atthe other end of the scale, if you are poor but
have lots of time (the position of most amateurs) you
can manually switch your signal generator through its
frequency range, and, using your scope in dual trace
mode, take readings of the input and output
amplitudes at your CUT by hand and eye. The results
from this will be in terms of peak to peak values,
whereas the network analyser RMS power values, but
for sinusoids the two are directly proportional anyway,
so this does not really matter. Just divide your peak
to peak values by 2v2 or about 2.8, and you get the
RMS.

There is, however, a very neat third alternative,
which is possible if you have a signal generator and
'scope which are a little more than basic instruments.
It is effectively to automate the manual method just
described. For this, you will need two signal
generators; one capable of outputting a reasonably
linear sawtooth ramp at low speed, and the other
equipped with a sweep input; a voltage control of
frequency. You will also need a 'scope either capable
of XY operation, or equipped with an external trigger
socket. The XY mode is distinctly preferable.

Fig. 2 Amplitude envelope

What we are going to do is drive the CUT with
a swept frequency sinusoidal signal from the lowest
to the highest frequency of interest and synchronise
the 'scope image so that it shows the peak to peak
value of the CUT output across the whole frequency
range, in a single screen.

The general layout of the test setup is shown in
Figure 1. The Y (vertical) axis of the 'scope displays
the voltage swing of the waveform as normal. The X
(horizontal) axis is driven by the sawtooth ramp which
also causes the main signal generator to perform its
sweep. The sweep time must be very long compared
with the cycle time of the lowest frequency of interest,
so that several cycles of each frequency band, from
the bottom up, are present on the display. For
example, if you are interested in frequencies from
100Hz to 1kHz, there should be about ten cycles at
least of even the 100Hz range covering the first
division (cm) or so of the display, so the sweep rate
should work out to be around lcm for every 10x1/100
= in other words, 1/10 seconds, 10cm/sec. Thus the
whole frequency sweep (ten horizontal divisions) will
take 1 second. The minimum cycle count per
frequency band is the important factor, we are not
trying to resolve individual cycles in the display. What
we want is the amplitude envelope shape across all
frequencies (Figure 2). For wider frequency ranges,
the sweep time is correspondingly longer, so either
a long persistance phosphor (which glows for about
twice as long after the electron beam has passed) or
an XY pen plotter could come in useful, although the
latter might fail to resolve the upper frequencies of the
sweep adequately. Probably the best all-round
alternative is an instant picture camera with the shutter
kept open for the whole duration of the sweep. This
is a standard technique.

The alternative setup using an external trigger to
the 'scope, is shown in Figure 3. In this case, the scope
timebase must be set so that it takes slightly longer to
sweep the whole screen than the ramp time of the
controlling sawtooth, and the fast falling edge of the
sawtooth is used to trigger the sweep via a high-pass
filter, which is often built into the ’scope trigger as an
option (HF TRIGGER).

The advantage of the XY mode approach is
twofold: firstly, the sweep control ramp duration does
not have to match a preset sweep time available from
the 'scope, and, secondly, any non-linearity in the
ramp will not matter. What is essential, however, is
anear perfect linearity in the V/F conversion of your
signal generator, as any errors here will make
interpretation of the display very difficult. There is also
another general drawback of both these approaches.
The display on the 'scope screen is a broad trace of
varying amplitude, and is quite difficult to interpret;
not least because the horizontal axis is linear, and we
normally want a logarithmic horizontal axis. We
normally express rolloff and cutoff in dB per octave.

There is a quite simple gadget you can construct
to solve both these problems in one go. A block
diagram is given in Figure 4. This gadget replaces the
first signal generator (the sweep ramp generator) in
the XY mode alternative (fig. 1). What it does is to
generate a staircase ramp with logarithmic steps
instead of a continuous ramp. With steady voltage on
the X input to the ’scope, the spot will stop at some
point along the horizontal axis, and the Y signal will
cause the spot to draw a fine vertical line. The spot
only moves horizontally at the transition between
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steps, so the resulting trace on the 'scope screen looks

like Figure 5a; a bar graph or histogram. The half wave Ll GRS UNBLR TEST

rectifier removes the negative-going half of the signal, o S SWEEP  O/P O 1P o O
producing a horizontal baseline to the graph and N

simplifying analysis of the data. The EPROM between EXT FRIGGER
the counter and the DAC provides the linear to (HFNEG)
logarithmic conversion, and the excess resolution of v EXT

the DAC additionally allows compensation of any
non-linearity in the sweep function of your signal
generator.

In its most basic form, this setup has fixed overall

span, resolution and set points, but this should not 5 {_ _} RECOMMENDED

pose a problem for audio work, where you want r_i BADAGH st AL TERNATIVE

nominal half octave points in the range 20Hz to i =

20kHz. You can, of course, pick any frequencies you |

choose by putting the right codes in the EPROM. The = — — SeoPE

method of setting up is to monitor the sweep voltage B 51 | FPROM . 3 e

from a stable source using a DVM, measure the ZINARY * g g-—#—-é DAC 3-—4 i)
. : . a .

associated frequency using your ETI frequency meter, L sic cen-—— SIGGEN | gyt . SCOPE | |

and, when the frequency you want is generated,
calculate the DAC input code for programming into
the EPROM. The one limitation of this system is that
the HF end of the display is crowded together, as the
'scope has a linear sweep. A small refinement is an
additional DAC driven direct off the counter outputs.
The voltage out of this second DAC feeds the 'scope

Fig. 3 Layout for alternative test using external trigger

Fig. 4 Layout to achieve histogram

to determine the response at a particular frequency,
as there are no on-screen markers.

X axis, and the ramp DAC feeds the signal generator This type of add-on is a very common require-
alone. The display then looks like Figure 5b. The ment in more advanced testing. The ability to come (a)
diagram of Figure 4 assumes a maximum of 32 lines  up with such tricks comes with experience, but the
on the 'scope screen, which is about as many as can  need is the most important thing:
be easily read individually. The 8 bit DAC uses five however much you spend on a
bit input, allowing a user defined ‘gap’ between the  given piece of test gear, there will
lines. always be a job it cannot do. We (b)
The beauty of the solution of Figure 4 is thatthere ~ will look at a selection of test rig ,
is no longer any uncertainty in the display. Each line  tricks for analogue in the next part I I e

of this series, before going on to
digital techniques.

corresponds to a specific spot frequency. Using the
methods of Figures 1 and 3, it is much more difficult

Fig. 5 Histogram ‘scope traces

PUT YOUR
AGENT ON
THE TRAIL

You need the facts, just the
facts mam. You need a
steady source to feed you
information. Don't settle for
a second-rate squealer. You
need ETI and you need it
good. Put your newsagent
on the trail — clip the
coupon and hand it to your
neighbourhood shop.
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TK FOR KITS

GUARD DOG KIT

PROGRAMMABLE ELECTRONIC LOCK KIT

Keys could be a thing of
the past with this new high
security lock. Secure
doors to sheds, garages,
even your home or pre-
ventthe unauthorised use
of computers, burglar
alarms or cars. One
4—digit sequence will op-
erate the lock while incor-
rect entries will sound an
alarm. The number of in-

FADGRAMMARLE
LBCK I,

ERRON COONTER
QUTRUT DAIVEN
G| GPENLED

One of the best burglar deterrents is a
guard dog and this kit provides the
barking without the bite! Gan be con-
nected to a doorbell, pressure mat or
any other infruder detector and pro-
duces random threalening barks.
Includes mains supply and horm

speaker
XK125 £21.95

=
£l

S

before the alarm is triggered is selected by you. Further entries will
be ignored for a time also set by you. Only the correct sequence will
open the lock and switch off the alarm. The sequence may easily be
changed by entering a special number and code on the supplied
keyboard. Kitincludes; keyboard, alarm buzzer, high quality PCB and
all electronic components. Supply 5-15V DC. Will drive our Latch
Mechanism (701 150 @ £16.50) or relay directly.

£19.95

XK131

DLB000K 8-way sequencer kit with
| built=in opto-isolated sound to

| light input. Only requires a box and
control knob to complete ....£39.95
DL1008K 4-way chaser features

| bi—directional sequence and
dimming 1kW per channel ...£23.95
DLA/1 (for DL & 1000K)

Optional op-to input allowing audio
‘beat/light response .............. 95p
DL3000K 3—channel sound to light
kit, zero valtage switching,
automatic level control and built-in
mic. 1kW per channel 55
XK139 Unidirectional chaser zero
voltage switching and built-in audio
input £12.95

SIMPLE KITS FOR BEGINNERS

Especially aimed at the beginner. Have fun with your project even after you
have built it and also learn a little from building it. These kits include high
quality solder resist printed circuit boards, all electronic components
{including speaker where used) and full construction instructions with

circuit description.
—~
’\"T
=5 H M ¢

.___':?.)_-'j_ A

SK1 DOOR CHIME plays a tune when
activated by a pushbutton ~ £4.50

XK118 TEN EXCITING PROJECTS FOR
BEGINNERS this kit contains a solder-
less breadboard, components and a

POWER STROBE KIT

Produces ar intense ~ ;  # SK2 WHISTLE SWITCH switches a  hooklet with instructions to enable the
light pulse at a A relayonandoffinresponsetowhistle  absolute novice to build ten fascinating
variable frequency - IF—T]\.\ command £4.50 projectsincluding alight operated switch,
of 1t 15Hz. "' L Intercom, burglar alarm and electronic

4| SK3 SOUND GENERATOR produces
% FOUR different sounds, including
police/ambulance/fire—engine siren
and maching gun £4.50

Includes high quality

PCB, components,

connectors, 5Ws strobe tube and
assembly instructions. Supply:
240V ac. Size: 80x50x45.

XK124 STROBOSCOPE KIT. £17.25

lock. Each project includes a circuit dia-
gram, description of operation and an
easy to follow layout diagram. A section
component identification and function is
included, enabling the beginner to build
the circuits with confidence ..... £17.25

ELECTRONIC WEIGHIN

VOICE RECORD/
PLAYBACK KIT

This simple to construct and even sim-
pler to operate kit will record and play-
back short messages or tunes. It has <
many uses — seatbelt or light reminder
in the car, welcome messages to visi-
tors at home or at work, warning mes-
sages in factories and public places. In
factanywhere where a spoken message
is announced and which needs to be changed from time to time. Also suitable for toys —why
not convert your daugher's £8 doll to an £80 taking doll!!

: ¢ kitch s A 1 SI28 syt R e R e b e TR 76 x 60 x 15mm

4 types of kitchen scales oW COS . " _

| digital ruler could also be made Message time ..., e e 1-5 secs normal speed, 2-10 secs slow speed
ES1

£8.25 XK129 £25.95

VISEE PRACESSIR

AUDIO AMP =
Kit contains a single chip microproc- P DUALITY P
L | essor. PCB, displays and all electron-
4 ics to produce a digfital LED readout
il of weight in Kgs or Sts/Lbs. A PCB

link selects the scale-bathroom/two

TK ELECTRONICS
13 Boston Road
London W7 3SJ
Tel: 081-579 9794
Fax: 081-566 1916

Saturday 10 am — 4 pm.

ORDERS: 081-567 8910

ELECTRONICS

| Only 45x25x15mm, Including built-
| —in mic. B8—100MHz (standard FM

SUPER-SENSITIVE
MICROBUG

VARICAP TUNED
TRANSMITTER
BRI TIVE
KL ECTRET
G ARG

PRINTED CIRCUIT
AERIAL COIL

N 2T

HIGH GAIN
s W (CR =
HIGH QUAL ITY
FIBREGL ASS PCR WITH
SOLDER RESIST (20 = 40men}

radio). Ranoe ap;:mx. 300m depend-
ing on tarrain, Powered by 9V PP3 [l
(TmA). Ideal for surveillance, baby i
alarm stc. £6.35 |

correct entries allowed b

| BaTRAC

ORDERING INFORMATION All prices INCLUDE
VAT. Free P & P on orders over £60 (UK only),
otherwise add £1.15. Overseas Customers divide
total order by 1.15 then add P & P: Europe £3.50,
elsewhere £10.00. Send cheque/PO/Visa/Access
No. with order. Giro No. 529314002. Local Author-
ity and educational institutions orders welcome.
Shop Open: Tuesday-Thursday 10 am — 5 pm.

e L
ST

REMOTE CONTROL £
DIMMER KIT i
Do,

el f.‘;_?sn - .;[;P_ & o

™~

<, <" _HIGH QUALITY
X PCE
" TORROIDAL

FRONT PLATE  “BUPPRESSOR GHOKE
Imagine controlling the brightness of your lighls
or switching them on or off from the comfort of
your armchair! This kil contains all the
components from front panel to ha last soraw
to enable you i da [ust that ard fit the shalkowest
wall boxes. Max power Z00W (not Nuorescents]
XK132 19.5

~
MOULDED™

KIT

Designed lor use with the

XK132 and comos §
complate with & pre-

drilied box. A PP3 8 volt

VERSATILE REMOTE
CONTROL SYSTEM

These kits can swilch up 1o 16 ploces of
aquipment on and off or cantrol 16 functions
depanding on the keyboard selactad for the
MK18 transmittar MK‘,R receiver has 18 logic
Dutpuls ard opearates from 12 to 24V do, or 2400
ac. via the translormer supplied. The MK18
requiras a gy ballea;and keybioard Great for
controfling lights, TVs, parage doors atc.

MK12 IR Receiver..
MK18

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses "burst fire*
technique to
maintain
temperaturs to
within 0.5°C.
Ideal for
photography,
incubators, wine

making, etc.

Maximum load 3kW (240V AC).
Temperature range up to 60°C.

Size: 7x4x2.5cms. XK140 ......... £8.95

24 HOURS
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am just tired of hearing a projector fan whining
away whenever I give a talk which needs slides!
And | am sure the audience is too. The
solution? . . . . a small control unit that turns
the projector on only when a slide is needed,
and changes to the next slide before it switches itself
off. As abonus, it allows each slide to be faded in and
faded out for a far smoother presentation. And all this,
as they say, with as little inconvenience to the lecturer
as possible.

First then, a relatively simple but different phase
control circuit which will allow the projector’s lamp to
be faded in and faded out.

The Dimmer Circuit

Safety has to be a primary feature of this circuit and,
as it is controlling mains voltages, it has to be well
isolated from them. Secondly, there is a need to
control the light output linearly which usually means
a highly complex circuit as the light output of a lamp
is very far from linear. Another requirement is that it
should operate from a single voltage rail and make it
simple enough to be built inexpensively from readily
available components.

In order to meet some of the above require-
ments, the circuit was develop around the LM393
dual voltage comparitor integrated circuit which is
designed to operate from a single voltage rail.
Ultimately I came up with the circuit for the dimmer
section shown in Figure 1.

Switching The Projector On

It would easily be possible for the lecturer to turn the
projector on and then fade the lamp in; but it would

- be more convenient if starting to move the fader up
was, in itself, the way the projector is switched on. This
is accomplished by the projector switching circuit
shown in Figure 1.
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Changing The Slide

Conveniently, the 4538B contains a second and
totally independent monostable which can be
employed to change the slide before the projector
finally switches off. The slide changing circuit can be
seen in Figure 1.

The Control Cable: Connecting
the projector

Two control cables from the project box to the slide
projector are required: One supplies switched mains
to the projector and the other, a lightweight 6-core
cable (which can be of any reasonable length; 100
yards or more is possible) will control the brightness
of the projector’s lamp and slide change mechanism.
This second cable can terminate at the projector end
in a small diecast box which will also accommodate
special Kodak twelve-pin plug which fits into the side
socket on the Carousel Series projectors. The triac Q5
which controls the lamps brightness, should, if
possible, be mounted inside the projector and bolted
to the projector’s metal case. This component will get
hot when the projector is on and it needs the
metal bady of the projector as a heat sink.
The connections to the Kodak twelve
pin plug and socket are shown
in figures 4a and 4b. The
12 pin plug (Kodak
Part No.

2 605 485V ’

=
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i
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Give that slide show a
more professional

finish. From the
States, David Ponting
tells of how its done.




comes as a ‘lamp-saver’ unit. For use in this project,
remove the plastic cover and unsolder and discard the
shorting connection which joins pins a2 and a3. Cut
a 41 by 11mm hole in the lid of the diecast box and
mount the 12 pin plug in this hole.

Let me at this point say something about the
external triacs. They both carry considerable current.
Always use a triac with specifications well beyond the
apparent requirements of the circuit. Also bear in mind
that the triacs will get hot when the projector is on and
their metal tabs must be bolted to heat-sinks. For these
reasons I recommend BTA 16 600B triacs, which are
600 volt, 15 amp devices and which have isolated
metal tabs making heat-sinking a lot simpler.

In the complete circuit, the timing sequence is
shown in Figures 5a and 5b.

Setting Up

I repeat: be careful! The PCB carries mains voltages
so extreme care should be exercised when the board
is being tested; it must be properly insulated from the
box in which it is fitted.

There will be no problem in setting up if you have
an oscilloscope and can check the waveforms at the
various points; but there will be no major problems
if you have not.

Before inserting IC2 and IC3 each into its socket,
check that there is a 5 volt supply at pin 3 of IC1, and
that there is about 6 volts of (pulsating) DC at the
junction of R2 and ZD1. If allis well, set RY3 and RV4
to about halfway, fit IC2 and IC3 into their sockets,
plug the projector into its mains socket, join the control

B 1 3 c
r ic1 - a2
RS MULTITURN
D4
DIMMER w1 2 CZ?L&,%': 100k : Son 2k
CIRCUIT D3 = 10004 Tl RV1 E0R
> L 2N 1] ies |6
L AAAN— D IC2a By
R2 / Fva 3 chb— -
" 10k B3 & 100k T 12 X >
zD1
15k mn% 1%ﬂ_l_ o8 l\l Z| [2 "
10n
N LED
Fo—
5V 0 N
% S {1 [t -0 NEUTRAL
ica |6 Ra
2708 |mT2 NOTE
; IC1 = 7805
swi
[} E IC2  =1M393
PROJECTOR - M IC3 = 45388 (S:'xsfgﬁg
SWITCHING az IC45 = MOC3041 [ GABLET
CIRCUIT Q1 = VNIOKM PROJECTOR
OLIVE Q2 = BTA16 600B
Q3 = 2N2222
Q4 = MPSA56
D123 = 1N4001
D4,5.6 = 1IN4148
ZD1 = 6V2 ZENER
ED
+5V.0 ha
|sw3 I sw2
[=] [=]
SLIDE I
b2
“g::g?,ﬁ SLIDE SLIDE
e CHANGE CHANGE
FORWARD REVERSE
— b3
EC - aﬁJ
Fig. 1 Complete circuit of the control box
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Making The Unit

The whole of this circuit can be built using the printed
circuit board outline shown in Figure 6.

Great care should be taken to see that all the
polarised components, electrolytic and/or tantalum
capacitors, and the diodes are connected the correct
way round. The metal tab of the voltage regulator and
the triac are shown and these devices should be
inserted into the PCB in the way indicated. Make sure
that the ICs and the opto-isolators are inserted
correctly with pin 1 of each (usually indicated by a dot
on the top of the IC) mating with socket pin 1 on the
PCB. Incidentally, you probably will not be able to find
6 pin, dual-in-line sockets for the opto-isolators and
so carefully cut off two pins at one end of two 8 pin,
dual-in-sockets, or, if you prefer, the opto-isolators can
be soldered directly into the boards without sockets.

There is not a great deal of space to fit all the
components, and most of the resistors and diodes will
need to be bent into a U shape, inverted and inserted
into the board with the component standing vertically.

TnBOUT
8.5
VOLTS

Fig. 2 a) Waveform at A. Amplitude is about 8.5V

aYaYay:

b) Waveform at D. Amplitude is about 6.2V

A

ABOUT
2vo I.TT

c) Waveform at Pin 7 {(IC2)
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box to be projector by the 6 core cable, and . . . .
switch on!

The projector fan may very well start and the
lamp be lit, perhaps not fully. Operate RV2 and see
if this dims and brightens the lamp. If it allows the lamp
to go out completely, the projector should then
advance one slide and switch off. Adjust RV3 until the
whole slide advancing process is over before the
projector switches off. Now leave RV2 in a position
so that the lamp is just glowing. Adjust RV1 to brighten
the lamp and move P2 until the lamp just glows again.
Repeat the process until RV2 is at the ‘out’ end of its
travel, with the lamp just glowing. Now adjust RV1
to fade the lamp out completely, at which time the
slide should change and then the projector switch off.
Thisis quite a critical adjustment and so RV1 is a multi-
turn potentiometer allowing very fine control. If this
potentiometer is set too critically, switching on
electrical appliances close to the control unit might
trigger the projector on and change a slide. If this
happens, back RV1 off a little when the only loss will
be that the projector will not switch on at the very
bottom of RV2's travel.

Some Final Thoughts

Concern was expressed to me that the projector
would not have a chance to cool down if switched on
and off in the manner described above. This is not
true. In tests on a number of different projectors, no
excessive temperature was reached. If the projector
is on for a long period, the temperature stabilises after
about 4 minutes. If the projector is used intermittently
for short periods, it never gets hot enough to reach
even this stabilised temperature.

Provided the time period is adequate between

I AAAAN,
e

THE QUTPUT AT
PIN 1, 1C2
SWITCHES FROM

FULL ON TO
OUTPUT FULL OFF AT THE
AT PIN 1 CROSSING POINTS

WHEN THE VOLTAGE SET BY RV2 IS RAISED:
VOLTAGE P /] Va /] Y Va

SET BY RV2
outeut / |
oM * |

PIN 7. 1C2

THE OUTPUT AT
PIN 1,1C2

IS FULLY ON FOR
LONGER PERIODS
QUTPUT
ATPIN

WHEN THE VOILTAGE SET BY RV2 IS LOWERED:

OuUTPUT
FROM -~
VOLTAGE /

SET BY RVZ L/ L/ L/ L/ L/ L/
|

THE QUTPUT AT
PIN 1,1C2
IS FULLY ON FOR
SHORTER PERIODS

ouUTPUT

AT PIN 1

Fig. 3 Various control waveforms

FROM R14 a2 ﬁ ﬁ
FROM PIN4, IC5 = 16 0=
FROM R11 > ba 00
FROM SW2 > b2 Ial
FROM SW3 b3 020
EARTH s G- 35 00

O

Fig. 4 a) Connections to 12 pin plug

INSIDE PROJECTOR
KODAK
12 PIN ol
PLUG
0s
BTA16 6008
L £ TO THE 12 PIN
Yy SOCKET, INSIDE
P PROJECTOR
b8
B = .}

==
SHOWN FROM =
SOLDER TAG
SIDE

b) External triac connections

the end of time period T2 and the end of time period HOW IT WORKS

T1 in the timing sequence (this can be adjusted by
RV3), consecutive slides can be shown without the
projector turning off after each. If the projector is still
running when fader RV2 is opened again, it will
continue running without a break and maintain the
correct sequence of events.

Although this circuit has been designed with the
Kodak Carousel slide projectors in mind, almost any
projector can be controlled with this unit. Even a
projector using a mains voltage lamp can be dimmed
in and out with no change in the component values
of the circuit shown above.

Some slide projectors use different ways of
changing slides from the Carousels’ and another way
to forward-change the slide would be to drive arelay
directly from the 5 volt supply and the collector of Q3.
If you use this method, immediately paralle] with the
relay’s coil, a IN4002 diode should be connected with
its positive end to the 5 volt rail. This will damp
potentially harmfull transients each time the relay is
switched off.

Good viewing!
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DiMMER CIRCUIT

The output from thetransformer s half-wave rectified by diodes, D1
and D2; R is there just to make certain that enough current flows
to switch the diodes fully on (Figure 2a).

D3 isolates point A from the smoothed DC so that the voltage
at B should be about 8 vaits of pure DC. The IC 7B05 ensures that
the.output at C is a well regulated 5 volts with C2 smoothing out any
feedback noise.

R2 and ZD1 regulate the pulsating DC supply and, as far as
possible. make thisindependent of varying mains voltages (Figura 2bl.

This waveform appears at pin 5 of the IC LM393, which has an
‘open collector’ output. This means that until the moment when the
inputs at pins 5and 6 are the same, the output of the IC is effectively
an open switch. So, initially, the capacitor C3 s charged by the
waveform from point D, via R and D4. Clearly this is a very non-linear
charging current but it does produce an almost ideal output waveform
at pin 7 of IC2. The voltage divider R4/R3 ensures that the input at
pin B is held just above zero volts, When the pulsating DC at pin 5
returns almost to 2ero at the end of each half cycle theinputstoIC2a
become equal and the internal transistor at the output of the IC
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- switches on; dlschargmg C3eachtime Figwe 2c): . =
The vertical sections of this waveform are caused bytha Output
transistor switching on and discharging capacitor C3, The curved
sections have this almostideal shape, which allaws the lamp to hurry
tostartlighting without wasting the low end of the main fader RV2,
and to hurry towards full brightness at the high end, while being
acceptablylinearin the middle. RV1 and RV.2 form two other voltage

i ‘mputs are shown in F[gure 5.

* there fo glve an |nd1cat1on ofhow bright the Iarnp ;
 [C6, the opto-coupler MOC 3041, wil atways be lt. T

- AsRV2is moved along its travel, pulses synchronised with the 50Hz

- mains start, and so both LEDs will briefly be switched off each cycle, .

as will the triacs. The lamp will not now be supplied with the ful
- voltagee allthe time: it will be dimmed progressively as RV2 s moved

. ‘towards its otherend. (C4 is a bypass capacitor which prevents any
. noise that might be picked up on the leads from the main fader, RV2, -
‘close ag possible .

- from entering pin 3 of IC2. It should be placed 2
- topin-3).

All the above assumes that the mains sup
- anbut, at the beginning of the process the pro toris
- for the time when the first slide is needed {

PROJECTOR SWITCHING e
 The 45388 is a CMOS dual monostable. Th

a l'ESiBtﬂf
" Ifwe now assume that our prolectar isoff
fFNZ is in the off | position, the output from p

‘However, as 5000 as the fader is moved up, a series of mmally thm

dividers: adjusting RV ensures that the lampis fully off at one end :
main fader RV2. So the two inputs fping 3and 2] of the second
tion of IC LM393 are, respectively, a set voltage which can be '
variedfrom about 2 volts to O volts by RV2, and a ‘sawtooth’ voltage .
* of the same amplitude. With RV 2setat halfway, tha superrmposed :

© the opto-caupler will be fully on, turning the externai tnac fuﬁy on. -

contams two
" independent timers each of which, when trrggared by anincoming:
. pulss, outputs-a pu}se tlmed by the chargmg of acapacnor thmugh’ff

pulses will start, the first of which'is used to trigger the monostable
IC2A. When triggered, the output at pin 10 of IC3a will o high,
switching on the VMOSFET YNTOKM, and hence the LED in the opto-
coupler, IC4. That will turn on both the internal and external thiacs
as before and power will be supplied to the projector,

At this stage we do not want the timer to time out and switch
the projector off ntil the projection lamp has been faded right up,
watched the first siide, the lamp has been faded out, and the slide-
change mechanism has advanced to the next slide. So early timing
outis prevented in the above circuit simply by adding the diode D5.
The first pulse comes in, triggers the start of the output pulse, and
capacitor C6 starts to charge through trimpot RV3, But each
sticeeeding incoming pulse short circuits C6 via D6 and s discharges
it.

Further, when the lamp is fully on; pin 11 of IC2 is low and so
the capacitor will not charge atall. C6 willonly be sllowed ta charge
fully when BV 2 has raturned to its fully faded out position and all the
incoming pulses have ceased. Only now can the timed output pulse

’reallyhegm Provided this pulse lengthis long enough to allow a third

f the circuit to change the slide (and this time interval can be

‘? Ju,ste‘d ‘by varying RV3], our purpose is achieved.

SLIOE CHANGE GIRCUIT

itially with the projector off, the output of the 453&8 atpinGislow,
ilg thainput at diode D6 s high. C8is fully charged viaRv4, When
ths first negative going pulse from pin 10f IC2 arrives via DB at pin
4 of the 45388, C8 immediately discharges through D6 Further
pulses keep C8 discharged. As monostable IC3B is configured so that
it will onty trigger on & rising input, the output at pin 6 remains low
and will not be triggered to a high state until C8 is again allowed to
recharge fully. This will not oceur until the projector lamip fader has
been brought back to its fully faded out position, Only now will C8
recharge viaRV4 and, asits potential rises through the inpuit threshiold
of the 45388, the output pulse start. The slight delay before the
output goes high allows the projector lamp to be completely out so
that the slide change will not be seen. By using a transistor 03 to
further switch 04, the “slide forward" connections in the projector
can be made without using arelay, and the slide-change mechanism
will advance the slide tray by one. LED3 will light briefly to indicate
the slide changing.

——FADER RV2 STARTS TO OPEN

[=——PROJECTOR LAMP STARTS TO FADE UP

INPUTS TO |
IC2, PINS |
2 AND 3 |

|

i

OUTPUT
IC2, PIN 7

~4—— FADER FULLY OPEN

’q—— PROJECTOR LAMP FULLY LIT

| /

OUTPUT
IC3, PIN 10

PROJECTOR OFF =——x

QUTPUT
IC3, PIN 6 -——— NO CHANGE

ouT

IC3s TRIGGERS BUT CANNOT
YET STAHT TO TIME

[——— PROJECTOR SWITCHES ON

Fig. 5 a) Timing for switching the projector on and fading the lamp up
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-+——FADER STARTS TO CLOSE -— FADER FULLY CLOSED
‘4 PROJECTOR LAMP FULLY OUT

e PROJECTOR LAMP
| STARTS TO FADE

—

INPUTS INTO I

iIC2, PINS | |

2AND 3 | |

.__../ I ! !

h | 11

| |

| I

| I |

OUTPUT

IC2, PIN 7

OUTPUT i R
g IC3a STARTS TO CTO
PROJECTOR
< TIME oUT = SWITCHES OFF
(ABOUT 2 SECONDS)

DURING T2 THE SLIDE TRAY
<=—T2—%| ADVANCES ONE POSITION

LJd[0dd

ABOUT % SECOND

OUTPUT WHILE C8 CHARGES | ™ ABOUT
IC3. PIN 6 1 SECOND
WHILE IC3b
TIMES OUT

b) Timing for fading the lamp out, changing the slide and switching the projector off

PARTS LIST
RESISTORS {all 1k watt or largert LEDILEDZLED3  T1 %, vellow, green; red
R1 15k 01 6.2y, 0.4watt zener
R23 10k IC1 7805 volt reg
R4.5 100k ic2 LM393 comparitor
A6 100 ic3 45388 (MC145388) CMOS
R713 56 IC4,IC5 MOC3041 opto-isolators:
A8,14 270 a1 VNIOKM fany N power-MOSFET)
R9 150k Q205 BTA 16 B00B triacs
R10 16k ;
A1t 22 MISCELLANEOUS
R12 a7 TR 6-0-v transformer 0,1A min
Av1 Tk muiti-tum trim SW1 240v, 3A lever switch
RV2 100k linear slide pot SW2,5W3 push-to-make momentary
RV3 220K trimpot IC sockets one, 16 pin DIL two, 8 pin DIL (see text)
RV4 M trimpot 6 pin plug
6 pin socket _
12 pin plug, A12 DIN 41822, Kodak Part No. 2 605 4850.
sibfodny - T - LED chassis holders
1 * 1000y 10v electrolytic 3 mains plug and lead
C2 . 1n 50v electitant - 6 core cable {length as required)
37 - 100n min polyester Kniob for slide potentiometer
C4 - 10n min polyester - - Suitable box for control unit
€5 ~ S min polyester Suitable box to accommodate the 12 pin plig.
C6 5 22u-10v elect/tant
8 104 16v electitant
C9 T 16vel nt
4yl tBvelecttant BUYLINES
SEMICONDUCTORS There should be no difficulty over the supply of any of the above
D123 N40Q1 (50 piv, 1A7) components. Maplin can supply the BTA 16,6008 triacs (Order No.
D4,5,6 N4148 fany silicon) UKB5K) and many of the other components,
BV AC == = ON
6V AC -—t . . &—— WIPER RV2
‘ez | |5 #—s OFF
E/CT i L
= Kk
LED2 = > 1 o
h=—= = EEE = SW2
25 S b2
| R14 | &——i b6
) SW1 =it (775]
pfer e
SW1 i EEEN b3
LIVE wa—i it i

Fig. 6 Component overlay for the controller.
PCB design courtesy of Tsien (UK) Ltd.

SW2 -—t=8
SW3 t——2
b4 -——a
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From cooking to
television, microwaves
are fast becoming an
important part of our
lives. Colin White
looks at the past, the
present and the future
of the technology.

Fig. 2 Satellite Newtonian reflector antenna

“ hank you Rupert Murdoch!” Why?
... Because whilst he is losing

£200,000 a day on his satellite TV

concept, the layperson is not under

the misapprehension that micro-
waves are only useful for cooking the veg! So how can
something which casseroles the greens in a tenth of
the time of a conventional cooker, be used to beam
entertainment from 23,000 miles out in space down
to your own haunted fish-tank called a TV.

This article, together with next month’s,
endeavours to answer this question, as well as to
describe the many other applications of microwave
technology in use today. It concludes with a prediction
of where the microwave industry is heading as we go
forward into the 1990s.

So What Are Microwaves, And Why
Are They So Useful?

Microwaves lie in the region of the electromagnetic
spectrum from 1GHz (109Hz) to 300GH:
(3x1011Hz). As such, they possess all the properties
one expects from electromagnetic waves. They are

RADIO BANDS

MICROWAVES

VISIBLE
7 7 rd 7
A e rd
- — 4
ULTRA- GAMMA
RAYS

| |
| |
| |
| |
I |
| |
| I
[ |
| |
| |
| I
| |

|
|
|
|
|
VioLET | X-BAYS
|
|
|
|

| | I 1 | | | I | | I |
10" 10" 18* 10° 10'* 10" 10" 10% 10" 10™ 10" 10T 10" 0"

Fig. 1 The electromagnetic spectrum
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MICROWAVES

reflected and refracted at boundaries. They can also
propagate through a vacuum, and they also travel at
the speed of light (3x108m/s).

Figure 1 shows the complete EM spectrum.
(Well, nearly! Not much propagates below
100kHz and although some cosmic rays exist beyond
gamma-rays, we have yet to succeed in harnessing
them for applications).

Note how the microwave band is sandwiched
conveniently between two exceedingly useful parts of
the spectrum — radio waves and light waves. Therein
lies the importance of this region. Microwaves behave
as a hybrid of light and radio waves, possessing
attributes from both regions. Microwave circuits can
for instance, be constructed in a broadly similar
manner to radio frequency circuits, although more
care must be taken in the design and construction at
these higher frequencies. A microwave oscillator may
produce a signal which can be modulated with in-
formation using AM or FM techniques in the usual
manner. However, it can then be transmitted from an
antenna which bears a remarkable resemblance to an
optical telescope (See Figure 2). Such an antenna can
produce a very narrow concentrated beam of energy
— an attribute normally associated with light rays by
the use of lenses and/or mirrors.

If one considers the radio region of the spectrum
in terms of information content, an important trend
becomes apparent as the frequency increases. At the
low end of the region lie the long wave and medium
wave stations — poor quality, hissy, narrow audio
bandwidth, monaural reception. Moving up into the
VHF region, we then have the capability of low noise,
Hi-Fi, stereo reception. At the top of the VHF band
black and white TV used to be transmitted on 405 line
resolution. To obtain good quality colour TV on 625
line (and by quality here, [ refer to quality of the
received signal, not program content!) a further
increase in frequency is required, taking us now into
the UHF region.

Beyond UHF lies the microwave region. We tend
not to stop thinking in terms of information quality,
but consider quantity of information. We talk in terms
of the capability of so many thousand simultaneous
telephone conversations on the microwave link, or so
many TV channels. Our hero, Rupert, for instance,
has the theoretical capability of approximately 150
simultaneous broadcast channels (perish the thought!)
He has, in fact, opted for 16 channels using a slightly
different frequency for each. This is a reflection of the
limitation of the cheap mass-produced receiving
equipment, rather than the maximum theoretical
channel capacity available.

Let us now consider the effects of diffraction as
the frequency is increased. At low frequencies there
is no problem picking up radio signals under the
shadow of hills and buildings. As the frequency is
increased, however, the signal follows a more direct
route, skimming over hills with little diffraction.
Ultimately, light rays follow a near perfect straight line
with diffraction effects only detectable under very
special circumstances. Microwaves also follow straight
lines with negligible diffraction over hills, buildings, or
even the earth’s horizon. Microwave communication
through free space must, therefore, follow what is
known as ‘line-of-sight’

A final property of microwave which may be
gleaned from the spectrum of Figure 1 is that of
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absorption by, and consequential heating of non-
metallic substances by EM radiation (broiling the
chicken!) Efficiency of absorption improves as the
frequency reduces. Unfortunately RF ovens at freq-
uencies below the microwave region would be too
large to be accommodated in the average kitchen.

Having dealt with the properties and attributes
of microwave radiation, we are now in a position to
consider actual microwave applications. By way of an
introduction, and to put things in perspective, [ will
commence with a short history of microwave
technology.

Historical Landmarks In
Microwave Technology

The story begins just over a century ago when Hertz
proposed the concept of radio propagation and
Maxwell first succeeded in generating radio trans-
missions using spark generators. These produced RF
power over a very broad spectrum, including the
microwave region. They were of course, unaware of
their emission frequencies. They contributed
enormously to the theory of RF propagation around
this era.

In 1894 Sir Oliver Lodge surrounded a spark
generator with a metal tube and noted that this
succeeded in guiding the signal into a specific
direction. This was in fact, the first waveguide, a
component much used to this day.

The 1920s saw much theoretical analysis of the
concept of microwave propagation and the advant-
ages of this part of the spectrum were beginning to be
appreciated. In particular, George Southworth (of Bell
Telephone Laboratories) and Sir Robert Wattson-Watt
considered applications in communications and
Radar, respectively. The first purpose built microwave
oscillators were developed during the 30s and more
especially, the early 40s. These were obviously
thermionic devices although their operation principle
was totally different from low frequency valves.

A device known as a magnetron has had a
particularly interesting history. It was the first
microwave oscillating valve to be developed. It was
the most widely used device during the war years,
generating high power microwave pulses for radar
applications but became obsolete during the early to
mid-50s, only to be reborn during the mid-60s for the
sole purpose of powering microwave ovens. As such,
more magnetrons are presently manufactured than
all other microwave oscillators put together.

The war years produced perhaps the greatest
number of technological advances in the microwave
region, including wide band high power amplifiers
(travelling wave tubes) and a variety of new oscillators
such as backward-wave oscillators. the klystron,
invented by the Varian brothers in 1935 was perfected
and became popular during this period. Radar and
microwave communication systems were designed,
manufactured and successfully implemented support-
ing the war effort. On the other hand much research
went into developing a microwave ‘death-ray’ at this
time. The necessary technology eludes us to this day,
much to Mr Reagan’s and Mr Bush's dismay.

In 1956 the first non-reciprocal device, the
gyrator, was invented by C. Lester Hogan. The gyrator
is a two-port device which allows a signal to pass
through in one direction with some phase shift §, but
when the signalis sent through the device in the other
direction, there is a phase shift of #+ 180°. Although
now obsolete, it marked the beginning of a family of
non-reciprocal devices which have many applications
in switching, protecting, modulating and controlling
microwave signals.

Satellite communications were ‘launched’ in
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1962 when Telstar was placed in low earth orbit. The
first geostationary satellite Early Bird was launched
some three years later. However, the theory of
geostationary satellite communication was conceived
in 1945 when Arthur C. Clarke (2001 fame) wrote
a most prophetic article on the subject, in the journal
Wireless World, of that year.

Another major advance of the 60s was the
development of microwave semiconductor devices,
used to replace thermionic valves in some applica-
tions. The first such device was the Gunn diode
discovered, so it is said, by accident, by J. B. Gunn.
This was followed by junction diodes and transit time
diodes, which today can produce oscillations beyond
200GHz.

The 70s
brought the first
microwave tran- 83

sistors, initially
bipolar, then MES-
FET (Metal
Epitaxial Semi-
conductor Field
Effect Transistor
types.  Current
MESFETS  can
produce appre-
ciable powers, even
at 20GHz. Finally,
bringing us up to
date, the 80s have :
seen the develop- ;
ment of Microwave W
Monolithic Inte- HRLLY
grated  Circuits
(MMICs); several
MESFETS, to-
gether with their
supporting passive
components on a
substrate 0.5mm
square producing a
complete system on
a chip.

Microwave
Ovens

This is the most
popular application
of the science by far,
with over 15 million

RESONANT
CAVITY

._\.

N
CATHODE

Fig. 3 a) Schematic diagram of a cylindical magnetron

OUTPUT

CATHODE

b) Electron path within the magnetron

-

i
RF OGUTPUT

ovens installed in the United States to date. The history
of these appliances began in 1945, when a manu-
facturer of magnetrons discovered, supposedly by
chance, that microwaves are capable of producing
heating effects.

The phenomenon occurs as a consequence of
the vibration of atoms within the water molecules of
the food, causing frictional warming of the produce.
The key to the importance of microwave heating is the
fact that the radiation penetrates more deeply than
other forms of cooking. When using hot-air, for
instance (ie a conventional domestic oven), the heat
is generated outside the object and conveyed to the
food by conduction and convection. The surface of
the object is therefore heated indirectly, and heat then
flows towards the inside by conduction only. Infra-red
heaters, very popular among the fast-food
emporiums, produce heat directly on the surface of
the food. The surrounding air is then warmed by
convection while the food is heated by conduction
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from the surface. Microwave heating, however, occurs
within the food, and is therefore more energy efficient
than the other methods.

Referring to Figure 3, the method of operation
of a microwave oven is as follows. A magnetron
operating at 2.45GHz generates microwave power at
a few kilowatts. A length of waveguide connects the
output the magnetron to the main chamber of the
oven which acts as a resonant cavity. This means its
size is such that it exactly supports the electric and
magnetic wavelength inside the cooking volume. This
ensures efficient radiation of the food rather than the
energy attempting to creep out of the door seals, or
back up the magnetron’s own output. The mode
stirrer, a sort of microwave fan, distributes the energy
within the cavity and ensures homogeneous heating.

So what is so special about the choice of
2.45GHz? Not much! Heating efficiency is dependent
on radiation at the various resonant frequencies of the
molecules, atoms, neutrons, electrons etc, which
make up the food substance. In practice it is the
resonances within the water molecules which are
paramount. These are many and various, particularly
within the 1.5GHz to 3.5GHz band.

The choice of 2.45GHz reflects an agreement
between the communication channel users, prin-
cipally military, to minimise communication inter-
ference. The implications are that, if your domestic
microwave oven radiates into the atmosphere, and if
this frequency is detected by the local army base, they
will say “Ah-ha, 2.45GHz! — That's no enemy . . .
That's the sprouts being cooked”

MODE STIRRER

/

1

.. Ty [4
F ” % @ « <« « «
r
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Al

o

The subject of
microwave
oven safety is a
complex one,
and although
statistically the
chances of

- g MAGNETROY | Permanent
A health  risk

from these
- appliances are
minimal, work
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is still being
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carried out in

Fig. 4 Microwave Oven

an attempt to
quantify the
dangers.
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GLASSE PLATE

Microwave Communications

Microwaves are also used extensively in communica-
tions either between two ground stations or between
satellite and ground station. The advantages of
communication at these frequencies are two-fold.
Firstly, because antennae at these frequencies are so
directional (they send out a narrow pin-point of
radiation), a more efficient link can be set up, since
much of the energy leaving the transmitting anterina
actually arrives at the receiving antenna with minimal
spillover. Little diffraction occurs at these frequencies
so line-of-sight communication is essential. For
military secure communications this is an advantage,
since if an enemy attempted to intercept the infor-
mation, not only would a drop in power be detected
at the receiver, but the foe would find it quite difficult
to eavesdrop without being seen. Of course, cover of
darkness affords little protection, as the modern day
soldier is equipped with infra-red night-sight.

The second advantage of using microwave freq-
uencies lies in the broad-bandwidth capabilities. Most
microwave links are digitally modulated on either AM
or FM (or both) using some form of multiplexing
techniques. A typical link would have the capacity of

300 telephone channels, 10 colour TV channels, a
few high quality audio channels, facsimile channels
and several computer data links; all these transmitted
at one carrier frequency.

Microwave propagation over the horizon is not
feasible due to negligible diffraction effects, so long
distance communications are only possible using
cable, repeaters or more importantly, geostationary
satellites as a mirror for the communication channel
around the earth. A geostationary satellite is one
which rotates around the earth above the equator,
once every 24 hours, therefore appearing stationary
above afixed point on the equator. The geostationary
orbit is 35,800 kilometers above the surface of the
earth. At this distance, the gravitational force pulling
the satellite towards the centre of the earth is exactly
matched by the centripetal force due to the rotation
of the satellite attempting to pull it away and out into
space. What is more, the velocity of rotation of the
satellite exactly matches the velocity of rotation of the
earth. The satellite therefore remains in that orbit and
above a fixed point on the equatorial line.

The use of a stationary orbit presents very significant
advantages for communications:

a) The antenna of the ground station points
towards a fixed location in the sky, only small
corrections being required to compensate for varying
atmospheric diffraction.

b) Since there is no relative movement between
transmitter and receiver, Doppler shift of the
frequency is non-existent. This can cause major
problems with mational satellites.

¢) Since the satellite lies well beyond the earth’s
atmosphere, it is not slowed down by friction due to
air molecules. The satellite could remain in orbit for
more than a million years theoretically. Its operation
is however, limited in time by the fuel required for
stabilisation.

On the other hand, the stationary orbit also presents
some drawbacks:

a) The time taken for a signal to travel from
ground station to ground station, viaa geostationary
satellite, is fwice the geostationary orbit height divided
by the velocity of light. This amounts to approximately
half a second delay and may be potentially
inconvenient.

b} The large distances involved attenuate the
signal levels considerably. The signal received from
our Rupert's Astra at the first amplifier mounted on
the Sky dish is about 1x 10-13 watt. Only a few years
ago it would have been a major research activity to
amplify such low levels; today the equipment can be
found in the high street stores at ‘knock-down’ prices
— such is progress.

The geostationary orbit is now so densely populated
with satellites carrying military, domestic, business.
and educational information that the current satellite
density of one satellite every 3° of arc is being
increased to one satellite every 2° of arc.

A technology closely related to satellite com-
munications is that of space communications to and
from deep space probes. Communication is obviously
over much larger distances so time delays are longer;
1.28 seconds for a message to the moon, 43 minutes
for a message to the Voyager 1 and 2 spacecraft as
they orbit Jupiter — still beats first class mail though!
The received signal levels are minute, consequently
extremely specialised receiving equipment is required.

Next month, well see how microwave
technology is applied to the fields of medicine,
navigation, target detection and space photography.
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The LSI Architecture of SY77

aving looked at the development of
RCM and what it actually means, the
next step is to dig deeper to the
hardware level, before discussing the
different operating system modes used
by the musician as the final part of this article. The
block diagram shown in Figure 7, illustrates the
connection of the SY77 system components. The
custom Yamaha LSIs shown in the diagram and their
function is discussed as follows.

The M3 chip (YM7119)

The M3 is synonymous with the AWMii portion of

the tone generator. It is a 16 channel waveform-

processing LSI developed in 1988-89. It features a

fixed sampling rate using 6th Lagrange Interpolation

and time varying Low Pass and High Pass Filters.

(LPF/HPF). The LSI reads wave data sampled at 32

or 48kHz in 16 bit format and includes the following

key features:

(1) A 5-segment Amplitude Envelope Generator
(AEG).

(2) Pan Control.

(3) A Rescnant Filter which can be configured as
24,18, 12, 6 dB/Oct in Low-Pass/High-
Pass/Band-Pass modes.

(4) Wide Cutoff Frequency (10Hz-24kHz for LPF
and 10Hz-12kHz for HPF at 48kHz sampling
frequency.

(5) No Microprocessor wait-time allowing
continuous data writing and thus user realtime
control.

(6) D/A Convertors are Yamaha AFDO and
Burr/Brown PCM56 for Individual Outputs.

The OPS3 chip (YM7107)

OPS3 is the heart of the AFM sound generation
systern. It takes voice data from the CPU into its
internal register and receives additional pitch and
envelope information from the EGM2 chip. Pitch data
from EGM2 and Pitch Bend wheel are converted into
Hertz and then into phase data in the phase accumu-
lator and output to the oscillator. OPS3 and EGM2
work together since OPS3 does not implement its
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own envelope generator as in M3. OPS3 has the

following key features:

[1] Ability to read a sample as a
Carrier/Modulator

[2] 16 Sine Wave variations available as
waveforms for conventional FM

[3] Operator Fixed Frequency to 0.COHz

[4] Operator Phase Control

[5] 45 Preset Algorithms (and Open Algorithm
via MIDI)

[6] 3 User-definable Feedback Loops per
Operator

[7] 2 LFOs (a main and sub LFO for each FM
voice)

[8] Individual Operator sensitivity to Pitch
Envelope Generation

The EGM2 chip (YM7103)

Developed in 1988, this LSI creates envelope and
pitch information (eg. pitch envelope and
portamento) which is sent to the AFM sound
generation chip OPS3 (YM7107). EGM2 permits
envelope looping around any one of 4 envelope
segments for each operator.

The PAN LSI (YM7102)

The Yamaha PAN chip is designed to integrate with
the OPS3 signal channels individually, allowing 16
PAN registers. The PAN chip contains a 6-segment
fully user programmable internal Envelope Generator
with repeat and delay capabilities which can be con-
trolled for each channel individually. This enables all
16 Voices in a Multi setup to have a completely unique
stereo trajectory if required allowing complex spatial
movement during the evolution of sounds. SY77
contains 64 Preset pannirig movements which can
easily be applied to any sound that is created. Since
an SY77 sound (called a ‘Voice)) can consist of a
number of sound elements, each element can have
an independent pan movement.

The LDSP chip (YM3413)

LDSP is responsible for the reverb, delay tone and
distortion type of effects in SY77. SY77 implements
two LDSPs, one for each stereo output.

Mike Barnes
continues his look at
the workings of the
latest Yamaha
synthesizer.
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Fig. 7 SY77 block diagram
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The LEF chip (YM3415)

LEF is responsible for the modulation effects of SY77
including flange, stereo chorus and symphonic. Again
there are two units, one for each stereo output.

The Functional Architecture Of
SY77

On top of all the hardware discussed earlier sits the
operating system which divides SY77 into five funda-
mental modes of operation. These are represented
to the user as 5 switches on the top-left of the
instrument front panel. Each mode is for a specific
musical activity. Voice Mode is the most common
mode used for simply playing or editing sounds. Multi
mode is used to arrange and mix a group of up to 16
sounds/instruments to be played by the sequencer.
Song Mode gives access to all the recording and
editing functions of the sequencer which is analogous
to a 16-track tape machine, and is where all the
musical parts are arranged. Pattern mode is really a
specialised part of Song Mode where a repeating
pattern of music can be made (for example, an 8-bar
chorus) and then inserted at all the Chorus points
during the song. Utility mode contains all the
specialised functions for setting up SY77 to
communicate via MIDI and store its internal data to
external media.

The Voice Mode Of SY77

On SY77, a Voice is the label used to define all types
of sound groupings including single sounds (eg. a solo
piano), layered sounds and keyboard split sounds (eg.
where a number of sounds occupy predetermined
positions on the same keyboard). The Voice is the
highest level of sound organisation in the instrument.

A Voice consists of parameter settings for one, two or
four AFM or AWM ‘Elements’ (Element Data). These

elements are themselves sub-sounds which can be
combined in 11 master configurations:

The AWM Element block structure is shown
below:

The waveform block defines which of the 112
preset sampled waveforms to playback, and sets its
pitch and fine tuning. The output is fed to the filter
block which modifies the tone using a pair of digital

A ovpur

fHT R1 R2 R3 R4 RR2
Key On

Fig. 8 Typical envelope showing different
adjustable rates and levels

filters. These filters can each be configured to both be
LPF in which case acting as one 24dB/octave filter
or one LPF and one HPF acting as 12dB/octave
filters. If the filters are not required, they can be set
to THRU position where they have no effect. There
is also a resonance control for the filter pair which is
the first digital resonance that actually works! (Since
each element can use two filters, a 4-element voice
can use 8 digital filters simultaneously!) From the filter
block, the signal is passed to the Amplifier block and
then to the Pan block where the element can be given
its own pan table and/or be routed into an AFM
element to be used for further sound generation.
The AWM section has one Low Frequency
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Oscillator which can be used for vibrato/tremolo/
sample and hold effects, or to modulate the filter. This
LFO has 6 different waveform types, a speed, a delay
and a phase control. .

The Multi Mode and Sequencing
Modes (Song and Pattern)

The SY77 Multi mode allows up to 16 Voices to be
set up and played by the sequencer (ie. it is 16 voice
Multi-timbral). Each voice is allocated to one of 16
tracks (like a multi-track tape recorder), and each track
is given a MIDI channel. Only data referring to one
MIDI channel is allowed to play a voice. The MIDI
channel allocation in multi-mode has been fixed to
simplify the process of making music so that the user
simply chooses a voices and places it on a track (1-16).
The track number also represents the MIDI channel
number so there is no need to assign a MIDI channel
to a particular track. Each Voice in Multi Mode has
its own Volume, Tuning, note Shift, PAN, and Output
Select Functions. There is also an effects section which
is connected to the stereo outputs allowing a degree
of mixing.

The Sequencer is really a completely indepen-
dent part of SY77 and has its own set of control
buttons located left of the LCD. This allows the
sequencer to be stopped and started even whilst
editing a voice enabling changes in sound whilst the
sequencer is running. Additionally, the sequencer will
not only record data from the SY77’s keyboard but
also from the MIDI In port, and it can playback on the
internal tone generation system or via the MIDI Out
port. The tone generator can respond to the internal
sequencer or via the MIDI In port. The Sequencer is
loosely based around the Yamaha QX3 hardware
sequencer, and in fact it willread QX3 sequencer files
directly from the SY77 disk drive. It features 16 tracks
(15 assignable and 1 drum track), approximately
16000 note recording capability, and a recording
resolution of 1/96 of a quarter note. The sequencer
has its own dedicated CPU (63COL1Y). The Sequen-

MIDI Controlier |
Mapping

Parameters

Vaice Camman 1‘“ Micromning ‘

Voice Mode

Element Parameters|

SY77 Voice

Song Mode

Pattern Mode

Utility Mode

HHEE

Fig. 9 SY77 modes of operation
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Mode Element E1 E2 E3 E4
01 1AFM mono AFM = ~
02 2AFM mono AFM | AFM | — -
03 | 4AFM mono AFM | AFM | AFM | AFM
04 | 1 AFM poly AFM | — =
05 2AFM poly AFM | AFM = =
06 | TAWM poly AWM | — — =
07 | 2AWM poly AWM | AWM | - =
08 | 4AWM poly AWM | AWM | AWM [ AWM
09 1AFM & TAWM poly |AFM |AWM | — -
10 2AFM & 2AWM poly | AFM | AFM | AWM | AWM
11 Drum Set 61 AWM waves

Fig. 10 SY77 element configurations

cer can record in real-time (by playing the keyboard),
or step-time (by programming individual notes) and
also has the ability to Punch-in and out. It also
implements a series of automatic functions which can
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quantize (modify the timing) or transpose a specified
track or section of the song, make a crescendo,
remove bars of music, insert bars of music, etc., etc.

The Sequencer can run in Song or pattern
Mode, and the tone generator operates in either Voice
(one channel) or Multi Mode (16 Channels}. This
enables four possible sequencer/tone generator
configurations.

The Utility Mode

Utility Mode is concerned with setting up the SY77
to fit a studio with other MIDI products so that it has
a unique identity channel for receiving and trans-
mitting data. Master instrument tuning, and keyboard
velocity curves (eight different types to weight the
keyboard response to your playing style) are under
the System menu of Utility mode. It is also the mode
used for data storage and retrieval to 3.5” floppy disk
(DOS format) and Yamaha data card. To simplify data
storage there is an option to store all data types (Muli,
Voice, Sequencer, etc.) as one file.

Conclusions

All the technical details focused on here should not
overshadow the fact that SY77 is after all a musical
instrument. It is well crafted, attractively designed and
capable of fantastic expression in the hands of a
professional keyboard player. It is always hard to
examine something like an instrument from a cold
technological standpoint. The experience is in playing
and listening to it which is when the impressive tech-
nical specifications actually begin to say something
relevant. Like a well-designed car, it has to be driven
to appreciate it. So giving it a listen at a music shop
will put all the details into perspective.

[2] The SY77 Service Manual (Second Edition,
Yamaha Corporation, 1990)

(3] J. Chowning: The Synthesis Of Complex
Audio Spectra By Means Of Frequency
Modulation (Journal Of The Audio’
Engineering Society 21(7), 1973)

{4] J. Chowning & D. Bristow: FM Theory &
Applications (Yamaha Music Foundation,
1986)

[5] G. Armbruster (Editor): The Art Of
Electronic Music (Quill/GPI1, 1984)

[6] Keyboard Magazine Editor: Synthesizers &
Computers (Hal Leonard /GPI, 1985)

NB. The views expressed here are those of the
author and are not necessarily the views of
Yamaha Corporation.

Mike Barnes is a postgraduate in Music
Information Technology, works for the Yamaha
Research & Development Centre, London as MIDI
Product Specialist and is currently involved in voicing,
sampling and demonstration work for the new SY/TG
series.
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ONE POUND BARGAIN PACKS

Al packs are £1 each. Note the figure on the extreme left isthe
pack ref numbar and the next figuresis the quantity ofitems in
the pack, linally a short description.

BD2 5  13Aspursprovideafusedoullettoaringmain where device
such as a clock must not be switched off

BD9 2 6v. 1A mains transformers upright mounting with fixing
clamps

BD11 1 6'%" speaker cabinet ideal for extensions, lakes your
speaker. Ref BD137 + 50p.

BD13 12 30waltt reed switches, it's surprising what you can make
withe these — burglar alarms, secret switches, relay etc. etc

8D22 2 25wattloud speaker two unit cross-overs

B8D30 2 Nicad constantcurrentcharges adapt to charge almost any
nicad battery

BD32 2  Humidity swilthes, as the air becomes damper the
membrang siretches and operates a microswitch

BD42 5  13Arockerswilchthreetag soonfoff, or change over with
centre off

BD45 1 24hr time switch, ex-Electricity Board, automatically
adjust for lengthening and shortening day.

BD49 5  Neonvalves, wilh series resistors, these make good night
lights

BD56 1 Miniuniselector, one use is for an electric jigsaw puzzle,
wegivecircuitdiagram forthis. One pulse into motor, moves
switch through on pole

BD67 1 Suck or biow operated pressure switch, or it can be
operated by any low pressure variations such as water level
in water tanks

BD103A 1 6v750MA power supply, nicely cased withinputand output
leads

BD120 2  Stripperboards each contains a 400v 2A bridge rectifier
and 14 olher diodes and rectifiers as well as dozens of
condensers etc

BD132 2  Plastic boxesapprox.3" cubewith square hole throughtop
soideal for interrupted beam swilch

BD134 10 Motors for model aeroplanes, spin (o slart so needs no
switch

BD139 6  Microphone inserts — magnetic 490 ohm also act as
speakers

BD148 Reedrelaykits youget 16 reed switches and 4 coil setswith
notes on making /o relays and other gadgets

BD149 6  Safaty cover for 134 sockels — prevent those inquisitive
[ittte fingers getting nasty shocks

BDIB0 6  Meonindicalors in panel mounling holders with lens

BD193 6  5amp3pinflushmounting socketsmakesalowcostdisco
panel — need cable clips

BD199 1  Mainssolenoid very powerful has 1” pull or could push if
modified

BD201 8  Keyboardswitches —made for compulers but have many
other applications

BD211 1 Electricclock mainsoperated putthisin abox andyou need
never be late

BD221 5  12v alarms make a noise about as loud as a car horn.
Slightly solid but OK

BD252 1  Panostat, controls output of boiling ring from simmer o boil

BD259 50 Leads with push on %" tags — a musl lor hook ups —
mains connections etc

BD263 2  Qiiong push switches for bell or chimes, Ihese canmains
up 1o Samps 5o could be foot switch it fitted into pattress

B8D268 1 int 1 wattamp for record player. Will also change speed
of record player molor

BD305 1  Tubular dynamic mic with optional table rest

BD653 2  Minialuredrivertransformers. RefLT44. 20k to 1k, centre
tapped

BD548

2 35voit relays, each with two pairs changeover contacts
2 4.7ul, non-polarised block capacitors, pcb mounting

BD667

TV SOUND DECODER. Nicely cased, mains powered with 8
channels. Will drive a small speaker directly or could be fed into HIFl system
efc. £12.00 each, Ref: 12P22,

VIDEO TAPES These are Lhres hour tapes of superior quality, made
under licence from the famous JVC Company. Offered atonly £3each. Our
ref 3P63, Or 5 for £11, Our ref 11P3, Or for the really big user 10 for£20. Our
ref 20P20.

ELECTRONIC SPACESHIP.

Sound andimpact conlrolled, respondsto
clapsandshouts and reverses whenit hits
anything. Kit with really detailed instruc-
tions. Ideal present for budding young
electrician. A youngster should be able to
assemblebul youmay haveto helpwiththe
soldering of the components on the pcb. Complete kit £10. Our ref 10P81.

2KV 500 WATT MAINS TRANSFORMERS. Suitable for
hig;gv;ﬂage experiments or asa spare for amicrowave oven elc. £10.00. Ref:
10Pg3,

12" HIGH RESOLUTION MONITOR. Amber screen,
beautifully cased for free standing, needsanly a 12v 1.5 ampsupply.
Technical data s on its way but we understand these are TTL input.
Brand new In maker's carions, Price: £22, Order ref 22P2,

STC SWITCHED MODE POWER SUPPLY 220V or
110V operationgiving5V at2A +24at 25A +12at.15Aand +90Vat 4A,
£12.00 each. Ref: 12P27.

COMPOSITE VIDEO KITS. These convertcomposite video irto
separate h-sync, v-sync and video. Price £8. Our ref 8P39

BUSH RADIO MIDI SPEAKERS. Slereo pair. BASS reflex
system, using a full range 4in driver of 4 ohms impedance. Mounted in very
nicely made blackfronted walnut finish cabinets. Cabinet size approx 8%2in
wide, 14in high and 3Vzin desp. Fittad witha good length of speaker lex and
terminating with a normal audia plug. Price £5 the pair. Our ref 5141,

3v2in FLOPPY DRIVES. We still have twomodels in stock: Single
sided, 80track, by Chinon. Thisisin the manufacturersmetal case withleads
and IDC connectors. Price £40, reference 40P1. Also a dduble sided, B0
track, by NEC. Thisis uncased. Price £60, reference 60P2. Both are brand

new.
YUASHA SEALED LEAD ACID BATTERIES 6V only
£9.00 each or 2 for £15.00. Ref: 15P37.

SINCLAIR C5 WHEELS
Including inner tubes and tyres. 13" and 16" diameter spoked
polycarbonale wheels finished in black. Only £6 each. 13" ref 6P20.
16" ref 6P21.

PCSTYLE CASES 18" x18” x6". Complete withfanand grill
illuminated power switch and IEC filtered powerinput plug. Priced al only
£15.00. Ref: 15P38.

VERY POWERFUL 12 VOLT MOTORS. 1/3rdHorsepower.
Made to drive the Sinclair C5 electric car but adaptable lo power ago-kart,
amower, arail car, model railway, etc. Brand new. Price £20. Our ref 20P22.
PC POWER SUPPLIES. Brand new with built in fan and power

switchonthe back +5 —5 +12 -12 150 wattmade by AZTEC. £2500 each
Ref: 25P18.

PHILIPS LASER
Thisis hefium-neon and hasa power rating of 2mW. Completely safe
solong as you do not look directly into the beam whan eys damage
could result. Brand new, full spac, £35. Mains operated pawer supply
forthistube givesBkvstrikingand 1.25kv at 5mA running. Complete
kit with case £15,

There are over 1,000 items in our catalogue. If you want
please request this when ordering.

copy

ORGAN MASTER is a three octave musical keyboard It is
beautifully made, has full size (plano size) keys, has gold plated contacts

PERSONAL STEREOS Again customer returns butc: and

with stereo head phonies A bargain at only £3 each. Our ref 3P83.

MAINS OPERATED MICROWAVE CONTROL
PANEL WITH TOUCH SWITCHES This has a4-digit display
withabuilt-inclockand 2 relay outputs, 1 for power and 1 for pulsed power
level. Could be used for all sorts of limer control applications, Only £6. Rel
6P18,

EQUIPMENT WALL MOUNT. Mulii-adjustable metal brackel
for speak, etc. 2 tor £5. Our ref 5P152.

STABILISED POWER SUPPLY KIT. +—+/V20A. Contains
PCB, transformer and all components excluding case, etc. Our price is £20.
Rel 20P25

KEYBOARDS. Brand new uncased with 84 keys plus PCB with
several ICs. Only £3 Ref 3P89,

SUB-MIN TOGGLE SWITCH. Body size Smmx4mmx7mm
SBDT with chrome dolly fixing nuts. 3 for £1. Order ref BD649.

COPPER CLAD PANEL. For making PCE. Size approx 12in
langx814in wide. Double-sided on fibreglass middle which s quite thick
fabout 1146in} 5o this woulkd support quita Feavy companents and could even
form achassis o hold a mains translormer, etc. Price £1 each. OurrefBDE33

POWERFUL IONISER
Generates approx. 10 times more IONS than the ETI and-similar
circuits. Will refresh your home, office, workroom etc. Makes you feel
better and work harder — a complete mains operated kil, case
included. £18. Our ref 18P2

REAL POWER AMPLIFIER. Foryourcar, ithas 150 watts oulput
Frequency response 20nhz to 20Khz and signal 1o noise ratio better than
B0dib. Hasbulltinshart circuit protection and adjustable input level to suit
your existing car sterec, so needs no pee-amp, Works info speakers ref. 30P7
described below. A real bargain at only £5700, Order ref. S7P1.

REAL POWER CAR SPEAKERS. Stereo pair output 100w
each. 4-Ohmimpedence and consisting of 612" wooler, 2" mid range and
1" tweeter. Ideal to work with the amplifier described above. Price per pair
£30.00. Order ref: 30P7.

andis with ribbon cable and edge connactor. Can be used with
many ¢ requestink lon sheet, B ,only E1Splus £3

RREHT REEOEUTION MONITOR. 9in black and white, used
Philipstube M24/306W. Made upin alacquered frame and has open side.
Made for use with OPD computer but suitable for most others. Brand new,
£20, Ref 20P6

12 VOLT BRUSHLESS FAN. Japanese made. The popular
square shape #1/2in = 41/2in x 134in). The elactronically run fansnotonly
consume very little current but also they do not cause interference asthe
brush type motors do. Ideal for cocling computers, etc., or for acaravan. £8
each. Our ref BP26

MINIMONO AMP onpcb.size 4" x 27 (app.)
Fitted Volume control. The amplifier
has three transistors and we estimale
the output to be 2W rms. More
technical dala will be included
withthe amp. Brand new, perfect
condition, offered at the very low
price of £1.15 each, or 13 for £12.

NEW MAINS MOTORS. 25 watt 3000 rpm made by Framco
approx 6" x4" x 3" priced at only £4. Ref 4P54,

SHADED POLE MOTORS. Approx 3" square availablein 24V
AC or 240V AC, both with threaded output shaft and 2 fixing bolts. Price is
£2 each. 24V ref 2p65, 240V ref 2P86.

MICROWAVE TURNTABLE MOTORS. Compiete with
weight sensing electronis that would have varied the cooking time. Ideal
for window displays etc. Only £5. Ref 5P165.

SURFACE MOUNT KIT. Makes a super high gain snooping
amplifier on a PCB less than an inch square! £7. Ref 7P15.
INDUCTIVE PROXIMITY SWITCHES. Made by Honeywell
Ihese units are brand new and offered at only £12 each whithis a fraction
of their normal price. 10-36V DC model ref 12P19 or main version 12P20.

1990 CATALOGUE NOW AVAILABLE PLEASE
SEND 6" x”9 SAE FOR FREE COPY

BULL ELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash, PQ. orcheque with order. Pleasa add £2.50
service charge, Monthly account orders aceept from schools and public
comp Access & Barclaycard orders are pted — mi £5
Phone (0273) 203500. Fax 23077

POPULARITEMS — MANY NEW THIS MONTH
1990 CATALOGUE now available — phone for copy.

YUASA LEAD ACID RECHARGEABLE BATTERIES.
19AH 12v, £600 each; 10AH 6v £12.00 each
JOYSTICKS iorBBC, Atari, Dragon, Commodore, etc. All€5 each. All
brand new, state which required.
BOSCHERT SWITCHED MODE POWER SUPPLIER.
+5at15A +12at3A —12at 2A +24 at2A 220vor 110vinput Brandnewand
guaranteed. Retail price is £180!! ours £20. Ref: 20P30.
SUB-MIN PUSH SWITCHES Not much bigger than a plastic
transistor but double pole, PCB mounting. Three for €1, Our ref BDE88
AA CELLS. Probablythemost popular of the rechargeable NICAD types
4 for £4. Our ref 4P44.
20 WATT 4OHM SPEAKER withbutltin twester. Really well made
unitwhich hasthe power and the quality for hi-fi. 6'zindia. Price £5. Qurref
5P155 or 10 for £40 ref 40P7.
MINI RADIO MODULE Only 2in square with ferrite aerial and solid
diatuner with own knob. Ilis a superhet and operates from a PP3 batlery and
would drive a crystal headphone. Price £1. Our ref BD716,
BULGIN MAINS PLUG AND SOCKET. Theold faithful 3 pin
with screw terminals. The plug is panel mounted and the socket is cable
mounted. 2 pairsfor €1 or 4 plugs or 4 sockets for £1. Ourref BD715, BD715P
orBD7158
MICROPHONE. Low cost hand held microphone with onfolf switch
in handle, lead terminalesin one 35 plugand one 2 5plug, Only £1. Rel BD711
MOSFETS FOR POWER AMPLIFIERS AND HIGH
CURRENT DEVICES 140v 100w pairmade by Hitachi. Availablein
H pack Ref 25499 and 25K343 £4 a pair. Rel 4P51
TIME AND TEMPERATURE LCD MODULE. A 12 hour
clock, aCelcius and Fahrenheitthermometer, atoo hot alarm and atoocold
alarm. Approx50 x 20mm with 12.7mm digits. Requires one AA battery and
a tfew switches. Comes complete with full data and diagram. Price £9. Qur
ref 9P5.
REMOTE TEMPERATURE PROBE FOR ABOVE. £3
Our ref 3P60
600 WATT AIR OR LIQUID MAINS HEATER. Small coil
heater made for heating air or liquids. Will not corrode, lasts for years, coil
size 3inx 2in mounted on a metal plate for easy {ixing, 4in dia. Price £3. Ref
3P78 or 4 for £10. Our ref 10P76
EX_EQUIPMENT SWITCHED MODE POWER
SUPPLIES. Various makes and specs bul generally £5, +12v, ideal
bench supply. Only £8. Our ref 8P36

ACORN DATA RECORDER. Made for Electron or BBC computer
but suitable for others. Includes mains adaptor, leads and book. £12. Ref
12P15

PTFE COATED SILVER PLATED CABLE. 19 strands of
.A5mm copper, will carry upto 30A andis virtually indestructable. Available
inred orblack. Regular price is over £120 per reel, our price only £20 for 100m
reel. Ref 20P21 or 1 of each for £35. Ref 35P2. Makes absolutely superb
speaker cable!

NEW PIR SENSORS. Inirared movement sensorswill switchupto

1000W mains. UK made, 12 months manulfacturers warranty. 15-20m range

\gith a0-10min timer, adjustable wall bracket, daylight sensor. Only £24.00
of 24P4

GEIGER COUNTER KIT. Includestube, PCB and all components
to build a 9V operation geiger counter. Only £39, Ref 39P1

SPECTRUM SOUND BOX. Add sound to your Spectrum with this
device; just plug in. Complete with speaker, volume control and nicely boxed
Asnip atonly £4. Our ref 4P53.

BBC JOYSTICK INTERFACE. Converts a BBC jotstick port to
an Atari lype port. Price £2. Our rel 2P261

TELEPHONE EXTENSION LEAD. 5M phone extension lead
with plugon one and socket on the other. White. Price £3. Our ref 3P70or 10
leads for only £18! Ref 19P2

LCD DISPLALY. 41»indigits supplied with connection data£3. Rel 3P77
or 5 for £10 Ref 10P78.

CROSS OVER NETWORK. 8 ohm 3-way for tweeter midrange
andwoofer. Nicely cased with connections marked Only €2 Ourref2P255
or 10 for £15 ref 15P32

BASE STATION MICROPHONE. Top quality uni-directional
electret condenser mic 600r impedance sensitivity 16-18KHz - 68db built
in chime, complele with mic stand bracket. £15, Ref 15P28

MICROPHONE STAND. Very heavy chromed mic stand, magnetic
base. 4in high £3 if ordered with above mic. Our ref 3P80.

SOLARPOWERED NI-CAD CHARGER. 4Nicad AAbattery
charger charges 4 batteries in 8 hours, Price £6. Our ref 6P3

MAINS SOLDERING IRON. Price £3 Our ref 3P65
SOLDERING IRON STAND. Price £3 Ourref 3P66

SHARP PLOTTER PRINTER. New 4 colour printer originally
inlended for Sharp computers bul may be adaptable for other machines
Complete with pens, paper, etc. Price £16. Our ref 16P3

KIT 10 convert the above Printer to Centronics parallel £4. Rel 4P57.

CAR IONIZER KIT. Improvethe airinyour car, clears smoke andhelps
prevent latique, Case req. Price £12. Qur ref 12P8

NEW FM BUG KIT. New design with PCB embedded coil 9v
operation, Priced at £5. Our ref 5P158

NEW PANEL METERS. 50UA movement withthree differentscales
that are brought into view wilh a lever. Price only £3. Ref 3P81

STROBE LIGHTS. Fit a standard Edison screw light fitting 240v
40/min llash rale, available in yellow, green, complete with socket, Price £10
each. Rel 10P80 (state colour reqd)

ELECTRIC SPEED CONTROL KIT. Suilable for controlling
our powerful 12v motors. Price £17. Ref 17P3 (heatsink required)

EXTENSION CABLE WITH A DIFFERENCE. ltis flaton
one side, making it easy to fix and look tidy. 4 care, suitable for alarms, phones
etc, Our price only £5 for 50m reel. Ref 5P153

METAL PROJECT BOX. Ideal for battery charger, power supply
etF%, sprayed grey, size 8" x 4" x 4'2", louvred for venlilation. Price £3. Ref
3P75
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Anyone who is worried about acoustic
feedback when performing on stage
could try this latest adaption to the C1000S
microphone from AKG.

This studio quality microphone is freq-
uently used on stage and if amplifier levels are
too high, howlround can result,

The new Polar pattern converter
{(PPC1000) is a small capsule that fits over the
mic insert and will change the familiar heart-
shaped response pattern to one of Hyper-
cardioid shape, making it more sensitive and
less vulnerable to feedback from the monitors

and giving the vocalist a greater presence on
stage.

The pattern converter will not affect the
frequency response and is available
separately if an existing C1000S is already to

Hypercardioid

hand. The microphone capsule is a backplate
transducer which reduces handling noise to
a minimum and is either battery or phantom
powered.

The AKG C1000S retails at £149 + VAT,

W'r!mslow Audio have now settled in their
new premises in Knutsford. They now
have 4 single speaker Dem rooms and a large
selection of Hifi equipment is now available
as well as an extensive range of drive units
and kits.

The new catalogue has just been released
and contains new kits from KEF, AUDAX,
SEAS, PEERLESS and VOLT and is avail-
able from Wilmslow Audio at a cost of 1.50.

Wilmslow Audio’s new address is
Wellington Close, Parkgate Trading Estate,
Knutsford, Cheshire, WA16 8DX. Tel No.
0565 50605.

A Hifi journal aimed specifically at the DIY
constructor is changing format. The
magazine Audio Conversions has only been
available to people attending Hifi shows, and
to associates of the contributors. Up until now,
the magazine has been published in black and
white and in A5 size.

The magazine now has over a thousand
subscribers and from the next issue will be
published in colour and in A4 size. Audio
Conversions provides information and advice
ranging from simple modifications through to
kits and full projects and is published quarterly
at an annual rate of £8 or £10 for overseas
readers and 8 back issues are available at a
cost of £1.50 each.

Audio Conversions is available from:
Audio Conversions, Coley Lane Farm, Went-
worth, Rotherham, $62 75Q.

Digital audio multi-track recording is fast
becoming the normal method of
recording and as prices start to tumble with
increasing competition, the hardware will
eventually find a niche in the home recording
market,

Akai has released ADAM, the Akai Digital
Multi-track system, which consists of a multi-
track recorder, a programmable auto-locator
and a meter unit. It gives studios and
individuals access to 12 track digital recording
using 8mm compact video tapes. The 16 bit
linear quantisation recording system uses
48/41.1kHz sampling rates in PCM format
via the now familiar rotating helical-scan
head. Three record and three playback heads
are mounted in the rotating drum with
stationary heads for erase and control. Digital

42

inputs and outputs enable direct transfer of
signals from one recorder to another and
synchronised control allows up to three 12
channel recorders to be linked.

The retail price of the multi-track recorder
(DR1200) is £13950+VAT, the program-
mable auto-locator (DL1200) £1050+ VAT
and the Meter Unit (DM1200) £695+VAT.

ETI SEPTEMBER 1990




M CONTINUED

Music mixers are getting smaller and
smaller. The AKG Micro-Mix can even
be clamped to a drum stand and gives the
drummer control over mic mixing of any of
his percussion instruments.

The Micro-mix 8 into 4 and 8 into 2 will
allow the input of 8 condenser microphones
or line inputs. Apart from the normal slide
faders, each channel has a switchable output
and pan control. Phantom power controlled,
the mixer can boast of a

96dB signal-to-noise

ratio, a crosstalk
figure of 53dB and
a frequency response
of 20-20kHz.
The 8 into 4 retails
at £189 + VAT and the
8into 2, £175.50 + VAT,

HB Communications has landed the
contract for the design and installation

of audio and video facilities at ITN’s
impending headquarters in Grays Inn Road.
The main deal is worth more than half a
million pounds to the West London-based
company. They will install and commission
complete audio systems within two separate
studios and a sound dubbing suite. The
company is also re-locating a further dubbing
suite and designing outside broadcast inter-
face facilities for a third studio. HHB has also

been contracted to re-locate and part equip
the video presentation suite. This requires
meticulous planning, since the suite itself
cannot be out of service for more than 72
hours.

The project will include several extensive
custom designs and complex hardware con-
figurations and will include the integration
and installation of two Solid State Logic 5000
Series consoles. HHB is reporting directly to
ITN and most of the work is to be completed
by the end of 1990.

Ten years ago the world had its first taste
of personal music on the move from
Sony. The now legendary Walkman has
given pleasure to over 55 million people and
earned its place in the Oxford dictionary.
Often imitated, the Sony Walkman celebrated
its 10th birthday with a dedicated programme
of the Design Classics Series on BBC
Television, June 19th, 1990.

Now the choice is wider than ever with 25
models to choose from.

The WM2011 is finished in black with new
styling and complete with lightweight head-
phones. Auto shut-off in the play mode and
normal/metal tape selector plus belt clip are
provided at a price of £19.99. The slim
WM2051 fills a new slot in the range with auto
reverse tape playback. Battery power can be
saved by the use of an optional AC adaptor
and this Walkman will sell at around £27.99.

With stereo FM and AM radio the
WMF2015 follows the new angled styling of
the 2011 model. DC in socket, headphones
and belt clip are all supplied for only £29.99.

Finally, for the active user is a new sports
model the WMF2078 with water resistant
casing and showerproof following head-
phones. This Walkman is complete with
digital FM/AM tuner, 14 presets, clock timer,
auto reverse and Dolby B. Finished in bright
sports yellow this model completes the line-
up at £119.99.

MORE NEXT MIONTH

BRIAN PRICE

BOHM ORGAN STUDIOS

66 Eshchurch Drive, Wollaton, Nottingham NG8 2RA
Telephone/Fax: 0602-284766

33 years of experience in high quality Organ and Keyboard design
behind every BOHM product.

The LATEST from BOHM

900/910 Series Oxgans
400 sounds in NEW BOHM H.D.S. System
256 Sampled Rhythms and Accompaniments
22 Track Sequencer
Touch-Sensitive keyboards 49 Notes
All features fully Programmable by user, Soundcard or
Optional Floppy Disc.
Available in choice of cabinets and Veneers.

520 Expander
Full Organ features. Stereo Voicing
Sound Sampled Rhythms
Fully Programmable from Soundcard

STATION ONE EXPANDER
All features of 900 Series Organs
Plus 48 track sequencer
Unlimited Programming facilities for Sounds, Rhythms
and Accompaniments
Storage on soundcard, Floppy Disc, Hard Disc or very
large Internal memory
Supplied with 400 Sounds and 120 Rhythms.
We are also the UK suppliers for the BOHM IC ES10.
Available with full Technical Information.

% Ok %k %

* % k%

Supplied in kit form or built by:
THE BOHM SPECIALISTS

Part Exchanges welcome. Please write or phone for NEW English
brochures and price list. — Caillers by appointment please.

Contact your local agent:
South Wales: Scotland:
Vernon Pursall Keyboard Services
66 Colcot Road 9 Kingswood Road
Barry Kingswell
South Glamorgan Aberdeen
Tel: 0446-733277 Tel: 0224-744585

North West:
Nick Stammers
Westling, Tenfields
Hetton Le Hole
Tyne and Wear
Tel: 091-526 3589
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Peerless CC FORCE

Wilmslow Audio’'s NEW range of
speaker kits from Peerless.

This new range of four kits utilise
CC technology drive units
for optimum performance.

The kit contains all the cabinet
components (accurately
machined from smooth MDF
for easy assembly).

Pictured here the Force 6,
a large floor standing design.

Dimensians:

800 x 275 x 335 mm
Response:

32 HZ - 20 KHZ

AMP Suitability: 30-120w
Impedence: 8 ohms

Price carr./ins.
Force2 £159 €13 pr.
Force4 £179 £13pr.
Force6 £199 £15pr.
Force ? £245 €15 pr.

All kits are available in Plus and
Basic forms

4 Wellington Cl I ,
Wilmslow ‘oinses e
: ° Knutsford, Cheshire
Audio

WA16 8DX
DIY Speaker catalogue £1.50 Telephone credit card
post free (export £3.50) @] orders welcome @

Tel: (0565) 50605
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AUDIO TIPS

CMOS Mixer

Although this circuit employs only one cheap
CMOS IC and two transistors it is capable of high
quality results. The IC, a 4011, contains four dual
input NAND gates. Two of these are used with their
inputs connected together to form inverters and biased
into the linear mode by means of the feedback
resistors, R2. Inputs are applied through the pots
RV1/2 and are mixed by the gate to which they are
coupled by C1, R1, R3 and C2. Although only two
inputs are shown here, the circuit will mix up to four
inputs by duplicating the input circuitry.

For clarity only one mixer gate is shown in the
schematic. The other gate, along with all the

components to the left of C3 are duplicated on the
other channel. The other two gates are used in a touch
operated on-off switch.

The plates, which may consist of a small piece
of Veroboard with alternate strips linked together and
connected to the input of the gate and line
respectively, control the output polarity of the gates.

When the circuit is turned on, by placing a finger
on the touch plate, the output of this gate goes high
switching Q2 hard on and supplying the circuit with
current. To switch off the other touch plate is touched
with the finger. The output then goes low removing
the operating current from the circuit. The transistor
Q2 gives the circuit a low output impedance and the
gain with the input pot at maximum is four.

0 4—15V
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INPUT 1 %
R1
; | 1m0 ICla )
RV
s c!_ e ; a1
Y 220n
Al oUTRUT
inpuT2 SH21 amr7 DOTES:
< 1hio o IC1 4011
Ao Q1 BC149
RV2 Q2 BC147
M0 Cc2
i 220n
0g
0 oV

Soft Limiter

ne of the fundamental differences between valve
Oand transistor amplifiers is their behaviour when
driven into clipping. The valve amps go into so-called
soft clipping whilst their transistorised counterparts
generate large quantities of harmonic distortion. The
circuit shown simulates the soft clipping of valve
amplifiers and is intended to be used between the
power amplifier’s input and the preamplifier’s output.

R4 and R5, decoupled by C2 set a half supply
reference for the non-inverting input of the op amp.
Input signals are fed into the inverting input via the
DC blocking capacitor and R1, the latter defining small
signal gain and input impedance.

For small signals the amplifier’s output is an exact
unit gain copy of the input. As the signal level
increases, however, the time will come when the
voltage across the output and slider of RV1 will be
sufficient to bias Q1 or Q2 on. When this occurs the
feedback increases due to the shunting effect of R2
and R3.

The net effect is that musical peaks above a
certain threshold are reduced in amplitude to prevent
the power amplifier going into hard clipping. As a
result, distortion is noticably decreased whilst the
subjective loudness appears unaffected.

The circuit is adjustable in operation between
130mV and 10V rms input sensitivity by means of
RV1. To set the circuit up simply set the slider so that
itis shorted to the output of the amp. Play some music
at high volume through the system and adjust until
the harshness just disappears. It's easier to do than
describe.

NOTES: — AR
IC1 %LM349 =¥ ¥
Q1BC159 R2 .
Q2 BC149 100

A1 R3
vin . 100k 100k
AAAA
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Sound Effects Unit

This circuit consists of four CMOS oscillators gated
together in a configuration that will produce a
multitude of effects from white noise to a multibanked
Trimphone.

Each IC is connected as a warble tone generator
and mixed together at the base of Q1. LS1 can be from

8- 100R, but the transistor tends to get a bit hot below
30R, so a small heatsink may be needed.

None of the component values are critical and
if desired, RV1,3 can be replaced by ordinary resistors
without affecting the variety of sound effects too
much.
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Priority Audio Switch

his circuit switches a single loudspeaker from a
T‘normal’ to a ‘priority’ circuit whenever a signal
appears on the priority input. The prototype was used
to switch between a cassette player and a two-way
radio whenever a call was received. Other uses
include priority calls in PA systems, monitoring several
infrequently-used radio channels, etc.

Audio from the priority input is rectified and
applied to the Schmitt trigger circuit, IC1. If the
rectified voltage exceeds the voltage set by RV1, IC1

switches and the relay is operated by Q1. The
switching level is set by RV1. The hysteresis is
controlled by R8 and the delay before the relay
switches back to the normal channel at the end of a
priority call depends on C2 (approximately 2s with
the value shown).

If stereo outputs from the cassette recorder are
to be switched, RLA will require two changeover
contacts. Several of these circuits may be cascaded
to provide more than one level of priority.
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Vivian Capel
discusses the
effects that
crossover units
can have on
loudspeaker
sound.
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he majority of hi-fi loudspeakers in use

today use two separate drivers to handle

the treble and bass frequencies. Often a

third is used to reproduce the mid

frequencies and occasionally a sub-woofer

is used to extend the bass about an octave below that

of the bass driver. Super tweeters are sometimes used

to extend the response well beyond the content of

most programme material and beyond the range of

human audibility, though no doubt Nipper, the HMV
dog, would have wagged his tail with approvall

Most tweeters would be wrecked if fed with a

3ood bass signal so a crossover network is used to

separate the frequency bands and ensure that only
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Fig. 1(a) First-order crossover circuit
(b) Frequency response of each driver.
Crossover point is at the —3dB level at
which both drivers are giving equal output.
The result is a smooth response but with
too gentle a roll-off at 6dB per octave.

the bass cone.

To avoid interference effects, an inductor is
connected in series with the bass unit to filter out the
high frequencies. This single capacitor/inductor circuit
is known as a first-order network, each leg attenuating
the signal outside of its pass range at the rate of 6dB
per octave (Figure 1).

+aA5e TWEETER ¢

0 ‘\\
RESULTANT #
—45°
BASS UNIT ¢

Fig. 2  Phase relationship of tweeter and bass
unit. Resultant output is zero phase
difference.

The point where they overlap is known as the
crossover frequency and the values of the
components are chosen so that at this point the
response of each driveris —3dB or at half power. Now
current through a capacitor leads the voltage, whereas
it lags through an inductor. In the first-order network,
the lead and lag is 45° in each case. These
compensate acoustically to produce an in-phase
signal from the drivers at the crossover frequency
(Figure 2). The two half-power signals thus add to
produce full power and so the response through the
crossover region is flat. The formula for calculating the
theoretical values are:

T Zx103

_ _10¢

2nf, 2nf 7

in which L in the inductance in millihenries; C is the
capacitance in microfarads; Z is the speaker
impedence; and {. is the crossover frequency.

the correct ones are fed to the appropriate drivers.
Such circuits are therefore regarded as a necessary
part of a hi-fi speaker. But because of their side effects
they are often described like some medical drugs, as
a necessary evil. Is this epithet justified though?

To discover just what those effects are, we will
firstly take a look at the different types of crossover
and how they work. They are made up from combina-
tions of inductors and capacitors arranged to provide
low-pass, high-pass, or band-pass characteristics. The
degree of attenuation outside of the pass band
depends on the type of circuit which are classified
according to order.

First-Order Network

The simplest circuit is of a single capacitor connected
in series with the tweeter which prevents low fre-
quencies reaching it. Both low and high frequencies
are fed to the bass unit which will reproduce some of
the highs due to cone flexure. Having two speakers
reproducing high frequencies in close lateral proximity
results in interference at certain angles, reinforcement
taking place at some frequencies and cancellation at
others. Because of this the circuit is used only in cheap
radio units, but it can be and is used effectively with
co-axial speakers where the tweeter is mounted within

CROSSOVER
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Fig. 3  If the natural frequency roll-off of the bass
unit coincides with that of the crossover
circuit, the result is steeper, and so an
asymmetrical response is produced
resulting in a dip below the crossover
frequency.

There is a snag here though. The 6dB per octave
roll off is too gentle. It means that at two octaves from
the crossover point, both drivers are handling a
—12dB signal that is outside of their respective bands,
while at three octaves there is still a —18dB signal.

The problem arises when the natural frequency
roll off of one of the drivers coincides with that of the
filter. Then the total roll off for that drive is augmented
and made steeper. So the two roll offs for the two
drivers are non-symmetrical, one being steeper than
the other. This produces a power level of less than
—3dB for the affected driver at the crossover
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frequency resulting in a dip in the response (Figure 3).
A further snag lies in the fact that the tweeter will
be fed with substantial proportions of the bass signal
which would not only produce distortion due to
overloading it, but could result in damage. Yet another
undesirable factor is that the tweeter resonant
frequency (which should be kept below the crossover
point and so out of the range it is required to handle)
can be excited. The result is a peak at that frequency
which is general in the mid-frequency range.

Second Order

The solution to these problems is to use filters having
a sharper roll off. A 12dB per octave characteristic can
be obtained by adding a capacitor across the bass
driver and an inductor across the tweeter. This circuit
is a second-order network (Figure 4), and it is also
known as an L-filter because the series and parallel
components form an L when drawn in a circuit
diagram.

The disadvantage is that the phase difference
between the drivers is 180° which produces a dip in
the response at the crossover frequency. This can be
avoided by reverse connecting the tweeter, but then
a hump is produced instead. Also, all the high
frequencies are then in an opposite phase relationship
to the low, compared to what they were in the original
signal.

A musical instrument rich in harmonics such as
the cello, may have its fundamental and second
harmonic reproduced by the bass driver and the
higher harmonics by the tweeter. Having the tweeter
reversed thus changes their relationship and so also
the signal waveform. While this seems to have little
effect on quality, the stereo images could be impaired
and it is a departure from the ideal that the reproduced
signal should correspond as closely as possible to the
original.

Sometimes a resistor is included in series with the
tweeter and its series capacitor. This is done to
attenuate its output when the tweeter sensitivity is
greater than that of the bass driver which is often the
case. Sensitivities are thus matched to give a uniform
response. A bonus effect of this is to reduce the degree
of current lead through the tweeter due to the
capacitor, and thus the phase difference between the
two drivers.

Third Order

Further components can be added to form a third-
order network. This has an extra inductor in series with
the bass unit and an extra capacitor in series with the
tweeter. The circuit for each section looks like a T so
it is often called a T-filter (Figure 5). The roll off slope
in this case is 18 dB per octave (Figure 6).

The formula for calculating theoretical values is:

L=l = = S

and C, = 2C, = 2Cs _ 2x10°

3 3z

Fourth Order

Adding another capacitor across the bass driver and
a further inductor across the tweeter forms a fourth-
order filter. This looks like the Greek letter n in circuit
form, and so is called a n filter (Figure 7). It has a roll
off of 24 dB per octave. As with the second-order filter
there is a 180° phase reversal so the tweeter can be
reverse connected unless other components are in-
cluded which affect the phasing. Fourth-order filters
are rarely used for crossover networks; second and
third being the most common.
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Optimised Design

The above formulae assume that the driver
impedance is constant, which is not the case; it varies
with frequency and resonances. They should there-
fore be considered as a starting point, and the values
be modified according to the response of the driver.
Sometimes irregularities in the response of one of the
drivers can be partly compensated for by extra
components, usually resistors across or in series with
the main filter components, but additional inductors
and capacitors are often used as well (Figure 8). It is
thus possible to achieve a very flat response for a
particular pair of drivers and enclosure. With so many
variable factors the design frequently needs to be
carried out by computer.

For any published design therefore, neither the
type of drivers nor values of the network should be
changed. They have, or should have been, carefully
optimised. It follows that choosing a pair of drivers at
random, then using an off-the-shelf crossover is very
unlikely to give satisfactory results. However, some
speaker manufacturers do little more than that, and
certain ones have been known to substitute a quite
different driver with no modification of the crossover
filter at all, for the sole reason of lower cost.
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Fig. 4 Circuit of second-order or L network.

Band-pass Filters

When a mid-range driver is added it must be fed via
a filter that supplies only the mid frequencies, so it
must offer a rising impedance to both high and low
frequencies. A first-order bandpass filter consists of
a capacitor and inductor in series, while a second-
order network has an extra capacitor and inductor,
one in parallel across the driver and the other from
the junction of the series components (Figure 9). Here
too, additional components are often added to
compensate for vagarities in the response of the driver.

Compensating components can be in nearly any
part of the network circuit, but there are two general
rules. No parallel component is ever connected
directly across the input as this would be shunting the
amplifier output. All attenuating resistors are on the
amplifier side of the filter because the crossover
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Fig. 5  Circuit of third-order or T network.

frequency would be affecfed if they were connected
on the driver side.

A further convention is that all inputs are in
parallel across the amplifier output so that each section
may be considered a separate and independent filter
circuit. This means that it is not necessary for both,
or the three in a three-way system, to be of the same
order. Thus a second-order filter may be used for the
treble unit to limit the amount of bass it will be fed.
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while only a first-order circuit is used for the bass
driver, as it may be considered less important to limit
the high frequencies it handles. While this may result
in some interference effects as we have seen, it
reduces the phase difference and the effects of
‘ringing’
Components
The capacitors used are generally in the range of 1 — 10uFE
Polarised electrolytics with a positive and negative
connection are not used as the signal is pure AC.
Furthermore, electrolytics have wide tolerances and
s0 a precise value cannot be obtained. So while non-
polarised electrolytics can be used, other types are
preferable.

The inductors can be either air-cored or ferrite
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Fig. 6 Theresponse of each driverin a third-order
network. Roll-off is at 18dB per ocatave.

cored. The ferrite components are smaller because
they are magnetically more efficient, most of the
generated flux being concentrated in the windings by
the core. The disadvantage is that it is possible for the
core to saturate at high signal levels, thereby varying
the inductance, hence also the impedance. The result
is harmonic distortion and changing of the crossover
characteristics.

Air-cored inductors do not suffer from this
possibility, but they are large and heavier. A problem
can be the large leakage field which can interact with
any other inductor within range and so introduce
mutual coupling between them. The effects of this can
be strange and unpredictable. All coils, but especially
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Fig. 7 A fourth-order network giving a 24dB per octave roll-off.
Itis not often used because of phasing and ringing problems.

air-cored ones, should be mounted well apart, and
if possible with their axes at right-angles.

A printed circuit board is the usual methods of
interconnecting the components, but which ever way
the components are connected, they should be fixed
securely with no possibility of adjacent ones touching
and thereby able to produce buzzes or rattles when
subject to high level sound waves.

Ringing

But now the the undesirable side effects. If the signal
applied across a capacitor ends abruptly, a charge is
left which subsequently discharges through any
parallel circuit. In the case of a crossover filter this will
almost certainly include the associated driver. Thus
terminating transients in the signal are blurred.

A similar effect occurs in the case of an inductor.
An abrupt cessation of current flowing through it
causes arapidly collapsing magnetic field which cuts

acrossit own windings. T znerates a voltage that
produces a current through =ny parallel circuit. In the
case of a collapsing field, 1 2 current so produced is
of the same polarity as the original. So the effect is to
sustain the current after the signal has ceased. Again
a blurring of terminating transients results.

By themselves these overhang effects may not
be too bad, but there is worse to follow. The induced
current in the inductor recharges the capacitor, which
discharges back through the inductor when the
current ceases. So another field builds up which
produces further current to recharge the capacitor
again and so on.

Thus current surges backwards and forwards in
oscillatory cycles until the losses in the circuit reduce
it to zero. The effect, which is known as ringing, is
greatest at the crossover frequency and can be clearly
seen on tone-burst oscilloscope traces, It is also greater
with the higher order filters which have more reactive
components. This is one reason why first-order filters
are sometimes employed for bass drivers and fourth-
order circuits are rarely used at all.

There is another possible effect. Negative
feedback from the output of the amplifier is commonly
applied to earlier amplifier stages to cancel spurious
harmonic distortion. But it can only do this if the fed-
back signal is truly out of phase at 180°. Any delay
causes phase shift and could even turn into positive
feedback thereby increasing distortion instead of
reducing it.

Now, t'e oscillatory voltages generated by the
crossover |lter appear at the amplifier output
terminals, ar.d so are fed back to the earlier stage along
the feedback path. They thus appear amplified in
negative phase back at the output stage, However, the
other reactive crossover componernts cause a phase
shift so that they arrive back too late cancel the original
oscillation. Instead, they tend to make matters worse
by adding to it.

So some amplifiers that have a low distortion
specification on paper achieved by heavy negative
feedback, can sound worse than those having higher
theoretical distortion due to a more modest feedback
level. As the precise effect depends both on the
amplifier feedback conditions and the nature of the
speaker crossover network, this is one reason why
some speakers sound better with certain amplifiers
than others.

Cone Oscillation Damping

Another reason for many matching anomalies and a
further undesirable side effect of the crossover circuit,
is its effect on amplifier damping. When the signal
ceases the cone tends to oscillate to and fro for several
cycles before coming to rest due to the springiness of
its suspension. Spurious sounds are thus generated.

These cone oscillations generate currents in the
coil, which set up a magnetic field around it that
opposes the cone motion. The oscillations are thus
self-dampening. The same effect tends to reduce
peaksin the speaker frequency response. If the cone
motion at one frequency is greater than that of the
others for the same input, the induced current is also
larger. Thus the opposing force is greater and the
excess cone motion is reduced.

Now the only path for the induced current is
through the amplifier ouput stage. As the damping
depends on this current, it also depends on the total
resistance it has to encounter, the lower the resistance
the greater the damping current.

Afigure is ofien quoted in amplifier specfications
for damping factor This describes the ability of the
amplifier to dampen spurious speaker cone motion
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by providing a low resistance shunt path. Output stage
internal resistance is much lower than the specified
output impedance, and the damping factor is the ratio
between the two. Factors of 20 are nowadays
considered low, and some go as high as 1,000. Taking
atypical damping factor of 100 and the usual 8R load,
this gives an internal resistance of 8 +100=0.08R.
Connected directly across a driver, such a low
resistance permits a high damping current and very
effective control of spurious cone motion.

However, when a crossover network is in circuit,
each driver has at least one reactive component in
series, possibly more, and often as we have seen,
resistance as well. These may represent a series
impedance of several ohms and make nonsense of
those very low-resistance high damping factors. The
result is that damping is severely impaired.

So, the crossover produces phase anomalies,
spurious oscillation, and reduces the control over cone
overshoot and minor resonances. To our question as
to whether crossover networks are a necessary evil,
the answer would thus appear to be positive. But is
it? Undoubtedly it is an evil but is it really necessary?

Dispensing With The Crossover

Before considering this, we can first make the point
that the fewer the drivers, the fewer the crossover
components and the fewer the problems. One well
known manufacturer gave demonstrations of a range
of speakers a few years ago. They all sounded quite
good except one which had a distinctly raw sound.
This was their top of range model with three drivers;
all the others had two.

At one time makers vied with each other as to
the number of drivers they fitted. Front covers were
made detachable, ostensibly to minimise HF loss, but
in reality for the owner to show off to all and sundry,
the drivers so exposed. A ‘my-speakers-have-more-
drivers-than-yours’ syndrome was the order of the
day. This practice seems to be dying out, the two-
driver systems are the most common at present.

Can the crossover be completely eliminated?
There are three possibilities. The first is to divide the
audio signal into two bands before the power
amplifier, This can be easily done and it eliminates all
the problems that arise from splitting it at the
loudspeaker. The snag is that it requires two amplifiers
per channel, and the loudspeaker must provide
connections for both drivers separately. Not all
speakers do. Different sensitivities for each driver can
readily be compensated by adjusting the gain of each
amplifier.

The second is to use a piezo tweeter, a range of
which is made by Motorola. Being capacitive, they
have the characteristic of having a rising impedance
as the frequency falls. It is typically 1,000R at 1kHz,
and increases exponentially below that. In one model
the roll off is at 24dB per octave below 3kHz, which
is equivalent to a fourth-order filter. At bass frequen-
cies the impedance is so high that the unit can be con-
nected directly across the amplifier and the bass driver
without any crossover, and without damage to it.

Frequency response is up to 40kHz, higher than
most super tweeters, and even higher than Nipper
would appreciate. More importantly, the harmonic
distortion is very low for a transducer, at a mere
0.75%.

If it was required to restrict the HF output of the
bass unit to reduce mutual interference, a simple first
order crossover, ie. a series inductor could be
included. This would impair its magnetic damping,
but would avoid the other vices of the higher order
circuits.
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Single Driver

Both these solutions suffer from the same drawback,
the phasing and interference effects of running two
adjacent drivers in the same plane. Asit is not possible
to arrange a totally sharp cut-off, both reproduce the
same frequencies around the crossover point. One
answer is the co-axial speaker in which the treble unit
is mounted in front of the bass one. The sound
produced is coherent, and the phasing does not vary
with the off axis angle.

As aresult of this, a single capacitor in series with
the treble unit is likely to be all that is required by way
of a crossover circuit. There can be masking of mid
frequencies by the tweeter unit, and sound reflection
between the units. These effects can be minimised by
careful physical design.

The alternative is to use a single full-range driver.
There is an increasing range of these now available.
Some have a frequency response from 40Hz-16kHz
so there is little lost except at the extreme ends of the
spectrum, but many two-unit loudspeakers do no
better.

Full-range drivers make use of an effect that has
for years been considered a drawback with the
moving-coil speaker, that is cone flexure. Ideally, the
cone should act like a rigid piston, all parts moving
backwards and forwards in unison. Any stroboscopic
examination of paper loudspeaker cone will reveal
that this does not happen: ripples move out from the

L’
dHI’

drivers.

Fig. 8  Extra components are often included in commercial designs
to modify the response to compensate for irregularities in
frequency response and sensitivity differences between the
drivers. The circuit is thus designed for a specific pair of

centre and back again, some parts flap backwards
while others are going forward, in fact it is a wonder
that the reproduced sound bears any resemblance to
the original at all!

To avoid this, cone have been made from various
rigid materials such as metal and polystyrene. These
have tended either to be too heavy and so
unresponsive to transients and high frequencies, or
have added coloration. In spite of all the progress in
materials over the years, paper pulp of various types
continue to be used for the best subjective uncoloured
results.

The full-range speaker has a cone with a curved
contour which actually encourages flexure and also
controls cone break-up. At high frequencies, the
central area moves independently of the rest which
has too great an inertia to respond. It thus behaves
as a small tweeter. At mid frequencies, a larger area
comes into play, while at the bass the whole cone
responds. The effect is termed controlled flexure and
is a prime example of turning a vice into a virtue! In
effect there is a separately operating tweeter, mid-
range unit and bass driver, without any crossover
network, and with true cohernet radiation from a
single source.

One objection to the full-range driver is that of
doppler distortion. The ‘tweeter’ being the centre of
the cone, is moving backwards and forwards at bass
frequencies that are being reproduced at the same
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time, and so the HF is modulated by them. Critical
listening tests suggest though that a bass cone
excursion of 20mm is the lower limit below which
doppler distortion
cannot be detected.

& Lz This is unlikely to be
o even approached in
'g i =2 [ﬂ PG domestic hi-fi

systems. Using the
comparison of the
doppler effect heard
from a speeding
ambulance siren as it
passes, normal domestic cone excursions are
equivalent to an ambulance siren at walking pace.
Doppler effect is thus no real obstacle to the use
of single full-range drivers. The biggest obstacle is the
public who, having been brought up with multi-driver

Circuit of second-order bandpass filter for feeding
the mid-range unit.

Fig. 9

ET1

speakers and conditioned into believing that the more
the better, cannot accept that a single-unit speaker is
anything but a maker’s cut-price exercise. In turn
manufacturers dare not risk producing speakers that
would be so regarded and unlikely to sell.

Of course, single-driver speaker enclosures need
to be properly designed and constructed to give first-
class results, just as the multi-unit variety. The cheap
lo-fi unit using an ordinary speaker in a box as supplied
as extension speakers or with low cost players, is no
criterion of the results that can be obtained with a good
single unit design. For such a design readers are
referred to ETI July 1987, which described the
Kapellmeister transmission line speaker.

So in answer to our original question, are
crossover networks a necessary evil? We can reply no,
they are indeed an evil, but they are not necessary!

19” RACK MOUNTING EQUIPMENT CASES

This range of 19" rack cases features satin black finished 16SWG (1.5mm) steel front panels (no fixing holes visible),
with the rear box assembly construcied from 20SWG (9mm) steel. The standard units are 10" (254mm) deep.

NEW FOR 1990 19" project cases only 4" (101mm) deep and are available in the following poputar sizes:

PROJECT CASEs

Type Height rice

PUT 13" (44mm)  £16.50 Se
PU2  3%”(88Bmm)  £18.50

PU3  5%”(133mm) £20.50

PU4 7" (178mm)  £22.50 .
PU6  10%" (266mm)  £26.50 Alli

EQUIPMENT CASES

U1l 13" (44mm)  £2070

U2 an”(88mm)  £24.15

U3 5%”(133mm) £27.60

U4 7" (178mm)  £29.90

Delivery included (UK only)
All prices include VAT.

BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are also available

Please send SAE for details
Tel: 0275823983 for Access/Visa Sales orcheque

with order to:
RACKZ PRODUCTS
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY

Millions of quality components

VAT etc to work out and add on.

6 Queensmead Avenue, East Ewell

at lowest ever prices.
Mail order only.
nd 30p stamped addressed label
for catalogue/clearance lists.
nclusive prices NO post, packing,

Brian J Reed Electrical

Epsom, Surrey KT17 3EQ
Tel: 0(7)1 223 5016

HART KITS gwes you the opportunily
%2 Dol the wary bast enginsered hi-fi equipment
theate 8. designad by ihe sades in their held, g the
besl companents il ar avaiahie.
With a HART KIT you nave dirgct access o the rendly HART servie, you

ALPS PRECISION LOW-NOISE STERED POTS

B New squipmand acqesdian tul a valuable investment in
ditd hands-on axparence of modam eleclronic techniques.
Telptane at write |or your FREE LISTS gving lul dotaits of =il our Kils, components and
special offars. Heéwm are 4 baw seischad ems -

AUDIO DESIGN 80 WATT POWER AMPLIFIER

Now back imstack, the | | month

HART AUDIO KITS — YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-FI

HIGH QUALITY REPLACEMENT CASSETTE HEADS

0o your tapes |ack sable & worn heed soud e ne peodlem. Fitling 90 of out rapiacement
heads aould wesiore pariormance 1o battst (han rew! Standar inductances and fmautting

g sy on neary all e oar TG Test i yausatfh
Spat on. Ag wa ara the achual impaorters wou gat rime pars al lawer prces, Gompars au
prices with oiher suppliers and seal All our heads are autabie for vse with any Dolby syeiem
and arg rarmally availzble ax stock. We also slocr  wide rnge of special heada for nome
conalrction and industrial usess

HS16 Sendust Alloy Stereo Head. High quality head with excellent trequency response and

hyperbolic face for good tape to head contacl ... .. ....... ..., £17.88

Tres fantzstic John Linsley Hood designed amplitier is the flagstip o our range, and (he ideal
pawerhoase for your uitimate hi-fi system. This kilis your way 1o get €k performance for a lew
Lanshs of #1e cosl!
Feturad on the fran cover of Eectonics Togay Intarnaticnal this compiete siarea pawar
ampiher alfars Warld Class performancs allisd 1o Ine lamaus HART quality and ease of
consiuetion; dohn Linsley Hood's i plarte Uit ware enth -
T auitemal view s it of 2 thoraughiy prof
luncsanal. This y rEi
al quality, bt in companands and in tayout”
The standard amglilier comas with the option of & sieres LED pawsr mater snd @ versalile
tagss frontand guing switthed miputs, and ALPS p i
conlrols, Anew ve?ayswivchvu alspghasat: | [acility. This
means lhat for use with tuners, 1aie and CI plapsre. or indeed any oiher flat’ inputs the
power ampiifier may be used on Il awn, weiaut rhn need far any gxtarnal signal handling
stages. ‘Slave'and ‘monobloc’ versians withcat tha passie ingla &tage and power meler are
also available. All versions fit within aur stardzrd 420 %260 75mm case to malch our 400
Gened Tunar range, ALL sx power sudply te7s ar 1y stabsad, and 0e complels powsr
supply, using i toridal translormer, 15 contaned wihin & hegyy gauge alminim chassis!
s ik flheg wilk 1EG mains sput nd cutput seckats: Al ¥

0 0f Buto gear, neal elegant and
2 Whe di

¥ ffseir P

In vithugs to covar mast-guakey amgliier applization. Al are in 2-gang stireo format. with
20mm jong Smm dla Steel shafts. smooth mtalion ype with o indanss, Now you can throw
ct thase naisy dl-enichad carbon pats and raplece with thi feal fi-l companents only usad
satechvelyin i w‘rmﬂiﬂrﬂ 4 liflers, @nd HART Kits! The mp

Uack accuracy and masch

of!
ing really is incredible giving batler toral balance betwean
channais and rock soli image stabiily. Values vailabie are 10X &d 100K Log, Y0K linand
MK Special Balance. (28 55 i cene posstian), Our peices are incradibly low for pots af
1% quality tue 1o large purchases for aur guality iots.

-Gang Lin. .
2-Gang Log.
ang Special Balanee, zoro crosstalk and zero centre loss

LINSLEY HOOD 400 SERIES SUPER HIGH QUALITY AM/FM TUNER SYSTEM

Thisullrii igh qusilify systam s e deal 16 B0W Audio Desig:

Amiplifear in any ulimale h:ﬁselw_ml cikse size, fromt plate layout and sven caniral pliches
undhed for stacking. Like the 80W Audia Design Amplifier 1hes s your raute 1o ulimats
pertarmance &1 incradity modest cost! Two desgns by Jaha Linstey Hood make up this
cambiration of hes ultra hegh quality Fi tunes s sterso decodar and the Synchrodyne AM
recaivar. Nove! circult lealures in the FM saction inchids ready buill pre-aiignac frant end,

profer pented

circuit wah law-rassinnce biads conaecions for e 5w stabised DC oulputs. HART KIS

dart Meave you I fashen & faw stabised D pulpute BN WiTE e pows

sunpy (e hard way! HART winng = even pre-fermnated, roady for instant use! Remembar

wiin = HART KIT you gel the parformance pou want at the arice quoled irough praper

g desigh and {ha righ! compa . W du ot insul your intedigence by offering 2

kil 88 whal seems 2 fair price and then ek you that ‘yoru v 10 spand thees limes a8 muchfo
el an upgrates model!

RLH10 Reprinls of latest "Audio Design Amplitier articles
K1100CM HART Construction Manual with full parts lists.
Why nol buy the reprints and construclion manual to see how easy il 1s 10 buld your own

equipment the HART way. The FULL cost can be credited againsl your subsequent kit
purchase.

SPECIAL OFFERS FOR THE NEXT MONTH. All orders for complete kils will gel the ALPS
Precision Pty o th Fazsws (nul Sla% included FREE. We can aisonclude lhe new Relay
Swilched Inpit Stags, normally £57 28, for only £30!

... £270
... £450

phase " wihi g to DG and atvianced sampls and hoid
siereo docooar tagather making  lumer which saund thariha ¢ | priced
axates bul, thanks 1o HART enpmeering. mmmng very easy 1o build and sezup The
Synchrodyna AM Saction with 4 selaczabie bandwidth provides He best possiile resulls
from Lang nnd Medium wave channels, sa necessary in 1hesa days of spit programeming, I
you wanl Ihe yiry best in roal Hi-F| kstering ten fhes is the tner for wol Since al|
componsnts are seactad h}'ﬂ!udngmmqlve‘asmy best sound thié tunar i&nat chaap
but f qualify formarey. Tacdterforal neacs AM
only and FM only \msrsons afe ayaieble s wes as o (ull AM/PM moded, wilh any anl beng
uogradatie a1 any bme. For further details sae our fully lustrateg lists:

RLH7 Raprints of atticius descrtiing the Synchmodyne' Section £2.60
INS450 Coastruction Manual for 'Synchradyng’ AM Section . £2.90
RLHB Regrints of 3 articles covenng tha FM Tuner Section £2.70
INS400 Cnsiruction Manu! for FM Suctan 3

Don't forget you can bukthe construction manual and reprints to see how easy it is and lhe
cost will be credited IN FULL when you buy your kit.

QUALITY AUDIOKITS |

HCA40 HEW RANGE High Beta Permalloy Starsa Head. Maoarn spate save design for easy
fitling aie |oiw Lost, Suitable for chrome metal and terric taes, tnuly & unversal replacement
head for hi-fi facks 1o car players and at an Inaracale orics foo! 6.

HX100 Special Offer Stereo Permalioy Head £285
HAP373 Monitor Stereo C Head £44.39
HQ551 4-Track Record & Play Pormalloy Head for aulo-reverse car players or
gquadraphonic recording .. ..o £16.79
H5824 Standard Erase Head £25%
SM166 2/2 AC Erase Heed, Standard Mount £1260
HS9510 2/4 Stereo DC Erase Head ' £8.70
HQ751E 4/4 AC Erase Head, racks compatible wilh HQ551 E57.06
REEL TO REEL HEADS

999R 2/4 Record/Play 110mH, £13.34
296E 2/4 Erase Head 1mH. £11.96

TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE. Our famous Iriple purpose lest cassette. Sets tape ezimulh,
VU level and lap speed £5.36
DEM! Mains Powered Tape Head Demagnetiser, prevenls noise on playback due to
residual head magnetiser .. €408
DEM115 Elecironic, Cassette Type, demagnetiser

£8.61

Our new SUMMER 90 Listis FREE. Send lor your copy naw Overseas customers weicome,
please send 2 IRCs to cover surlace post, or 5 for Airmail.

We now acceplinland and
and Visa credit cards

y postor lelepl all

Please add part cosl of carniage and msurance as follows:
INLAND:

Orders up to £20 — £1; Orders over £20 — £2 50; Next day — £9
OVERSEAS:

Plaase see the ordering Information
with our lists.

24hr SALES LINE
(0691) 652894

ALL PRICES INCLUDE VAT
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MONITORS

MONOCHROME MONITORS

THIS MONTH’S SPECIAL!
There has never been a deal like this onel
Brand spanking new & boxed monitors
i from NEC, normally selling at about £140I
These are over-englneered for uitra
reliability. 9" green screen composite input
with etched non-glare screen plus switch-
able high/low Impedance input and output
for dalsy-chaining. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high contrast screen and attractive case with
carrying ledge. Perfect as a maln or backup monitor and for
quartity usersl  £39.95 each () or 5 for £185(q)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

Zenith ZVM-1240-EA brand new & boxed 12" amber flat screen
with optional swivel and tilit base. Sunflex filter with dark tint.
Standard TTL PC compatible, 18 mhz bandwidth. Very attractive
"state of the art" tapered grey case. Standard 9 pin D plug
(supplled) on 1 metre cord and mains cord lerminated with IEC
connector. 240 volts complete with operations manual. An ab-
solute gift at: £50 (D) 10/£500 (G). Swivel/tilt base £4.95.

Very high resolution, fully cased 14" green or amber screen
monitor with non-glare screen and swivel/till base. The very
latest lachnology at the vary lowest pricel Fully compatible and
plug compatible with all IBM PCs and clones fitted with a high
res Hercules or equivalent card! Enables superb graphics and
rasolution, all at a glve away price. Has many extra features
Including aux +5 & 12v DC outpuls to power at least 2 disk drives,
If your PC power supply Is getting hotl Supplied BRAND NEW
and boxed. State whether amber or green screen required.

Amber ...........£79  Green .......... £69 ‘Elnde
Wang green screen 12" chassis monilor with compasite o
Input. Adjustable for tiit. Requires 12 vde, Brand new and boxed
in perfect condition. Only £39 sach or 2for £75 (F)
Motorola M1000-100 5" black & white compac! chassis measur-
Ing only 11.6H x 12W x 22D. Ideal for CCTV or co tar
applicalions. Accepls slandard compaosite or individual H & V
syncs. Neads 12vdc at only 0.8a. Some units may have minor
screen blemishes, Fully tested with 30 day guarantee and full
data. £29.00(C)
Fully cased as above In aftracive moulded desk standin
swivel. Dim 12 x 14.5 x 26cm, m.m(cT
JYC 751 ultra compact chassis monitor for 12vde 0.7a. Dim 1
x 14 x 18cm. Simple DIY data induded to convert to composile
video Input .Full data. BRAND NEW £65.00(B)
20" Black & white monitors by Aztek, Cotron & National, All
solid state, fully cased monitors [deal for all types of AV or CCTV
applications. Standard composile video Inputs with Integral
audio amp and speakar. Soldin good used condltion- fully tested
with 90 day guarantee. 00(F)

COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a PIL ube,
beautiful leak style case and guaranieed B0 column resolution,
teatures usually seen only on colour monitors costing 3 times
our pricel Reaa{ to connect to most computers or video outputs.
7561 composite Input with integral audio amp & speaker. Fully
tested surplus, sold In liitle or hardly used condition with 90 day
full HTB guarantee. ldeal for use with video recorder or our
Telebox ST, and other audio visual uses. £94(E) VEZTH(G)
HI-DEFINITION COLOUR MONITORS
Brand new Centronic 14" monitor for IBM PC and compatibles
al a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in attractive style moulded case.Full
90 day guaraniee. Only €149 (E)
20",22" and 26" AV SPECIALS

Superbly made UK manutacture. PIL all solld state colour
monltors, complete with composite video & sound inputs. Attrac-
tive leak style case. Perfact for Schools,Shops, Disco, Clubs.
In EXCELLENT little used condition with full 90 day guarantes.

.£170 26"....£185
COMPUTER SYSTEMS

TATUNG PC2000. Big brother of the famous Elnstein. The
TPC2000 Professional 3 plece system comprises: Quality high
resolution Green 12" monllor. Sculptured 92 key keyboard and
Plnth unit cortaining ZBOA CPU and all control circuits, PLUS 2
ntegral TEAC 5.25 80 track double sided disk drives. Generous
other features include dual 8" IBM format disk drive support.
Serlal and parallel ou!gﬂts. full expansion port, 64K ram and
ready to run software. Supplied complete with CP/M, Wordstar
and Basic. Brand new and covered by our famous 90 dar
guarantee ang backup. Normal price of this unit isE over £1400/
ur p

V22 1200 BAUD MODEMS

We got a tremendous buy on furiher stocks of this lar
Master Systems 2/12 microprocessor controlled V22 full duplex
1200 baud modem - we can now brh;g them to you at half last
advertised price! Fully BT ap unit, provides standard
V22 high speed data comm, which at 120 cps, can save your
phone bill and connect ime by a staggering 75%| Ultra slim 45
mm high. Full featured with LED status Indicators and remote
error dlagnostics. Sync or Async use; speech or data swilching;
built In 240v mains supply and 2 wire connection to BT, Uniis
are In used but good condition. Fully tested prior despatch, with
data and a full 90 day guarantee. What more can you ask for -
and at this pricell ONLY £69 (D

(D)
LARGE QUANTITIES OF OSClI

CSPLAY

IBM KEYBOARD DEALS
A replacement or backup keyboard, swiichable for IBM PC,
PC-XT or PC-AT. LED's for Caps, Scroll & Num Locks. Standard
B4k ard layout. Made by NCH for the English & US markets.
Absolulely standard. Brand new & boxed
fempiaie for user slogans on the function keys. Attractive
belge,grey and cream finish, with ihe usual refractable legs
undemeath. A %neruus length of cury cord, terminating In the
standard § pin DIN plug. A liful clean plece of manufac-
turers surplus. What a deall (B) 52175 (D)

Brand new and boxed 84 key PG/XT type keyboards In standard
1BM grey with very attractive mottied finish and "dicky” solid fesl
keys. 10 function keys on side. English layout and £ sign. Green

manual and key ADA-200 analog to digital and

A

ANALOG to DIGITAL and DIGITAL to
ANALOG CONVERTERS

Brand new and boxed Amdek

digital to analog converter pack-
ed full of features: Interfaces to .
most popular PC's; 2 channel &
Input & output by software selec-

tion; Integral Input/output filters and address decoder; input
pre-amp; over-level detacter; trigger signal detecier dreull;
expansion avallabllity and mere. Input level 25mv to 50v p-p.
Max. sampling frequency is 44khz and input gain varable to

LLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI

MAIL ORDER & OFFICES
Open Maon-Fri 9.00-5.20
Dept ET, 32 Biggin Way.
Upper Norwaod,
Lendon SE19 3XF,

LEDs for Caps, Scroll & Num locks. £20.95 (B) 5£135 (D) 200 times. Designed for uss with almost any personal com-

puter, allowing conversion of analog signals lo digital data for
processing by the compuier plus conversion back to analog
signals. The 26 page manual supplied includes data on the
camed connection te varlous CPU's Including the 8080, Z-80,

BARGAINS GALORE ! 8800, 6502 and 6809 familles plus dataand scghernatlcsioruser
NEW 54 inch from £29.951 madification of YO filter cut-off frequencies. Complete with 50

Massive purchases of standard 614" drives enables us fo way ribbon cable and edge connectorto go to the computer and
present prime product at industry beating low prices| All units power cable. All for a fraction of the regular pricel  £48.95 (C)

(unless stated) are removed from often brand new equipment POWER SUPPLIES

and are hlllyn:jestad,ailgned and shi mln you wﬂhn: rg day
arantee and operate from 45 & 4+ , are of standard size

St accept the s?ndard 34 way connaclor. muﬁnm 240vac input and are BRAND NEW unless
SHUGAHRT SA405. BRAND N £29.95(C i y typaarmgin_g from 3v to 10kv always in stock.
TANDON TM100-2A |BM compatible DS £39.95(C Fine OP-B819 20 walts switch mode. +5v @ 2a. +12v @ 1a,
TANDON TM101-4 8O Track DS £49.95(C)-12v @ 0.1a. 5" x 3" x 1-1/2". £15.95(B)
CANON,TEC elc.DS halt height.Stale 40 or BOT £75.00(C) Astec AC-8151 40 watis. Swilch mode. +5v @ 2.5a. +12v @
TEAC FD-55-F.40-80 DS halfl helghl. BRAND NEW £99.00(C) 2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4". £19.95(8)
314 INCH BRAND NEW AT £19.9511 Greendale 10ABOE 60 watts switch mode.+5v @ 6a.t12v @

Never befare seen price for a 312" drive. Standard size believed 1a+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C)
to be by Canon. Brand new and packaged - minl conditionl 40 Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v
track S5, run from 45 & +12vdc with standard power connec- @ 15a,-5v @ 1a,412v @ 6a.27 x 12.5 x 6.5cms £49.95(C)
tor....Only...... £19.95 or 2 for £34.50(B) Boshert 13090, Switch mode.ldeal for drives & system. +5v@
CHOOSE YOUR 8 INCHI 6a,+12v @ 253, -12v @ 0.5a, -5v @ 0.5a, £20.95(B)

Shugart 800/801 SS refurbished & tested £150.00(E) Farnell G6/40A. Swilch mode. 5v @ 40a Encased  £85.00(C)
Shugert 851 double sided refurbished & tested £195.00(E) Famell G24/5S. As above but 24v @ 5a. E65.00(C)

Mitsublshi M2804-63 double sided swilchable
hard of soft sectors. BRAND NEW £250.00(E) COOLING FANS

SPECIAL OFFERS!!

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
FLOPPY DISK DRIVES

Dual 8" drives with 2 megabyte capadty housedIn a smartcase Elecss; ope::lfly 1_10 or 240 volts for AG fans.
with bullt In power supply! Only £499.00 3 inch AC. 112" thick - £ 8
Ideal as exterlor drives| y -00 (F) 3l2inch  AC ETHI sfimline.Only 17 thick. £ 9.95(B
End of line purchase | Brand new NEC D2246 8" 85 4 inch AC 110/240v 114" thick. £10.95(B
megabyte of hard disk storage! Full CPU confrol and industry 4 Inch AC 112" thick ]
standard SMD Interface. Ultra hi speedtransfer andaccessime 10Inch  Round.3V2 thick. Ratron 110v £10.05(B
leaves the good old ST506 Interface standing. In mint condition g mm gg :2:H%,No-ﬂ1:_d2 c;zr 6/12v.814 24v. E‘{s.s A
and col te with manual, [ — - ] min - 19 mm

el e S 2 DC 12v. 12w 114" thick £12.50(8

DC 24v Bw. 17 thick.

THE AMAZING TELEBOX!

Converts your colour monitor into a
r o QUALITY COLOUR TVl
i

MAINS SUPPRESSORS & FILTERS I

Roxburgh SDC 021 2 amp mains AFI filter. Has an extra wide
frequency range of 150 khz to 30 mhz. Can type, solder lug
connection. Quality manufaciured to BS 613 standards. Dims
1-1/2°D % 1-3/4°H........... £3.95 or 3 for £10 (A) 10 for £28 (B)
Roxburgh SDA 013/25. Similar to above rated at 1-1/2 amps.

Dims 1-1/2"D % 1-3/4°H....£3.25 or 3 for £8.50 (A) 10 for £25(B) i TV SOUND
Suppression Devices SO5 A10. Extra compact general pur- | & VIDEO
pose supp or. Plastic moulded case with single bolt fixing | TUNER!
and snap connectors. Rated al 230 vac § amps. Dims 1-3/4"L iy

e i Brand naw high quallty, fully cased, 7 channel UHF PAL TV tuner
Ol VAV KOOI, E8.08 or 3 for €10 (A) 10 S BB | L0 oo Uit sty oonnacts 1o your TV aedlel societ Boid exlosr

Belling-Lee type L2127 3 amp mains RF fiiters. Has a bulltin Jh i - 0 = Ty same [nio a fabulous colour TV, Dont wo

malns cable (English coding), and a three pin miniature non-re- ¢ your manitor does'nt have sound, the TELEBOX even has 44
versible socket and a mating plug, to go to the equipment. Ideal integral audio amp for driving a speaker plus an auxillary I‘JUlE.It
for these who are bugged by RF Interference. Very compact. for Headphones or Hi F system etc, Many other leatures: LED
Dims 3-1/8"x 25" x 1.5"............... £3.85 each or 3 for £10 (A) Status Indicator, Smart maulded case, Mains powerad, Bullt to

12 volts

BS sal . M the for TV nd or videa etc.

RECHARGEABLE BATTERIES [t Ao il
LEAD ACID Telebox ST for compoesite vides |nput monitors. ,w.ﬂsg)

Malntenance free sealed long Iife. Type A300. Telebox STL as ST bul with integral speaker, £34.95(B)
B)

12 volts 3 amp/hours

£13.05(4) Telotx RGB oy g HGE Moo b 03

6 volts € volts3 amp/hours
12volts  Centi= tapped 1.8 amp hours. RFE. £ 5.95(A) _ PAL overseas verslon please call. SECAM not available.
12 volts 12 volis 24 amp hours. A200. RFE. £29,00/

NICKEL CADMIUM B) BRAND NEW PRINTERS

Quality 12v 4ah cell pack. Originally made for the Technicololor TEC Starwriter Model FP1500-25 daisywheel printer renowned

video company. Contalns 10 GE top quallty D nicad cells In a for its reliability. Diablo print mechanism gives superb

smart robust case with a DC output connector. ldeal 1o£rortable registration and guality. On board microprocessar gives full

equipment. Brand new. 9.95(B) Diablo/Qume command capabllity. Seral RS-232C with full

Ex-aquipment NICAD cells by GE. Removed from equipment handshake. Bidirectional 26 cps, switchable 10 or 12 pitch, 136

and in good, used condition: D size 4ah 4 for £5(B) cpl In Pica, 163 (n Elite. Friction or tractor feed. Full ASCII

F slze 7ah 6 for £8(B Igtéludln £ slgn. Font ang 7'bbon Diablo compatible........ £198(E)

D D miniature ball point pen printer plotter mechanism

SPECIAL INTEREST wilh fuii 40 characters per line. Complete with dala sheet which

Advance 6120 7 pin A3 plotter HPGL. New £ 425 includes drcuit diagrams for simple driver electronics......£49(B)

Trio 0-18 vdc bench PSU. 30 amps. New € 470 Centronics 150 series. Always known for their abllty in

DEC VAX11/750 Inc. 2 Meg Ram DZ and full continuous use - real workhorses In any environment. Fast 150
documentation, in brand new condition £3900 cps with 4 forits and cholce of Interfaces.

DEC VAYX Station 100

€295 150-SN up to 9.5"£aper
DEC LS/02 CPU board €150 150-SW up to 14.5" paper.

?h*.?;"ﬂ‘?:o lsrlgug| dmr:l 3 pen plotter lE_: §7sg Specity whether serial or parallel required.

| ogic an.

ot o i e £ a3 SALEOMTIE MAIY oot Mg Ockc
Tekironice R140 NTSC TV lest signal standard, &l Visil our Shop - Technical hel hand
Sony KTX 1000 Videolex systom - brand new £ 790 | EiMbabalialoN 9‘: Mt zl"“:’fys“” B
ADDS 2020 VDU terminals - brand new e 225 | M y un-advertised specials, You can buy
Sekonic SD 150H 18 channel Hybrid recorder £2000 colour television for as little as £29] Come and
Trend 1-9-1 Data transmisslon test set £ 525 ioin th i |
Kenwood DA-3501 laser pickup simulator £ 350 s . 2 .. w !horse Lane

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5,30
215 Whitehorse Lane,
South Norwood,
London, SE25 .

DISTEL @ The Orlginal
Free dlal-up database!
1000's of tems+info On Line
300 bd 081-679-1888,
bd 081-679-6183,
0 bd 081-679-8763

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

EI t n’. -_II'PT'G" for UK Mainiand. UK cistomers sdd 15% VAT $o TOTAL order Smotrt, Minkmim order £10. PO orders o 10, TR o -
c ‘ s welcome-minimum account order £25. Carmiage charges (A)=£2 00. (B)=£4.50. (C}=£8.50. (D)=£10.00. (E)=£12.00 (F)=£17.00 (G)=Call . Al goods supplied subject to our
=1 s ] ol _J&h and i b I ehullencd -y d & w

without prior notice. Orders acceptad subject o siock Quotations willingly given for

days. Al guarantess on a rstum to bave basis We mearve the right to change prices & specifications
highar quantities than thase ctated. Bulk surphus always required for cash.
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Listen to your
favourite music in
FEM stereo using a
cordless headphone.
Kenelm Rawlings
shows us how it can
be achieved.

THE ENTERTAINER

his project was designed to effectively relay
music from your hi-fi system allround the
house in stereo at low cost to the builder.
It's a miniature FM stereo radio station, and
you control the music content of the
programmes!
Listening to the Music Relay on a Personal Stereo
FM radio, such as a Walkman gives you a high quality
cordless headphone system, which is more effective
than infra red cordless headphones. So this means
you no longer have to be in the same room as your
hi-fi system, and can now listen to your favourite music
in any room of the house, or even in the garden.
The design of the music relay is based on easy
to obtain components. The design uses an ELC1042
TV tuner as an FM VHF low power transmitter. This
simplifies the design and eliminates troublesome
winding of coils etc. The unit can be hooked up to any
audio equipment as long as the auxiliary line outputs
are used as the signal source. These can be found on
many amplifiers. Sockets marked ‘tape output’ will
also work. The unit should not be connected to the
speaker terminals of your amplifier, as this will
produce very distorted sound.

AUDIC ) O—— PRE-EMPHASIS

RIGHT

AU O—— PRE-EMPHASIS

SWITCHED ALDIO
L [(MULTIPLEXED)
[ MIXER
ELECTRONIC
SWITCH
COMPOSITE
ML STEREO
AERIAL
OCKED L00 Fm
19kH LOCKED LOOP
SINE WAVE |——o| BUFFER  L—— FREQUENCY TRANSMITTER
OSCILLATOR M DOUBLER 88.97MH2
X

Fig. 1 Block diagram of Stereo Relay System
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Testing And Trouble Shooting

When the printed circuit board is assembled and the
TV tuner is wired up there are only a few simple
adjustments to make. If you don't have a Digital
Frequency Counter, don't panic! You can still get the
project up and running.

Firstly power the project up with 12V either with
batteries (8 AA cells) or a regulated 12V mains
adaptor.

Then tune your FM stereo receiver (radio etc)
anywhere between 88MHz and 97MHz. Choose a
frequency that isn't being used by any local radio
station. Slowly adjust R23. When aclick is heard from
the radio, the transmitter and receiver are at the same
frequency. Now adjust R7 while having R10 set
midway. At some point, the stereo pilot LED on the
radio will light. If a Digital Frequency Counter is to
hand, connect it to test point 1 and slowly adjust R7
until you get a reading of 19kHz. Then connect the
DFM to test point 2, you should get a reading of about
38kHz. Don’t worry if its not exactly 38kHz.

It is now time to connect the left and right audio
inputs of the project to the auxiliary line outputs of

your hi-fi equipment. You will need phono leads to
dothis. They can be made up or bought ready made.
All that remains now is to adjust R10 for good stereo
separation. The way to do this is to adjust R10 so that
the pilot LED goes out, then slowly turn R10 until it
just comes on. You should now have good channel
separation and a good stereo image.

Finally, the aerial can be a piece of bell cable
15¢m to 70cm long. You could also use a telescopic
whip aerial. The range of the unit depends on the
aerial. If it is a piece of bell cable which is 30cm long
the range will be about 10m. In practice the unit can
be received all over the average house and even in
the garden.

PARTS LIST
RESISTORS (all %W 5%)

A1 18k
R2 k2
R3 4111719 10k
RS 5k
R6 470R
R7.89 220k
R10,13 100k
R12 10M
R14,20 150k
R15,21 39
R16,18 22k
RV1 Tk Miniature preset
RV2 220k Miniature preset
RV3 4. Tk Miniature preset
CABAGADRS - i
-€1,23,700"- - 560p Ceramic; polyester -
€5 . ..~ 150n:Ceramic or polyester
€69 =i 000 : i
c8 n5
C1115 5n Ceramic
C1213,1416 104 16V electralytic
. C17 100p Ceramic
piE 330p :
£4,19,20 n
SEMICONDUCTORS =~
IC1° . LF351or741
Ic2 4046BE
IC3 1 4017
IC4 4011BE
Ic5 ~ 4066BE
0123 BC109°
MISCELLANEQUS
1 ELC1042 TV tuner.
1 On/Off switch,

2 Phona:sockeis.

8 AA size batterys,
26V ‘AN battery holders.
1 Plastic project case to/suit,

BUYLINES

All components should be readily avallable except perhaps the TV
tuner. The tuner used in the project was obtained from SENDZ
Companents, 63 Bishopsteignton, Shoeburyness, Essex S53 8AF for
£6.
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Fig. 2 Circuit diagram of Relay System

O +12v
a1 A3 A4 RS NOTE
18k <10k < 10k < 5k6 ICT = LF351
IC2 = 4046
I3 = 4017
ca IC4 = 4011
o IC5 = 4066
Q1,2,3 = BC109
— l“"'—l D1 = 1IN40O1
c1 2 . C3 R7 B = OFF BOARD
5B0p S580p 560 | 550 % COMPONENTS
] Ao
P2 14 1s|
1
! )m ics
2
R2
§z;.2 8 2Lﬂ 3 EI -
A6 - C5 |
470 =T 150n 14
vz 16 [B_
220k I3 T
p—q
AVl =
ko 1-2 -1|
"
i 5 v
c19 €20
TV ANTENNA [ 0 10
INPUT —[——L‘, 1
INDT USED) NE - -0 +12V
GSRDUND
CREEN R20
DN TUNER® ] 150k
METAL WORK 5 Ava* connecT | ANTENNA
a7  TO METAL +
e WORK [F~o micHT v
4 OF TUNER c14
12V 10u
3 C17
e 2
TV TUNER 2 ' T
ELC1042
NG T 10V

HOW IT WORKS

The circuit described is a Switching Encoder. it enables two signals,
the left and right audio channels, to be transmitted by one radio carrier,

Q1 and its associated components form a phase shift oscillator,
which produces a 19kHz sine wave. IC1 s used as ahigh impedence
buffer. This prevents loading of the oscillator by other parts of the
circuit. The next stage generates a 38kHz square wave carried out
byIC2andIC3. IC2is a phase locked loop and its function is to double
the 19kHz sine wave in frequency to 38kHz to provide a switching
signal for IC5. IC5 is a 4066 which cantains 4 electronic switches.

Only two of these switches are used.

Before the audio is multiplexed by IC5, it is given pre-emphasis
thigh frequencies are boosted) by Q2, Q3 and associated
companents. This improves the signal to noise ratio and hence the
sound quality. The electronic switches within IC5 {4066) alternate
left and right audio channels at a frequency of 38kHz. This produces
amultiplexed stereo signal at pins 2, 3 on IC5. The signal is then mixed
with the 19kHz sine wave using C8, C19, C20. It FM modulates a VHF
carrier generated by the TV tuners local oscillator.

SIGNAL IN
LEFT
LSCHEENEDI' 1'

§ L
9
o
b =
SIGNAL IN E 2
RIGHT
(SCREENED) <
o
-
3
- o
1]
Q

cie

Ldl ®»

ICS

i
POWER
SUPPLY

i

i
+

EARTH

TO TV
TUNER PING
ISCREENED

r—
TOTV

Fig. 3 Component overlay for System Relay
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THE ULTIMATE

10(0)8):)

TESTER

bulbs, fuses and wire. Testing is carried out in one
simple operation and no lead swapping is necessary.
The tester consists of two bi-colour LEDs and two test
leads, one green and one red, labelled ‘Anode’ and
‘Cathode’. When the unit is connected to a diode
under test, one of the LEDs will illuminate red and the
other green, thus displaying the colour of the lead
which is connected to the anode of the diode and the
colour of the lead connected to the cathode! If the
diode under test is short circuit in both directions, both

Fig. 2 Dual square wave generator.

Pl 5 A

%558
'CAPACITOR-LESS'
MONOSTABLE

é"

with a simple and
quick visual :
Indication. Jeremy
Siddons builds this
simple piece of test
gear.

Test all your diodes

nvariably, whilst working on various bits and

pieces in the workshop, either a project or just

experimenting, the need will arise for testing

the odd component or two. Testing is not a

means by which a good or bad component can
be found, but also a means of finding out more about
the component. For instance, one may use the trusty
multimeter to test an old diode, by applying the test
leads to the diode under test and checking the
continuity on the resistance range. The diode is then
turned round and the test repeated. This tells you
whether the diode works or not, and of course you
can then work out which leg is the cathode and which
leg is the anode.

R1
ThO

/ 5w

R2
100k

C e

1001‘-I

A3
100k
TEST
LEAD
2le 1
5
—
a8
E= C2 e
100n ==
Ic1
a9
7 TEST
LEAD
NOTE:
IC1 = 656 DUAL TIMER

Fig. 1 Circuit diagram of diode tester.

LEDs will be extinguished. If the diode is open circuit
in both directions, both LEDs will light up yellow.
Checking LEDs is just as simple, the unit willilluminate
any working LED without the need to know the
polarity of the LED beforehand. Indeed, in the same
way as above, the tester will display which test lead
is connected to the anode and which is connected to
the cathode. Current through the device under test
will not exceed 18mA peak, 9mA average and the
peak voltage across the test leads is limited to about
4V. This ensures that there is no possibility of
destroying any component by either too much current
or excessive reverse voltages.

The unit can also be used for simple continuity
tests too: both LEDs light up yellow for an open circuit,
or both LEDs off for short circuity. Furthermore
speakers can be tested, a buzz will be heard from any
working speaker under test

Construction

The component overlay is shown in Fig. 3 and is quite
straightforward. First insert all the resistors, then the
capacitors, ensuring that they are mounted as close
to the board as possible. The IC should be inserted
next, taking care over correct orientation. It is
preferable to mount the IC without a socket to provide
a very low profile of the whole circuit, allowing the
board to be fixed to the unit’s panel directly using the
switch mountings. The LEDs can now be mounted,
the base of each LED must be 6mm from the board

54

When it comes to testing the contents of your
‘bargain pack’ of LEDs, the story is different. First of
all, few multimeters are capable of testing LEDs,
Secondly, testing an LED with aPP3 in one hand, 1k
resistor in the other and LED in the other hand is a
bit of hassle, especially for those of us with less than
three hands. Also the LED has got to be the right way
round. By this time, the thought of testing more than
one is just a little bit daunting, you could be spending
the time doing something much more interesting
instead, like reading your favourite mag.

The device described here is simplicity itself and
is capable of testing all types of diode, LED (including
infra-red types) and even devices such as speakers,

TEST LEAD sy

+ OV ey

PP3

OV

l

TEST LEAD +———8

Fig. 3 Component overlay for the tester.
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to allow panel mounting. The polarity of these bi-
colour LEDs is very important, because their polarity
directly affects their output colour under various test
conditions, see Fig. 4 for details. Dual-colour LEDs
do not have defined anode or cathode terminals and
so connection polarity is determined from the lead
length. The final component to be soldered onto the
PCB is the miniature slide switch. The battery clip can
then be connected and the board mounted in the box,
fixed using two M2 screws through the front panel
onto the switch fixing tags. Once the test leads are
connected, the unit can be tested before the box is
screwed together.

Testing

Ensure the test leads are not connected to anything,
connect the battery and switch on. Both LEDs should
light up yellow and you may notice the individual red
and green segments in each LED. If the unit is not
working at this stage, check the battery and
connections. The LEDs will not light if the test leads
are connected together and this shows correct
operation so far,

Finally, connect a working diode or LED across
the test leads and observe the result. One LED should
revert to green and the other to red. If they are both
the same colour, then reverse one of the bi-colour
LEDs. If the test leads are connected to an LED, this
should also illuminate regardless of its polarity. Note
that the colours of the bi-colour LEDs reverse if the
diode under test is reversed. The panel markings can
then be applied to finish off your simple yet very useful
piece of test equipment.

LED2 LED1
I I Bmm
- PCB (END VIEW)
Fig. 4 LED mounting.
PARTS LIST
RESISTORS {all %W 5%]
R1 : 1k0
iRZS : -+ 100k
Rd 4708
CAPACITORS
€12 - 100n epoxy case ceramic.
SEMICONDUCTORS
CLED12 3imm bi-colour.
cr NEB5E

MISCELLANEOUS
SW1 Sub-miniature stide switch.
PP3 battery clip,
box ta suit,
2xM2 screws,
2xcroc-clips fone green, one red),
PCB.

BUYLINES

Allparts should e easily obtainable from your local supplier. The bi-
golour LEDs can be ordered from Maplin, part number, UF96E. The
slide switch must be the correct size to fit the PCE, Maplin supply
8 suitable switch, part number FF77J.

HOW IT WORKS

The circuit diagram for the Ultimate Diode Tester is shown in Figure
1. The circuit is based around the NESS6 chip which is the dual version
of the popular NEGSS timer IC. One half of the 556 is configured as
astandard astable multivibrator warking at a féquency of about 70Hz.
The output of this half, pin 5, is required to be a square wave and this
is ensured by making R1 very much smaller thanR2. The second half
of this IC is wired as 8 monostable circuit but with no timing capacitor.
This causes the monostable to act as a simple inverter, Thus, if the
output of the astable is connected to the input of this capacitor-less
monostable, the output of the monostable will be a square wave
precisely 180° out of phase with the output of the astable. The
arrangement is shown in Fig, 2 and illustrates the action of the
capacitor-less monostable. This rather strange configuration is merely
asimple way of providing two square wave outputs, one the inverse
of the other. In essence, | have produced a pair of outputs that provide.
an alternating square wave voltage from a DC source, the PP3, Pin
5, the output from the astable is connected to one of the test Ieads;
viaa current limitingesistor Ré. The other output, pin 8, s connected:
directly to the other test lead. The two bi-colour LEDs are connected
in series across the test lead outputs. Because of the alternating
voltage set up across these LEDS, they bothlluminate as on yellow. g
This results from each LED oscillating red and green giving the
appearance of yellow at about 70Hz.

If adiode is placed across the test leads, then for one half cycle
of the square wave, the diode will be forward biased and shuntLED?
and LED2 causing them ta extinguish for that half cycle Forthe other
half cycle, the diode under test will be reversg biased and have o
effect on the illumination of LED1 and LED2 during that half cycle.
This results in only one segment of each LED being illumin .
some time over the full periad of the altemating voltage. If the dig
was reversed, the other segment of each LED willlight for th
16asons.

The series combination of the two bi-colour LEDs raqune about
4V in order to conduct. By limiting the voltage across the test leads
toless than 4V by the application of an external diode or LED, the bi-
cotour LEDs will not illuminate during the half cycle in which the
external diode or LED is forward biased, A short circuit on the test
ieads will shut LED1 and LED2 for the entire period of the square wave,
resultingin noillumination at all. LED1 and LEDZ inthis case perform
two functions, firstly to display the polarity of any applied diode, and
secondly to limit the peak reverse voltage across any device under
test to4V. Thisis very importantin the context of testing LEDs which
can be damaged by reverse voltages over about 8V, This is why an
LED will llluminate safely regardless of the polarity.

C2'is a supply decoupling capacitor to make sure the 556
behaves itself.
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THE RTC MONITORIII

100 WATT SPEAKER KIT £60.00 +£3.50 P&P (pair)
RESPONSE: 55Hz-20kHz

BASS POLYMER CONE D: 22cm
DOME TWEETER: 14mm

MAIL ORDER

£1 BARGAIN PACKS
BUY 20 GET 1 FREE

Please state pack(s) required

30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

single P.C.B. which is already punched and

backprinted.

m 30Wx2 (DIN 4 ohm)

® CD/Aux, tape |, tape i,
inputs.

m Separate treble and bass

B Headphone jack

Size (HW.D.) 756x400x 195mm

Kit enclosed: case, P.C.B., all components, scale

and knobs £36.80. post £3 50

(Featured project in Everyday Electronics April

1989 issue). Reprint Free with kit.

tuner and phono

LCD DIGITAL MULTI TEST METER Ac bc
Volts resistance and DC Amps. Most of these units are
néw but have been returned or rejected by the store
and sold with all faults at £11.00 each. Postage £1.00

Sonotone stereo crystal cartridge with 78 and
LP styli JAPAN made

Mono Cassette Recard and play heads

606 Mains transfarmers, PCB mounting.

OVERALL SIZE No. Qty, per pack
(HWD): 382,252,204mm BPOISB 1 30W dome tweeter. Size 90x66mil JAPAN made
RECOMMENDED AMP POWER: BOBIS:"18; 2200uf can type ElectrolyBc 25V, s oipLter
10-100 watts per channel BPOTZ 3 330001 16V d.c. elettrolytic high quality
The performance stan- computer grade UK made
dard achieved in this ngS 20 20 ceramic trimmers i .
compact design is distinc- POZ0 4 Tuning capacitors, 2 gang dielectric a.m. type
tively superior tc any- BPOZ1 10 ?z%glsglgn;"z‘tjaegislﬁgjwnch 3 amp rated
thing else available at the BPO22 5 Push-button switches, push on push off, 2 pole
price. The deV'e _units change over. PC mount JAPAN made
used are of sophisticated BP022 B 2 pole 2 way rotary switch
design and have been BP024 2 Right angle, PCB mounting rotary switch,
carefully integrated witha Complex Crossover. | ... ‘; 90:9 g way ’°‘a"YtSW't°': UK ’""tdﬁ bytﬁORLIN
Stereo performance is exceptionally good with a ex‘::’aepos}'tvi;‘,’] Tf'f";g:é: ey \S,VAV)'(EE\‘,”;YD:)"S
well fOC,USSG;'d SOEmd stage and sharp resolution| Bpo26 4 4 pole, 2 way rotary switch UK made by LORLIN
of detail. Distortion throughout the frequency| BP027 30 Mixed control knabs
range is low even at quite high power input and| BP029 & Stereo rotary potentiometers
this gives a great sense of dynamic range and| BPO30 2 ;g‘t‘e“n’;{gn‘:;‘:gpsdL?,?‘;,?";g’ec's'on
%poe;;ess especially when used in bi-wired BPO31 6 Single b%)k multitun; pots, ideal for varicap
% . t de by PHILIPS
Supplied with: — 2 READY CUT BAFFLES, ALL| 8pos2 & UNF varicap tuner heads, unboxed and
CROSSOVER COMPONENTS, 2 BASS MID- untested UK made by PHILIPS
RANGE, 2 DOME TWEETERS, HOOK UP WIRE,| BPo33 2 Zl\lll( ste:jeolfe%chelrp?odules with diagram
RILLE CLOTH T INA| A made by
(SSCIIREWSC OTH, SCREW TERMINALS ND BPO33A 4 6"x3" High grade Ferrite rod. UK made
s BPO34 3 AMIF modules with diagram PHILIPS UK made
BPO34A 2 AM-FM tuner head modules. UK made by Mullard
ROSS MULTI TESTER BPO34B 1 :-Ii-Fi stereo ;:Are»avnpdmodulltehigputs for CD, tuner
ape, magnetic cartridge with diagram
(9 gy Glivem ikt e BPu35 8 All metl ol sorelplugs
been returned by customers or BP036 6 Fuse holders, panel mounting 20mm type
shops so they may need_some BP037 & In line fuse holders 20mm type
attention. Hence the price of UK made by BULGIN
£3.50 each plus £1.60 P&P. BP038 20 5 pin din, 180° chassis socket
Order five and get the sixth BP039 B Double phono sockets, Paxolin mounted
ne free. P £5.40. BP041 3 2.8m lengths of 3 core 5 amp mains flex
O iR, (AeEEge E3410 BP042 2 Large VU meters JAPAN made
BP043 30 4V miniature bulbs, wire ended, new untested
2
2
2

{Made by R..ss Electronics} Size 42%33%35

BP047 1 24V 0.3VA mains power supply. Brand new boxed
ROSS PUSH BUTTON RADIO | UK made by MULLARD ) }
Mains and battery operated. .wd“'d;j = BP0O47A 1 25V DC 150mA mains adaptor in black plastic case
High quality VHF/FM, _— : }mtr; flying |nput:nd'ou!put Ie?ds new units made
Medium and Long Wave A ] Sc;;easrg)t:lég;%n mixer manufacturer
reception H

0C44 transistors, Remove paint from top and it
becomes a photo-electric cell (ORP 12)

6 pushbutton selected |
. UK made by MULLARD

preset stations. . 3
Fully retractable telescopic §
i

4 i BPOS0 30 Low signal transistors n.p.n., p.n.p. types
aerial. i :
Hpaduhonaiaarohons BPOS1 6 14 watt output transistors, 3
RRHGH % p complimentary pairs in T066 case
iack socket. || {Ideal replacement for AD161 and 162s)
Size 230H = 150W x 650. BPO52A 1 Tape deck pre-amp IC with record/replay
Ref RE-5500. | : switching No LM1818 with diagram
Brand new. k . o BP053 5 5 watt audio ICs, No TBABQO (ATEZ)
Listed price over £30.00. | # BP054 10 Motor speeg contrgl Ile, as used with most

= cassette and record player motors
Price £14.95 + £2.80 PRP BP055 1 Digital DVM meter I.C. made by PLESSEY

as used by THANDAR with diaaram

SHURE HIFI STEREO MAGNETIC CAR-| Bposs 4 Tsigment 0 20 dicplay (rod)
TRIDGE Fitted with an elliptical diamond stylus | BP057 8 Bridge rectifiers, 1 amp, 24V
supplied with fitting kit and instructions. A good quality BP058 200 Assorted carbon resistors
unit made to sell for well over twenty pounds due to [ BP0S3 1 Power supply PCB with 30V 4V/A transformer.
scoop purchase, we are able to offer these at a fraction of MC7818CT IC & bridge rectifier: Size 4"x 2%
the manufacturars price. All units are brand new and | BP861 5 6.35mm Mono jack plugs
boxed. £7.20 each. If you order in multiples of five you | BP083  § 6.35mm stereo switched jack sockets
getone free. Postage £1.30 (Made in U.S.A.) BP0B4 12 Coax chassis mount sockets .

BP065 1 3mtr Euro-mains lead with chassis socket

KOSS STEREO HEADPHONES High quality
light weight stereo headphones fitted 3.5mm jack with
adaptor to 6. 4mm jack. Ideal use Hifi or personal stereos.
made to sell for nine pounds. Our price for this unit £4.25.
Postage 60p

TV SOUND TUNER KIT

MULTIBAND RADIO

VHF 54-176 MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
AIRCRAFT, RADAR

PUBLIC UTILITIES

£17.95 RADIO AMATEURS AND
POSTAGE MANY MANY MORE

£2.85 SQUELCH CONTROL
“RUBBER DUCK AERIAL"

e
i
i
i

HAND HELD WALKIE TALKIES

Ideal for sports or any outdoor
activities. Built-in call button and
separate volume control. Range
1.2km maximum. 49MHz crystal
control superhet circuit with built-
in condenser mic. and speaker.
Unit supplied with vinyl carrying
case and persénal earphone.

£32.90 a pair
+ £2.60 P&P

RADIO AND TV.COMPONENTS ACTON LTD

21 HIGH STREET, ACTON, LONDON W3 6NG
MAIL ORDER TERMS F'D‘_\ ORD S.md sr CHEQUES with orders:

In the cut-throat world of consumer electronics,
one of the questions designers apparently pon-
der over is "“Will anyone notice if we save money
by chopping this out?” In the domestic TV set,
one of the first casualties seems to be the sound
quality. Small speakers and no tone controls are
quite common and that really is quite sad, as the
TV companies do their best to transmit the high-
est quality sound. Given this background a com-
pact independent TV tuner that connect direct
to your Hi-Fi is a must for quality reproduction.
The unit is mains operated. This TV SOUND
TUNER offers full UHF coverage with 4 pre-
selected tuning controls. All parts including
Varicap tuner, mains transformer, PCB with IC’s,
capacitors and coils etc., to build the unit
illustrated above; without case and scale.
£11.50 + £2.30 P&P

Case as illustrated £6.90 + £2.00 P&P

harge  Nety mr.-v!hl-, ACL O,
¥ ﬂf."ESh VISA B
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AMPHONIC 125+ 125 POWER AMPLIFIER

125 watt per channel stereo power amplifier
with independent volume controls, professional
19" rack mount and silent running cooling fan for
extra reliability.
Output power ...,
Output impedance

125W RMS max. per channel
....................... 410 16 ohms
{max. power into 4 ohms)

Sensitivity ....... . 450V at 22K phms
Protection ... Electronic short circuit and fuses
Power . 220-240V a.c. 50Hz

435x125% 280mm
£142 +£7.00 p&p

STEREO MIXER

Chassis

5-channel stereo disco mixer in racking case which can
handle up to a total of 10 phono, line and mic inputs,
switchable on front panel. Twin 5-band graphic equaliz-
er with insert/bypass switch. Cross fader between
channels 1 and 2. Mic channel with low Cut filter and
talkover switch. Separate L and R master controls.
Outpui for amp, tape and headphones.

Input Mic . 0.3mV 6000hms
Phono . 2.5mV 50Kohms
Outputs: AMP & TAPE ..oooovverrirriecrrerieriiren e reenen 1.2v
Headphone ... 50mV @ 750hms
Equallzercontrolfrequenues 60, 250, 1k, 3.5k, 12kHz
Equallzercontrol range +12dBboost or cut

Size., . 350 x 280 x 90mm

£118 90 + £5.80 P&P

BELT-DRIVE
QUICKSTART VARISPEED
DISCO TURNTABLE

* Quick start ideal for scratching

* Pitch control

* Pop-up target lamp

* Strobe lamp

* Counterweighted tubular tone arm with plug-in
headshell

* Full manual control

* Remote start/stop

# 7.5kg ] /|

£112.00
+ £7.00 P&P

28.0.28V 4 AMP MAINS TRANSFORMERS
With a 5.5V at 0.6A mains input 110-240. Size 90 X 105 x
76 fitted with copper screening band; made for famous
HIFi Co. £6.50 each. Postage £2.80, It's weight is 2.7Kg!
Brand neaw and unused condition.
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E T %
SERVICE
ELECTRONICS | seprember

| TODAY INTERNATIONAL

E9009-1 Slide Projector Controller .............. E
E9009-2 Ultimate Diode Tester .................. D
E9009-3 The Entertainer ...............cccceo... G

PCB:s for the remaining projects are available from the companies listed in Buylines.

L)
Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference
numbers. This not only identifies the board but also tells you when the project was published. The first two numbers
are the year, the next two are the month.
Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice
if required. Such orders will not be processed until payment is received.

E9002-2 Superscope Mother Board ... .. ... T
E9002-3 Superscope CRT Driver Board ...............
E9002-4 Superscope Timebase Board ..................
E9003-1 Superscope Y1 input board .,..................
E9003-2 Superscope Y2 inputboard ...................
E9003-3 Superscope switch generator ..................
E9003-4 Business power amp board ....................
E9003-5 Business power supply board ..................
E9003-6 Business pre-amplifier board ..................
E9003-7 Waterhole ................cooceiiiieiiiiiaeian.s
ES00328 Super Sirent s o, e el e
E9003-9 Valsbadge ..............occoeviiiiiniininainn
E9004-1 Bass Amplifier DC Protection ....... .
E9004-2 Bass Amplifier Graphic Equaliser ...........
E9004-3 Bass Amplifier Micro ................ ;
E9004-4 Quad Power Supply .........cooooee
E9005-1 Business Display ............c.cooooco
E9005-2 Phone Lock and Logger ........... - —
E9006-1 Dark Room Timer ............................
E9006-2 Telephone Extension Bell ... .................
E9006-3 Telephone External Bell ... ... ... ...
E9006-4 Fecko Box ..........cooocovviiiiiiiiiiiit

E8908-4 Digital joystick-to-mouse conversion ......... E9006-5 Bug Spotter ...........cccooooiiiiiieeiieinnn, E
E8909-1 Twin Loop Metal Locator ....................... H * 'E9007-1 Guitar Practice Amp ...............c..ccco.... G
E8909-2 T\.'embler movement detector .................. E9007-2 Digital Frequency Meter ........................ M
E8909-3 Field power supply (spec 3) ...................

" . - e E9007-3 Footstep Alarm .,.......ccoeoiviiiii ne A — E
E8909-4 Micro monitors active filter ... .............. . . T c
E8909-5 Chronoscope auto-reset ........................ E9007-4 Transistor Tester ....... SO AR BT OOREOnEES
ES910-1 Multimeter . .. .ooooooeee e, E9007-5 Decision Maker ............occoovvveviiniiiiiannn. J
E8910-2 MIDI Mapper ...........ccovvviiineeiicinniinnnns E9008-1 AC Millivoltmeter ..............cccoocooe . K
E8911-1 Smoke Alarm mainboard ...................__. E9008-2 Temperature Controller ..............c.......... N
E8911-2 Smoke Alarm power supply ................... EQ008-3 FM Generator .............ccooviimivevernieesisnes G

E8911-3 Frequency Meter (3 boards) ... .......... ...
E8911-4 Serial Logic Scope .......ooovivieiieiiiiies
E8912-1 Mains Failure Alarm ..........ccooooviiieninnnns
E8912-2 Surveilance PCB ...........................
E8912-3 Slide/Tape Synch ... ....oooooiiiiiiiiinin
E8912-4 Pedal Power ........icoviiiieiiiisisasaiiieiine-
E8912-5 Digital Noise Generator ...... g
E9001-1 20 metre Receiver .............ocoooiviiiininn.,
E9001-2 Wavemaker FG ......... ...............coale
E9001-3 Motorcycle Intercom .. ... ... .............
ES001-4 Low Voltage Alarm ............cccoviiieinnn,

Please supply:
Quantity Ref. no. Price Code

Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

H
H
D
C
F
C
H
M
F
F
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L
D
p |
E
E |
K |
J
L
[ |
C

E9002-1 EPROM Emulator ........................... N |
M
K |
< |
J
J |
E
Ij l Post and packing
.|
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D
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F
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N
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G|
c
p |
G
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TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Price Total Price

TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

Price Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
£29.00
£32.20
£35.80
£37.90
£40.70
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Ray Marston looks at
LED, photodiode, and
varicap diode
applications in this
final part of his
mini-series.

MODERN DIODE
CIRCUITS

he first three parts of this series looked at
the basic characteristics of the junction
diode and associated devices (zeners,
varicaps, LEDs, etc), and then showed a
whole range of practical applications of
ordinary diodes, rectifiers, and zeners. This month’s
concluding episode rounds off the subject by looking
at practical applications of LEDs, photodiodes, and
varicap diodes, etc.

LED Basic Circuits

A LED (light emitting diode) is a special type of
junction diode that emits a fairly narrow bandwidth
of visible (usually red, orange, yellow or green) or
invisible (infra-red) light, when stimulated by a
forward electric current.

LEDs have typical power-to-light energy
conversion efficiencies some ten to fifty times greater
than a simple tungsten lamp and have very fast
response times (about 0. 1uS, compared with tens or
hundreds of mS for a tungsten lamp), and are thus
widely used as ‘visual' indicators and as moving-light
displays; a variety of basic LED circuits are shown in
the present chapter.

——f——————

Fig. 2 A reverse biased LED
* acts like a zener diode

| COLOUR RED

ORANGE | YELLOW | GREEN

iiTYPY(f:ALI Ave A 2w 2v2

Fig. 1 Typical forward voltages of standard

LEDs at s = 20mA

[s pi
T o
Vi = 2V LeD W
‘ h
S, ¢ ov

Fig. 3 Methed of finding the ‘R’
value for a given Vg and I¢

i

|

D1
INA0DT LED

vy

Y

Lo

Fig. 4 Using a LED as an indicator
in a low-voltage AC circuit
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A significant voltage (about 2 volts) is developed
across a LED when it is passing a forward current, and
Figure 1 shows the typical forward voltages of different
coloured standard LED:s at forward currents of 20mA.
If a LED is reverse biased it avalanches or ‘zeners’ at
a fairly low voltage value, as shown in Figure 2. Most
practical LEDs have maximum reverse voltage ratings
in the range 3 to 5 volts.

In use, a LED must be wired in series with a
current-limiting device such as a resistor. Figure 3
shows how to work out the ‘R’ value needed to give
a particular current from a particular supply voltage.
In practice, R can be connected to either the anode
or the cathode of the LED. The LED brightness is
proportional to the LED current; most LEDs will
operate safely up to absolute maximum currents of
30 to 40mA.

A LED can be used as an indicator in an AC
circuit by wiring it in inverse paralle! with a normal
diode, as shown in Figure 4, to prevent the LED being
reverse biased; for a given brightness, the ‘R’ value
should be halved relative to that of the DC circuit. Note
that if this circuit is used with high-value AC supplies,
‘R’ may need a fairly high power rating; thus; if used
with a 250 volt supply it will need a minimum rating
of 2.5 watts at a mean LED current of 10mA. This
snag can be overcome by replacing ‘R’ with a current-
limiting series capacitor, as shown in Figure 5. Here,
the Cg impedance limits the LED current to the
desired value, but Cg dissipates near-zero power, since
its current and voltage are ninety degrees out of phase.
Cg values of 100nF and 220nF are usually adequate
on 250 volt and 125 volt 50-60Hz AC lines

respectively.

The basic Figure 5 circuit can be used as a ‘blown
fuse’ indicator by wiring it as shown in Figure 6.
Normally, the circuit is shorted out by the fuse, but
becomes enabled when the fuse is ‘blown’; under this
condition the load current is limited by the Cg value.

L
Cs 1 100n (250V)

220n (125V)
no
D1
1NM4001 LED W

N

Fig. 5 Using a LED as an indicator in an
AC power line circuit

LO ———

T0 LOAD

Cs

100n (250V)
250n (125V)

LED
Fig. 6 AC power line ‘fuse blown’ indicator

Practical Usage Notes

The first practical problem that will be met when using
a LED is that of identifying its polarity. Most LEDs
have their cathodes identified by a notch or flat on the
package, or by a short lead, as indicated in the ‘outline’
diagram of Figure 7. This practice is not universal,
however, so the only sure way to identify a LED is to
test it in the basic Figure 3 circuit. Try the LED both
ways round, when it glows, the cathode is the most
negative of the two terminals; always test a LED before
soldering it into a circuit. (Alternatively, the Ultimate
Diode Tester project, in this month’s ETI'l—Ed).

( .

k
NOTCH { SHORT LEAD)

a
[}

NOTCH
Fig. 7 Typical outline and method of
recognising the polarity of a LED

Special mounting kits, comprising a plastic clip
and ring, are available for fixing LEDs into PC boards
and front panels, etc. Figure 8 illustrates the function-
ing of such a kit.

CLIP
»

RETAINING
RING

Fig. 8 CLIP and RING kit used to secure a
LED to a front panel
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Most LEDs come in the form of a ‘single LED’
package of the type shown in Figure 7. Multi-LED
packages are also available, however. The best known
of these are the 7-segment displays, comprising seven
(or eight) LEDs packaged in a form suitable for
displaying alpha-numeric characters. So-called
‘bargraph’ displays, comprising 10 to 30 linearly-
mounted LEDs in a single package. are also available.

Most LEDs provide only a single output colour.
A few specialist devices do, however, provide ‘multi-
colour’ outputs. These are actually 2-LED devices,
and Figure 9 shows one such device that comprises
a pair of LEDs connected in inverse parallel, so that
the colour green is emitted when the device is biased
in one direction, and red (or yellow) is emitted when
it is biased in the reverse direction. This device is useful
for giving polarity indication or null detection.

i

(OR YELLOW]

Fig. 9 ‘Bi-colour’ LED actually houses two
LEDs connected in inverse parallel

Another type of ‘multicolour’ LED is shown in
Figure 10. This comprises a green and a red LED
mounted in a 3-pin common-cathode package. This
device can generate green or red colours by turning
on only one LED at a time, or can generate orange
and yellow ones by turning on the two LEDs in the
ratios shown in the table.

parallel, so that almost any number of LEDs can be
driven from a single source.

Another way of powering several LEDs is to
simply wire a number of the Figure 3 circuits in
parallel, as shown in Figure 12. Note, however, that
this is very wasteful of current (which is equal to the
sum of the individual LED currents).

Figure 13 shows a ‘what NOT to do circuit. This
design will not work correctly because inevitable
differences in the forward voltage characteristics of the
LEDs will usually cause one LED to ‘hog’ most of the
available current, leaving little or none for the
remaining LEDs.

LED-Control Circuits

The three most widely used types of visible-output
LED-control circuits are (ignoring the ones used for
alpha-numeric LED control) those used for LED
‘flashing), for LED ‘sequencing, and for LED dot’ or
‘bar’ analogue-value indication.

‘Flasher’ circuits turn a LED repeatedly on and
off, to give an eye-catching display action. They may
control a single LED or may control two LEDs in such
a way that one turns on as the other turns off and vice
versa.

‘Sequencer’ circuits drive a chain of LEDs in such
a way that each LED in the chain is switched on and
off in a time-controlled sequence, so that a ripple of
light seems to run along the chain.

Finally, analogue-value indicator circuits drive a
chain of linearly-spaced LEDs, in such a way that the
length of chain that is illuminated is proportional to
the analogue value of a voltage applied to the input
of the driver circuit, eg, so that the circuit acts like an
analogue voltmeter,

e Simple LED-Flasher
W I Circuits
® |cowoun [ RED | ORANGE| YELLOW | GREEN One of the simplest types of LED display
Leor circuit is the LED flasher, in which a single
“ Lena CURRENT|  © SroSRImICmAN land LED repeatedly switches alternately on
RED = and off, usually at a rate of one or two
” # |CURRENT| 5mA | 3mA 2mA 0 flashes per second. A 2-LED flasher is a

junctions

Fig. 10 ‘Multicolour’ LED, giving four colours from two

simple modification of this circuit, but is
arranged so that one LED switches on
when the other switches off, and vice

A very important practical point concerns the use
of ‘second grade’ or ‘out-of-spec’ devices advertised
as ‘Bargain Packs’ These devices often have forward
volt drops in the range 3 to 10 volts, and may thus
be quite useless in many practical applications. Always
test these devices before use.

Multi-LED Circuits

Several LEDs can be driven from a single power
source by wiring the LEDs in series as shown in Figure
11. Note that the supply voltage must be significantly
greater than the sum of the individual LED forward
voltages. This circuit thus draws minimal total current,
but is limited in the number of LEDs that it can drive.
A number of these circuits can, however, be wired in

0 +Vs
R = Vs-Vit
"

2
W LED1 |
=W LeD2 Vit = v =vfa+vi3
=% LED3

!

Sov

Fig. 11 LEDs wired in series and driven via
a single current-limiting resistor
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versa. To complete this look at simple LED
circuits, Figures 14 and 15 show practical examples
of 2-LED flasher circuits (readers looking for more
complex LED display circuits will find stacks of them
in the authors ‘Optoelectronics Circuits Manual,
available from Heinemann Professional Publishing
Ltd).

+6-9Y o
LeDt W ez W
1 R3 R4 R2
470R 39k 39k 470R
+7 I+
] -
c2 c1
10u 100
Q1 a2
2N3904 2N3904
ov
Fig. 14 Transistor 2-LED flasher circuit operates
at 1 flash-per-second

Figure 14 shows the practical circuit of a
2-transistor 2-LED flasher, which can be converted
to single-LED operation by simply replacing the
unwanted LED with a short circuit. Here, Q1 and Q2
are wired as a 1 cycle-per-second astable multi-
vibrator, with switching rates controlled via C1-R3 and

T 2
R1 Rz R3

LED1 s LED2 W.a LED3 Wis

o ov

Fig. 12 This circuit can drive a
large number of LEDs, but at the
expense of high current

OV+
ERI

Ltm*;- LF[IZ*_\ L&UE*‘}
> o O oV

Fig. 13 This LED-driving clrauit
wilt NOT work. One LED wilt hog
all the current
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C2-R4.

Finally, Figure 15 shows an IC version of the
2-LED flasher. This design is based on the faithful old
555 timer chip or its more modern CMOS counter-
part, the 7555. The IC is wired in the astable mode,
with its time constant determined by C1 and R4. The
action is such that output pin-3 of the IC alternately
switches between the ground and the positive supply
voltage levels, alternately shorting out or disabling one
or other of the two LEDs. The circuit can be converted
to single-LED operation by omitting the unwanted
LED and its associated current-limiting resistor.

+9:12V +VE
LED] -
A & 4kc7
7
555 |g R4 *c2
OR =
ol 68k — 100y
1 ey
LED2 T 10u
7 ov
Fig. 156 IC 2-LED flasher circuit operates
at about 1 flash-per-second

Photo-Diodes

When p-n silicon junctions are reverse biased their
leakage currents and impedances are inherently
photo-sensitive, they act as very high impedances
under dark conditions and as low impedances under
bright ones.

Normal diodes have their junctions shrouded in
opaque material to stop this unwanted effect, but
photo-diodes are specially manufactured to exploit it,
and have their junctions encased in translucent
material. Some photo-diodes are designed to respond
to visible light, and some to infra-red (IR) light. In use,
the photo-diode is simply reverse biased and the
output voltage is taken from across a series-connected
load resistor, which may be connected between the
diode and ground, as in Figure 16a, or between tt-e
diode and the positive supply line, as in Figure 16b.

Photo-diodes have a far lower light-sensitivity
than cadmium-sulphide LDRs, but give a far quicker
response to changes in light level. Generally, LDRs
are ideal for use in slow-acting direct-coupled ‘light-
level’ sensing applications, while photo-diodes are
ideal for use in fast-acting ac-coupled 'signalling’
applications. Typical photo-diode applications include
IR remote-control circuits, IR ‘beam’ switches and
alarm circuits, and photographic ‘flash’ slave circuits,
etc.

V+ Vi
A D1 =
! !
R1 Vout A 0 Vout
: Y
Y
ov ov
ta) (b}
Fig. 16 Alternative ways of using
a photo-diode

Photo-Transistors

Ordinary silicon transistors are made from an npn (or
pnp) sandwich, and thus inherently contain a pair of
photo-sensitive junctions. Not surprisingly, they are
also available in photo-transistor form, and use the
standard symbol of Figure 17.

\;\ c
b

o

Fig. 17 Photo-transistor symbol

Figure 18 shows three different basic ways of
using a photo-transistor. In each case the base-
collector junction of the transistor is effectively reverse
biased and thus acts as a photo-diode. In Figure 18a
the transistor base is grounded, and the device acts
as a simple photo-diode. In Figures 18b and 18c the
base terminalis open-circuit and the photo-generated
currents of the base-collector junction thus feed
directly into the base and, by normal transistor action,
generate a greatly amplified collector-to-emitter
current that produces an output voltage across series
resistor R1.

The sensitivity of a photo-transistor is typically
one hundred times greater than that of a photo-diode,
but its useful maximum operating frequency (a few
hundred kHz) is proportionally lower than that of a
photo-diode (tens of MHz). The sensitivity (and
operating speed) of a photo-transistor can be made
variable by wiring a variable resistor between the base
and emitter, as shown in Figure 19; with RV1 open
circuit, photo-transistor operation is obtained; with
RV1 short circuit, photo-diode operation occurs.

Note in the Figures 16 to 19 ‘optd circuits that,
in practice, the R1 ‘load’ value is usually chosen on
a compromise basis, since the circuit voltage gain
increases but the useful operating bandwidth
decreases as the R1 value is increased. Also, the R1
value must, in many applications, be chosen to bring
the photo-sensitive device into its linear operating
region.

Opto-Couplers

An opto-coupler is a device housing a LED {usually
an IR type) and a matching photo-transistor (or photo-
diode); the two devices are closely optically coupled
and mounted in a light-exclusing housing.

Figure 20 shows a basic opto-coupler ‘usage’
circuit, The LED is used as the input side of the circuit,
and the photo-transistor as the output. Normally, SW1
is open, and the LED and Q1 are thus off. When SW1
is closed a current flows through the LED via R1, and
Q1 is turned on optically and generates an output
voltage across R2. Note that the output circuit is thus
controlled by the input one, but that the two circuits
are fully isolated electrically (this is the major benefit
of the opto-coupler). In practice, this simple circuit can
easily be modified to give coupling of either digital or
analogue signals. :

Varicap Diode Circuits

Finally, to complete this look at modern diode circuits,
Figure 21 shows a basic varicap diode usage circuit.
The diode is reverse biased via R1 and a stable external
control voltage (usually variable from zero to about
10 volts), and the varicap is coupled to an external
circuit via blocking capacitor Cl. The varicap
capacitance is maximum at zero bias, and decreases
as bias is increased.
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a3

Fig. 18 Aiternative ways of using a photo-transistor

a1

ov ov
(b} le)

Fig. 19 Variable-sensitivity photo-transistor circuit
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Al = 470k l‘
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= = b1 VOLTAGE
INPUT
o O
m!n ov

Fig. 20 Basic optocoupling circuit

LBV —O + 1BV
sW1 |
z Ko
LED
A1 OPTO-COUPLER A2 Nt
160R 4r7 ‘
ov ov
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Fig. 21 Basic varicap diode usage circuit

Ordinary silicon diodes have maximum {zero
bias) capacitances of a few pF and have typical
maximum-to-minimum capacitance ratios (cap ratios)
of about 2:1. Specially manufactured varicap diodes
(which are often available as a matched pair) are
available with maximum values of about 500pF and
cap ratios of 20:1 (ie, the capacitance can be voltage-
controlled from 25pF to 500pF). They are widely used
in voltage-controlled tuning applications, etc.

El

HAM RADIO TODAY
caters for both the
experienced user and
newcomer to amateur
radio. With generally
informative features, the
latest news and practical
projects this magazine
covers all aspects of this
growing field; an
invaluable complement
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amateur worldwide.

Cover Price: £1.50
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Some new corrections . . .

Digital Noise Generator (December 1989)
On Fig. 4, C4,5 should be 68n, not 68p. In the
Parts List, C6,7 should be 560p, not 560n.

Power Supply Theory (April 1990)
See Read/Write for corrections to the maths.

Flatmate (May 1990)

IC5 and IC6 should be rotated by 180 degrees
from the orientation shown in Fig. 4. “Mains In”
should read “To Transformer”. C12 is missing
from the Parts List, and should be 1n0.

Telephone Extension Bell (June 1990)

The foil was incorrect. A correct foil is printed
in this issue. Boards from our PCB service are
correct. In Fig. 9, the component overlay was
printed wrongly. It should be as shown below.

DUTPUT

i
€1 Pt

gy
<

1&

C
I

]

TELECOM
INPUT
o}

Testing, Testing (June 1990)
All references to + voltages in the section on
quiescent current should be + voltages.

Digital Frequency Meter (July 1990)

The resistor connecting IC4 and IC6 should be
labelled R13, not R18. The circuit diagram is
correct. On the Parts List, PB1 and PB2 should
be SW3 and SW4. XTAL1 is not listed;
HC-49U 10MHz would be suitable.
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PCB FOIL
PATTERNS

Slide Projector Controller

Board designed by Tsien UK using Boardmaker 2

Telephone Extension Bell
(ETI June 90)

Ultimate Diode
Tester
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A complete design workshop
in a briefcase

"

CIRCUIT MAKER | (ANALOGUE)

CIRCUIT MAKER Il (DIGITA

PLUG-IN BREADBOARD — OVER 3,370 TIE POINTS

BUILT-IN FIXED & VARIABLE POWER SUPPLIES
SIGNAL GENERATOR (SQUARE/SINE/TRIANGLE)
1 Hz TO 1000 Hz.

MULTIMETER (AC/DC 10V, 50V & 250V) DCmA,
10mA, 50mA & 250mA) (Res: x1, x10 & X 1K)

8 BI-COLOUR LED DRIVERS (Red-High, Green-Low,).

8 LOGIC SWITCHES

LOGIC PROBE (Frequency up to 1 MHz — Response

<0.8V & >2.0V).
LOUDSPEAKER (Circuit Maker 1) 0 SW/1W. 8Q.
ADDITIONAL FEATURES ON CIRCUIT MAKER I

INCLUDING: PULSE GENERATOR & FREQ. COUNTER

WA

COMPACT & PORTABLE

Rugged portable Bread-boarding
system with its own built-in test
equipment and power supplies
Size, when closed, only: 120mm
High X 350mm iong. Also
a complete range of
Breadboards is
available for both

standard and

anti-static circuit
building needs,
akong with jumper
wire kits. Ask for price list and
catalogue.

Discounts available for quantity
purchasers, Gevernment
Departments and Education
Authaorities.

For more information phone
0003 813779 or Fax 0903

813146,

Euro Market Sales
PO Box 987
STEYNING

West Sussex
BN44 3QH

“SUMMER SALE"

TEKTRONIX 475 Dual Trace 200MHZ Delay Sweep
TEKTRONIX 465 Dual Traca 100MHZ Delay Sweep
GOULD 051100 Dual Trace 30MHZ TV Trig
COSSOR CDU150 Dual Trace 35MHZ Dealy

BEE
LILD 05300 Oscllioscope Dual Trece 20MHZ

GO £250 T -
GOLILD 1421 Dagital Ssowinge Dual Trce 20MHT £750 | MARCONI TF2603 RF Millivoltmeter S0KHZ-1 5GHZ;

H P1T40A Dus! Traze 100MHZ Dalay Sweap. Thg 800 1mv-3V FSD- .

TELECUIPMENT DB Dual Traca;%quﬂslaygwgqp £300 mﬁ:CONlTFZA’W Digital Freq Gounler 10HZ-80MHZ

ICONI AF Fower Meter TFB93A 20H

LILD) 530004 Duai Trace 40MHZ Delay Sweep T Trig €275
20 755 st i MARCONI RF Power Meter TF1152/1 DC-500MHZ 05-25W.

TELEQUIPMENT (755 Dupl Traies 5OMHZ Dalay Sweeg LS

fromg100-£150
5

1Z-35KHZ; 20mv-10W

£75
£60
£20

LOGIC PROBE type 3300A TTL/Cmos (P&P £3)
MANY MORE ITEMS AT RIDICULOUS PRICES — List available

MARCONI TF2700 UNIVERSAL LCR Bridge Battery ~ from£125

TEKTROMIX 481 Spactum Anidysr 1512 4GHZ £1,600

LABGEAR CROSSHATCH GENERATOR Type CMERZI08
Cmsshatch Grey Seals Blank Raster, Maing or
BATTEAY. Unused £18 Used£12 [FEF £3)
TRIC AF GENERATOR Type G402 100KHz 30MAz
Unused {PAP L7) S
ADVANCE SOE28 AM 150 Hz-2200MH
FARNELL GUBN ISOLATING TRANSFORMER
248 in-240V oot SO0VA. Cased with |mad ind
13ampsockel ... . .... . .. .(P&PE7)only<4Seach
VARIACS 2amps from £20 (PAP £5) 8 amps from £30 (P&P£7)

slc

APOLLO 100 — 100MHZ (As above wilh more lunctions)

METEQR 100 FREQUENCY COUNTER 100MHZ

METEOR 600 FREQUENCY COUNTER 600MH2

anly£50 METEOR 1000 FREQUENCY COUNTER 1GHZ
JUPITOR 500 FUNCTION GENERATOR 0 1HZ-500KHZ

E45 (PAPET) Sine/Sq/Tri

ORION COLOUR BAR GENERATOR Pal/TViVideo

Aliother Black Slar Equipmenl available

SE LABS SM11) Dual Tace 1HMHZ £130 50 ohm § £25
GOULE (5255 Busl Trace 1SMHE TV T £180 | FARNELL Pulse Generalor System 1HZ-10MHZ Single/Double £40
PHILIPS PM3233 Dual Baam 1|]L|H2]'qu|-ig £150 | KIKUSUIAVM23 AC Voltmeter Dual Chan 10HZ-500KHZ;
GOULD 052408 Blual Track 1SMHZ T Trig £160 | 3000V-100V €75
TELEGUIPMENT Da1A Dual Trace 10MHZ £120 | SOLARTRON 7045 Mulimeter 45 digil LED 30 ranges
SCOPEX D10 Dviall Tras 10MHz. £80 Aulo/Manual
(PaP £7) £95
TERTRONIX 2215 Dual Trece 600HE Sweep AVO B Multimeters with Batieries & Leads Irom£35
Delay with manuil, probias, Trent caver, AVOQ CT446 Transislor Analyser Mk2 Suilcase slyle With
pouch only £500 Batleries & operation inslruclions | £20
THIS IS JUST A SAMPLE — MANY OTHERS AVAILABLE LABEAR GOLOUR BAR GENERATOR — KGi1 e
11¢
MARGONITF2015 AVTFM 10.520MHZ Sig e TF2171 - £450 paliome QST el |
MARCONI TF2015 wilnoul Synchroniser TF2171 £250 T
k ; LEVELL TM3B AC Microvoltmeter 1HZ-3MHZ; SuV:500V  £60
MARCON) TF2016 AMIFM 10KHZ-120MHZ Sig Genwith | [EVELL TMaB AC Microvitmeter HEAZ WS040
; : LEVELL Oscillalor TG152 3HZ-300KHZ SineiSq rom £55
O T e S e 2vasosfiom . e1o0 | LEVELL Oscilllor TGSOM {SHZISOKHZ Sine Wave <20
TR ROGRAPH P82 Botard Tt S = iomeagg | VEVELLOscillator TG150DM 15HZ150KHZ Sine/SQWave  £25
LEADER LMV188A Two Channel Millivolmeler SHZ-500KHZ EEVELEDecads Osc ook 0202 Joatlialoy P
AR 3374 Adiomalic Disiorion Meler 400HZ/1  £190 | FARNELL TM2 RF Millvolimeler SOKHZ-1 SGHZ: 1V-3009  £60

SYSTRONDONNER 1102 Sig Gan 1I0MZ-1GHZ £1.250 ;
POUARAS S Ganpe 088423012 g HANEG OSCILLOSCOPE HH1005 Tl Tace 100MHZ Detay
POLARAD Sig Gan ype 11068 1 -4 50H2 £500
FOCARAD S G yhe 1143 P8 4 =0 HAMEG OSCILLOSCOPE HM 604 Dual Tsce GOMHZ Delay
POLARAD Sig Gan 12084 BES-11GH with Frag RAMEG OSCILLOSCOPE HHM2037 Dual race 20MHZ.
Pg&‘ﬁ:&‘%&%m%” A7 AT with £750 Componen! Tesler £338
12 =y Gan 3744 it Fresy o
DLARA Tk s _ gmgc: OSCILLOSCOPE HZ053 Dusl Taco Z0MHZ Digial
THANDAR TAZ080 Loge Anakysar 20MHZ B Channg! £37s | Allother labl i d wilh 2 probes
THURLBY PL320GHD 0-30V 2A Twice Guad Mode Digal
elers o
he : " . BLACK STAR EQUIPMENT (P&P all unils £5)
FEEDSACK FSGE0S Swanp Funcliod Gafiealor D0INE — IMHZ | 4po)] | 0 10— 100MHZ Gounter Timer Ralia/Period!Time inlerval
PAP 7 s 222

VARIQUS BENCH PSUs — Please Enquire
10AMPAC/DC 0 1% Acc
As above DMM 60100 25% Acc

C
Yasraal il ypa telsphones that don'Uslice around (he desk. Type =ipoCaseloatels

10 740 slappliad with slandard 8T plug {used). Ouarily
discount only£5{pap£d) [ OSCILLOSCOPE PROBES Swichable x1, x10

HUNG CHANG DMM 7030 3% digit Hand held 28 ranges including
(P&P £4)£39.50
£3350

[PEPENTIY

£610

£295
£109
£135
£178

£110
£209

£3

Usid —wilh Manusis sappbed | passinie
Thsis & VERY SMALL SGAMPLE OF STOCK. SAE or 'ﬂsluuhcnu far kst Pladsn choch ity Dalotv arcaring.
CARRIAGE sif Linris £16. VAT in ba adted 1o Trdsl o Goods & T

STEWARTS OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL

Tel: 0734 68041. Fax: 0734 351696. Callers welcome 9am-5.30pm Mon-Fri {until 8pm Thurs)

EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION!

NOW DRAWS EVEN FASTER!

N e i

Fast Professional Quality Output at an Affordable Price

BRITISH
DESIGN

AWARD
71989

Only
£98.00

e a Aatam ta
2l Cenrion

T o et 128

Write or 'Phone for full details:-
Number One Systems Ltd.
REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

1

Telephone: 0480 61778 (6 lines)

The CAD Specialists

ACCESS, AMEX, MASTERCARD, VISA Welcome.
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ELECTRONICS

TODAY INTERNATIONAL

Ben Adewole
0442 66551 Ext 250

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 55p per word (+ VAT) (minimum 15 words)
Semi Display: (minimum 2 cms)
£14.00 per single column centimetre (+ VAT)
f Electromart £22.00 per insertion (+ VAT)
Ring for information on series bookings/discounts.
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (availabie on request).

FOR SALE

MINI HI'VOLT SUPPLIES —9/12V
to 15kV (35x150x25mm approx)
£30; Power strobe light (45Ws tube,
240V) £16; Surface mounted logic
probe — TTL/CMDS £11. Contact
M. Hrybyk, 54 Middleton Drive,
Bury, Lancashire BL9 8DS.

AMAZING VALUE ... Ex-equip-
ment Amplifiers £12 inclusive; 60W
+ steel rack; TO3 Heatsinking
sockets & mains power supply. KAI,
8, Cunliffe Road, likley.

A & G ELECTRONICS LTD.

ELECTRONIC COMPONENTS MAIL ORDER COMPANY
Transistors, IC's, Diodes, Cables,
LED’s, Capacitors, Transformers,
Potentiometers, Speakers, Solar
Chargers, Computer Disks,Video
Tapes, Test Gears, Aerosols, etc,

Low Low Prces!

| SEND £1 FOR YOUR COPY

| Relundable with first order

o ra Avenue, London Eb 25K,
Tel: 081-552 2386 Fax: 081-519 3319

COMPONENTS

FM Transmitter Kits
Also a Telephone Bug Detector Kit

Ready bulll FM transmiller £5 00 including Post & Packing
These are Commercisl Kits — We also stock a selection of
stockoraskfor

EX-EQUIP DISPLAYS. 7-seg C.C.
1" (Maplin FAO4E) £1.50; 05"
(FR41U) 50p; 7x5 Dot-matrix
(FE25C) £1.50; 16-Digit, 16-seg
vacuum with controller £9.95; Add
50p P&P. J. Gill, 35 Eglesfield Road,
South Shields NE33 5PS. No
callers.

alree calalogue
AUTLE ELESTRELES

97 LEIGH RD, ATHERTON, GT. MANCHESTER
Telephone Atherton (0942) 891140 Mail Order Only

ELECTRONICS TODAY INTERNATIONAL,
CLASSIFIED ADVERTISEMENT DEPARTMENT, I
ARGUS HOUSE, BOUNDARY WAY,

e ———

HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words. Semi-display £14.00 per single
I column cm plus VAT. No reimbursements for cancellations, All ads must be pre-paid.

Name - |
Address ... ... I
I e Daytime Tel. No: I
Signature . N .
PLEASE DEBIT MY ACCESS/BARCLAYCARD No.

I||‘|||]][[]l|[[] EXPIRY

Date

[ | FORSALE [ | COMPONENTS [ ] PLANS [ | OTHERSSTATE

|
[
[
|
[
[
[
|
=

e ——
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CAMBRIDGE COMPUTER SCIENCE LIMITED

10MByte Wincheslers, used, 3monlhs Wiy . £42.00 each
5.25" Disk Drives, B0 Tk, DSDD ...........,.... £34.00 each
5.25" drive gasas, room for drive PSU & fan ., £10.00 each
525" Disk Drivas. 80 Tk, DSDD Used, Na W!y £15.00 each
{The £1500 drves aresold on 5 517 5i5 " pazs|
5.25" Disks DSO0, 4804 howes of 10
SOW PSUEY 3754 13 154 1V (44, cases with
aniot switeh £10.00 sach
Gould PSU 030V @ SA Limited guantity only

L " £45.00 each
Single Data kxead (BAC Micrg jo Disk Drive) £2.00 sach
Dual Diata lead (BBC Micro io 2 Disk Drives), . £4.00 sach

Power laad {BBC Micro to Disk Divey .. £2.00 each
Dual povwer lead (ABC Micro 1d 2 Disk Drives] - £4.00each
BB00C CPUs {ihe first ordems gat 10MHz ohips) . £4.50 each
#5086 CPU chios . £2.00 each
2808 CPU. CTC, PICEY 20wach: DMA £E200
2784 EPROMSE (Ex-aqulpmani|

27128 EPAOMS

27C256-25 EPROMS

256K Byte DRAM Modules, remvd from equip

EA 50014
£1.00 each
£2.50 each
£3.50 each

*6.00 each

Prices include postag . Add 50p (plus VAT) to orders below £5.00
Allitems new uni :ss stated Add 15% VAT to all prices.
Send an SAE for our latest list or for more info

Dept ETI, 374 MILTON ROAD, CAMBRIDGE CB4 1SU

Tel: 0223 424602 or 0831 430496 (Please note, Mail Order only)

74LS TTL, pick and mix, buy 10 or more for £0.12 each
Types available ‘00 '02 '04 '08 11 "12 13 '15 '20 '21 '26
'27. "30.'32 ‘33 '35 42 ‘M ‘B3 ‘96 1107 109 122 132
‘138 1139 ‘145 '151 '153 157 158 162 163 184 185

74 191 193 253 357 288 353 ‘363 ‘60
B116 2 Bl1e SAMA E1.10 #ach
B254 BK Byie SRAM

<15 £5,00 each-12 £3.80 sach

BAPEE DK BRI s £7.00 each
8K Byle NV ram chips 300 sach ., ’ £10.00 fur
20 pindil low profile IC sockets £050070 . £4.000100

40 pen il low profile |G sockets E0EONG ..., £5.00 sach
CPU cards (Newbrain) 230 CPU, -3 EPROMS 4 80+
mosly TS 105 £2.000nch
Keyboand, 100 keyz on board LOD & micro i .. £8.00 sach
Matal progect bomes drilled X painted bl wnusad
20x325x56m £5.00 aach
Toroidal mains lianstorme: 12V 44 & 044,
1209217, 20028, £4.001 £6,00/2 £8.00/3
Video Tapes, £ 5 £32,50 gach
Smohe delectors, smalisizs £7.00 each
Smoke deleclors, large wilth escape light and pause
feature 4 £13.00 each

PCB’S

PRINTED CIRCUIT BOARD de-
signs and elec/mech draughting.
For a fast efficient service, give us
a call on: 081-443 1381.

MISCELLANEOUS

HEATHKIT U.K. Sparesand service
centre. Cedar Electronics, Unit 12,
Station Drive, Bredon. Tewkesbury,
Glos. Tel: 0684-73127.

KITS

NEW VHF MICROTRANSMITTER
kit, tuneable 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY £5,
assembled and ready to use £8.95
post free. Access/Visa orders tele-
phong 021-411 1821. Cheques/PQO's
to: Quantek Electronics Ltd, (Dept
ETI), 45a Station Road, Northfield,
Birmingham B31 3TE.

KITS, PLANS, built units, micro-
transmitters, telephone switches,
bleepers, personal protection (sonic
and electric). SAE list: ACE(TI), 99
Greenheath, Hednesford, Staffs.
05438 71902.

SURVEILLANCE

SURVEILLANCE &

COUNTER
SURVEILLANCE
EQUIPMENT
| WE MANUFACTURE AND SUPPLY
=] SURVEILLANCE
\ —i=__J| AND SECURITY
il EQUIPMENT

including VHF Trensmers

Automalic Telephone
3ecorders Recording

- Brefrases Bug

/L Delectors

£
b Ak 3’ Telephone
757 CounterTap Units

@ &' "Wy also offer a complete
= i
1 H

receivers ‘t-;slseules .;nd batleries
CCTV AND SECURITY
SYSTEMS SPECIALISTS

\Vrite or phone for a derailed catalogue fo

ESKAN ELECTRONICS LTD.

DEPT. ET, 172 CALEDONIAN ROAD, LONDON, N1

~071-278 1768 =

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easytofollow diagrams
and uses oniy £1.00. Components
and PC.B’s available. Herrington, 63
Home Farm Rd, Hanwell, London
W7 INL.
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Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

(Ref: ETI/9/90)

Name

0 Telecomms
- Tech C&G 271

O Radio Amateur

Licence C&G
O Micro-

processor
O Introduction to

Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

Ifyou organise a course that may interest ETI readers

call 0442 66551 topAY

TEMPERATURE

MEASUREMENT

IRREVERSIBLE TEMPERATURE
INDICATORS

Miniature labels 1imm x 3mm follhemeaswemem

of temperatura on small components. Each str

four tem erulura points: 40-43-46- 49°C

54-60-66- 2-88-93°C, 99-104-110-116°C,

121127132 138°C 143—149-154—180°C Supplied in

packets of 45 strips priced at £3.00 plus VAT.
These and other types of indicators up to 260°C
available from:

Specialised Labels, Block ‘D', New Normanton
ilis, Stanhope Streel Derby DE3 5QU,

Tel (0332) 382421, Fax (0332) 281208

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

N AT I O0ONAL
C 0 Lol £ GuE O3
TECHNOL G ¥

PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics and fibres
and optoelectronics for study at home or at work.
The advantages are that you may.

— commence at any time— work at your own pace
— have a tutor (optional) and there is no travelling
involved. BTEC certificates are available subject
to the conditions of the award. These highly popular
packed courses contain workbooks, a cassette
tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have
some experience and simply need updating, there
is probably a packaged short course ready for you.
Write or telephone for details, quoting ETI to:

NCT Ltd, Bicester Hall
5 London Road, Bicester, Oxon 0X6 7BU

or telephone (0296) 613067 Ext. 202

RETAIL OUTLETS
EDINBURGH LONDON

ELECTRONIC COMPONENTS

- D >=S0IJ -0 MmMr m

[OMNIELECTRONICS |

stock a wide range of electronic components al

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 9am-6pm, Sal am-5pm
Send 2x18p slamps for lalest catalogue

CRUICHH EWOBD
ELECTRONICS

One of the larges| component retailers in the UK Fast and efficient,
same day personal service on ‘IN STOCK [TEMS' Very compelative
prices. No minimum order. Call Cricklewood Electronics now:
40 CRICKLEWOOD BROADWAY, LONDONNW23ET

Tel: 081-450 0995/452 0161

are best seen at

FRASER ELECTRONICS
42 ELM GROVE * SOUTHSEA x HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

FOR MORE INFORMATION
ONSERIES DISCOUNTS
CONTACT
BEN ADEWOLE ON
0442 66551

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street Tel: 051 236 0154
47 Whitechapel Tel: 051236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

LONDON

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

LIVERPOOL

ALLPARTS
TV & VIDEO SPARES EMPORIUM
NOW OPEN
Trade and Public Retail Outlet

FERG VIDEO HEADS FROM£1095 @ PANASONIC HEADS FROM¢£1095
IDEQ COPY KITS €599 OR SCAHT

KT
FERG VIDEQ LAMP WIRE ENDS 40p ® FERG VIDEO LAMP WITHPLUG 60p
20MM A/S FUSES ¢1 PER PACK OF TEN
ALL YOUR TV & VIDEQ NEEDS HERE IN LPOOL
ALLPARTS - 101 ROCKY LANE TUEBROOK
LIVERPOOL 6 4BB + 051 2604825
Mon-Fri10am-5.30 - Sat 9am-5.30

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Ourterms for new advertisers (semi-display and
lineage) are strictly pro-forma payments until
satisfactory reference can be taken up (excluding
recognised advertising agencies) Cheques and
PO's should be crossed and made payable to
ARGUS SPECIALIST PUBLICATIONS and sent
together with the advertisements to:

The Classified Dept.,

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST

There are no reimbursements for cancellations
Advertisements arriving too late for a particular
issue willbe insertedin the following issue unless
accompanied by instructions to the contrary. itis
the responsibility of the advertiser toensure that
the first insertion of every series is published
correctly, and corrections mustbe notifiedintime
for the second insertion, otherwise the pub-
lishers will not accept liability or offer any

reduction in charges.
All advertising sales are subject to Government
Regulations concerning VAT. Advertisers are
responsible for complying with the various legal
reguirements in force eg. The Trade Description
Act, Sex Discrimination Act & the Business

Advertisements (Disclosure) Order 1977.
Full Terms & Conditions of Advertising
available on request

- P P>PEO0TIHOMMErmM




I-_Please supply P9005-1

66

Panel Engraving Service

Now you can give your projects amore professional finish by using the
ETI Front panel service. If you have difficulty with drilling clean holes
and producing good quality labels for your treasured projects then
this service isa must for you. We will supply complete front panels for
selected projects featured in ETI in a variety of base colours and
coloured type according to your choice. The material used is a tough
laminated plastic of extremely durable quality. It can be used as a glue
on front-piece to a metal back plate or even as a front panel in its awn
right, the decision is yours. We believe the pricesquoted are extremely
good value for money and indeed hard to beat.

All you do is fill in the coupon stating clearly the code number, your
name and address and your remittance made payable to: AS.P.
Reader Services. ' 2

For the choice of colour you must add two letters to the end of the
code. They are these: BW — Black panel, white lettering, RW — Red
panel, white lettering, WB — White panel, black lettering, WR —
‘White panel, red lettering.

The ultimate in personal service must be to offer a front panel made to
your design requirements and this does not have to be limited to
electronic projects. It could be a design for a clockface, a door-panel
insignia, even your own logo. Now we can offer that facility too. Send
us by letter or Fax, a neat dimensioned millimetre drawing of your
panel design and we will be happy to give you a quote for a coloured
front panel. On acceptance of the quote just send in the artwork and
we'll do the rest. There’s a minimum charge of £10.00 + VAT for this
custom service but we reckon it's worth it.

Here are some recent popular projects to start this brand new service
onits way, the prices are inclusive of VAT and postage and packing:

P9005-1 The Business Bass Amp £16.95
P9003-1 Superscopg CRT Panel £ 3.95
P9003-2 Superscope X shift Panel £ 2.95
P9003-3 Superscope T/base £ 495
P9003-4 Superscope Y1 Input £ 4.00
P9003-5 Superscope Y2 Input £ 4.00
P9003-6 Superscope All 5 boards £17.95
P9001-1 Wavemaker FG £ 5.00
P8910-1 Multimeter £ 5.95
P9007-1 Decision Maker £ 895

TELEPHONE ORDERS

ENX 0442 66551 =

ETI Reader Services, Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST

il

LITT T TTTTTTTTTTT] Totas

Colour Qty @ £16.95
Please supply P9003-1 Colour Oty . @E 395 |
Please supply P9003-2 Colour Oty @f 295
Please supply P9003-3  Colour Oty @E 495 I
Please supply P9003-4 Colour Oty @£ 400
Please supply P9003-5 Colour Oty . @ E 4.00 I
Please supply P9003-6 Colour Qty @ £17.95
Please supply P9001-1  Colour Oty @£ 500
Please supply P8910-1  Colour ..ee QY oo @ £ 5,95 |
Please supply P9007-1  Colour .. QY coverccsie @ £ 8,95 I
Cheques/P.O, payable to A:S.P. or debit my Access/Visa

Signature
Name
Address

ETI Reader Services, Argus House, Boundary Way,
Hemel Hempstead, Herts, HP2 7ST

n our Audio supplement, we present the first in a series of loudspeaker

designs. We start by taking a comprehensive look at electrostatic
types with plenty of design considerations in order that you may build
one yourself.

In the concluding part of Microwaves, Colin White discusses the
uses within the fields of RADAR, astronomy and medicine. Still on the
subject, we present a feature on Instrument Landing Systems at airports
where microwaves are essential for the safe landing of aircraft.

Will solar power ever become cost effective and establish a place
in the energy generating game? The renewable energy series tries to
find the answers to this and the different methods of utilising the sun rays.

If you feel like plugging in the soldering iron, we can offer a
component tester, a digital countdown timing facility to improve your
powers of oratory, be it in lecturing or disco presentation and a guitar
pick-up to convert your ageing acoustic music box to perform something
rather louder.

Order your copy today and collect the October issue on September
7th. ‘

The above articles are in preparation but circumstances may prevent publication

LAST MONTH

In August we featured the first part on the workings of a
modern-day synthesiser. The second in our energy series
featured an article on wave and water power and in Electric Eye,
we reviewed the latest trials to give blind people easier access
to written information.

Projects covered were a Temperature controller, an FM
generator, an AC millivoltmeter and an Update on a stereo
decoder featured in ETI in 1987. A limited number of back
copies are still available from Select Subscriptions (address on
contents page).

ADVERTISERS’ INDEX

BK ELECTRONICS........vrvrsrve IFC  NUMBER ONE SYSTEMS..............
BRIAN PRICE ELECTRONICS ........... 43 OMNI ELECTRONICS.........0ovcvcrrver

O L0 T —— 15 RACKZ PRODUCTS .......co.corsrrrne
CRICKLEWOOD ELECTRONICS..... 13,21  RADIO & TV COMPONENTS .
DISPLAY ELECTRONICS REED ELECTRONICS.........c.ovsvicven
EUROMARKET SALES ....... SHERWOOD DATASYSTEMS ............. 2
GREENBANK ELECTRONICS............ 3 STEWARTS OF READING... .63
HAPPY MEMORIES........... .21 SUMADESIGNS........... e
HART ELECTRONICS ... .50 TKELECTRONICS..... .28
HENRYSAUDIO............. .. 27 WILMSLOW AUDIO..... .43
J &N BULL ELECTRICAL . 41 YAMAHA KEMBLE (UK)........c..cccnnns IBC
MAPLIN ELECTRONICS................ 0BC
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THE SHOCK IN 3U

The sound of the 90’s has been cut down to size.

What promises to be the most popular synth of the decade, the
ground breaking SY77, is now available in 19" rack-mount form taking
just 3U of precious rack space.

TG77 has all the tone generating wizardry that put the SY77 where it
is today. AFM (Advanced Frequency Modulation) and AWM?2 (second-

generation Advanced Wave Memory). And that means crystal clear

samples combined with state-of-the-art FM synthesis.
But there’s more. RCM (Realtime Convolution and
Modulation) synthesis brings the two different sound sources
together to create a third that is greater than the sum of its

parts. A whole new world of sound

that’s unique to Yamaha.

With built-in drums, two stereo and 8
assignable individual outputs, TG77
becomes a powerful production tool. Add
the kind of software support that only
Yamaha can provide and you can be sure
your investment will be one for the
future as well as the present.

Come with us and see.
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For further information on the TG77 and SY77, please complete this coupon and
send to: Yamaha-Kemble Music (UK) Ltd,, MI & Pro Audio Division, Mount !
Avenue, Bletchley, Milton Keynes, MK 1 1JE,
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