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POWER AMPLIFIER MODULES-TURNTABLES-D

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO CHANNEL 19 INCH RACK

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF90O0 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHNMS, BOTH CHANNELS DRIVEN
FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu melers *
Level conlrols  llluminated on/otf switch % XLR connectors % Standard 775mV inpuls % Open and short circuit
proof * Lalesl Mos-Fels for stress free power delivery into virlually any load * High slew rate Very low
dislortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loud ker and thermal pr
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3"2" (2U)xD11"
MXF400 W19"xH5"." (3U)xD12”
MXF600 W19"xH5"." (3U)xD13"
MXF300 W19"xH5"." (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL, £12.50 EACH

JOMP VARISPEED TURNTABLE CHASSIS]

e

* Manual arm * Steel chassis * Electronic speed
control 33 & 45 R.P.M. * Vari pitch control * High
torque servo driven DC molor * Transit screws *
12" die cast platter * Neon strobe * Calibrated
balance weight * Removable head shell * %"
cartridge fixings * Cue leverx 220/240V 50/60Hz
* 390x305mm % Supplied with mounling cut-out
template.
PRICE £61.30 + £3.70 P&P

STANTON AL500Mkii GOLDRING G950

A\

-

£ £16.95 | S0P P&P _ PRICE£7.15 | 50P P&P
TEREO DISCO MIXER DJ6500

* WITH ECHO »
STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with tone control
& 1talk-over switch, 7 Channels with
individual faders plus cross fade, Cue
Headphone Momlor Useful combination of
the 3 tur (mag), 3
mics, 5L|ne for CD Tape, Video etc. i

Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm

LOUDSPEAKERS-1S INCH STEREO RACK AMPLIFIERS

IMMERS-

SEFIVICE * LARGE (Ad) S A. E 50 STAMPED FOR CATALDGUE *

LA LV U EETSTT DS SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide r for quality, r ilily and performance al a realistic price. Four
models are available to suil the needs of the prolessional and hobby markel i e Induslry, Leisure, Inslrumental and Hi-Fi
elc. When comparing prices, NOTE Lhal all models include loroidal power supply, integral heal sink, glass fibre P.C.B_and
drive circuils to power a compatible Vu meler. All models are open and shori circuit proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 walts
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/uS,
T.H.D. typical 0.002%. Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm,
PRICE £40.85 — £3.50 P&P

OMP/MF 200 Mos-Fet Oulput power 200 walts
R.M.S. intc 4 ohms. frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%. Inpul Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 — £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S_into 4 ohms. frequency response 1Hz - 100KHz
-3dB. Damping Factor >300, Slew Rate 60V/uS
T.H.D. typical 0.001%. Input Sensitivity 500mV, S.N.R
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watis
R.M.S. into 4 ohms. requency response 1Hz - 100KHz
-3dB. Damping Factor >300, Slew Rate 75V/uS.
T.H.D. typical 0.001%. Inpul Sensitivity 500mV, S.N.R
-110 dB. Fan Cooled. D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 - £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC.

Vu METER Compatible wilh our tour amplifiers detailed above. A very accurale
visual display employing 11 L.ED.s (7 green. 4 red) plus an additional on/oft
indicalor. Sophisticated logic control tor very last rise and decay limes. Tough
moulded plastic case. with acrylic tinted froni. Size 84 x 27 x 45mm.,

PRICE £8.70 — 50p P&P

 [LOUDSPEAKER:

e e e
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.

- From McKenzie Prolessional Series
- From McKenzie Studio Series

| McKENZ NSTRUMENTS, P.A., DISCO, ETC

ALL McKENZIE UNITS 8 OHMS IMPEDANCE

8" 100 WATT B C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID. DISCO,

RES. FREQ. 80Hz, FREQ, RESP. TO 7KHz, SENS 96dB PRICE £31.45 — €2.00 P&P
10" 1OOWATI'§C10-1OOGP GUITAR, VOICE, KEYBOARD. DISCO, EXCELLENT MID

RES. FREQ. 72Hz, FREQ, RESP. TO 6KHz, SENS97dB PRICE £38.89 — £2.50 P&P

PIEZO ELECTRIC TWEETERS - MOTORO|

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved

transieni response with a lower dislortion level than ordinary dynamic Iweeters, As a crossover is not required

these units can be added 1o exisling speaker systems of up lo 100 watls (more if iwo are pul in series, FREE

EXPLANATORY LEAFLETS ARE SUPPLIED WiTH EACH TWEETER.

.. TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for

+/ bookshell and medium sized Hi-Fi apeakers, Price £4.90 ~ 50p P&P.

I/ TYPE ‘B’ (KSN1005A) 32" super horn for general purpose speakers,
disco and P.A. systems etc, Price £5.99 + 50p P&P.

TYPE ‘C’ (KSN1016A) 2'x5" wide dispersion horn for quality Hi-Fi sys-

tems and quality discos eic. Price £6.99 + 50p P&P.

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency

response retained extending down to mid-range (2KHz). Suitable for high

quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.

TYPE ‘E’' (KSN1038A) 3% horn tweeter with attractive silver finish trim.

{ o,
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£__ Suitable for Hi-Fi monilor systems etc. Price £5.99 - 50p P&P.
| LEVEL CONTROL Combines, on a recessed mounting plate, level conirol
) I| and cabinet input jack socket. 85x85mm, Price £4,10 + 50p P&P.

10" 200WATT§ C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID

RES, FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB PRICE £53.21 — £2.50 P&P
12" 1OOWATTﬁC12 -100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO

RES FREQ, 49Hz, FREQ. RESP. TO 7KHz, SENS 98dB. PRICE £40.35 — £3.50 P&P
12" 100WATT ﬁ €12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A_, VOICE, DISCO
RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 97dB, PRICE £41.39 — £3.50 P&P
12" 2OOWATI'SC1 2-200B HIGH POWER BASS, KEYBOARDS, DISCO, P.A

RES_FREQ_45Hz, FAEQ, RESP, TO 5KHz, SENS 99dB. PRICE£71.91 — £3.50 P&P
12" 300WATT § C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC,

RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 100dB PRICE £95.66 - £3.50 P&P
15" 100WATT P/C15-100BS BASS GUITAR, LOW FREQUENCY, P.A,, DISCO.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz. SENS 98dB. PRICE £ 59.05 - £4.00 P&P
15" 200WATTPIC15-200BS VERY HIGH POWER BASS.
RES. FREQ. 40Hz, FREQ. RESP. TO 3KHz, SENS 98dB

15”7 2SOWAT|’§C1 5-250BS VERY HIGH POWER BASS.
RES, FREQ, 39Hz, FREQ, RESP. TO 4KHz, SENS 99dB. PRICE £90.23 - £4.50 P&P
15" 400WATT S C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS

RES. FREQ, 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB, PRICE £105.46 - £4.50 P&P
18" 500WATT SiC18-500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS.

RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS, 98dB. PRICE £174.97 - £5.00 P&P

EARBENDERS:- HI-FI, STUDIO, IN-CAR, ET

ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped & 4 & B ohm)

PRICE £80.57 — £4.00 P&P

DMP LINNET LOUDSPEAKERS]

THE VERY BEST IN QUALITY AND VALUE

Made especially to suil today s need jor compactness with high output
sound levels, finished in hard wearing black vynide with protective
corners, grille and carrying handle Each unit incorporates a 12" driver
plus high frequency horn for a full Irequency range of 45Hz-20KHz,
Both models are 8 Ohm i d . Size: H20" x W15" x D12",

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

IN-CAR STEREQO BOOSTER AMPS

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 75) Stereo, 150W
Bridged Mono

250 WATTS (125 -~ 125) Stereo, 250W
Bridged Mono
400 WATTS (200
8. Bridged Mono

% ALL POWERS INTO 4 OHMS
Features:

* Stereo, bridgable mono % Choice ol
high & low level inputs * L & R level
conlrols * Remole on-off * Speaker &

(i

i 200) Stereo, 400W

PRICES: 150W £49.99 250W £99.99
400W €109.95 P&P £2.00 EACH

POSTAL CHARGES PER ORDER £1.00 MINIMUM,. OFFICIAL
DRDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC.

COUNTER. VISA AND

ACCESS ACCERTED BY POST, PHONE ORFAX.

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FREQ, 40Hz, FREQ, RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI. IN-CAR

RES. FREQ, 40Hz, FREQ. RESP. TO 5KHz, SENS, 99dB. PRICE £13.65 ~ £2.50 P&P
10" 100WATT EB10-100 BASS. HI-FI, STUDIO

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz. SENS 96dB.

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO
RES. FREQ, 26Hz, FREQ, RESP. TO 3 KHz, SENS 93dB. PRICE €£42.12 - £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURRQUND

5'," 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ, 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB

61" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB

8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC,
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 ~ £1,50 P&P
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.

RES. FREQ, 35Hz, FREQ, RESP. TO 12KHz, SENS 98dB PRICE £16.49 + £2.00 P&P

PRICE £30.39 - £3.50 P&P

PRICE £9.99 + £1.50 P&P

PRICE £10.99 ~ 1.50 P&P

RANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE

PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

W TRANSMITTER 80-108MHz. VARICAP CONTROLLED PROFESSIONAL ‘l

PERFORMANCE. RANGE UP TO 3 MILES SIZE 38 x123mm SUPPLY 12V G 0 5AMP.

PRICE£14.85 - €1.00 P&P

FM MICRO TRANSMITTER 100-108MHz. VARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY

PRICE £8.80 - £1.00 PAP PHOTO: 3W FM TRANSMITTER

B.K.ELECTRONICS

UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SSE &6TH.
Tel:O702-527572 Fax.:0702-420243
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Editorial

By Paul Freeman

Features & Projects

Improved LED Rear Bike Lamp

In the interests of economy, Andrew Armstrong adapts his LED bike light from last

month to run on ‘AA’ cells.

New Concepts in Optical Connectivity

Douglas Clarkson reports on the latest developments in optical communication.

Maximum Power Transfer
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16

19

A P Stephenson explains how to get the power to where you really want it.

Surround Sound Decoder

Camera add-on Unit

26

Add an extra dimension to your TV entertainment. Paul Stenning takes you through the
construction using the PCB given away with this issue.

32

Edward Barrow provides a versatile attachment for your camera.

Low Noise Systems

42

John Linsley-Hood investigates semiconductor noise and asks if J-FETs are the best.

Mini Baby Monitor

47

A handy little monitor to use about the house. Bill Mooney covers the construction of a

50

beginners surface-mount project.

Ultra-sonic Audio Sender

Send speech via this ultra-sonic remote link. Peter Cartwright explains.

Natural Oscillations

53

A basic guide to electrical oscillations in circuits by A P Stephenson.

Anniversary AutoMate 20 Part 4

Another thrilling instaliment in our biggest project yet. Mike Meechan looks at the
problems associated with grounding complex audio systems.
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20 Year Project Index
PCB Foils

Photocopy Service

ontents

58

omputer speed of operation has been on

the increase ever since the first electronic
types appeared. Changes to the semicon-
ductor type, substrait depth, capacity and
inductive effects and frequency of operation
are some areas which have all been altered to
get information from point A to point B in
the quickest time possible. Some say we are
approaching the speed limit for existing
technologies.
Alight at the end of the tunnel
The ultimate would be to have a computer
operating at the speed of light. The idea of
using optical computation is not new. Light
operated logic gates have been researched
for some time but light interconnectivity is
the emerging technology for the 1990s. In
New Concepts in Optical Connectivity

within this issue, Douglas Clarkson reports
on the latest developments in this field being
investigated at Kings College, London. First
areas to be modified could be the replace-
ment of copper interconnecting wires
between boards with light guide.

Once the principles of controlled
Photonic mechanisms have been estab-
lished, there would seem no reason why
other parts of the electromagnetic spectrum
couldn’t be used to perform the same job.
They would have to use a different trans-
mission guide material transparent to those
frequencies and be radiation resistant. Might
we see X or Gamma photonic computers in
the future? Afterall, they have higher energy
per photon and low diffractive effects.

Paul Freeman
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hile it’s just a small part of the telecommunications

industry, radiopaging is a complete microcosm of
the whole. Bylookingattheradiopaging concept,and the
way it’s going, it’s possible to get an understanding of all
things in electronics communication areas.

Long ago, radiopaging began as a method of com-
municating with doctors, in a London hospital. The hos-
pital itself realised the need to be able to get doctors to
respond when an emergency happened. If such a system
could be performed by radio, doctors simply need to
carry round a small radio receiver in their pockets, then
when required an operator could simply ‘bleep’ them.

This first system used a simple loop of cable around
the hospital, and transmitted at an almost unbelievably
low frequency of 35kHz. Since then things have moved
along apace. Such local area systems still exist —you’ll
still see doctors with ‘bleepers’ in their top pockets (still
made by the same company, incidentally, who built the
first system; Multitone) —but they work in considerably
more complicated ways. Loop-paging systems are no
longer used (even though you can often see, to this day,
the remnants of the wire cable loops around the outside
walls of many older hospitals). Instead, local-area sys-
tems use amore conventional transmitter and aerial, and
a coding system that allows many hundreds of different
bleepers to be used and accessed individually within the
area. Teams of receivers can be grouped and automati-
cally bleeped so that, say, if an emergency arises where a
patient requires a particular group of doctors, nurses and
support staff, the operator merely has to enter the team
code number and all those receivers will be initiated.

From local-area systems things progress to wide-
area systems, operating over large sites, say city-wide or
county-wide. Coding systems are necessarily more com-
plicated, as more and more users are incorporated into
these systems. Soon, you need a national system —so that
anyone travelling anywhere in the country can be paged.
And I mean anywhere —I remember when the UK’s sys-
tem was first set up some 10 years back, trialing a receiver
on an intercity-125 train out of St Pancras heading north
from London. While the main transmitter was (and still
is, I suppose) located on the Post Office tower, the
receiver had no problems in picking up the signal on the
train, at all times.

From a national system, we obviously need a Euro-
pean system, and from there a world-wide network. Or
do we? Recently, there are moves to go to a satellite sys-
tem allowing a pan-European network to commence.
From here, I guess, the sky’s the limit.

So you see, radiopaging effectively mirrors what’s
happening all over the telecommunications industry.
From grass-roots startup systems, through bigger and
bigger systems which incorporate more and more users,
to world-wide networks allowing access to many mil-
lions of people. Virtually all communications networks
follow this route. From little acorns...

But is this sort of progression really necessary? Do
we need larger and larger systems? Or would smaller sys-
tems do the job adequately? Are we making mountains
out of molehills?

All 'm saying is that systems controllers should
checkout first whether users want such systems. Other-
wise we end up with systems which aren’t used, don’tgive
any particular value, and certainly don’t make sufficient
profit to justify themselves. Look at the CT2 telephone
system of telepoint for a case study. When this was under
development we were always being told how we simply
couldn’t do without it. In the event, when telepoint
started up, users who simply couldn’t do without it stayed
away from it in droves. Without wishing to rub salt into
open wounds, I'd like to point out that even cellular tele-
phone systems are finding it a struggle to survive. Do we
really need more complicated systems encompassing
greater numbers of users?

We’re Getting There...

British Rail has a problem. Well, alright, quite a few
problems, really. But train times, crowded accommoda-
tion, dirty carriages, bad press and so on aren’t at issue
here. What s, is the communications network laid along
side British Rail’s track.

Since BR went into the telecoms business, laying
thousands of miles of cable along its nationwide rail
tracks and supplying these cables to communications
suppliers like Mercury, they have had a problem with
thieves. What appears to have been happening is that
thieves steal these cables, in an attempt to make money
from scrap metal values of copper. Many of British Rail’s
older cables are of a copper nature, so thieves have had
quite a heyday it seems.

Scrap value for copperis around £1000 a tonne —in
effect, about £1 a kilogram. Not a bad earner, I guess, if
you’re that way inclined. There have been unsubstan-
tiated pressreports of people getting hundreds of pounds
a week in this illicit trade.

Security along the rail lines is obviously difficult to
maintain. For a start, it’s not possible to put a policeman
every 100 yards or so along the track. It’s also notfeasible,
according to British Rail, to put these cables in a secure
duct. Instead cables are in a shallow trough, with an easy-
to-removelid, to allow British Rail easy access for repairs
and maintenance. Unfortunately, easy access for British
Rail means easy access for anyone else, too.

Even though all new cables laid along tracks are of
optical fibre, the problem hasn't abated. Thieves still cut
them to see what’sinside —ifit’s copper they steal it, if it’s
optical fibre they leave it. British Rail then has to repair
the cut optical fibre cable, or replace the stolen copper
cable.

BR’s predicamenthas left Mercury with little option
exceptto changeitsnetwork.Instead of relying to such an
extent on a railbased communications network it will, in
future, concentrate on other methods. Keith Brindley

ETI JULY 1992




T Visual and Broadcast Ser-

vices has demonstrated
technology which will enable
people to see, speak and work
with each other through their
PCs. The technology, which
uses BT’s Integrated Services
Digital Network, is designed to
operate in conjunction with
software from IBM for its PC
and PS/2 computers.

Steve Maine, Director of
BTVBS, said: “The main bene-
fits to users will be faster deci-
sion making, speedier and
more efficient use of scarce
human skills, cost and time sav-
ings from reduced travel and
improved cor-
porate  com-
munications.”

BT s PC
videophone
hardware
working along
with IBM software is said to
improve all forms of desk-top
interworking, including per-
sonal videoconferencing, file

transfer and access to remote -

databases.

The applications will oper--

ate using BT’s ISDN 2 service.
At the moment, potentially
86% of UK businesses have
access to ISDN 2 through over
4,000 modern telephone

exchanges.

The development  is
expected to open up a whole
range of opportunities to
improve corporate manage-
ment. Other areas affected are:
senior management conferen-
ces, remote expertise access,
project management support,
customer support, staff train-
ing, teleworking and multime-
dia information services.

BT AND IBM UK LEAD THE
WAY IN PC VIDEO
CONFERENCING

BT envisages the early users
will be existing ‘information
intensive’ PC users, working
with medium to large sized
companies, their customers
and suppliers.

The technology uses the
recently agreed international
set of standards (ratified by the
CCITT and known as the
H.320 series) which cover
H.261 video compression, with

synchronised voice and simul-
taneous information transfer
over one or more ISDN chan-
nels.

Standards have paved the
way for rapid growth in this
market. IBM’s Networking
Strategy Manager Chris Frost
said: “Early work completed by
IBM’s Hursley laboratory and
by BT at Martlesham, together
with the openness and accessi-
bility of the UK’s modern digi-
tal public network, makes this
an area in which the UK may
well lead the world.”

ln the continued quest for the
ultimate in picture and sound
perfection, Sony announce the
launch of their HiBlack Trini-
tron range. This new range is
said to offer the ultimate in pic-
ture quality, incorporating all
the benefits of Black Trinitron,
with extra black for supreme
contrast, colour, detail and
definition. The launch of
HiBlack is set to bring a new
dimension to TV picture
quality.

With the new HiBlack tube,
black appears blacker and
white appears whiter, resulting
in brighter contrast and
improved detail. Panel trans-
mission, the ratio of light pas-
sing through the scréen, is signi-
ficantly improved. The smaller
the panel transmission, the
blacker the screen; with 100%

panel transmission the panel
appears transparent and with
0% transmission, the panel
appears black. Where most col-
our televisions have 50%, the
HiBlack range has around 35%
panel transmission, making it
blacker than any other model
on the market.
As the ‘black-
ness’ of the
screen absorbs
more of the
room light,
reduced reflective glare leads to
better picture quality and less
strain on the eyes.
The21”151cm KVM2 1505
features the new HiBlack tube,
increased audio output from
3W to 4.5W RMS, Pan Focus
Gun technology, and a
30160190 minute sleep timer
which automatically turns the

TV to standby. The KVM2
1515 offers all these features,
with the additional function of
Fastext with 4 page memory.
Both models, complete with
21-pin Euro SCART socket for
VCR/satellite connection and
front AV and Hi8/SVHS soc

kets for simple connection to
Camcorders, will be available
inJuneat£349.99and £399.99
(RMAP) respectvely.

Three new models are laun-
chedinthe X series, the top sell-
ing range of NICAM TV’s.
These models offer the highly
advanced ‘HiBlack Trinitron’
screen with superior NICAM

stereo sound. Other features
include Fastext with 4-page
memory, twin SCART sockets
for easy connection to other
equipment and front A/V con-
nectorand Y/C socket for ease
of camcorder connection.
Available from April prices will

A NEW DIMENSION IN

TELEVISION FROM SONY

be £549.99, £629.99 and
£799.99 (RMAP) respectively.

All models in the new
HiBlack range include rever-
sible remote control comman-
ders, with basic and full TV
command options and dedi-
cated TV stands.
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ol 2 acosteffective sun simu-

lation cabinet from Uvalight
Technology Ltd has recently
beenupgraded. The new design
offers the closest possible
duplication of natural sunlight.
Other improvements include:-
larger test area, better sample
access, easy inter-
change of filters,
enhanced  light
uniformity  and
longer lamp life.

Sol 2 uses a metal halide
lamp and filter combination
which produce the -closest
possible duplication of natural
sunlight. This ensures that test
results provide good correla-
tion to actual climatic condi-
tions.

In addition to the standard
sunlight spectrum a further six
spectra are available in various
wavelength regions by chang-
ing lamp/filter combinations.
Air mass zero radiation (extra-
terrestial) is also available and

is used for space application
testing.

Approximately 44% of the
power input is converted to
useful radiation (UV/visible
light) and large areas can be
uniformly irradiated with
intensities between 8§00-1200

SUNLIGHT SIMULATION

SYSTEM

W/m?. This is consistent with
testing standard recommenda-
tions and corresponds to an
increase over natural radiation
intensities by a factor of 6 to 9.
Other modular units are
also available for construction
of large or small chambers of
any size. They can be built into
climatic chambers for control
of parameters such as tempera-
ture, humidity, and rainfall.
For further details contact:-
Upvalight Technology Limited:
Fax number: 021 643 3879.

he growth of audio/ video
integration in the home is
reflected by some interesting
new research. It is estimated
that in 1992 over 40% of all
large screen TV’s and around
25% of all VCR’s will be
equipped with Nicam.
Independent statistics
reveal that over 15% of consu-
mers have now connected their
TV set up to a hifi system.
Against this background Sony
is launching a sophisticated
new AV  amplifier, the
TAAV670. This model has five
separate power amplifiers pro-
viding 80 watts per channel for
the front, 20 watts per channel
for the rear and a centre chan-
nel output of 80 watts as well.
Incorporating  advanced

Dolby Pro Logic the TAAV670
also provides a Digital Sur-
round Processor by virtue of its
DSP function. Overall, five
types of surround effectinclud-
ing Dolby, Theatre, Hall, Jazz
Club and Stadium can all be

Jazz Club setting by simply
rotating the acoustic control. A
multi tone control system
allows flexible independent
adjustment of the front, centre
and rear speakers for similar
acoustic balance.

LATEST AUDIO-VISUAL

TRENDS

enjoyed by simply selecting the
surround mode according to
the program source.

Within each mode the user
can adjust several parameters
to maximise the effectin the lis-
tening room. For example, it’s
possible to vary the early reflec-
tion time and effect level in the

The Sony TAAV670 can
accommodate up to seven
video sources with five separ-
ate dedicated audio inputs as
well. Sound from various audio
programme sources can be
added to video programmes
using the mix function and a
record out selector is also

included.

Operational status is indi-
cated by a dot matrix display
panel which can be turned off if
desired. The userisable to label
any input selected with an
alphanumeric display of up to
eight characters. As well as
standard video, five inputs and
three outputs for Hi§ or SVHS
have been incorporated with
handy front mounted sockets
behind the control panel flap. A
sub woofer may also be con-
nected to the TAAV670 if
required.

The TAAV670 is available
in August. The price will be
£649.99.

K Electronics used surface

mount technology (SMT)
for the basic design in the new
TEK instrument range. SMT
was chosen to obtain the maxi-
mum circuitry on the minimum
PCB area with full reliability.

These hand held instruments
for electrical safety also
inherited other SMT Benefits
such as the faster and easier
loading of, in general, smaller
sized components.

For further information
contact Andy Croston at UK
Electronics: Tel: 061 6274870.
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LOSSLESS IMAGE
RESOLUTION

terated Systems Ltd has
announced details of Fractal
Transform Resolution
Enhancement, a new lossless
technique which allows you to
endlessly expand the pixel res-
olution of digitized images, and
to zoom in indefinitely, without
blocky pixelation. The result is
said to be unparalleled resolu-
tion enhancement, superior to
any alternative.
Additional detail and image
qualityis generated by the Frac-

tal Transform, building loss-.

lessly on the originalimage data
and maintaining texture and
crisp edges. The technique is
ideal for all applications that
manipulate, edit or manage
images, such as desktop pub-
lishing and desktop presenta-
tions.

DrMichael Barnsley, Chair-
man of Iterated Systems and
discoverer of the Fractal Trans-
form, commented “This is yet
another breakthrough use of
our revolutionary Fractal
Transform technology, which is

already making an extraordi-
nary impact on image com-
pression. Since images are
inherently fractal, the Fractal
Transform is now revolutioni-
sing image technology, just as
the silicon chip has revol-
utionised  the electronics
industry.”

Alice Peters, from Jones &
Bartlett Publishers commented
“The constant challenge in
publishing is to match image
resolution to output device,
which  typically  requires
‘stretching’ images to match
output resolutions. This invari-
ably introduces pixelation or

other distortion. By contrast,
the Fractal Transform Resolu-
tion Enhancement technique
produces remarkably clear
images even at high magnifica-
tion levels.”

Alan McKeon, Managing
Director of Iterated Systems’
UK subsidiary, commented:
“Lossless resolution enhance-
mentis of fundamental import-
ance. The Fractal Transform
offersimage users the same res-
olution independent approach
to storage, display and printing
as Adobe’s Postscript has
offered to text and compara-
tively simple graphics.”

The enhancement technol-
ogy is available to end users
withinImages Incorporated for
Windows, the first Fractal
Transform image compression
software.

A Developer’s System for
Fractal Transform Resolution
Enhancement will be available,
containing OBJ and DLL
modules for the integration of
resolution enhancement into
DOS and Windows applica-
tions.

Iterated Systems is in nego-
tiation with a number of har-
dware OEM’s to license this
breakthrough image resolution
enhancement technology.

For further information
contact: Jon Blay, Iterated Sys-
tems Ltd, Tel: 0734 880261.

he new TSA250 Spectrum-

Analyser Adaptor from
Thurlby-Thandar breaks new
ground in offering a 250MHz
analyser at a low price of
£345.00 plus VAT. Thurlby
Thandar believe
that this will open
up many new mar-

kets for which
spectrum  analy-
sers were pre-

viously too expensive.

The TSA250 is an adaptor
which converts any standard
oscilloscope into a Spectrum
Analyser and operates over a
frequency range of 400kHz to
250MHz and provides a
measurement bandwidth of
250kHz. The centre frequency
is adjustable over the full range
with an integral Liquid Crystal
display giving a constant rea-
dout of the frequency. Both
scan width and rate are also
fully adjustable.

The amplitude range is -70
to 0dBm with good accuracy
over the whole amplitude and
frequency range. A front panel

CAL button
allows a calibrated
-30dBm 50MHz
marker signal and
itsharmonics to be
superimposed for

precise amplitude
and frequency
checks.

Connections to
an oscilloscope
are via two stan-
dard BNC cables.
The 50 ohmsinput
impedance pro-
vides low VSWR
for coaxial con-
nections, while
high impedance
measurements can
be made using a standard 10:1
‘scope probe.

Applications  for  the
TSA250 include electromag-
netic compatibility investiga-

AFFORDABLE SPECTRUM|
ANALYSER

tions on electrical equipment,
educational demonstrations of
spectral phenomena, and the
development, production and
service of receivers, oscillators

and RF amplifiers.
For further
please contact:
Thurlby Thandar Ltd, Fax:
0480412451

information
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Analysis of the character of a
noise, enables the user to
effectively design noise con-
trol, select suitable hearing pro-
tection and materials as well as
locate a particular noise pro-
ducing source, the GAl 07
Octave Band Peak Sound Level
Meter could be the answer for
these requirements.

Ideal uses include public
address system work, heating
and ventilation systems design,

double glazing performance
and selection of hearing pro-
tection.

For further details contact

FREQUENCY BAND|

ANALYSER

Sally Mason, Castle Associ-
ates:
Tel 0723 584250.

picture appearing on a PC

monitor can now be dis-
played on a TV monitor or
recorded by video with the new
VGAPAL card from RDA, of
Blackwood, Gwent.

VGAPAL is an IBM com-
patible card that converts, in
REAL-TIME, the picture from
a VGA graphic card into PAL-
CCIR video which can then be
recorded or viewed on a stan-

clock synchronized to the
graphic sync, and the scanning
conversion is performed in
real-time, frame by frame,
offering a PAL picture fully
interlaced and to the highest
standard.

The board will pluginto any
empty slot in the PC and does
not require any setting changes
to the graphic card. It is con-
nected, using a special plug

REALTIME CONVERTER
PROVIDES PC PICTURES

ONTV

dard TV.Beingasimple add-on
card, the VGA-PAL card does
notinterfere with graphic func-
tions of the PC, nor with its
monitor.

The analogue input conver-
sion uses a high-speed PLL

provided, between the graphic
card output socket and the
monitor plug.

With this add-on,software
houses need no longer send out
cut-down versions of their pro-
ducts, they can send out video

recordings - with a voice-over.

Other applications include
classroom  teaching/demon-
stration situations, where one
PC is all that is needed as the
converted graphic image may
be displayed to the whole class
via an overhead video projec-
tor.

For conferences,the com-

pany accountant can graphi-
cally show the company’s per-
formance to the other members
of the board without the use of
more PCs and a complex net-
working system.

Further  enquiries  to:
Research Development Appli-
cation: Fax 0495 225540.

COMPACT VIDEO DUBBER ENHANCER

New from Maplin Electro-
nics,isacompactvideo dub-
ber and enhancer unit that will
help to minimize signal degra-
dation when dubbing and/or
monitoring video recordings.
The cost competitive unit has
inputs and outputs for two
VCR’s and two monitor out-
puts.

The video source selection
is provided by a front panel
switch and allows dubbing
from VCR A to VCR B whilst
monitoring VCR A (switch
out) or dubbing from VCR B to
VCR A whilst monitoring
VCRB (switchin).Rotary con-
trols on the front panel adjust
video gain and level of
enhancement. The MAPLIN
unit may also be used as a video
source selector or as a distribu-
tion amplifier.

For full details, see page 39
in the 1992 MAPLIN Cata-
logue.
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Integrating
Roof
Antennae

y integrating an antenna

into the roof of its minivans,
General Motors, working
together with 3M Electrical
Specialties Division, was able
to eliminate the problems of
wind noise.

The roof antenna is a con-
ductive, polyester-coated cop-
per film that couples to the
vehicle roof rails. This allows it
to use other body components
—the pillars and various sheet-
metal panels - as antenna ele-
ments. The thin-sheet antenna
has the additional benefit of
weighing less than a mast
antenna, and since it is inside
the vehicle, it creates no aero-
dynamic drag.

The integral roof antenna is.
used in the 1992 models of the
Chevrolet Lumina APV, Old-
smobile Silhouette, and Pon-
tiac Trans Sport. Engineers
were able to incorporate the
antenna into the minivans
because the vehicles have a
plastic roof panel that allows
radio signals to pass through to
the antenna. Conventional
metal roofs block the signals.
The roof antenna is said to pro-
vide equal FM and better AM
reception than a mast antenna.

Electronic
guide for
travellers

hand-held electronic guide

contains a database with
35,000 entries covering all
majorinterstate highwaysinthe
continental US. It allows a
traveller to plan a trip from one
city to another by providing
mileage and simple directions
for getting there.

While on a trip, users enter
the state, highway, direction
and nearest mile marker to

access information about food,
lodging, hospitals, rest stops,
and points of interest. The
guide will identify the informa-
tion generically or by brand
name, and give direction, exit
number, and distance from the
current  location. Also
included is a telephone direc-
tory of local highway patrol,
weather, and tourist-assistance
numbers, as well as toll-free
numbers for motels and motor
clubs.

The guide, called Interstate
Tripmate, from Whistler, West-
ford, Massachusetts, is updat-

Energy Strategy as well as an
edge against international
competition. President Bush
stated, “The development of a
competitive electronic auto
industry will do more to reduce
oil imports than rigid fuel-effi-
ciency standards that risk jobs
and public safety.”

According to Energy Secre-
tary, James Watkins, “DoE and
the US- ABC will seek to accel-
erate the market potential of
electric vehicles by collabora-
ting on high-risk, high-cost
advanced battery research and
development of the most

More powerful engine fans are
therefore needed to draw air
through the smaller grills, but
these are usually noisier.

Toyota has developed a fan
that runs more quietly than
others because it does not run
atfullspeed atall times. Thefan
matches its speed to engine-
cooling requirements, slowing
down when the car is idling or
otherwise not generating much
heat. The electronically con-
trolled hydraulic fanis found in
the 1992 Camry 3VZ-FE
engine.

The Camry fan is powered

Cooling system arrangement

Electronic control unit

Sensors

Cooler
condenser

/
Qil cooler

Power-steering
fluid reservoir

Power- Power-
||| steering steering
| pump gear box

able and expandable to
100,000 entries by installing
plug-in modules.

Advanced
Battery
Consortium

he Big Three car makers and

the US. Department of
Energy are to collaborate on a
research project for the first
time. Both car makers and the
government will fund the $260
million U.S. Advanced Battery
Consortium with the goal of
developing a lightweight bat-
tery system to make electric
vehicles widely available by the
year 2000.

The Bush administration
considers the project an
implementation of its National

promising advanced battery
alternatives by committing
their respective resources,
including facilities, technology,
and people.”

Watkins added that the
agreement will help improve
the environment, advance U.S.
technology, and increaseindus-
try participation in research
and development. He also
claimed that the National
Energy Strategy will create
more than 300,000 new jobs by
the end of the decade.

Decreasing
grill area of
cars

he grill areas on the fronts of
carsis decreasing as designs
become more aerodynamic.

by a small hydraulic pump,
mounted on the rear of the
power-steering pump, that
draws fluid from the power-
steering reservoir. An elec-
tronic-control unit varies fan
speed, depending on engine
temperature, air-conditioner
status, and engine speed. The
unit controls the hydraulic
pump, which acts in turn to
control, a spool valve, the
hydraulic fan motor.

Besides being quieter, the
Camry fan and accompanying
hydraulic system are smaller
and lighter than comparable
electric fans, which would
require an electric motor and
larger alternator and battery.
The variable load the hydraulic
fan exerts on the engine also
results in smoother idle and
low-speed driveability.
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Early
Shower
Warring

he article by K Garwell intri-

gued me somewhat, and not
wishingto denegrate hisefforts,
I thought he was a bit ‘wide of
the mark’, in his approach to
detecting meteor showers,
atmospheric charge etc.

He might be interested in a
device invented by me in 1963,
patentno. 991646, as no doubt
would Mr L Grossan (Tyne and
Wear), that not only can detect
meteor showers but also give
advance warning of a lightning

strike to within 10 minutes.

My own studies of atmos-
pheric ionisation have been in
intense interest to me, but my
main interest in this line of
research was more to do with
wide spectrum EM sensing.

I am sure both gentlemen
will derive great pleasure from
their own experiments using an
electrometer, though the path
theyhave chosen mightnotlead
to where they expect. One
interesting phenomena they
might pursue with this HRV
instrument, is in the study of
dowsing, but I digress. . ..

P Wilkinson,
Lincs

Pre-Amp
Praised

E}avejustfinished building the
LH Pre-amp RIAA board
and I must agree with Mr Lin-
sley-Hood’s comments.

While the noiselevel and the
circuit is more susceptible to
mains hum, this is more than
compensated by the smoother
treble and reduction in surface
noise from records.

The pre-amp is very open
and clear. Most of all you are
now totally involved with the
music, your feet tapping up and
down to the rhythm.

On the technical side, as I

have a low output moving- coil
cartridge, I had to replace R9 to
7R. The 22 capitors, as they
arein the signal path, Ireplaced
with polypropylene types cost-
ing only £1-36 each from
Maplin. All resistors are low-
noise metal-film also from
Maplin along with the low ESR
capacitors.

Thanks once again to John
Linsley Hood for another
excellent circuit which sounds
wonderful.

D Lucas,
Glasgow

10
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ESR ELECTRONIC COMPONENTS
Station Road, Cullercoats,

Tyne & Wear NE30 4PQ

Tel: 091 251 4363 Fax: 091 252 2296
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A - o el ool kS SO v CAPACITORS ]
22 = — g0  £010 5mmPlastic Bezel £005 LM381 £270 74LS165  £0.48 CAPACITORS
47 - £0.00 £0.10 €010 03 7-Segment Display  LM386 £0.48 7415179 £0.30 Ceramic Disc 100V 10pf to 100nP
10 - €012 €012  £0.12 Rad LM387 £1.60 74LS173 £0.24 10, 22, 100, 150, 220, 330, 470, 680p! £0.07
22 - €009  £013 €017 commonanode  £114 LM392N €0.79 74L5174 £0.24 1,2n2, 3n3, 4n7, 10, 15, 22, 33, 47, 100nP £0.07
47 £010 €041  £0.16  £020 commoncathode £1.44 LM393N £0.28 74LS175 £0.24 Ceramio Plate 100V and 63V 1.0pf to 12nf
100 £0.10  £0.43  £0.21 - '(-:’){“394 fg-gg ;Ztg}g? gg-gg 1pi-1nf £0.06 1n2-2n7 £0.09
220 €013 £0.18 €042  — e e Lk e 3n3-4n7 £0.12 10nfand 12np £0.12
470 £0.21 £0.20  £0.69 - VELLEMAN KITS BENEELEY £066 74.S193 £0.24 Polystyrene 160V 47pf to 10n1
1000 €033 €040  E£1.05 = ecere e pit NESB6N €036 7415195 £0.24 47pf-2n2 £0.0¢ 2n7-10nl £0.12
2200 €052  £0.64 - = rangeof Vellsman Kits, NES67N £0.36 74LS196 £0.24
4700 £0.90 = = —  Cabloous availaple . UA733 £0.64 74LS197 £0.24 0 ERING INFORMA‘"ON

atalogue available  ca74iCcE  £0.18 74LS20 £0.16

RESISTORS upon request. CA747CE £0.39 74LS21 £0.14 ;
0.25W 5% CF E12 Series £0.60/100 CA3130E  £0.98 74L522 £0.14 All prices exclude VAT.
0.5W 5% OF E12 Series £0.95/100 LM748CN £0.31 7415221 £0.36 Please add 85p carriage to all orders and VAT (17.5%)
: i ; TRIACS TBAB10S ~ £0.68 74L5240 £0.32 No minimum order charge
0.25W 1% MF E12 Series £1.72/100 T it Sots g
POTS Log or Lin 470R — 1MO 25mm dia Z01050A £042 | \11458 £0.26 74LS242 £0.32 Please send payment with your order
025 shaft £0.40 TiC206D 2065 UIN2004 ~ £048 7415243  £0.32 PO/Cheques made payable to
PRESETS Enclosed Horz or Vert 100R — TiC226D £0.73 TDA2030 £1.35 74LS244 £0.32 ESR Electronic Components
1MO 0.15W £0.15 BTA08-600B £0.84 CA3046 £0.37 74LS245 £0.33 i
PRESETS Skeleton Horz or Vert 100R — TIC236 £0.96 CA3080 £0.72 745247 £0.32 Access and Visa cards accepted
1MO 0.1w £0.11 DIAC £0.20 CA1310 £0.98 74LS251 £0.24 Official orders from schools and colleges welcome.

CALL IN — OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00
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BBC Model B APM Board

£100 CASH FOR THE
WIN g100 MOST NOVEL
casH! DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A maljor purchase
allows us to offer you the PROFESSIONAL version of the BBC
computer at a parts only price. Used as a front end graphics
system on large networked systams the architecture of the BBC
board has so many similarities to the regular BBC model B that
we are sure thal with a bit of experimentation and ingsnuity ma
useful applicaions will be found for this boardll It Is supplied
complate with a connector panel which brings all the VO to 'D’
and BNG type connectors - all you have to do Is provide +5 and
4 12v DC. The APM consists of a single PCB with most major
Ie's sacketed. The Ic's are too numerous fo list but indude a
6502, RAM and an SAAB050 telstext chip. Three 27128
EPROMS contaln the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP switches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. Appx.
dims: main board 13" x 10", O board 14" x 3". Supplied tested
with circult diagram, data and competition entry form.

Only £29 .95 or 2 for £53 ®)

MONITORS

MONOCHROME MONITORS
THIS MONTH'S SPECIALI

There has never been a deal like this onel
Brand spanking new & boxed monltors
from NEC, normally selling at about £1401
These are over-engineered for ultra
reliability, 9" green screen composite input
with etched non-glare screen plus switch-
able highflow impedance input and output
for daisy-chalning. 3 front controls and 6 at rear, Standard BNC
sockets. Beautiful high contrast screen and attractive case with
camying ledge. Perfect as a maln or backup monitor and for

quantity users! - £39 95 each () or 5 for £185(q)
OR DISCO IGHE| !
COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a PIL tube,
beautiful teak style case and guaranteed 80 column resolution,
features usually 3sen only on colaur monitors costing 3 times
our pricel Ready to connect to most computers or vidso outputs.
756 composite inpul with Integral audio amp & speaker.
tested surplus, sold In iittle or hardly used condition with 90 day
full ATB guarantee. Ideal for use with video recorder or our
Telebox ST, and other audio visual uses,  £99(E) ¥E275(G)
20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid stale colour
monitors, complete with composite video & sound inputs. Attrac-
live leak style case. Perfect for Schools,Shops, Disco, Clubs.
In EXCELLENT litile used condition with full 20 day guarantee.

20"....£135 22"....£155 26"....£185 )
CALL FOR PRICING ON NTSC VERSIONS!

HI-DEFINITION COLOUR MONITORS
Brand new 12" mutliinput high definition
colour monitors by Microvitek. Nice tight
0.31" dot pitch for superb clarity and
modem melal black box styling. Operates
from any 15.625 khz sync RGB video
source, with either individual H & V syncs
such as CGA IBM PC's or RGB analog
with composlte sync such as Atar, Com-
modore Amiga, Acom Archimedes & BBC. Measures only 14" x
12" square. Free data sheet including connection Information.
Will also function as quality TV with our RGB Telebox.

Oonly L 252D (F)

Brand new Centronic 14" monitor for IBM PC and compatibles
2t 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 monitorin aliractive style moulded case.Full
90 day‘glamntee. only (E .
NEC CGA IBM-PC compatible. High quality ex-equipment fully
lested with a 90 day guarantee. In an attractive two tone ribbed
grey plastic case measuring 15"L x 13"W x 12"H. A tenific
purchase enables us fo pass these onat only.... £70

V22 1200 BAUD MODEMS

Master Sy 212 mi cortrolled V22 full duplex
1200 baud modem. Fully BT unit, provides standard
V22 high speed data comm, which al 120 cps, can save your
phone bill and connect time by a staggering 75%I Ultra slim 45
mm high. Full featured with LED status Indicators and remote
errurcﬁgagnosﬂcs‘ Syne or Async use; speech or dala switching;
built in 240v mains supply and 2 wire connection to BT. Units
are in used but good onncﬁ!lan. Fully tested prior despatch, with
data and a full 90 day guarantee. What more can you ask for -

and at this pricell ONLY 868 (D)

- .“.. r“. : ..“. H H
LIS bty

-ELECTRONICS -

HE ORIGIN/

ny keys. 10 function keys on side. English layout and € sign. Green

Kenwood
LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW!

MAIL ORDER & OFFICES
Open Mon-Fr 8.00-5.30
Dept ET, 32 Biggin Way,
Upper Norwoed,
London SE19 3XF,

All prices for UK Mainland. UK cusiomers add 17.6% VAT fo TOTAL order amount, Minimum order £10. PO orders from Gevermmmnt, Uni
welcome-minimum account order £25, Carriage
sinrziard Condiions of Sale and unless olheries
without prior notice. Orders accepted subject to stock. Cruotations willingly given for higher quantities than those stated. Bulk surplus always required for cash,

IBM KEYBOARD DEALS

A acement or backup keyboard, switchable for IBM PC,
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard
gg:‘yboalﬂ layout. Made by NCR for the English & US markets.

utaly standard. Brand new & boxed with manual and kery
template for user slogans on the function keys. Aftractive
beige,grey and cream finish, with the usual retractable legs
undemeath. A generous length of curfy cord, terminating in the
standard 5§ pin DIN plug. A beautiful clean plece of manufac-
turers surpius. What a deall (B) 5/£175 (D)

Brand new and boxed B4 key PC/XT type keyboards In standard
IBM grey with very attractive mottied finish and "dllcky” solld feel

Supérb' Qualit} 6 foot 40u
19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19 rack cabinets made in UK
by Optima Enclosures Lid. Units feaiure
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removable side panels. Fully ad-
|ustable Internal fixing struls, ready
punched forany configuration of equipment mounting plus ready
mourtted integral 12 way 13 amp socket switched mains distribu-
flon strip make these racks some of the most versatile we have
ever sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dmenslons
are 77-1/2"H x 32-1/2°D x 22"W. Order as:

nables us to Rack 1 Complete with removable side panels...... £275.00 (@)
rices! All units Rack2 Less side panels £145.00

unless stated) are removed from often brand new lpment B e
gnd are fully te)med,aligned and shi to you wlt:gls% day POWER SUPPLIES
peak).Sem| open

guarantee and operate from +5 & + c, are of standard size Power One SPL200-5200P 200 watt (250 w
and accept the standard 34 way connector. frame glving +5v 35a, -5v 1.5a, +12v 4a (Ba peak), -12v 1.5a,
TAN £39.95(C) 424y 4a (6a peak). All oulputs fully regulated with over vollage
& protection on the +5v ouipul. AC Input selectable for 110/240
vac. Dims13" x 6" x 2.5°. Fully guaranteed RFE. £85.00 (B)
Power One SPL130. 130 watts, Selectable for 12v (4A)or24v
(2A). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. £59.95(B)
Astec AC-8151 40 watis, Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £19,95(B)
Greendale 19ABOE 60 watls switch mode.+5v @ 6a,412v @
1a,+15v @ 1a. RFE and fully tested. 11 x 20 x5 5cms. £24.95(C)
Conver AC130. 130 watl hi-grade VDE spec.Switch mode.+5v

LEDs for Caps, Soroll & Num locks.  £29.95 (B) 5/£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES]
FLOPPY DISK DRIVES

BARGAINS GALORE !

NEW 5% inch from £29.951
Masslve purchases of standard 514" drives e
present prime product at Industry beating low p

TM100-2A 1BM compatible DS
CANON,TEC etc.DS half helght.Stats 40 or 80T £79.00(C
TEAC FD-55-F.40-80 DS hall height. BRAND NEW E£79.

® Sgeciale! %

TEAC FD-55 hall height serles In your cholce of 40 track

double sldad 380k or 80 track double sided 720k. Ex-equip-

ment fully tested In excellent condition with 90 day warranty,
rde7 TE-36 for 360k £28.85(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCHI

Shugart 800/801 SS refurblshed & lested £150.00(E) @ 15a,-5v @ 1a.i12v @ 6a.27 x 12.5 x 6.5cms.New.

Shugeart 851 double sided refurbished & tested moog £49.95(C)

Mitsubishi double sided switchable Boshert 13090, Switch mode. Ideal fordrives & system. +5vi@ 6a,
hard or soft sectors- BRAND NEW L00(E) +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a.

£29,
SPECIAL OFFERSII mﬁgg
Dual 8" drives with 2 megabyte capacity housedin a smart case

with bullt In power sy, |
idoal 25 extotor triven)” Only £499.00 (F)

Famell G6/40A. Switch mode. 5v @ 40a.Encased

COOLING FANS
Please specity 110 or 240 volts for AC fans.

End of line purchase scoop! Brand new NEC D2246 8" 85 3 Inch AC. 112" thick
megabyls of hard disk storage! Full CPU control and indusiry 3V2inch AC ETRI slimiine.Oni 17 thick.
standard SMDinterface. Ultra hi speedtransfer and accesstime 31/2inch AC 230 v 8 watts. On| ly 3/4" thick
leaves the good old ST508 interface standing. In mint condition 4 Inch AC 110/240v 112" thick.
and comes compiete with l. Only. £309(E) }g :m AC End'b%w thick. Rotron 110v

As t 230 volts
AFFORDABLE 10 Mb WINCHESTERS [ jeaiilievi s by i x s L
A fantastic deal - 10mb (formatted) Winchester for £39.95| 80mm  DC 5 v, Papsi 8105G 4w. 38mm. RFE.

DC 12v. 18 mm thick.
DC 12v. 12w 112" thick
DC 24v 8w. 1" thick.

Tandon TM502 full helght STE08 Interface. Use It a5 a second 92 Mm

hard drive on your present driver card or as a starter inio ::ﬂ

Winchester land - see the driver card listed below. In excaflent

used condition, guaranteed for 90 days..

Hard disk driver card, complete with
our PC or compall

No Break

Brand new and boxed 230 voits uninterruptable power supplles & VIDEO
from Densel. Model MUK 0565-AUAF s 0.5 kva and MUD TUNER!
1085-AHBH s 1 kva. Both have sealed lead acid batteries. MUK A -
ara [nternal, MUD has them In a matching case. Times from Bmﬁmnel}vﬁftlgih t:pt;nlllr. fully c?sed 7 ﬁamrfi; UHF ks;f\L r;l("\rl;nsr
5 mi respe £ 8| i mply connects to your TV aerial socket and colour

Lg !::narr: a?ma&gg.:‘ ..Tutﬁfc.__u?uusmy GI;J%P!:T;&I '(I;I ; vx:en monitortuming sameinto g fabulous colour TV. Dont worry
= g If your monitor does'nt have sound, the TELEBOX even has an
ECHARGEABLE BATTEF"ES Integral audio amp for driving a speaker plus an auxillary oulg.ut
LEAD ACID for Headphones or Hi F system etc, Many other features; LED

Status Indicator, Smart moulded case, Mains powered, Buill to

TV SOUND

Maintenance free sealed long life. Type A300. BS safely
spacs. Many other uses for TV sound or viteo elc,
‘1;2 vflta 12 vulrg 3 amp/hours ?3‘3 : Supplied BHAND NEW with full 1 year guarantee.
volts 6 volts3 amp/hours S(A) T x ST for composlte video Input monitors.
12volts Cenire tapped 1.8 amp hours. RFE. £ 5.95

12volte 12 volts 38 amp hours.7-1/2°L x6'S.RFE E35.00B) Tejebox AGS 1or ans e Ao speake

EXTRA HI-CAPACITY NICKEL CADMIUM RGB Telebox also suitable for IBM multisyine monitors with RG
Super high capacily Chioride Alcad 12 analog and composits sync. Overseas versions VHF & UHF cal,
volts refillable type XL1.5. Electrolyts is SECAM / NTSC not available,

Srr bty eliasiat] _ BRAND NEW PRINTER
banks of 10 cells per 8°H x 24" x 5.5°D moidenmse. Eacll':j?ll Ll BRANITE
measures 8"H x 1.757L x 4°D, Can ba easlly separated. Ideal ; 3 A wred
for all standby power appilcations. Ex MoD, like new..£49.95 (E) o7 !ts rellabllity. Diablo ggebg::‘! mmgmgmvzp?ﬁ

T t nd quallty.
SPECIAL INTERES registration and quallty
Newton Derby

Diablo/Qume command capabllity. Seral RS-232C with fuil
ncy cha r 3 phase 50hz to handshake. Bidirectional 25 cps, switchable 10 or 12 plich, 13§

3 phase 400hz, 15 tva ww.rfg new.

Trio 018 wic bench PSU. 30 . New

£2000 ¢P In Pica, 163 in Elite. Friction or tractor feed. Full ASCIl
£ 470 Inciuding £ sign. Font and ribbon Diablo compatible........£199(E)
£2950 DED DI miniature ball point pen printer plotier mechanism
£ 150 With full 40 characters per line. Complete with data sheet which

includes dircult dlagrams for simple driver electronics......E49(B)
£6500 Centronics 150 series. Always known for their reliabllty in
£ 850 continuous use - real workhorses In any environment. Fast 150

itsu M3041 600 LPM band printer
DEC LS/02 CPU board
Rhode & Schwarz SBUF TV test fransmitter
25-1000mhz. Complete with SBTF2 Modulator
Calcomp 1036 large drum 3 pen plotter

1608 anal £ 375 ops with 4 fonts and cholce of inlerfaces at a fantastic prical
m 1%: 60hz o\?:r sour:: ¢ 950 158-4 Serial up to 9.5" paper, fan fold tractor..............E 89,
Tektronix R140 l‘r"l?SC TV test signal standard, £ 875 1504 Serialupto 9.5 , tractor, roll ors/sheel.... £120.00(E
KTX 1000 Videotex system - brand new £ 50 152-2 parallel up to 14,57 paper, fractor or s/shest.....£149.00

ADDS 2020 VDU terminals - brand new

Sekonic SD 150H 18 channel Hybrid recorder
Trend 1-8-1 Data transmission test set

DA-3501 CD tester, laser pickup simulator

£,225 __ CALL FOR THE MANY OTHERS IN STOCK.
-4 VISIT OUR SHOP FOR BARGAINS

E 350

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood,
Landon, 8E25

DISTEL @ The Criginal
Free dlal-up databasel
000's of ltems+info On Line
V21, V22 & V22 bis

081-679-1888

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

Universities, Schools & Local Authorities
charges (A)=£2.00, (B)=tS 5. (C)=£8.50, (D=t11.50. (E}nti4.00 (F}=L18.00 (G)=Call . AN goods supplied subject to our
stuied guararised for B0 days. AR guarantess on a returm o bass basis Wa mserve the tight to.change prices & specifications




Improved LED Bicycle

Rear Lamp

PIN OUT
a1
,S/W‘I, +IN @ b II':I'l L2
A2
NOTE: 390R
Q1 = ZTX550
Q2,3 =BC182 ai
D1 =1N4148
A1 R3
i 4K7 390R
T 8V
v 4xAA
—— CELLS
2 I, 02(
Tiv
Q3
N
Fig1 LED bicycle rear lamp circuit diagram
Andrew Armstrong
provides a more efficient |, s
backlight for a bike.

he simple LED bicycle'lamp solved the problem

it was intended to solve —that of having a lamp

small enough to carry around all day to preventit

being stolen or vandalised, but its PP3 battery
ran down too quickly for long-distance use. A recharge-
able battery would have solved the problem, but
rechargeables run out suddenly. The light is bright one
minute and completely absent the next. Primary bat-
teries, on the other hand, degrade gradually enough to
give warning that a replacement is necessary, and do not
leave you half way up the hill with large vehicles whizzing
past just as your light fails.

The simple bikelight was built in one evening —
using a full-specification red lens cannibalised from a
damaged lamp —to solve animmediate problem, whichit
is still working well two years later. A more sophisticated
solutionis possible, however; one area ofimprovementis
a cheaper and more efficient type of battery. An alkaline
PP3 costs about £2.80p, and a set of four AA cells costs
around £3, but even if the power were used no more effi-
ciently in the new design, the batteries would last over
three times as long as the single PP3, because a single AA
cell has 80% of the energy content of the PP3.

Atfull price (and in many shops you would pay less),
a PP3 offers you two watt-hours per pound sterling, while
an AA cells offers you 6.23 watt-hours per pound. This
design also uses the batteries more efficiently than the

Q1 OFF,
Q1 ON, CURRENT CURRENT
NOT FLOWING IN FLOWING IN
LOAD | LOAD

Fig.2 Graph showing variation in current in R6

simple one, so that a set of batteries may last four times as
long.

Constant Current

Light-emitting diodes must be driven from a constant
current, rather than a constant voltage source. The casy
way to provide this would be to supply a higher voltage
than the LED via a resistor to limit the current. For
example, three LEDs in series, totally almost 6V, would
be driven from a 9V battery viaa 100 ohm resistor giving
an LED current of approximately 30mA. The drawback
with this approach s that one-third of the poweris wasted
in warming up the resistor; this offends my sense of
economy.

ETI JULY 1992
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The design shown here in Figure 1 provides a constant
current by means of a switched mode flyback regulator,
and the only power wasted is in incidental circuit losses.

The input voltage to the circuit is 6V, while the out-
put voltage is set by the drop of four LEDs in series,
approximately 7.5V. Three parallel chains of LEDs are
used here, and the currents in each one will be similar as
longas the same type of LED is used throughout. If a seri-
ous imbalance is present, then constructors may need to
add series resis-
tors of 22R in
each line to
T LOAD CURRENT equalise the cur-
rent. This would

waste some
power, but much
less than is nor-

mally wasted in a
current-limiting
resistor.

When  the
circuit is switch-
ed on, the cur-
rent in L1 (and
thereforein R6)iszero, so Q3 is switched off. This allows
Q2 to be switched on by the current flowing through R1.
This in turn switches on Q1, causing the currentin L1 to
rise. While Q1 is switched on, the current does not pass
through the LEDs, butis simply returned to the negative
battery terminal via R6.

When the current rises far enough so that the voltage
drop across R6 is sufficient to start switching on Q3, Q2
starts to switch off, which turns Q3 on harder via the
positive feedback resistor R4. This switches off Q1, and
the current flowing in the inductor now passes through
D1 and through the LEDs. Because the voltage across the
LEDsis greater than the input voltage from the batteries,
the current in L1 declines. When it has declined far
enough to allow Q3 to switch off, Q2 switches on, which
turns on Q1, and the whole process starts again. This
gives rise to the graph of currentin R6 as shown in Figure
2.

Fig.3 Graph of Load current

The action of the circuitis to approximately regulate
the average current in

R6. It might at first
appear that this also
regulates the current in
the load, but that is not
entirely true. Current
flows in the load only
during the declining part

VEROBOARD

T O] 0

L

CLEARCAST RESIN

Fig.4 Cross section of LED display and casing

of the current waveform,
as shown in Figure 3, so
that an increased differential between input and output
voltages will result in a different time-relationship
between the two parts of the waveform, and therefore a
differentaverage LED current. The LED current is regu-
lated to some extent, because it approaches a limiting
value as the on-time of Q1 shortens.

The current in the LEDs does not pulsate as shown
in Figure 3, because of the presence of C2. Strictly speak-
ing, the waveform in Figure 3 corresponds with the cur-
rentin D1, and the LED current is averaged by C2.

As the batteries run down, and the input voltage
decreases, the on-time of Q1 increases. Initially, this has
little effect on the average LED current, because the on-
time of Q1 is still a small proportion of the total cycle
time. As the voltage decreases further, the effects upon
the LED current of the decrease become more pro-
nounced, though the LEDs still give out some light, until
the circuit ceases to oscillate properly at around 2.5V.
The practical limit for useful light output is just over 3V
When anominally 6V battery pack is almost down to 3V,
most ot the energy has been extracted from the batteries,
and they can be thrown away with a clear conscience.

Construction And Testing

This circuit may be constructed on the PCB designed for
it, or the constructor may do a Veroboard layout if
desired. Layout of this circuit is not critical, though if
large loops of wiring exist in the main current loop
between C1 and C2, then some radio interference may
be radiated.

As with the

design, the LEDS are

simple bicycle lamp ]/I e T

@::e
spaced evenly on a
panel of Veroboard o O
connected in series- Y0y
parallel as shown. |
This design uses ’ C )
twelve LEDs, rather
than the nine used in
the simple one, so it L TOEE
is capable of giving
more light output
with a better disper-
sion. Once again, if a —
lens from an other- HOLDER
wise defunct bicycle
lamp is available,
then the LED panel i
should be fitted
behind this. Because

O 00O

Fig.5 Overall positioning of parts

the contacts in a
bicycle lamp tend to corrode, a lens may be available
from one which has corroded past reasonable repair.

Should no suitable lens be available, a good alterna-
tive is to encapsulate the LED panel (after it has been
thoroughly tested, of course) in clearcast resin. Todo this,
it will be necessary to make a mould along the lines
shown in Figure 4. The base of the mould needs 1o be
dimpled in order to diffuse the light adequately. Itis of no
use if the rear lamp can be seen properly from only one
angle. Some drinking glasses have suitable surfaces
which could be used to stamp the mould material.

When the PCB has been assembled, it should be
tested by connecting the LED panel to the output of the
PCB, and connectinga supply of approximately 3V to its
input. The LEDs should light. If they do,theinputvoltage
should be increased to 6V, where the LEDs should
become considerably brighter. If all is still well, then the
circuit is working properly.

If the LEDs did not light, first of all check the
polarity of both the 3V power supply and of the LED
panel, and then check through the circuit, one compo-

14
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nentatatime,to find the problem. One tairly likely snagis
that the connections of Q1 appear in the reverse direc-
tion from those of anormal TO92 transistor, so thisis the
first component to check if it doesn’t work.

Itis advisable to carry out these tests before encap-

Figure 5. These items may be mounted using double-

sided adhesive tape. This is very secure if the surfaces to

be stuck are scrupulously clean. Any trace of grease, even

from normal fingerprints, can undermine the adhesion.
The project is now ready for use.

sulating the LED panel. -

When the PCB is working correctly, all the connec-
tions to it should be made and then it should be covered
with several coats of PCB lacquer or varnish to protectit

PARTSLIST
RESISTORS (all 0.25W 5%)

from the effects of the weather. R1 &7
5 R2,3 390R
Final Assembly R4 100k AN - A
R5 Tk

When the separate parts are protected from the elements, N -

: R 6R8 g ol
the board, LED panel, switch and battery should be :
wired together, as shown in the circuit diagram. The bat- CAPACITORS
teries must be protected trom the weather, or else the C1 100y, 16 Electrolytic =% ) :
contacts will corrode and the light will fail. Constructors C2 10116V Electrolytic . T
may wish to devise their own method of doing this, but & ; fiig § Gompgnetioverl 3y
one suitable means would be to use the ‘AA battery box’, SEMICONDUCTORS
which accepts four AA cells in a square configuration. g;:; ?{?1{330

This will fit inside a hinged, polypropylene battery D1
holder, available from Maplin. These two items are the
ones specified in the parts list.

Depending on preference, the PCB may be thor- MISCELLANEQUS
oughiy varnished and then left open, it may be enclosed L1 100uH, 8RBS choke (Cirkit order code 262LYF-0092K)
in asmall plastic case, or itmay be encapsulated in clear- SW1 Slide Switch (Cifki‘t order code 53-76320}
o e o e 4AA Battery box {Maplin order code HF29G)

To complete the project, the LED panel, the PCB Bat‘tery.holder (Maph'n order co@e HY32€)

. ’ ’ > PCB, wire, solder, strip of paxolin etc, 4 x AA cells.

the switch and the battery holder should be mounted ona
strip of Paxolin or blank PCB, approximately as shown in

N4148
LED1-12 High efficiency red leds eg Mapfin type UK19V
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OPTICS

ew Concepts in Optical

Connectivity

HOLOGRAPHIC PORTS
ARRAY
GENERATOR

Fig The output from the input fibre is replicated by
the holographic array generator with the output
Gaussian beams being coupled to an output set
of fibre ports.

by Douglas Clarkson

hile light may be increasingly used as the

method of choice of transmitting digital

information, electrical switch mechanisms

still dominate present methods of switching
technology. But as interconnection densities increase
and also the associated problems of connectivity,
speed and size of systems dominate, then optical switch
technology will become increasingly attractive and
indeed essential in some areas.

Optical technology has been investigated exten-
sively in the area of ‘optical logic’ yet no significant break-
through has been forthcoming. The bulk of this work
relates to allowing light interaction processes to under-
take logic switchand memory processes. It is the ‘connec-
tivity’ aspect of photonics that research is at last bearing
fruit. A broad range of approaches are at present being
investigated to produce the working tech nology for such
systems.

In particular in communications switching applica-
tions, elements of technology are beginning to emerge
which will allow the goal of such optical switching to be
realised.

It is important to appreciate the fundamental dif-
ference between ‘electron’ based information switching
and ‘optical’ information switching. In the use of elec-
trons as message carriers, currents have to be carried
along insulated channels or wires. Essentially electrons
are ‘fermions’ or strongly interacting particles. There are
very real limits as to the packing density of independent
current carrying channels brought'about by their strong
mutual interactions.

By contrast, beams of light made up of photons
called boson particles, can be made to pass through each
other with no crosstalk. Also, within an array of points of
light, individual channels can be placed very much closer

together —allowing vastly increased channel densities as
will be described later. It will be many decades before the
fundamental limitations of photonic connectivity are
reached. The connection densities which such systems
will then support will be staggering.

There are at present a number of initiatives world
wide to develop the full potential of photonic connectiv-
ity. If optical switching technology is used for data chan-
nel switchingin a complex ‘many-to-many’ arrangement,
then a set of optical technology ‘building blocks’ is
required. This article briefly examines a few of these
ideas, some of which have been investigated in the
Department of Physics at King’s College, London.

The principles used in the technology are not them-
selvesnew.Itis, however, the availability of modern fabri-
cation technology which allows age old optical laws to be
harnessed for such applications.

Such photonic ‘building blocks’ include :

a) —lens devices to create a Gaussian beam profile
from a fibre port to an input of array generators or for
array generator output

b) —array generators to replicate a given input pat-
tern (Dammann grating or Hologram types)

c) —spatial light modulators (SLMs) to dynamically
alter channel switching links

d) —‘smart pixel’ elements of SLMs to interact with
channel data in an ‘intelligent’ way

Fig.2 A 64 %64 pixel binary phase hologram which dif-
fracts light into 44 odd orders.

While previously some of these optical components
were only produced within R&D laboratorys, a growing
number of items are now commercially available. This
has significantly increased the pace of developments
generally. There is an obvious parallel between the
expansion of micro-electronics and the availability of
chip technology.

One important building block is shown in Figure 1
where a ‘one-to-many’ fan out can be achieved using an
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input fibre. A first lens element, a holographic array
generator and a second lens element are coupled to a set
of output fibre ports. The initial input beam is replicated
in the form of an NXN array. Such array generators can be
produced either using a so called binary phase diffrac-
tion grating (Dammann gratings) or a binary phase holo-
gram. Dammann gratings were initially developed for
applications relating to photolithographic reproduction
within the semiconductor manufacturing industry. It is
essential that light is incident on the surface of these ele-
ments in a Gaussian distribution. Arrays as high as
128x128 have been demonstrated, using these tech-
niques —ie. from one Gaussian input an array of 128 by
128 output points has been established.

Problemsin makingthese hasproduced a variability

ofoutputfrom elementto element and very often the cen-
tral ‘straight through’ has a higher output value than the
other elements. Figure 2 shows a 64X64 pixel binary
phase hologram which diffracts light into 4X4 odd
orders. One application of this technology relates to the
synchronisation of clock signals within electronic cir-
cuits. Improved synchronisation can be achieved by dis-
tributing a master clock signal as a one-to-many optical
signal through optical fibres or through free space and
where electronic clock signals are regenerated at each
end point. This replication can take place by means of
discrete fibre optic links and also free space generated
arrays. :
This idea has been more recently extended to the
idea of the high density optical bus where many thou-
sands of connections run between modules functioning
using conventional electronic circuitry. The optical links
are used primarily on account of their powers of connec-
tivity.

TRANSPARENT
PD ARRAY

TRANSMISSION
TYPE SLM

ELECTRONICS
CIRCUIT
BOARD

OFTICAL BUS INTERCONNECTION BOARD

Fig.3 Proposed model of optical bus connectivity. A parallel
light wave bus communicates with electronic cards.

This technology is being proposed as a means of
implementing parallel optical bus designsfor VLSl inter-
connectionin asimilar mannerto electronic back planes.
Such a facility would allow parallel connections of many
thousands of data lines between the bus and electronic
based circuit boards with photodiode arrays and trans-
mission type spatial light modulators. In the analysis of a
‘modest’ back plane with 100X100 channels, with a lens
diameter of 4mm, optical information theory still

indicates that the value of space occupied by each chan-
nel could be reduced by a factor of around 1000. Where
these very high connection densities are required, then
optical mechanisms appear the only way of implement-
ing them.

One arrangement of such an optical bus is shown in
Figure 3 where data can be communicated from the bus
into circuit cards and circuit cards can modulate light
levels within the busitself. The very great scope to reduce
the interconnection volume of each optical channel has
generally beenrestricted due, forexample to problems of
size of lens elements manipulating individual beams

HOLOGRAM
H(x,y)

COLLIMATED
GAUSSIAN
BEAM

MONOMODE
FIB

o

b

—

FANOUT
GRIN PATTERN

LENS 2

LENS LENGTH | = 3.7mm
LENS DIAMETER f = 1.8mm

Fig.4 Integration of GRIN lens with monomode fibres and hologram
structures

either as input or outputs to Fourier plane array gener-
ators. The recent availability of GRIN (gradient refrac-
tive index) lenses, is a step forward in achieving relevant
miniaturisation of such components.

The refractive index of these minute cylindrical len-
ses decreases with radius according to a specific mathe-

matical formula.
(] —A rz)
n=n, -

2

where n is the refractive index, r is the distance from the
centre of the lens and A is a constant of the lens material.
This gives the lens the property of a Fourier transform
lens, enabling a monomode fibre output to be trans-
formed by the GRIN lens to create a collimated Gaussian
beam for fan outbyahologram device or Dammann grat-
ing. Acting in reverse, a second GRIN lens can create a
fan out of similar Gaussian beams for coupling to output
fibres.

Figure 4 shows integration of GRIN lens with mon-
omode fibres and hologram structures.

In work undertaken at King’s College, a lens of
diameter 1.8mm and length 3.7mm was used to construct
a 5X5 array of fanout points. These lenses therefore pro-
vide the degree of miniaturisation required for compact
switching circuitry. For a lens of this size, it is considered
possible to accommodate a maximum fan out array of
around 25X25. Applications for such technology are
anticipated ina general parallel channelfacility, where an
inputimage of MXM array is replicated by a MXM Holo-
gram unit and associated GRIN lenses.

Researchers expect this will be a natural way of par-
allel processing of image data, where an initial image
array can be simultaneously replicated as required. This
technology appears to be moving towards modular
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COLLECTING
ENSES

% LENSLET ARRAY
(COLLIMATING)

-~

MULTIMODE
FIBRE OUTPUT
ARRAY

@

MONOMODE
FIBRE INPUT

FANOUT HOLOGRAM
(MULTIPLE IMAGING)

NxN output array.

Fig.5 Design of a telecommunications cross bar switch where elements of an NxN input array are switched to an

e

REFLECTIVE
SLM

POLARISING
BEAMSPLITTER

components with specific array size and channel separ-
ations.

The multiple image of the input array could in turn
bealtered byaspatial light modulator (SLM)orinturnbe
interfaced directly to a photodiode detector array.

In relation to specific applications in telecommuni-
cations switching, Figure 5 shows how a cross bar switch
can be set up using optical technology. The

‘The ‘smart pixel’ can therefore be considered to pro-
cess data ‘more intelligently’ than a dumb SLM element.
Inconnective optical structures, an array of ‘smart pixels’
could be used as the plane of termination for a complex
sequence of parallel optical data processing units. The
design of such devices allows parallel image processing
where information about ‘local’ conditions can be used

initial monomode fibre input array is repli-
cated by a fanout hologram and passes
through a polarising beam splitter onto a
reflective SLM. This rotates the polarisation
of beamlets which are to be transmitted to
the output channels. An array of collimating
lenses-collects light onto the output set of
fibres. A complex algorithm implemented
by the reflective SLM effectively maps input
channels to output channels.

Since fanout holograms have reported
densities in the region of 128x128, the limi-
tation of the switching technology relates to
aspects of size of individual SLM elements
and theirassociated level of cross talk. Using
current SLM devices fabricated from ferro-
electric crystal, the maximum number of

ELECTRONIC
INPUT

Fig.6 Design of ‘smart pixel’ SLM unit, where both global and local
processing can influence pixel processing function, thus
increasing flexibility of device.

OPTICAL
OUTPUT

READ
BEAM

ELECTRONIC
OUTPUT

OPTICAL
INPUT

channels which can be interconnected is in
theregion of 1000. Dataratesin excess of 1 Gbit perchan-
nelareexpected. Comparable switching mechanisms are
being developed by researchers at AT&T using self-elec-
tro optic effect devices (S-SEEDs).

In the development of the new parallel electro optic
architectures, the so called ‘smart pixel’ SLM clement
offers greater flexibility of system design. Such a device is
shownin Figure 6. The ‘smart pixel’ can be considered to
have:

— an electronic input from local/external circuits

—an electronic output based on received optical

data and local logic control unit

—an optical modulation pad to alter reflected/

transmitted light

— an optical detection pad

to determine how image datais processed. Thisincreases
speeds of processing.

While the 1980’s saw the emergence of optical com-
puting in terms of innovative optical logic structures, the
1990’s are witnessing the emergence of practical devel-
opment of optical interconnect technologies. The work
beingundertakenin the UK at centres such as King’s Col-
lege in demonstrating and developing such technolo gy is
therefore important in maintaining a presence in such a
highly strategic sector of technology.

Acknowledgements:
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current represents energy in kinetic form and is actually
Figure 1 shows an EMF (E) with source resistance (r)
connected across a variable external load (R, ). The cur-
rent flowing causes a voltage drop across the source

doing it!
The Constant Voltage Source

o o
e

S

resistance so the voltage across the load is less than the
source EMF. Varying the load resistance will always vary

Fig1 Variable load

L
L

e

the voltage across it but, providing the resistance is not
allowed to fall below a certain limit, the variation can be

negligable. This leads to the following definition:

by A P Stephenson

ny source of EMF has some internal resistance

An EMF source is acting as a ‘constant voltage

(orimpedance) which sets an upper limit on the

Qnmnw

the load resistance (or

ions in
dance) have minimal effect on the voltage acrossthe

maximum current it can force through a closed  generator’ if wide variat

impe
load.

then

circuit. If the source is a car accumulator,
both the finite conductivity of the sulphuric acid and the
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CONSTANT CURRENT

REGION

= A,
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RL<<r

Although there is no upper limit on the value of the
load resistance, it must always be much higher than the
R, >> 1, then E qualifies as a constant

source resistance. Expressed in symbolism:

resistance of the lead electrodes make up the bulk of the

internal resistance.

The result of short-

circuitinga source of EMF with a

screwdriver depends to a large extent on source resist-

anceratherthan voltage. A six voltdrytorchbattery,apart

from getting slightly warm, may display no visible sign of

distress but a six volt accumulator, subjected to the same

indignity,

may melt the screwdriver to the accompani-

ment of bangs and sparks.

w%ﬁi i

‘Much higher’ is, of course, a relative term but in
practice, it can be taken to mean at least, ten times higher.
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Fig.2 Effect of R
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Here is a numerical example:
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10voltsand r=10 ohms.Providingtheload is

never allowed to drop below 100 ohms, the load is being

LetE=

Although all high voltage sources of EMF should be
treated with respect it is comforting to know that the

+ lethal potential depends as much on the source resist-
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it is current, not voltage, which causes the

3

After all
mosttrouble. Voltage represents energy in potential form

ance as the voltage. Under the right conditions, a girl run-
ning a comb through her hair at night is probably genera-
ting several thousand volts of static EMF but the equival-
ent source resistance of the hair —if dry enough to cause
sparks —will bein the multi-megohm range so the current
is unlikely to exceed a few nanoamps.
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Fig.4 Symbol

for constant
current
source

ol

The graph in Figure 2, illustrating the effect of R, on
the load voltage, is based upon the basic voltage divider
equation:

RL

]
r+R,

When a load is operated by a constant voltage
source, the voltage drop across r is small which means
that R, is approximately equal to E and the current
approximately equal to E/R, .

The term ‘constant voltage’ must not be taken too
literally. It applies only if E is kept constant and RL is
changed.

The Constant Current Source

In virtually all respects, this is the mirror image of the
constant voltage source. The circuit and the symbolism
of Figure 1 can still be used but the definition and the con-
ditions are completely different.

SUPPLY RAIL

BASE HELD
CONSTANT

Fig.5 Constant current in transistor

A constant current source’ is deemed to exist when
the current through the load is virtually independant of
the load resistance. The circuit conditions necessary to
achieve this are as follows:

Providingtheload resistance isalways kept much smaller
than the source resistance, the EMF will behave as a con-
stant current source —well almost!

As usual, ‘much smaller’ is taken to mean at least ten
times smaller.

Example: Assume E =10 volts, r =1,000 ochms and
R, =10 ohms. The current willbe E/(r+R, ) =10/(1 ,010)
=9.901mA.

IfR, is now decreased to 5 ohms, the current will be
10/(1,005) =9.95mA.

Notice that even halving the load resistance had
little impact on the current. The graph in Figure 3 illus-
trates the effect on the current of varying R, .

A constant current source is often represented by
the symbol shown in Figure 4. The current labelled I is
assumed to be E/r because the load resistance must be
assumed negligible in order to justify the use of the sym-
bol.

Constant Current devices

Some components are constant current sources in their
own right. For example, the collector current (Ic) in a
junction transistor is substantially independant of col-
lector voltage (V) over a wide range thereby qualifyingit
for such a title. The meter measuring Ic in Figure 5 will

hardly move as the slider, used for tapping off Ve, is
moved almost over the full range. The actual value of the
‘constant’ current depends on the setting of the base
current.

The base/emitter junction of a bipolar transistor
requiresfeeding from a constant current source, asdoes a
light emitting diode.

The Maximum Power Law

The previous discussions have been concerned with
massive inequalities between r and R, . A constant volt-
age source required r to be much less than R, whereas a
constant current source required r to be much greater
than R, . However, if power in the load is more important
than voltage or current then it is essential to ensure that
R, =r. This equality between source and load forms the
basis of the following law:

Maximum power is dissipated in the load when the
load resistance equals the source resistance.

The rigid proof of the law requires a little calculus
but the following intuitive approach based on Figure 1
and the graph of Figure 6 sacrifices rigidity in return for
simplicity:

1. IfR; is lower than 1, the current is high but the voltage
acrossit will be low due to the divider action between Vr
and V.

2. If R, is higher than r, the voltage across R, is high,
because of the more favourable divider action, but the
current is low.

Itis not unreasonable to hazard an intelligent guess
that when R, and r are equal, the current and voltage
across the load will form the maximum product even if
their individual values are less than maximum. Since
power is equal to the product of voltage and current, the
powerin R, will therefore reach a maximum when Ry =r.
When this relation is satisfied, the load is said to be
‘matched’ to the source.

The graph in Figure 6 shows how the load power
varies as the load resistance is varied. If the load resistor

POWER IN R,

* R,

Fig.6 Effect of R_on load power

has a low power rating, it would be an interesting —
although potentially hazardous —experiment to ‘tune’ it
for maximum smoke!

Notice that the graph rises steeply at the left but falls
away much slower asitleaves the maximum power point.
There isamoral in this —if accurate matching is difficult,
orinconvenient, itis better to ert on the side of too higha
load resistance rather than too small!
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Fig.7 Voltage distribution under matched load
conditions

Maximum Delivered Power

Under conditions of maximum power, the voltage
(V) across the load is only half the source EMF (E)
because the other half is squandered within the source
resistance. This means that:

Power transfer =50% under matched load condi-
tions.

Armed only with E and r and a little algebra, it is
possible to find the maximum power (P, ) any source can
deliver to an external load. The following procedure is

based on Figure 7:

E E I
Pp=V, I =— =

2 r+R. 2(r + Rp)

But, under matched load conditions, R; =r so we can
write,

EZ
P, =

2 (2r)

And simplitying, we arrive at, -

P =—
4r

This is an important result and deserves a couple of
examples.

1. A certain signal generator has an open circuit EMF of
10 volts at a source resistance of 50 ohms.

Maximum power it can deliver is:

P, =E?/4r=100/200 =0.5 watt.

Iftheload isnotmatched, the power delivered will beless

than this figure.
2. A certain lead acid accumulator has an open circuit
EMF of 12 volts at a source resistance of 0.01 ohm.
Maximum power it can deliver is:
P, =E%/4r=144/0.01 =14.44kW.

Warning! This example is of theoretical interest
only. The accumulator would probably buckle its plates
in rage at the prospect of supplying a matched load.

Source Impedance

The maximum power law, subject to certain modifica-
tions, still holds for alternating current circuits. Resist-
ance, of course, must be replaced by impedance and the
matching of load to source must take into account the
phase angle.

If, for example, the source impedanceis 100 ohms at
aphase angle of 20 degrees leading, the load must be 100
ohms at a phase angle of 20 degrees lagging. Expressing
this in vector jargon, the source and load impedances
must be ‘conjugates’ of each other.

Example: If the source =10 / 30, the load must be
10 /=30.

In general terms, if source is of the form z =(R+4X)
then the load should be of the form z =(R-jX).

Power Transfer Efficiency

As explained earlier, a circuit operating under matched
load conditions is only 50% efficient. This is the price
that must be paid for demanding the highest power trans-
fer. Fortunately, the need for such a wasteful procedure is
normally restricted to the far end of electronic circuits. In
the case of audio amplifiers, only thelast transistorsin the
chain are obliged to disgorge their output into a pair of
matched speakers while in ham radio, only the final tank
circuits of the transmitter operate under matched load
conditions.

Efficiency =(powerinload)/(total power supplied)

So to achieve high efficiency, most of the power must
be confined to the load. In turn, this means that R; must
be much greater than r which, as discussed earlier, hap-
pensto be the criterion for a constant voltage source! Itis
paradoxical that high power efficiency can only be
achieved by putting up with low power.

Matching between source and load is often required
for reasons other than power transfer. In coaxial trans-
mission lines, the primary reason for matching is to pre-
vent reflections and the resulting standing waves.
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5.25" 360k Disks (10).......... £2.00 RLLHDD ....ccooommrenrrenes £127.50 « Operation from 9V to 12V

Cautant RL150/1 PSU ........ £14.50 Printers ........cccoueeen. From £42.50

Please ask about ribbon prices, high quality, low cost

Low-cost ultra-efficient high-quality
PWM amplifiers!

State-of-the-art class D encapsulated single amplifier modules

« Distortion (0.2% (4Hz - 11kHz))
« Power output 4W (9V), 6W (12V) into 3 ohms —
for 0.7V mms input
» Module size: 55 x 42 x 27mm
» Six solder pin connections
All inclusive cwo price £12.80 each
Please allow 28 days for delivery

System-D, Haslingfield, Cambridge CB3 7)B
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EVERY FILM,
EVERY VIDEO,
AND EVERY |
TWO WEEKS! |

The ESSENTIAL
guide to film &
video viewing ‘
for all the family. | =
@ FILM FACTS
@ STAR GOSSIP
® FAN CLUBS

©® STAR PROFILES - PLUS...

BUY WATCH IT! AND WIN.
WIN VIDEOS, WIN BOOKS, WIN V.C.R.’S -
WINNERS EVERY FORTNIGHT!
Don’t dare miss it!

FEATURES Pockel Dmm with

12mm display. AC/DC volls,
6 ranges DC currenl fo 10 amps
5 resislance ranges Dicde lesl
Wilh leads, batiery & inslruchions

oy £10.95

I’ LI e o
Pogt fres whis you Buy Two!

TL3400

31 range 3'/> digit mm
with 25mm Large Display
FEATURES 4 Copacitance
ranges AC/DC volts AC/DC
current lo 20 amps B resislance
ranges 1o 40M ohm  Diode fest
Conlinuily fesl Logic checker
with buzzar Aulo range
Irequency coasior Peak hold
fure lest

BIG,BIG
SAVINGS

HURR
LIMIT

TL34

33 Range 3'/; digit mm
24mm Lorge Display

FEATURES 5 Capacifance ranges
6 - resistance ranges lo 20M ohm
Diode and transislor lest AC/DC
volls ranges, 5 ranges AC/DC
currenl 1o 20 amps Wilh leads,
baflery and instruchons

£25.95 |

Insfrument stockists for M Hameg Scopes
@ Biack Star B Thurlby I Thendar M Test Lab
Always special offers for callers

Al e B200
when you Buy Twel

10
(Temp probe oprion exhia)  Post free when you Buy Twol

Furiner Spocial Imsiru - while 18 s
SF300 AL Clomp m W

0040 82
Iree whes you Buy

A WEEK FOR JH3om

CALLERS OR 5Ty
TELEPHONE gL'

'g,“ wilt Bosﬁ'g“s_“
yored o6

127 a0l )
s/ VETER g 05

12° 400 watt (800w

ORDERS
) Hude
Lo PRICES

‘:;{EIEUEE\;F\T;S axhin LUDE
AMPLIFIERS. VAT

COLOUR

AUDIO €LECTRONICS WITH HPPLEMENTS
404 EDGWARE ROAD, LONDON W2 TED Colers £ 0
Tel: 071-724 3564/071-258 1831 Fax: 071-724 0322
DISCOUNTS FOR QUANTITY AND EDUCATIONAL

Electronics Workbench

Cireuit design & simulation system.

Electronics Workbeneh™ Professional pack:
Full functionality, unlimited numbers of
components in a circuit, with colour coding for
circuit tracing EGA/VGA graphic support:

£189,00

Excluding VAT and carriage.

Electronics Workbench™ is produced by Interactive
Image Technologies Limited and is now available from:

CADCAM'S assessment:
Eaxe of installation:
"Good"

Ease of use:
"Good"

Functionaliy;

"Very good"

Bacumentation:

"Good" LJ Technical Systems Ltd.
Value for money: Francis Way, Bowthorpe
" 4 - " Industrial Estate, Norwich,
Outstanding e,

A AN Py 14992,

Telephone: (0603) 748001.
Fax: (0603) 746340.

HALCYON

ELECTRONICS

Test equipment, video monitors, amateur radio gear, printers,
power supplies, communications, disk drives, multimeters,
oscilloscopes, scientific instruments, connectors, component
bridges, frequency counters, signal generators, computers.

| SAGE 2-WAY CO-AX SWITCHES SAN2120 N CONNS €95 LOGIC ANALYSERS, VARIOUS

FROM £45T0 £95
UDI 2026 SONAR SCANNER, SURFACE UNIT £895 AVQ CZ457/5 LCR COMPONENT COMPARATOR £75
B&K 1013 BFO & 2305 LEVEL RECORDER £195  ANALYTICAL BALANCES WITH WEIGHTS 69
UPA CAVIDERM D6 P.TH. TESTER £750  MARCONI TF2334 DISTN FACTOR METER £175
GOULD BRUSH 260 £-PEN CHART RECORDER £95  LIGHT BOXES 230V 10x12" AREA £49
CANON ZOOM LENS C-MOUNT V6x17 17-102MM £95  DECADE R/CAY BOXES FROM £15
SONY HYC2010P COLOUR CAMERA £95  KAY DEE PNELMQ UV EXP UNIT 390x260mm £175
MILITARY RADIOS, RING FOR DETAILS VACUUM PUMPS TYP 100MBAR {28L/MIN) £95
MARCONI MARINE KESTREL 3 POA  RHODE & SCHWARZ PZN PHASE METER £125
WIRELESS WORLD CIRCARDS SER 1-25 cased £49  R&S SDR UHF 51G GEN 290-1020MHZ 175
CONSTANT VOLTAGE TRANSFS 150VA-2KY POA  R&S SCR UHF $1G GEN 950-1900MHZ £195
TEK 5458, 585, 535A, 541A, etc From £49  R&S SMLM POWER SIG GEN 30-300MHZ £165
TEK 545/585 SERIES PLUG-INS From €10 R&S SMLR POWER SIG GEN 1-30MHZ £130
IBM POLAROID PALETTE, CGA £195  CALIBRATION STANDARDS CAV/LR POA
COMMUNICATIONS RECEIVERS, VARIOUS POA GOSSOR CRM 533A VHF NAV/COM RF SIG GEN
HP 13404 X-Y CRT DISPLAYS £145 COSSOR CRM 511 ILS/VOR AUDIO SIG GEN el

Visit our bargain corner in shop.
Many valuable items at knock-down prices.

VALRADIO FCB230/200 50HZ T 60 HZ 200 WATT £95  TOPAZ 81007-11 7 5KVA 120/240-120/240 £249
WANDAL/GOLTERMAN SPM-2 SEL LEVEL METER £169  KINGSHILL NS1540 15V 40A PSU CASED £295

GAUGE BLOCKS (SLIP GAUGES) VARIOUS From €5 HP 616B, 618C, 626A, 6264 SIG GENS £35 EA
WAYNE KERR RA200+ADS1 DISP STORE £095  TEKTRONIX 7403, OFI. 7001 LOGIC ANAL £495
HONEYWELL 612 HUMIDITY/TEMP RECORDERS £95  OSCILLOSCOPES DUAL TRAGE S/STATE From £110
TEK SLAN 100KHz SPECT. ANAL 5110M/F, ETC £750  MARCONI TF2303 AM/FM MOD METER 520MHz £245
SIEMENS XTC1012 2PEN CHART RECORDER £395  ROBIN 4112 PHASE EARTH LOOP TESTER £75
RUSH RT2 EN CU W/STRIPPER 28-45AWG £195  ROBIN 5402 DIGITAL RCCB (ELCB) TESTER £75
RUSH SDF4+VAR SPEED CONT 9-29AWG £95  B&T LAB OVENS 12x!3x14 INTERNAL 210°C £195
BBC-B & MASTER COMPUTERS FROM From£9%  REDPOINT 6E-1 H/SINKS 1.5°C/W. (QTY POA) £1.50
MARCON TF2300 FAM/AM MODULATION METER £195  STAG PP41 EPROM PROGRAMMER £495
TEKTRONIX 834 PROG DATACOMMS TESTER £395  MARCONI TF2330 WAVE ANALYSER £150
VARIABLE QUTPUT PSU's HV & LV From£35  LEADER LBO-9C ALIGNMENT SCOPE £249
TEKTRONIX 520 521A PAL V/SCOPES From £475  SIGNAL GENERATORS, AF T0 21GHz From £15

LIST AVAILABLE, BUT 1000’s OF UNLISTED BARGAINS FOR CALLERS
QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICE EXC. OF P&P AND VAT

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 8-5.30 MON-SAT. TEL: 081-542 6383
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HI-FI NEWS

McDONALD SERVICE MANUALS
This superb transmission line kit by AV for t Equp'nent 4
Richard McDonald utilises a Volt i i
BM.220.2/8 Bass Mid Unit and a TV' V'deo' AUdIO, Test etc.
25 DT 51 Metal Dome Tweeter. h 1ak I 10 d
These two units are intergrated Any Age' e or el.
with a high quality bi-wired passive \Nnt i
crossover incorporating air cored e Of Phone tor QUOtat'on
induct d pol |
S e MAURITRON (ETI)
The kit is available in three forms. i 8 Cherry T'ee Road Chinnor
The basic kit which contains just the s ’i ’ '
drive units and kit crossovers. il e — Oxon, OX9 4QY
The plus kit as above but includes e .
acoustilux, wacoustic panels, gold G \ Tel- (0844) 5694. Fax.‘ (0844) 52554. ,
plated binding posts, grill studs, Ry
grill fabric, internal wiring and a sHifHaEL e
set of spikes. fedity . / \
The total kit as above but includes Bemmie
et ayebovs bt @m BLUE SURFACE MOUNT SUPPLIES
machined from 18mm M.D.F. e ROSE
Dimensions 1024 x 274 x 376mm

ELECTRONICS

Basic Kit £270.00 Carriage  £8.00 ¢ 0
Plus Kit £329.00  Carriage £10.00 g% \@.
Total Kit £459.00 Carriage £20.00 " < &3

NEW catalogue of SMD's.....

Wilmsl ow \;V;wggggqggiztstate Components, Kits, Hardware
i Send 50p to cover P&P

Knutsford, Cheshire

Vg o i . “d
7 AUCIIO b s MAIL ORDER ONLY: =

Fax: (0565) 650080 Telephone: 0925 72 7848 L ]
DIY Speaker catal £2.00 Teleph: dit card j i
Speake e —— 53 CiverEoal/HAFCINSUSSnLeRyW NG IEE
Open Tuesday to Saturday, 4 demonstration rooms available. & Cheshire WA 5 3LU /

PROGRAMMING FLEXIBILITY FOR PROFESSIONALS
SPEFOMASTER 1000

veowse s g S

- PC-BASED PROGRAMMERS - LOW COST, UNIVERSAL PROGRAMMER

- UK DESIGN, MANUFACTURE AND SUPPORT - EPROMS, EEPROMS, FLASH EPROMS, NVRAMS,
- NO MESSY INTERNAL CARD . ‘ SERIAL EEPROMS, PALS, GALS, PEELS, EPLDS

- PLUGS DIRECTLY INTO PARALLEL PORT (LPT1-3} - SUPER FAST PROGRAMMING e.g. 27C256

- EASILY TRANSPORTABLE BETWEEN MACHINES (32kx8) IN 4.5 Seconds

- WORKS WITH XT, AT, 386, & 486. EVEN LAPTOPS! r % QY - JEDEC TEST VECTOR SUPPORT FOR PALS
- INCREDIBLY FAST PROGRAMMING TIMES o INCLUDES PAL DEVELOPMENT SOFTWARE
- FLEXIBLE DESIGN MEANS NO ADAPTORS NEEDED 2 - UP TO 40 PIN DIPS
FOR MOST DIP PACKAGES WITHOUT ADAFTORS [ a2 2 5
- UPGRADES BY FLOPPY
SOFTWARE FEATURES N M/ICROMASTER 1000
e CAVEN - AlL FUNCTIONS OF SPEEDMASTER 1000

- MICROCONTROLLERS FROM T.I. (including
TMS370 SERIES, TMS77C82), INTEL, ZLOG,

MICROCHIP {PICS}),
MOTOROLA, PHILIPS
AND OTHERS £5 75

SPEEDMASTER 8000

- FLEXIBLE FILE LOADING (HEX, BINARY, JEDEC)

- READS, VERIFIES, BLANK CHECKS, BIT TESTS,
OVER-PROGRAMMES AND AUTO-PROGRAMMES

- CAN MODIFY PARAMETERS OF EXISITING MEMORY
DEVICES AND STORE IN USER DATABASE

- HANDLES SECURITY FEATURES OF ALL DEVICES

- AUTOMATIC PAL TO GAL CONVERSIONS

- FULL BUFFER EDITING CAPABILITIES - 8 WAY GANG/SET PROGRAMMER
- TEST VECTOR SUPPORT - MASTER SOCKET
- EPROMS, EEPROMS, FLASH EPROMS
oY -UPTO 32 PIN

- PC OR STAND ALONE MODE
- SUPER FAST PROGRAMMING e.g. 8x27¢256

{32Kx8) IN 6 Seconds
£645

Prices exclude VAT & delivery

<
¥
ICE TECHNOLOGY LTD UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, SOUTH YORKSHIRE S30 6HG
TEL {+44) 0226 767404 FAX [(+44) 0226 370434
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QUT roW

Summer '92
Electronic
Constructors
Catalogue

Many new
products including:

M Audio Amplifier Modules
Range of 14 high power audio modules, encapsulated
to an integral heatsink in Bi-polar, MOSFET and Class
A formats with power outputs from 15 to 180 watts.

B Books
18 new titles from the top electronics publishers.

B Burglar Alarm
Volumetric alarm triggered by change in air pressure
eg an opening door, easy to install — no wiring
required.

B Spectrum Analyser Adaptor
Converts a conventional scope into a low cost,
250MHz spectrum analyser.

B Low Profile Mains Transformers
Encapsulated, top quality PCB mounting mains
transformers.

B Airband Scanning Receiver
100 programmable channels, covering civil and
military frequencies.

B Stereo Valve Amplifier
Top quality stereo hi-fi amp from Velleman - at a very
competitive price!

B Extended Ranges
of connectors, equipment cases, filters, crystals, fuses,
fans, kits, ATUs, semiconductors, loudspeakers,
sounders and toroidal transformers.

With 24 product sections, 192 pages,
3000+ lines and £££s of discount vouchers,
be sure to get your copy now!

Available from most newsagents or
directly from Cirkit.

@ @
Cirkit _y =
CIRKIT DISTRIBUTION LTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone (0992) 444111 - Fax (0992) 464457

GRAB YOURSELF A
SUMMER BARGAIN!

Take out a subscription to ETI and not only
will we give you this 6 in 1 Precision
Screwdriver Set
worth £5.99 —
absolutely FREE!
We'll also deliver
your copy to your
door at no extra
cost to you*

So subscribe
now and
enjoy ETI
. right through
L 101993.

Subscription Rates

UK £23.40
Europe £29.50
Sterling Overseas £31.00
US $ Overseas $56

Credit Card Orders
(0442) 665 5’ (Ext 210 office hours)

This offer is open to current subscribers who wish to renew or

extend their subscription.

I YES | want to subscribe to ETI with the .........oocvoveveevven issue-
and receive a 6 in 1 Precision Screwdriver Set. | enclose my I
cheque/M.O.for £ .........ccveevennns made payable to ASP or please I

g cebitmyaccessvisa [T TTTTTTTTITTT]}

| SIgnature .....ccecveecvcviie e EXPiry..cccovviveeiiieeeiviennnn I

| |

liName .. o SERem el wel e W (e ew e el AN 0| |

I |

| AQAIESS qsussiithesermsansibsisnsidiss i e e e e B e e e |

i |

I D T P T NP renn l

oA o, Post Code .......ccocevevrerncnne.. |

| |

| Please aliow 28 days for delivery of Precision Screwdriver Set. |
Please return coupon to: 1

| Subscription Department, Argus Specialist Publications, Argus

I House, Boundary Way, Hemel Hempstead, Herts. HP2 7ST. |

| Note: You may receive further information about offers and SEnices I
which may be of particular interest to you. I

| SR S R e e S
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low cost data acquisition... high functionality

All our products are easy to install - they connect directly to either the printer

or serial port and require no power supply. They are supplied with easy to use

software which collects data for either display or print-out.

ADC-10

* 8-bit resolution

* One channel

* 10-25k samples per second

¢ Oscilloscope/Voltmeter software
*0-5 V input range

e Connects to printer port
* 8-bit resolution
* 11 channels

» 5-10k samples per second
* Data logger software
*0-5V input range

e Connects to printer port

£69

* 8,12,16-bit resolution

* 4 differential or 8 s/e inputs

¢ 200 8-bit or 1 16-bit samples per
second

*0-5V input range

* Data logger software

e Connects to serial port

( Pico Technology Ltd
Broadway House,
149-151 St Neots Road
Haradwick, Cambridge, CB3 7QJ

Tel: 0954-211716
Fax: 0954-211880 \unm

=

J

All prices exclusive of V.AT.

PICO TECHNOLOGY
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Surround Sound

within the range 0.5 to 1.0 volts RMS, this is the usual level from the audio
output NCT Speaker) connectors on equipment. IC1a s the eft minus right
amplifier circuit, with a gain in differential mode of about five. This gain wil
overcome theloss caused by the balance control, and give adequate signal
to drive subsequent stages. The Balance control, RV1, is used to offset any
difference in the level of the two channels, this is will require fairly careful
setting up inuse, to reduce the amount of left and right channel signal from
the rear channel.

R5 and R6 set the bias for IC1a and, since the circuitis directly coupled,
for the delay and remaining op-amps.

The extracted signal then passes through a low pass filter, built around
C1b, with a roll-off of about 18dB per octave, and the ~3dB point a little
below 4kHz. The signal then passes through an analogue bucket brigade
delay line, with a delay of 16ms,

IC2 (MIN3101} is the clock for the delay line, and produces two anti-
phase square-wave signals, with a frequency of 16kHz, which gives a delay
sampling frequency of 8kHz. The IC also generates a reference voltage for
thedelay line, whichis decoupled by C71C3 (MN3004)is the delay fine tself,
and the two outputs from it are summed by R16 and R16.

This summed signal then passes through another filter built around
C:c. This is similar to before, but with the addition of R20 and C11, which
reduce the signal by about 6dB above 300Hz, effectively giving a litle bass
boost. The signalis then buffered by IC1d, and fed to the volume control via
C12. The output from the volume control will then be connected to your
power amplifier as required.

Please note that the frequency responses of the filter circuits have been
calculated using analysis (Spice) software, based on the op-amp specified.
Using a different device will give incorrect results, and may result in

15V O
SK1
INL  pg 2H21u
m |
LIN
P6 BAL Ao
O 22k |
P7 B2 +
22k
SK2
INR c5
2n2
v e = 0V
+15V
A3 éﬂ‘ld
100k < 100Kk
C16 +
1004 5=
25v
SK3
PE ouT
LOG
4n7 T 2n2 T T ton VOLUME
P
oV O— ? '
SWi
L D——-n/.’
| T
[ NOTE:
$ IC1 =LM324
' IC2 = MN3101
’ 1IC3 = MN3004
! +15V IC4 = 78BL15
| D1 =1N4148
N O 71 15015 looma
TRANSFORMER
EC ov
Fig1 Complete circuit diagram of Surround-Sound decoder
The circuit diagram is shown in Figure 1. The input signals shouldbe  instability,

The mains enters via SW1, and passes to the transformer, T1, The
output from the transformer s rectified by D2 and D3, and smoothed by
(13, 1o give about 23V. The power supply voltage required is 15V, whichis
regulated by IC4.

® : s J
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Paul Stenning extracts the
rear sound channel from
film soundtracks to give
very stunning results at

low cost.
p
5
Fig.2 Component Overlay for decoder

any owners of satellite receivers, Nicam Stereo

equipment and stereo video recorders are tak-

ing advantage of the vastimprovement in real-

ism that can be obtained on stereo film sound-

tracks, by feeding the sound through the Hi-Fi, and posi-
tioning the TV centrally between the speakers.

However, by comparison to the cinema, there is still

something missing! Apart from the large screen and the

kids throwing popcorn around, an important absense at

home is the Dolby Stereo surround-sound system. Many

films are now made with Dolby Stereo sound, and if it

says“Dolby Stereo in Selected Cinemas” atthe end of the.

credits, the surround sound information will still be
encoded into the stereo soundtrack whether the film is
transmitted by satellite orin Nicam stereo, or released on
video.

There are some excellent Dolby licensed decoders

available for home use, however these tend to be rather
expensive. The unit presented hereisa “sound-alike” cir-
cuit which, whilst not performing as well as the real thing,
still gives superb resultsforamoreaffordable price.Since
the PCB is supplied with this magazine, and the compo-
nents (including a case) can be obtained for under £30,
this project is a must for any film fan with satellite,
NICAM or a stereo VCR. The only other requirements
are a small amplifier and a pair of cheap speakers. Some
constructors may wish to incorporate a power amplifier
circuit in the same case as this decoder, suggestions for
this are given later in this article.

The projectis quite straightforward to assemble and
requires no setting up, so should be well within the capa-
bilities of most constructors. To this end, detailed assem-
bly instructions will be given (more experienced con-
structors please bear with us!), and component colour
codes or markings are given in the parts list.

Surround Sound: The Operation

When ‘the film soundtrack is recorded, the surround
sound channelis encoded by firstfilteringitand attenuat-
ingit by 3dB, and then passingit to two phase shifting cir-
cuits. One of these shifts the signal by 490° and sums it to
the left channel, the other shifts the signal by —90" and
sums it to the right signal. Thus the signal is 180° out of
phase between the two channels.

To extract the signal, basically all thatis required is a
fixed left minus right network. However, for better real-
ism the extracted signal requires additional processingin
the form of a short delay, typically between 12ms and
25ms, in this case 16ms. The purpose of the delay is to
make any front channel sounds that stray to the rear chan-
nel,less noticeable. Thisis achieved by confusing the ear;
since any stray sounds will come from the front channels
a few milliseconds before the rear, they will appear to
originate from the front. The delay also gives the sound
more depth. A similar delay is also used in licensed
Dolby decoders, and is allowed for by the film makers.

A low pass filter comes before the delay circuit to
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limit the bandwidth of the signal to just below 4kHz, half
the delay sampling frequency (8kHz). The delay is fol-
lowed by a similar circuit to remove the sampling fre-
quency from the signal. In addition, this filter also givesa
degree of bass boost (+6dB below about 300Hz).

Limiting the bandwidth in this way does not signifi-
cantly detract from the performance of the unit. The
bandwidth of the surround signal in a proper Dolby sys-
temisonly 100Hz to 7kHz, and the upper end of this can
only be achieved by using Dolby licensed noise reduc-
tion circuitry to remove stray signals. The surround chan-
nel exists for effect, not for listening to in its own right.So
as long as the Left and Right channels are of reasonable
quality the overall result will be fine!

The IC sockets should then be fitted. Again orienta-
tion is important, the notch in the centre of one end
should be positioned as shown on the Overlay. Do not
plug the ICs into the sockets yet.

The terminal pins (if used) should be inserted now,
in the positions marked P1 to P9, These will be a fairly
tight fit and should be pressed firmly but carefully into
place with the soldering iron. Support the board whilst
doing this, and check the pins are properly in place and
straight before finally soldering.

The ceramic capacitors can be fitted next, these can
be fitted either way round. The values of these may be
shown in a variety of ways, the most likely markings are
shown in the parts list.

The electrolytic capacitors can be fitted now.

The PCB for this projectis supplied on the front cover of
this magazine. Additional PCBs may be obtained from
the ETT PCB service, see page 76 for details.

In order keep costs down, the PCB is supplied with
allholes drilled to one size. Before starting assembly, the
sizes of the following holes should be checked and
enlargedifnecessary. Holesfor RV1 and RV2 need to be
enlarged to 1.2mm (alternatively wire these components
totheboard usingshortlengths of 24 SWG tinned copper
wire). Holes for the terminal pins P1 10 P9 may need to be
enlarged to 1.0mm (alternatively solder wires straight to
the board without using terminal pins). The holes for
diodes D2 and D3 are a close fit. and may need to be
enlarged to 1.0mm.

The component overlay for the PCB is shown in
Figure 2. Double check the position, value and orienta-
tion of each component, against the overlay and Parts
List, before solderingitinto place. Take care when solde-
ring, to ensure reliable joints. In particular take care
where tracks pass close between pads, to avoid solder
bridges.

Start by fitting the resistors, these components can
be fitted either way round. The colour codes are given in
the parts list. If the resistors used have a tolerance better
than 5%, the Goid band will be Brown (1%) or Red (2%).

Next fit the diodes. These must be fitted the correct
way round, as shown on the Overlay.

MAINS Polarity is important, the positive connection is Sl:lOWl’l
T RIGHY OUTRaT on the overlay with a + On most electrol ylic capacitors,
T Sk SKa the negative connection is marked with a — and the posi-
240 TO 15-0-15 . o ‘ . . .
@ 100mA @)“] [%\ ? tive lead is the longer one. Fit with the negative marking
— % away from the +on the overlay.

BROWN qd B . The voltage regulator, IC4, is fitted next. Orientate
as shown on the overlay, and gently push down until the
base of the body is about Smm above the PCB before sol-

11 dering.
P L O Finally fit the potentiometers. Before fitting, trim
s e the shafts to suitthe knobs beingused. Grip the end of the
i___IM shaft (not the body of the pot) in a vice, and cut to the
D—L BLUE o length required with a junior hacksaw, then remove any
0o &° r’ burrs with a fine file. The two pots are different types, 50
BACK OF check the markings before fitting into the PCB. Push the
U e pots well down and make sure they are correctly aligned
before soldering.
. o . Now give the board a thorough visual examination,
| Fig.3 Inter wiring diagram . : i "

— checking in particular for incorrectly placed compo-

nents, badly soldered joints and solder bridges.

PCB Construction

The Case

The prototype was constructed ina plastic case, approxi-
mately 170 x 70 x 190mm, however a somewhat smaller
case could be used if required. Since the unit contains
dangerous (mains) voltages the case must be held
together with screws, a clip together case is not suitable. If
you intend to include a power amplifier circuit (see
later), use a metal case and make sure itis large enough to
house all the components comfortably.

Since the PCB is so small and light, it will be per-
fectly secure mounted by the potentiometers, unless the
unit is to receive some particularly rough treatment! Two
holes are required in the front panel for the pots, 2 inches
apart and the right diameter for the bushes on the pots
being used. Ifthe small PCB mounting pots from Maplin
are being used, the holes need to be 7mm (9/327) in
diameter. If the pots have any small lugs to locate into the
panel, these can be carefully cut or broken off.

A third hole will also be required on the front panel,
to suit the power switch being used. The switch used on
the prototype was supplied by Maplin as a Miniature
Rocker Switch (YX65V), and required one 18mm
diameter fixing hole, and a small notch to prevent rota-
tion. [t may be easier to use this type of switch, rather than
one which requires a rectangular cutout.

The front panel can then be marked with rub-down
transfers and sprayed with lacquer if desired, before the

28
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components are fitted. When tightening the pot nuts,
supportthe body of the potfrom behind, and donotover-
tighten. The washer should be placed against the front
panel, behind the nut. The suggested switch has a plastic
nut which should only be tightened a little more than
finger tight. The knobs can now be fitted, ensuring they
do not scrape on the panel.

The rear panel can now be prepared, with a hole for
the mains cable grommet or clamp, and approprate
holesfor the audio connectorsbeingused. The prototype
has 5 pin DIN sockets, however phono sockets would
probably be more suitable in most setups. You may prefer
to use two sockets each for Left Input and Right Input,
connected in parallel, to save using Y splitters or making
custom cables (see the Installation Diagram, Figure 4).
The same could apply for the output if using a stereo
amplifier, so the signal can be taken to both channels.

The transformer should be mounted in the base of
the case. Mount it away from the circuit board and audio
connectors, but where the leads will still comfortably
reach the board and switch. Fita solder tag under one of
the mounting nuts for the Earth connection, having
scraped away any lacquer from around the hole in the
transformer first. The prototype used a 100mA wire
ended transformer, which was more than adequate for
the job.

Wiring Up

The Interwiring Diagram is shown in Figure 3. Start with
the audio connections, using suitable screened cable. If
you wish to sleeve the screens, use a piece of the outer
insulation removed from the wire. If two phono sockets

great care! Mistakes here can be costly and dangerous.

The mains cable is standard 3 core mains flex, rated
at 3 Amps or.greater. A grommet or cable clamp must be
fitted in the hole where the mains cable enters. The cable
mustbe secured in some way. Asalastresort youcould tie
a knot in the cable, but try to do something better.

Remove sufficient outer insulation for the earth
(Green/ Yellow) wire to reach from the switch to the tag
on the transformer mounting. Trim the Live (Brown) and
Neutral (Blue) wires to about 30mm, strip the ends, and
solder to the switch as shown in the Interwiring Diagram,
ensuring that there are no loose strands. These joints
should be sleeved for safety.

The thick Brown and Blue wires from the transfor-
mer primary should now be soldered to the switch, as
shown in the Interwiring Diagram, and sleeved as before.
To save possible damage to the transformer, leave these
wires the full length as supplied.

The Earth (Green/ Yellow) wire in the mains flex
should now be soldered to the tag under the transformer
mounting nut, together with a length of wire sufficient to
reach the PCB. If the case has a metal front panel, a wire
should be connected from this to the earth tag (a metal
rear panel will probably be earthed by the connectors
mounted on it, if not connect it to the tag also). It may be
easier to remove the tag whilst soldering. Recheck the
tightness of the transformer mounting screws after solde-
ring these joints.

The wires from the secondary of the transformer will
be two of one colour (possibly Green), and one of
another colour (probably Black). Connect the single
wire, together with the wire from the transformer earth
tag, to terminal P3 on the PCB. Connect

SATELLITE RECEIVER OR STEREO VCR

FRONT AMPLIFIER

the two same colour wires to terminals

4@? % P1 and P2 on the PCB, either way round.
LEFT RIGHT As before, it is best to leave the transfor-
SPEAKER SPEAKER

mer wires full length.
Connecta 13 Amp plug, fitted with a
3 Amp fuse, to the end of the mains flex.

werT R o 'Now thoroughly r_echeck the wi.ring,
€ particularly the mains connections.
i el Remember that any mistakes in the
mains wiring are potentially lethal.
ADAFTOR S|
7% Testing

© ‘ ‘e "o ‘ Before plugging the unit in for the first

LEFT RIGHT 5 .
NN time, carry out the following tests. Make

SURROUND-SOUND DECODER

REAR

Fig.4 Equipment wiring

REAR AMPLIFIER

REAR
SPEAKER SPEAKER

sure the power switch is off. Set your test
meter to its highest resistance range, and
measure the resistance between Live &
Neutral, between Live & Earth, and
between Neutral & Earth on the mains
plug pins. In all cases the meter should

are beingused for the inputs and/or output, as suggested
earlier, they can be linked together with lengths of tinned
copper wire, providing the sockets are no more than
about 40mm apart.

Connect the ‘Left Input’ socket to P4 (core) and PS5 ‘

(screen) on the PCB, the ‘Right Input’socketto P6 (core)
and P7 (screen), and the ‘Output’ socket to P8 (core) and
P9 (screen).

The mains wiring should now be carried out, with

read open circuit.

Now set the power switch to ON and carry out the
above tests again. The resistance between Live & Neutral
should now be between 1k and 2k (transformer pri-
mary), the other two tests should still read open circuit.

Set your test meter to the lowest resistance range
available, and measure the resistance between the Earth
pin on the mains plug and the following points: both
transformer mounting screws, the screens of all audio
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connectors, and any exposed metal parts of the case. In
all cases the meter should read less than one ohm.
Ifany ofthe above results areincorrect, recheck your
wiring thoroughly and find out why! It is fairly easy to
incorrectly wire a mains switch so thatit shorts across the
mains when switched on. Do not plug the unit into the
mains until the results of all the above tests are correct.
Ensure that the plug-in IC’s(IC1, IC2and IC3) are
not fitted. Plug the unitinto the mains and switch on. Set
your test meter to 30 Volts DC or greater, and connect
itis negative probe to the earth tag on the transformer.
Connect the positive probe to the cathode (bar) end of
D2 or D3, the meter should read between 20V and 27V.
Now connect the positive probe to pin 3 of ICI socket,
the meter must now read between 14.25V and 15.75V.
It all is well so far, switch off and wait five minutes,
for the power supply smoothing capacitors to discharge.
Now plugin the ICs, and switch on. Measure the voltages
at the following points: IC1 pin 1, 1C]1 pin 7,1C3 pin 13,
IC3pin 14,IC1 pin §,and IC1 pin 14.In all cases the volt-
age should be between 5 and 7 volts (itmay be necessary
to switch your meter down to its 10V DC range for this).
Switch off and assemble the case.
Now install the decoder and test out, as detailed
below.

LEFT CHANNEL
SPEAKER

RIGHT CHANNEL
SPEAKER

TELEVISION

VIEWING POSITION

Y

B

Fig.5 Suggested room layout

REAR (SURROUND) CHANNEL SPEAKERS

\ 14
==

PROJECT

Installation and Use

The ideal viewing room setup is shown in Figure 3,
although some compromises may well have to be made in
practice. Two rear speakers are really required, if only
onespeakeris used its position will be heurd. These spea-
kers should be behind the viewer, towards the rear cor-
ners of the room. The effect is a little better if the rear
speakers are further away from the viewer than the front
speakers. Remember that the rear speakers do not have
Lo be of particularly good quality, since the rear channel
bandwidthisonly 100Hzto 4kHz. The authorused a pair
of small wooden cased speakers which originated from a
sterco music centre, and a low power stereo amplifier.
His supply of Dolby Stereo films arrive via an Amstrad

SRD400 satellite receiver.

Connect the unit to your home entertainment
equipment, as shown in Figure 4. Note that the Audio
Out from the satellite receiver or VCR needs to connect
to both the decoder and your main amplifier, this is the
reason for the suggestion of paired sockets. Set RV 1 cen-
tral and RV2 to minimum. Leave the main amplifier off
for now, and switch on the surround amplifier, this unit
and the satellite receiver or video recorder.

Chooseamono program (ifyouhave satellite try Sky
News), and turn up the volume control (RV2).If the bal-
ance control (RV1) is adjusted towards either end the
sound should be heard from the rear speakers. When the
balance control is adjusted towards the centre it should
be possible to find a point where there is virtually no
sound from the rear speakers. :

Leave the balance control at this position, and select
a stereo film channel (Sky Movies or The Movie Chan-
nel).Ifthe filmisin Dolby Stereo, you should getasignifi-
cant amount of sound (but not speech) from the rear
channel. If you can’t get this to work, check your satellite
receiver is set to the main stereo channel (AU1 on
Amstrad receivers), and check the film really isin Dolby
Stereo (the blockbusters shown on Sky in the evenings
often are).

Switch on the main amplifier and set the volume to
your usual listening level. Now adjust the level of the rear
channel to alevel where the rear sounds contribute to the
overall sound, without intruding, Dialogue should still
appear to come from the front, whilst crowds, music and
dramatic sound effects should fill the room.

A certain amount of practice will be needed to get
the best results from the unit, it’s really a matter of trial
and error, but it’s worth the effort!

The results from this simple unit can be quite stun-
ning, it really does add a whole new dimension to home
entertainment. The effects on some modern films are
dramatic! Sky Television are obviously well aware that
people use this sort of equipment, since even the trailers
on their film channels make very good use of the rear
channel.

If your main amplifier has an output available, after
the volume control, try connecting the decoder to this,
thatway the volume of the rear channel will follow adjust-
ments on the main amplifier.

This decoder will only work correctly with Dolby
Stereo encoded film soundtracks. The effect of the delay
will cause awful results if the unit is used with normal ste-
reo programmes or music.

A Silly Idea!

Here’s a further idea that a few of you might like to play
around with. If the decoder is used without the front
amplifier, on a normal stereo music source, the balance
control can be adjusted to give the music in mono with
little or no vocals. Do-it-yourself Karioke for those who
like that sort of thing! Of course the bandwidth is very
limited and the bass beatmay be cancelled outas well, but
it will probably still sound better than the singing!!

Adding a Power Amplifier

The information in this section is believed to be correct
but has not been fully tested. It is therefore offered to
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more experienced constructors, for further experiment.

Some constructors may wish to incorporate a power
amplifier into the same case as this decoder.

As only a few watts of power are generally needed
for the rear channel, a suitable amplifier might be the
Maplin 8 Watt Power Amplifier kit (LW36P, Price £745,
Page 292 of the 1992 catalogue). This requires a power
supply of about 21V, and a suitable circuitis shownin the
catalogue, this could be constructed on a piece of tag strip
or Veroboard.

It would be sensible to use the amplifier’s power sup-
ply to power the decoder circuit. On the Surround Sound
Decoder PCB, remove D1 and D2,and replace D1 witha
link. The 21V form the amplifier power supply can now
be connected to P1 (positive) and P3 (negative). If a dif-
ferent amplifier is used, a supply between 18V and 35V
can be used to power the decoder this way.

The audio output from P8 and P9 can be connected
directly to the amplifier input, using suitable screened
cable. If you get a hum loop, try disconnecting the screen
at the amplifier end. It may be necessary to reduce the
gain of the power amplifier, by adjusting the values of the
appropriate resistors on the amplifier PCB. A suitable
connector or terminals for the loudspeaker can be fitted
on the rear of the case.

Unless continuous operation at high volume is
likely, a metal case should be adequate for heatsinking
the amplifier and power supply voltage regulator.

BUYLINES

The PCB s supplied with this issue of ETI, further PCB;s are available from
the ET! PCB service, if required.

The majority of the components should be readily available from your
usual component supplier. I any problems are experienced, all the compo-
nents are listed in the current Maplin catalogue (telephone 0702 554161).
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PARTSLIST
PartNumber ~ Value Markings

RESISTORS (All 1/4 watt 5% or better)

R1234810, 2%  RedRed Orange Gold
111719,20

R5 220k Red Red Yellow Gold

R6 180k  Brown Grey Yellow Gold

R71314 100k  Brown Black Yellow Gold

R9,18 k0  Brown Black Red Gold

R12 68k  Blue Grey Orange Gold

R15,16 47 Yellow Violet Red Gold

RV1 100k LIN B-100k [min PCB mounting}

RV2 10k LOG A-10k {min PCB mounting)

CAPACITORS

C12 200 24

3489 7 4N

€510 mn 222

C6 20p 22

N on 103

C1415 00n 104

ELECTROLYTICS

c7 op 25V

cr W 2V
c1 40p 35
CT6 00p 2V
SEMICONDUCTORS

Ict LM324

Ic2 MN3101

Ic3 MIN3004
Ica 78L1

D1 IN£148

D23 NA0OT

MISCELLANEOUS

P1-9  Terminal Pin

SW1  DPDT Rocker Switch

SK1,2,3 Phono Socket {or as required)
T 240 to 15-0-15 100mA

IC Sockets {1x8 way and 2x14 way), Case, Knobs for RV1 & RV2, Mains Flex,
Screened Cable, Sleeving, Fixings for T1, Solder Tag, Grommet or Cable
Clamp, 13A Plug with 3A Fuse, Audio Connection Leads as Required.
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his two-board project has been designed with

those who are as handy with a soldering iron as

they are with a camera. The projectwill provide a

useful addition to the facilities of any SLR

camera with simple interfacing through the cable release

socket. It allows electronic signals to trigger your camera

givingtimed exposures beyond the end of the basic range

whichisusually in the | second region. Butit also allows
you to program how many exposures are taken.

Looking more closely at the two basic output fune-

tions that are catered for; firstly there is programmable

multiple triggering at adjustable rates, that is, setting the

camera to take a set number of photographs with differ-

ing delays between the exposures. Secondly a timer

facility that allows exposures from 1 second to 100

minutes, thus allowing long aceurate exposures without
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COLLECTOR COLLECTOR
WAVEFORM WAVEFORM
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g
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Fig1 Timing waveforms

the hassle of having to monitor them. Programming the
exposure time is done simply by a single push switch, and
the resultis displayed on seven segment display, as is the
countdown operation, .

Oneof the unique featuresis the form which the trig-
gering of both of these functions can take. There is a
microphone operated sound triggered input which can
be set to trigeer at differing sound levels. from a bump
in the night to a snap of the fingers or a simple clap.

Secondlythereisaninfra-red link which allowseither the
breaking of a beam or the formation of one to trigger the
camera. Again the trigger levels can be set as with the
sound input. Both of these functions can be used as a
convenient replacement for self timers allowing the user
to be in the photo, and taking it when they feel comfort-
able by simply making a loud noise, ‘Cheese’ perhaps.
Provision has also been made for two external inputs to
act as triggers, one has been designed to accept a simple
push-to-make switch as a signal generator, a more con-
ventional format. The other input will accept analogue
voltage signals and convert them to binary in the same
way as the other two analogue signals, with presetable
trigger levels.

Alightemitting diode shows when triggering occurs
and allows easy setting of the required levels. A slight

Add a versatile sound and light trigger i

variable delay can be placed on triggering which can be
used to allow the subject or object time to move in
towards the centre of view and away from messy wires,
infra-red LEDs etc, before the picture is taken.

The unithas been designed to be mains powered but
also has the facility to be driven by external batteries.
Interfacing with the camera is easiest with electronic
cable releases but it is by no means impossible to inter-
face with manual cable releases.

Theory

It is best to visualise the circuit as consisting of three
blocks, the trigger circuit, the multiple exposure circuit,
and the timer circuit. A hlock diagram in Figure 5 showsa
simplified schematic of the workings and can be con-
sulted while reading this section. The first ofthese blocks,
the trigger. starts life with a basic carbon microphone.
This by its virtue of only being a resistor that changes its
resistance with varying sound levels, It needs a source of
current to produce a usable signal. The answer is a pull-
up resistor. The ‘not-too-large’ signal is amplified by a
simple self biasing common emitter transistor amplifier
Q4 thecircuit beingmore simple than the name, which is
adequate as this is not a hi-fi project. After decoupling,
thisresulting signal is buffered by anemitter follower Q3,
biased o as 1o compensate for the diode drop ofthe tran-
sistorand the following diode. It also provides some volt-
age to raise the floor above zero volts. This must be per-
formed asthe circuituses asingle positive supply line and
inputs of comparator-like chips cannot operate at zero
volts. The output of the emitter follower is then rectified
and smoothed, with provision made for a fast rise time
and a reasonable decay. This conditioned signal triggers
the sound input,
The story for the infra-red link is pretty much the
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by Edward Barrow

fo your camera

same, with an infra-red sensor providing the necessary
raw signal, but as before not much of it. This circuit only
responds to modulated infra-red radiation and so the
initial decoupling capacitor removes any constant signal
that may be generated from a background source. Again
the first stage is a self biased common emitter amplifier
Q1. More gain is required and a second stage around Q2
is adopted. After decoupling and buffering by another
common emitter amplifier, biased again for the same
reasons, the signal is rectified by a rectifier of similar

TRIGGER

PULSE
" l_
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characteristics as the
sound input. A suitable source of
infra-red is discussed later on in the article.

All the inputs are fed to a rotary switch and one of
these is selected by the rotary switch SW3. This feeds the
positive input of the comparator which has been wired to
have some element of positive feedback necessary to
ensure clean switching. The variable reference point for
the negative inputis provided by a‘pot’ actingin a voltage
divider. This allows triggering to be set at the desired
level.

The two external inputs are merely external connec-
tions to the positive input of the comparator, the firstone
requiring a short-circuit between the two leads to gener-
ate an input pulse. Thisis self explanatory as one of them
is connected to the positive supply. The other input
requires a voltage signal relative to its ground to trigger
the comparator.

For the sake of completeness the comparator’s out-
puthasbeeninverted and thisoutputcanbeused asatrig-
ger source. Thus the output will trigger when either the
sound orinfra-red level falls below the set threshold level.
The benefit of this arrangement is mainly in the use of the
infra-red link, as the unit can then be used to trigger the
camera when the beam is broken. This is a usetul feature
for nature photography where the camera can be setup to
take photographs when an animal breaks the beam.

The analogue nature of the inputs give rise to the
problem of noisy outputs or multiple triggering, This is
caused when the input to the comparator hovers and
fluctuates around the switching threshold. The positive
feedback does reduce this significantly but does not
eliminate the problem fully. A flip/flop is the cure, with
the comparator’s output being used as the clock source,
and the data input being tied high. So only the first pulse
from the comparator will get a response from the flip/
flop. This means it will clock in the high state of the data
input which will then appear at the outputs. To clear the
flip/flop a reset button has been built in, which as the
name suggests is only a push-to-make switch. It is tied
high to generate a pulse for the reset pin.

The raw output of the flip/flop is not used as it is.

Fig.2 More timing waveforms and exposure times
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Firstly some delay isinjected with a simple R-C delay, the
R part being a variable resistor, making the delay prese-
table. After buffering by an invertor the signal is pulse
converted by another R-C combination, and this triggers
the other parts of the circuit. As the buffer used in the
delay part of the circuit is an invertor, it was the inverted
output of the flip flop that was used (O), the net result is
therefore a normal signal. :

The next block controls the multiple triggering
facility. The heart of this is a 10 stage Johnson counter
(1€5). A rotary switch selects which output stage is going
to be used. To understand the operation of this partofthe
circuititis best to glance at the timing diagramin Figure 2.
Let us say that the output selected is 04 and we've Just
switched on the powerto the circuit board. 04 will be low

WHEN

SWITCH IS
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(sw7)
h SECONDS
! ONE INPUT TO
| THE 'AND GATE'
HIGH | _____ ey INPUT TO FIRST
HYSTERSIS \ INVERTER IC16
ERSIS : NVERTER IC1
] -
OUTPUT OF FIRST
INVERTER IC16

OUTPUT OF
SECOND
INVERTER
(OSCILLATOR)
INPUT TO THE
'AND GATE'

;
OUTPUT OF THE
'AND GATE'

Fig.3

biases the diode D6 so that the inputoftheinvertoristied
high thus stopping the oscillation process. Importan-
tly,the firstseries of pulses that are generated when power
isfirst switched on, the initial state of the in vertorinput is
now high and output thus low.

To start the process, a positive pulse is sent to the
memory reset pin. This drives all the outputs low includ-
ing O4 and since the invertors outputis also low, the out-
put of the NOR gate immediately goes high. When the
invertor eventually starts to oscillate, the same scenario
as before takes place. with four pulses being generated
before all activity ceases. The first pulse hasalonger dur-
ation than the others because the invertor needs time to
pull the capacitor from its forced high state to the mid
levelsabout which oscillation takes place. The NOR gate
output is used as the trigger for the camera,

The timer circuit requires certain signals for oper-
ation, the most important being reference signals, ie.
time-bases allow accurate measurements to be taken.
Herethe signal sourceisacrystal oscillator, built using an
invertor to make a resonance circuit around a timing
crystal. The frequency of the crystal chosen is
4.194304MHz, a convenient number for digital pur-
poses as 2** is 4194304 exactly. So if we divide this fre-
quency by 2 twenty two times we get a 1 second clock
exactly. Asis well known dividing by two is very easy with
the help of a flip/flop. In fact some helpful electronic
engineers have already designed a counter with not just
22 but 24 flip/flops all linked up. and they even throw in
aninvertor to make the crystal oscillator, thisis the 4521
(IC7) giving us a reference source already.

The timer unit should also countin minutes so a sec-
ond time-base is needed, this time in minutes. The most
logical way to generate this would be to divide the 1 sec-
ond time base by 60. A dual BCD counter did the trick
(IC8). The first BCD stage was left to free run thus divi-
ding by 10. The second BCD stage acted as adivide by 6,
and when both are combined they give a grand total divi-
sion of 60, and thus a 1 minute time base.

and so no current will flow th rough
the diode (D6) as it is reversed
biased, and hence the Schmitt trig-
ger invertor IC3c¢ will be left to its
own devices. Here it is configured
as a feedback oscillator, with its
frequency being a product of the
values of the feedback resistance
and the capacitance of C14. The
resistance is variable and hence so
is the frequency. As the input to the
invertor starts at the zero state, its

outputis high thus making the out-
put of the NOR gate IC6¢ low to
begin with, (the other input to the NOR 04 being low).
When the invertor changes state its output goes low thus
changing the output state of the NOR gate to high. While
O4islow.clock pulses are passed on to the clock input of
the counter. This advances the counter with each nega-
tive going edge, ie one that goes from high to low. After
four such pulses O4 will go high, this has two knock-on
effects. Firstly it drives the output of the NOR gate low
regardless of its other input. And secondly it forward

The main counting operation centres around a pair
of programmable up/down counters (IC11 and 12) and
to help understand the timing diagram, Figure 4 has been
included. One is assigned to the task of counting units
and the other tens. Both are operated solely as down
counters, ie they decrement by one with every clock
pulse. The outputs of both of these chips are fed into a
pair of BCD to seven segment decoders, which in turn
feeds a pair of seven segment LED displays. These allow
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the state of the counters to be known easily. The counter
has two inputs, one from the selected time base (seconds
or minutes), this input s turned on when a trigger pulse is
sent to the timer board. The other input comes from a
manual pulse generating circuit which generates a single
pulse every time a push switchis depressed and a series of
pulsesifthe switch isheld down foraperiod longer than 2
seconds. A glance at this part of the circuit may make you
think that I settled for an ad-hoc solution to the problem
but take a look at the ‘How it Works’ section for a further
description. This is used to program the counters by
counting them down to the required time using this push
switch. The ‘tens’ clock input s linked to the units termi-
nal count output (TC), which synchronises both
counters. When the counter reaches the zero state this
line goes low and returns high as the counter advances to
the ninth state. Its on this positive edge that the ‘tens’
counter decrements.

When both terminal count lines are low this corre-
sponds to the end of counting operations as both
counters read zero. This state is used to clock a flip/flop
whose data line is held high, so when the 00 state arrives,
the flip/flop’s output state changes. When a new trigger
pulse arrives, signalling the start of counting, the flip/tflop
is reset and so the inverted output goes high until the 00
state. This delay, between the changing of states, is the
required time pulse and so itis the inverted output of the
flip/flop that is used to trigger the camera’s shutter.

Construction

Perform the usual operations here. Solder resistors, link
wires, and diodes first, then transistors, IC sockets and
capacitors second. The external bits and pieces like pots,
LEDs, rotary switches are placed lastly. The PCB con-
nections for the rotary switch SW6 was designed so that
ribbon cable could be used for connection. Here are
some common sense hints ‘when mounting the two

2 NUMBER OF
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TC UNITS

TC TENS

CLOCK INPUT
TO FLIP/FLOP

Y

O OF
FLIP/FLOP

1D)a10ud

Fig.4

sensors, Don’t forget to give the microphone access to the
outside, soit can easily pick the sound itis meant to. Also
itis advisable to connect both sensors to the board using
screened wire. Thisis especially true of the infra-red sen-
sor and equally so if a high impedance crystal micro-
phone is used, as this reduces errors caused by pick-up.
The same goes for the external input. Now, taking the
usual precautions, the ICs can be plugged into their soc-
kets. At this point the board should look like some plant
life you find washed up on a beach with wires and bits
everywhere.

Follow the same pattern with the second board tak-
ingalittle extra care with the crystal. The connections for
the seven segment display were again made easy for con-
nection via ribbon cable, and for the prototype, I made a
small PCB to mount the display on. But if you are a rich
perfectionist then you can buya purpose builtholder and
mounting bracket. A cheaper alternative is to use Vero-
board.

When it came to boxing up the whole thing I used a
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Fig.6 Circuit diagram of sound and infra-red detecting circuits

HOWIT WORKS

In‘this circuit the microphone used had a nominal resistance of 10k s pull
up resistar R12 of a similar value was used. If a noticeably different one is
used, check that the resistances are matched by testing the voltage across
the resistor ies in the 6 volt region. If you decide to use a crystal microphone
or some other which actually generates its own volta ge then remember

toleave outthe pull up resistor, Also the circuitmay have to bealtered a little,
increasing the collector resistor R14 and placing an emitter resistor instead
of tying it directly to ground, This may be necessary to increase the imped-
ance of the input In line with that of the microphone.

Similarly if you feel it necessary to increase the aain on your infra-
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red link then feel free to increase the collector resistors RS and R7 on both
common emitter amplifiers. Asitis, you arelooking at a total gainwellin the
3 figures region.

The hysteresis levels on the comparator are set to about 1/10 of a volt.
The voltage divider chain has been setto a minimum threshold of around 4
volts and amaximum of around 9 volts. Again you canalter theseif you wish
by changing the values of the fixed resistors R21 and R22 at both ends of the
chain. But asit is the minimum level {4 Volts) corresponds to the no signal
bias points of both sound and optical rectifiers. Noticeably,this is the range
within which any external analogue signals should lie.

The input to the flip/flop’s clock is monitored by an LED (D5) which
basically tells you when the comparator’s triggering and is useful for set-
ting the voltage divider.Donotbe tempted toleave outthe few resistorsand
capacitor whichis associated with the reset switch, as these de-bounce the
output of the switch and also make sure that the reset pin does not float
when the switch is not pressed. The delay on the output provided by the
potentiometer RV2 and capacitor C12 produces a delay ranging from 0o 1
second with present components.

Asimple mini circuit has been included that can generate an infra-red
source. The single chip design uses yet another Schmitt trigger oscillator to
generate a signal around 10kHz and this is buffered to drive two infra-red
LEDs. While this is not a high powered circuit it is sufficient for use within
reasonably short distances. A higher power circuit can be made using tran-
sistors to switch the LEDs on and off. Using this combinationits possible to
drive them with 100mA of current and achieve longer distance coverage.
The power supply on this small board is a single PP3 9V battery, but the on/
offtoggle switch has been wired in parallel to a push switchwhich on press-
ing allows the unit to be used as a remote control.

On the multiple triggering part, the Schmitt trigger oscillator has been
designed to give a range of frequencies from around 4Hz to 1 cycle every 8
seconds. There s no point increasing the maximum frequency as the auto-
matic winders don't operate faster than around 5 or so frames per second.
Rd9controls the maximum frequency soifyour camera's motor drive s fas-
ter or slower altering this value should bringitto line with your camera. The
clock oscillator was designed so that immediately on triggering the clock
line {also the output) goes high, thus the camera's shutter will open, the
only defay being that set by RV2, This arrangement does cause the problem
of the extended first pulse, but the error is not fixed and increases and
decreases with the length of the other preceding pulses. Also the main pur-
pose of this feature was to provide a fixed set of trigger pulses and not a
high degree of accuracy between exposures.

The above circuitry was included on a single PCB with its own regu-
|ated supply. Provision has been made for a bridge rectifier with smoothing
capacitors. Thishoard runsbest on a 12 volt supply and the other board on a
5voltsupply. Thesecond board uses the same unregulated supply made on
the first o drive a +5 volt regulator on the second. For portability a socket
has been included to allow an external power source to drive it. A single
diode has been included to separate the rectifier from the circuit, but even
soit is best to unplug the mains supply if connecting batteries to the unit.
The voltage of this supply should be at least around 15 volts. Thisis necess-
ary togive the 12 volt regulator some headroom. Two PP39 volt batteries in
series would do the trick.

Moving on to the timer board, the second time base generator seems
self explanatory. The minute version needs a little extra circuitry to make it
work. An AND gate IC9a provides us with a single divide by six output by
ANDing 01and 02, thisis delayed by aRC combinationand fed back to both
counter resetpins. Soafter 80 pulses both counters are reset. The delay con-
trols the length of the output pulse and so if it was not present the output

pulse would be in the order of tens of nanoseconds {ie the propagation-

delays of CMOS gates). Please note that the trigger pulse from the com-
parator also is used to reset both the second counter and the two minute
counters. This is necessary to ensure counting starts from the same point,
otherwise huge irregular errors could occur especialty when using

small amounts of time. Also a diode is used to isolate the minute reset
lines from the rest, without it, all others would be reset every 60 seconds
because of the feedback from the AND gate.

The trigger from the comparator resets the output flip/flop {IC15a).
When this occurs the inveried output goes high and gates, via an AND gate
IC9d, the clock selected by SW8 (minutes or seconds). Only after triggering,
will the clock pulses be allowed to get to the up/down counters.

The other source of clock pulses is the programming part of the circuit.
To understand the workings of thisit s best to look at Figure 3 and consider
the three possible states. Firstly in the neutral state {switch not pressed) the
input to the invertor IC16c with be low because of the presence of the for-
ward biased diode connected to ground by the small value resistor R31.
Thereforeits output will be high and so forward bias the diode D11, This wil
raise the input of the next invertor IC16e high and so forces its output low.
The proceeding invertor changes the state yet again so when the switch is
not pressed the input to the AND gate is high on this input and low on the
other. When the switch is first depressed the combination of R30-C24 acts
as a debouncer, D10 becomes reversed biased and so is non conducting.
(23 charges then through R32. It takes about 2 seconds for the voltage
across C23 to reach +V/2 owing to the long time constant. So initially when
the switch is pressed nothing happens along the series of invertors. The
AND gate outputis still high and as the other inputis now high, the output of
the gate will also be high. If the switch is released within the two seconds, all
will return to the neutral state, and the result will be a single output pulse. If
the switchis held for longer than two seconds C23 will be charged to a high
level thus causing the output of invertor IC16¢ to golow: D11 isnow reversed
biased and sets off the Schmitt trigger oscillator built around IC16e. One of
the AND gate's inputs will be high while the other will be oscillating and so
its output will also oscillate. When the switch is turned off,diode D10 again
becomes forward biased and quickly discharges C23 turning the oscillator
off and things return to the neutral state.

Both this clock output and the other from the selected time base are
ORed to provide a single clock input to the units up /down counter and this
arrangement works fine once, aslong as the timer is not programmed while
it is in operation and is not a logical thing to de.

All the unused inputs to the up/down counters are tied low as well as
the up/down line which means the counter only operates as a down
counter. An OR gate and a single invertor is used to make a NOR gate which
is connected to both the counters TC lines so when both these lines go low,
ie the 00 state, it generates a pulse to clock the flip/flop, so forcing the
inverted output of the flip/flop low. The outputline s buffered by aspare OR
gate and illuminates a LED to show the state of the output.

The seven segment display driver was set for use with common
cathode displays.

The actual interface with the camera can take two forms. On electronic
cameras cable releases are merely simple switches which short out two
contacts and this fires the shutter, don't be deceived by a £30 price tag
because thatis all they are. In this case itis a simple matter of using an elec-
tronic switch, here | use a simple transistor switch (Q6) which works fine
with my Nikon. Connection is made between the camera and the emitter
and collector of the transistor, and so when the base is triggered the effec-
tive resistance between the emitter and collector falls triggering the shutter.

With manual cameras, the operation is a mechanical one requiring a
pinto be pushedinto the shutter button. Thisinvolves some form of electro-
mechanical interface, the word solenoid immediately comes to mind. The
same transistor could be used to operate the solenoid which would need to
be connected to the end of the manual cable release. Remember to connect
the push end and not the pull end of the solenaid. If you are going to use a
high powered solenoid then also remember to either change the transistor
from a low powered BC109 to something with a higher current handling to
suit your needs, or use the BC109 to switch arelay which inturn would drive
yoursolenoid. lfyou use the latter option, remember toinclude the reversed
biased diode across the relay cail.
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Fig.7 Circuit diagram for timing and display

sloping front case, not for any pragmatic reason but
mainly because I had one lying around. For external con-
nections Iused phono connectors for the inputs and out-
puts.Forthe mains, asocket which ac¢epted a detachable
mains plug (as seen on most kettles) was used. This is a
goodideaif you wantto use the unit outin the wilds with-
out 2 metres of cable and plug trailing behind. The infra-
red emitter was housed in asmall handheld box in the for-
mat of a remote control unit.

Testing

After connecting power to the boards check that the tran-
sistors Q3 and Q5 are both correctly biased at their bases
(5.4 volts) and that the same is true of the output of the
rectifiers (4 volts). Then, usingan oscilloscope check the
collector waveforms on Q4 while making anoise or play-
ing an Iron Maiden album (roughly the same). There
should be a representation of this noise here which
should follow its level. Figure 1 shows roughly what to
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expect at different points in the circuit. If you've built up
your infra-red emitter then you could check the collector
of Q2 for some action when you point your source at the
sensor and next to nothing when youdon’t. The output of
the rectifiers can be checked using a voltmeter doing
similar things as before (noise etc) and looking for a
response from the needle.

You can check that the comparator is working using
the LED D5. The casiest way is to set SW3 to sound input
and RV1 to mid way and clap. The LED should flash
every time you clap. If you flip SWS to the inverted posi-
tion then the LED should be normally on and extin-
guished when you clap. A quick look at the flip/flop’s
output (pin 2 on1C4) should confirm thatallis wellin the
triggering part of the circuit. To check this press the reset
button SW4 —it should go high. Clap again —this should
force it low.

Next divert attention to the 4017 counter. Set the
number of exposures to say 4 (ie set SW6 to position 4).
Now monitor pin 13 while following the same procedure
of pressing the reset button and clapping. If you get a
series of 4 pulses whose frequencyis variedby RV3and a
delay in the arrival of the first pulse dependant on the
position of RV2, then you can turn to the next board. If
not check the fine tracks around the connections to SW6
as a short across one of these could be ruining your day.
Also glance at the polarity of the diode D6 as thisisalsoa
frequent problem when wiring circuits.

The second board is easy to debug. Start with the
base signal, the 4.194304MHz one, use a ’scope to see if

pin4 onIC7isoscillating very fastand if pin 14 is genera-
ting a 1Hz signal. Also check with a meter that pin 6 on
1C8 is pulsing every 10 seconds and if you’ve got good
eyes you may be able to spotafine reset pulse on the reset
lines (pin 7 and 15) once every minute, patience is
needed. Again problems may be due to the polarity of a
diode, here D9.

To check the programmer part of the citcuititis best
to consult the ‘How it Works’ section. Press SW7 and the
output of the AND gate IC9b should go high and again
return low if you remove your finger quickly. Holding
your finger down on the switch should cause the voltage
across C23 torise slowly and eventually cause the output
of the AND gate to pulse at about SHz. Any problems
blame the diodes. If itsnot their fault check your values of
the resistors R30, R31 ,R32 as these values need to be
relatively correct to ensure proper working.

All the messingaround with the programmer should
tell you if the counter/display combination is working.
Any problem here should be easy to fix as you have a dis-
play to hand out free information on the state of the
counters. If you ever see the counter going up, then the
up/down line may be floating. If the counters are not syn-
chronised, that is when the units display goes from 0 to 9
and the tens counter is not decremented, then look at the
TC line on IC1 1 (pin 7) while pressing SW7 to act as a
clock. There are three control lines on the display drivers
which if in the wrong state may cause problems. Pin 4 on
IC13 and 14 is the blanking input and if low, it blanks out
the display. Pin 3 is the lamp test input, and if low, all
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segments light up displaying the number §. Finally pin 5
is the latch enable and when high, the latch becomes
transparent allowing the inputs to be decoded.

Forafinal test touch the trigger inputline high while
selectingsecondsasatime base. LED D12 should illumi-
nate and the display counts down from the programmed
numberof seconds. At the end when the display reads 00
the LED should turn off,

Now both boards can be married. For a final test of
faith connect the output to your very expensive camera,
preferably with no film in it and run th rough a range of
exercises. Do this after reading the ‘In Use’ section. To
test the timer, program in 30 seconds and turn your shut-
ter selector to B setting, use the same clapping procedure
as before to trigger the timer. You should hear shutter
open for 30 seconds and then close. You can try asimilar
operation with the infra-red setting using, lets say your
hand moving through the beam to trigger the timer. To
test the multiple exposure setting, set the number of
exposures to say 4, the frequency to mid way and try the
clapping procedare. You should hear your camera shut-
ter open and close and the motor advance 4 times. Any
problems here will need a letter to your camera manufac-
turerto ask leading questionslike ‘How the hell does your
cable release system work and what are its parameters?

In Use

Asthisisan electronics magazine and nota photography
one I have been fairly indulgent in writing this section. |
have made the presumption that most of its users will be
SLR owners. The first thing to be acquainted withisthe B
setting on your shutter dial. When this mode is selected
the user has full control of the shutter, in basic terms as
longas you hold the shutter button down, the shutter will
stay open, the same is true of the cable release while the
contacts are shorted, the shutter is open. While using the
timer the camera must be in this mode to get timed expo-
sures. When dealing with such long exposures there are a
few points to remember;

Film does not respond linearly, by that I mean if you
half the light you do not necessarily double the exposure
time, you must add on extra €xposure time to compen-
sate. I have included a table to help (Figure 2).

Do not expect normal colour balance to appear in
yourprintsasthe differentcolourdyes reactdifferentlyin
low light conditions. Personally I have found blues to
dominate.

Grain also tends to increase quite heavily. Do notbe
tempted to use higher speed films eg 1000ASA, as find
these respond poorly in very low light conditions. Stick
with 100ASA or below.
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A tripod or some other stable support is essential
unless you like blurred photos

When using the multiple exposure setting remem-
ber not to use a frequency that is larger than maximum
film advance speed of your winder or else your shutter
will be triggered again before your film has wound on and
you willlose an exposure. More importantly itis wise not
touse this on the Bsettingasthe timing of the pulsesisnot
accurate. It is best to either use a manual setting if you
know how much light is about or you are using a flash.
Alternatively the automatic setting can be used to
remove uncertainty. Remember, the exposure time must
be faster than the time between trigger pulses or else you
will be triggering the shutter while its still open.

Connection of the unit to your camera could pose
some problems. The wealthy can always buy a cable
release and cut off the switch and just use the wires for
connection.

But this seems a bit of an expensive way of purchas-
ing what amounts to a plug. I did try to get hold of just a
plug from the Nikon Spares Department, but they didn’t

stock them, possibly because they might be bombarded
with calls for them, from people who objected to paying
£40 for a switch. But as they only make them its a case of
likeitorlumpit. What I did was use two small springclips
from an old IC socket to grip the two prongs inside the
socket. This worked fine but can be a fiddle when work-
ingin the field.

The setting up of the sensors is left to your creativity
as it depends largely on what you want to photograph.
With wildlife the optical sensoris particularly useful, and
for sound events the microphone is useful. Do not forget
to set the triggering levels to remove any background
noise that might trigger your camera unwittingly, try
some dry runs first. It is very important to make notes of
delays times and exposure times used as a lot of fine tun-
ing is needed to get good photographs. Most people do
not have home developing facilities and so have to wait
for some time to use up aroll of 36 exposure film and get
the results from their experiments. The rest is down to
good photography.

PARTSLIST

RESISTORS

R1=27k

R2,3=220R

R4=4M7
R5,719,25,26,29,51=10k
R6,111318,20,2733=1M
R8,15=56k
R9,14,16,28=47k
R10,12,1750,52=4k7
R21=31k

R22=15k

R23,24,30=1k
R32=1M5

R34=470R
R35,36,37,38,39,40,41,
42,43 44,45,46,4748,49=1k
R31=2k2

RV1 47k lin

RV2 1M log

RV3 47k log

CAPACITORS
Cl=4n7POLY
C2)7=100y Elec
(3/18,22,26,27=100n Poly
(4,5,611.23,24=22 Tant
C710=0.47y Tant
(8,9=22 Elec

C12=1y Tant

£13=2n2 Poly

C14=150y Elec
C15,16=220u Elec
(19,20=47p Poly
C21=10n Poly

SEMICONDUCTORS
01-6=BC109

D1=TIL38

[C1=40106 Hex inverters
[C2=LM311 Comparator
IC3=40106 Hex inverters
|C4=4013 D type flip/flops

1C5=4017 Ten stage Johnson counter
IC6=4001 Quad NOR gates

IC7=4521 24 stage counter

1C8=4518 Dual bed counter

1C9=4081 Quad AND gates
IC10=4071 Quad OR gate

IC11=4510 Up/Down counter
IC12=4510 Up/Down counter
[C1314=4511 Bed to 7 segment decoder
IC15=4013 D type flip/flops
1C16=40106 Hex inverters
D1,2=TIL38

D3,4,6,8,9,10= N1

D5,12=5mm LED

D7=1N1002

D11=1N914

BR1=W001 1A bridge

REG 1= 7812 +12V 1A Reg

REG 2= 7805 +5V 1A Reg

MISCELLANEOUS

Switches.

SW1 Sub miniture toggle SPST
SW2=Push to make SPST
SW3 = 1 to 3 way rotary switch
SW4=Push to make SPST
SW5=Miniture toggle SPOT
SW6=1to 9 way rotary switch
SW7=Push to make SPST
SW8=Miniture toggle SPDT
SW9=Miniture toggle SPOT
SW10=Miniture toggle DPDT

$1 Infrared sensor (TL100)

MIC1 = Preferably low impedance carbon type

TRM 1 =12 volt 6VA type transformer
XTAL1 = 4194304 Mhz timing crystal
DISPLAY= Any 2 digit 7 segment display

Buylines

The infra-red LEDs used were high power types and the sensor was of the
highly sensitive variety for obvious reasons. The microphone | used was
froman old tape recorder but other types commonly sold can be used if the
circuit is modified slightly. The crystal is of a common value and so should
pose no problem. The display | used has the pin out shown on the PCB
layout. All the other components are standard and available from mast sup-
pliers. If this project has inspired you to buy a camera so you too could use
this project, try one of the photography magazines for information.
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'NOISE

By John Linsley-Hood

ne of the nice things about electronics is that all

the components available to us continue to get

better, which means that the performance we

can get from our designs may also improve if we
swap older device types for more modern ones. How-
ever, we may also need, from time to time, to revise our
thinking about circuit types, in order to take advantage of
the improvements which the device manufacturers have
thought up.

A good example of this kind of progress is the wayin
which the "noise figures’ of semiconductors, ICs, and
other components, have got better over the last ten years.
The noise figure is a measure in dB, to which the short-
comings of the device we are using will spoil the theoreti-
cal performance of our circuit.
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Fig.1 Thermal noise voltage vs bandwidth
and circuit resistance

w-Noise Systems

Are J-FETS now the best?

Although this improvement has been an all-round
one, a particular effect of this has been to make junction
field effect transistors, (which I will call J-FETs to distin-
guish them from MOSFETs —their ‘insulated gate’ cou-
sins), usable in low-noise applications where one would,
in the past have only considered using bipolar devices.

The basics of electrical noise.

Thermal noise
Before welook at possible design options, I think it might
be helpful to take a brieflook at the physics and mechan-
ics noise, and then look at the ways these things relate to
transistor construction and applications. The first of
these (inescapable) noise sources is ‘thermal’ or
‘Johnson’ noise. This is generated by the random move-
ment of electrons in any conductor, and whose RMS out-
put voltage increases with temperature, resistance, and
the bandwidth of the circuit in which it is used.

The well-known, and I hope familiar, formula for
calculating this noise voltage is:

e(n) =/4KTAR

where ‘e(n)’is the RMS noise voltage measured in volts/
VHz, ‘K’ is ‘Boltzmann’s constant’ (1.38 X 1073 X JK),
‘T’isthe absolute’ temperature, in degrees ‘Kelvin’, (0°K
=—273.15°C, so an average room temperature is about
298° Kelvin), ‘AF’ is the measurement bandwidth, and
‘R’ is the circuit resistance.

To putsome sort of clothes on this formula, this means
that the noise voltage which will be present between the
two ends of a 1k resistor, just lying on your work bench
and minding its own business, will be at least 0.29uV,

when measured over a 30Hz to 20kHz bandwidth. As
another example, a 1MO resistor, measured at room tem-
perature and with a IMHz bandwidth, will generate, at
the very least, 641V of wide band noise.

(If you like, you can calculate the value of ‘thermal’
noise which will be generated by a range of resistance
values, and with different measurement bandwidths, and
if you plot it on log/log graph paper, it will give you a
series of parallel straight line graphs, such as I have shown
in Figure 1).

Similarly, a 10 Meg circuit resistance and a 10MHz
passband will combine to give you 0.64mV of thermal
noise. So if your mate tells you he has an electronic volt-
meter with a 10MHz bandwidth, a 10 Megohm input
impedance, and a maximum sensitivity of ImV FSD,
don't buy it from him unless it’s very cheap.

I'said, ‘at the very least’, because there are other noise
sources as well, which will affect resistors, which I will
look atin a moment.

‘Shot’ noise

Another source of noise which affects circuit design is
‘shot’ noise —so called because it is supposed to be like
the effect of lead shot falling on a tin roof. This happens
because electric current is always carried either by elec-
trons or ions, and these are particulate by their nature,
and the arrival of each one at its destination is a separate
event.

This givesrise to a random current noise source which
is, in this case, proportional to current flow, but not
dependent on either circuit resistance or temperature,
and is defined by the equation:

i(n) (rms) =/ 2q1(DC) &F
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where ‘i(n)’ is the noise current, measured in Amperes/
JHz, ‘qis the charge on the electron, (1.6 X 107" Cou-
lombs) and ‘I(dc)’ is the circuit current flow, in Amperes.

Once again, to put some values to this formula, a
1mA current flow will be associated with 2.53nA of
noise current, in a system with a 30Hz to 20kHz band-
width. This will give rise to an additional 2.53pV of ‘shot
noise’, in addition to the 0.29uV of ‘thermal noise’, if it
flows through a 1k resistor.

Both thermal noise and ‘shot’ noise are unavoidable,
and are what is termed ‘white noise’, that is to say noise
which has a constant value per unit bandwidth, and
would, in an audio system, sound like an uncoloured
‘hiss’.

'FLICKER NOISE' (nV)
=
o

C 'Vf NOISE CORNER b
1 L} 1 T L |
1 10 100 1k 10k 100k
FREQUENCY (Hz)

Fig.2 Typical 1/f noise curve for high guiality
op-amp -

‘Flicker’ or ‘1/F’ or ‘excess’ noise

The third major noise source is what is usually termed
“flicker noise’ or, more often, ‘1/f noise’, because it gets
worse as the frequency gets lower. This kind ofnoise, and
others of the same type, is called ‘pink noise’, and, in an
audio system, would sound more like the rustle ofwindin
tree leaves than the hiss of escaping steam which ‘white
noise’ is said to resemble.

Unlike ‘thermal noise’ and ‘shot noise’ itis impossible
to define *1/f noise’ by any specific formula, because it
arises as a result of microscopic structural defects in the
materials from which the semiconductor devices or com-
ponents are made, and is strongly influenced by the
manufacturing process. Along with “flicker noise’ one
can lump ‘contact noise’, which has a similar *1/f" noise
energy distribution characteristic, and so cannot really
be distinguished from it.

Although itis not possible to predict from scratch how
badly a given device will suffer from ‘flicker noise’, ifa
large number of basically identical devices are tested, for
noise, the average performance of these can be found,

and generally has the characteristic shown by the equa-
tion:

e(f) (rms) = k I*/f*

where ‘e(f)’ is the mean value of flicker noise, ‘’k’ is some
experimentally determined factor which is appropriate
to the device being tested, and ‘o’ and ‘B’ have values
which are about 2 and 1 respectively.

A typical flicker noise voltage graph, for a good low-
noise op.amp., is shown in Figure 2.1tis obvious that this
kind of noise gets less important as the frequency is
raised, and is almost non-existent above 1kHz. As Imen-
tioned above, ‘contact noise’, (more properly described
as ‘bad contact’ noise), has a very similar characteristic,
and is due to the intermittent breakdown of partiaily
insulating films of contamination between contacting
surfaces.

‘Flicker noise’ and ‘popcornnoise’ —so called because
it reminded the engineers who first noticed it, in audio

. systems, of the sound of corn being ‘popped’ by roasting

is or was, a particular problem with FETs, and was
observed to be worse if the chip surfaces were less clean
than desired at the time of contact-pad metallisation.
Improvements in manufacturing techniques have greatly
reduced this kind of noise in J-FETs, though MOSFETs
are still bad for ‘1/f’ type noise, possibly due to the ran-
dom creation and recombination of charge-pairs in the
electrostatically generated conducting channel.

Excess noise in resistors

1t is mostly the differences in the ‘contact’ and ‘flicker’
noise contributions, usually lumped together under the
description ‘excess’ noise, which lead to the differences
between say, the old carbon composition ‘rod-type’ resis-
tors and carbon film, metal film, thick film, and wire-
wound components. The difference also exists between
those resistors with welded or soldered end connections,
(better), and crimped cap end connections, (worse). As
can be seen, the differences between carbon film and
metal film types are not really very large, so if there are
differences in sound-quality it isn’t due to differences in
the ‘1/f" noise.

Some average ‘1/f type mean noise voltages for vari-
ous resistor types are shown in Table 1. These are
experimentally determined noise values for various 1k
resistors, measured overa 30Hz-300Hzbandwidth, fora
current flow of ImA, expressed as uV per volt, and cor-
rected for the 66nV due to thermal noise.

v

Fig.3 Device ‘noise models’
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Table 1.

Resistor type, Flicker noise, (uV).
Carbon rod, crimped end caps, 025
Carbon rod, soldered end caps. 01-2
Carbon film, 0.05
Metal film, 0.04
Metal oxide. 0.03
Metal glaze: 002
Thick film. 0.02
Wirewound, crimped end caps. 00301
Wirewound, welded end connections, 0.01-002

Transistor and IC noise

Noise models

Itis conventional practice to considernoise in transistors
and ICs as being due to specific noise sources con nected
to the inputs of an ideal noiseless amplifier. For conveni-
ence in visualising the way these in putnoise currents and
voltages will affect a given circuit, their effect is simulated
by one or other of the ‘noise models’ shown in Figure 3.

In these, the voltage noise source is considered to be ,

4 Zero resistance noise generator in series with the input,
(base or gate), electrode, and the current noise source is
an infinitely high resistance noise generator in parallel
with the input.

NOISE FIGURE (dB)
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Fig.4 Transistor noise figure vs collector current and
input resistance
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In a junction transistor, the voltage noise source
arises because of thermal noise in the ‘base spreading
resistance’ —that distributed resistance between the base
connection contact on the chip and the active base region
of the transistor —and the bulk resistance of the base-
emitter current path. The current noise is mainly ‘shot’
noise associated with the base current. However, to these
noise components must be added some ‘1/f" noise, due
to carrier recombination effects and leakage currents,
and related to the base current and collector voltages.

[n a J-FET, the thermal noise is principally that due
to the resistance of the source-drain channel, which
decreases both as the drain current and the ‘forward
transconductance’ (the ‘slope’), of the device is
increased. [In the days of valves the ‘slope” was called the
‘mutual conductance’, ‘g(m), and quoted in mA/V.
Nowadays. for FETs, itis called ‘g(fs)’, and quoted in Sie-
mens, 'S" or ‘m8’, but it’s just the same thing| So, unlike
bipolars, the noise figure of -FETs improves as the drain

current is increased, within its working range.

Associated with this thermal noise voltage, in
J-FETs, there are *flicker’ and ‘contact noise’ compo-
nents due to impurities in the material, There is also an
input noise current, which, at LF. is mainly composed of
the gate leakage current, which is very small. MOSFETs
suffer badlyfrom*1/f* typenoise, particularly ifthey have
gate-protection zener diodes fabricated on the chip.

This generally rules them out for low-frequency,
low-noise applications,

The same noise sources afflict 1Cs, which will either
have junction transistors or FETS in their input stages.
However, ICsalso have an added ‘shot nojse’ component
due to the leakage currents through the multiplicity of

+Vee
[~ Eout
Ein
O oV
Fig.5 Cascode connection will reduce input device
‘flicker’ noise

reverse biased diode junctions which exist between all of
the IC components and the P-doped IC substrate,
(except the collectors of some of the PNP transistors,
which may be connected directly to the substrate).

[tis mainly the greater purity of the silicon substrate,
and its dopants, which has reduced circuit-to-substrate
leakage noise in modern ICs, and has allowed them to
compete on more nearly equal terms with discrete com-
ponent layouts.

Looking at the way the device input voltage noise
oceurs it is clear that very little can be done about this,
since it will be added to any input signal. and any other
input noise, such as the thermal noise due to the resist-
ance of the Input circuit. On the other hand. the noise
voltage produced by the device input current noise will
depend on theimpedance ofthe inputcircuit. The higher
this is, the worse the noise. This is where J-FETs score,
because of their very low current noise.

Low noise design

The circuit designer can do quite a bit to minimise the
overall noise Figure of a low-noise circuit, by correct
choice of devices, and by ensuring that the circuit resist-
ance values are no greater than is needed for the proper
operation of the circuit. In the case of a junction transis-
tor. the firststep is to choose the correct collectorcurrent
forthe known inputresistance. If this is variable, choosea
mid-range value.

Makers frequently show graphs relating ‘noise figure’
to input resistance and collector current, such as that
shown in Figure 4. However, beware of the trap of think-
ingthatalow ‘noise figure’ meansalownoise. Itdoesn't. It
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just means that the transistor will not increase over any
existing noise —due, perhaps, to the thermal noise in a
high value input resistor —by quite as much as it would
have done if the circuit had a lower input resistance.

A convenient formula for calculating the optimum
collector current for an ‘ideal’ transistor is:

Ic. (optimum) = g X ,_/f&)
q r(s)

%ISI:
10p

Ein o—-"—-

%820“
O

Fig.6 Parallel connection of input transistors will

Eout

&)
aers

reduce thermal noise resistance

where ‘K’is Boltzmann’s constant, ‘T" is the absolute tem-
perature, ‘q’ is the charge on the electron, (1.6 X107
Coulombs), ‘h(fe)’ is the ‘common-emitter’ current gain
of the transistor, and ‘r(s)’ is the input circuit resistance.

Once again, putting some numbers to this equation,
at normal room temperatures, ‘KT/q’ is 0.026, so, for a
transistor with a current gain, ‘h(fe)’, of 400, and a source
resistance of 1k ohms, the optimum collector current will
be 0.52mA, a figure which is not too far away from that
suggested in Figure 4.

Since the ‘shot noise’, and any ‘flicker noise’ accom-
panying the base current, will increase with the base cur-
rent, itis a good idea to choose an input transistor with as
high a current gain, ‘h(fe)’, as possible, because, for a

given collector current, this will reduce the base current
value.

Also, since ‘flicker noise’and other*1 /f’ typenoises,
which are due to collector-base leakage currents, will
increase with collector voltage, choose a collector volt-
age which is no higher than is needed to cope with the
likely output signal voltage swing. Using a ‘cascode’ cir-
cuit layout, as shown in Figure 5, helps greatly in this
respect.

Some years ago, it was taken for granted thata PNP
transistor would have alower ‘flicker noise’ figure than an
NPN one, all other things being equal, since the ‘N-type’
base regionina PNP device would suffer less from carrier
recombination and base region impurity (electron trap-
ping) effects than a ‘P-type’ one. However, with modern
devices, (e.g., transistors with BC numbers of 300 and
upwards), the difference is really very small.

With very low source resistances, such as from a low
output moving coil pick-up cartridge, or a strain gauge,
the thermal noise due to the input base-spreading resist-
ance of the transistor can be higher than that from the
source. Parallelinganumber of transistors can reduce the
input resistance, but it will then probably be necessary to
insert emitter lead resistors, as shown in Figure 6, to
ensure that they share the collector current equally, and
this will increase the transistor input resistance and its
associated thermal noise.

An answer to this need, for a transistor with a very
low effective input resistance, was provided by the
‘National Semiconductors’ LM194/394 devices. These
are effectively matched-pair transistors made up, using
IC techniques, from a large number of small devices, dis-
tributed across the chip to even out their performance,
which are then parallel connected in two groups.

This results in an input base-spreading ‘noise resist-
ance’ of about 40 ohms, and a ‘bulk’, (emitter circuit)
resistance of about 0.4 ohms —but these devicesare com-

" plicated to make and are therefore rather dear. Since

then, ‘PMI’ have offered the ‘MAT-01" and ‘MAT-02’
matched pairs, which slightly improve on the LM194/
394 performance, and are cheaper to buy. Recently, they
have also offered the ‘SSM-2220" and ‘SSM-2210°

3 +15V
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Fig.7 Ultra low noise gramophone pick-up input stage using cascode connected ‘super-match pairs’
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devices, which are respectively NPN and PNP dual
matched transistor pairs, with a base-spreading resist-
ance which is typically less than 30 ohms, and which are
less expensive still.

A typical, ultra low noise, input stage for a moving-
coil or moving magnet pick-up cartridge, using these
devices, is shown in Figure 7. Thisis arranged as aflat fre-
quency response gain stage with a switched gain choice of
1Xor 150X, and an input impedance choice of 100R or
47k.Forsource impedances ofless than about 100 ohms,
bipolar transistors, of the ‘Super-match pair’ type offer, at
the moment, about the lowest noise figure,

However, device technology doesnotstand still,and
J-FETS are rapidly catching up in performance,

NOISE FIGURE (dB)

T T
10 30 100 300 1k Ik 10k
INPUT RESISTANCE

Fig.8 Relative noise characteristics of LM194
(bipolar) and 2SK389(FET) matched pair transistors

Low-noise J-FETs

Very low noise J-FETs have been available for upwards
of ten years now, from firms like ‘Siliconix’ and ‘Intersil’,
and, more usefully, are available in (dual packaged)
matched pairs, for use in amplifier input stages.

This getsround one of the basic problems of -FETs,
that the drain-current vs. base voltage characteristics of
the devices are influenced by so many factors, including
doping level, channel geometry, and the crystalline uni-
formity of the chip, that both the cut-off voltage of the
FET,and itsdrain current atzero gate-source voltage, (its
ly), are rather unpredictable, which would mean that
some selection would be essential if one wished to find a

reasonably well matched pair, using single J-FETs taken
at random from a box.

Thebigproblem with J-FETs, from the pointofview
of noise, has always been that the ¢ 1/f type voltage noise
contributions have been much bi gger, and the thermal
noise dueto channel resistance has been alot higher, than
has been the case for bipolar devices.

The channel resistance of a J-FET is approximately
related to the *slope’ of the Id/ Vg curve as shown in the
equation:

R(n) =0.67/g(fs). (ochms).

where ‘R(n)’ is the effective ‘thermal noise’ resistance of
the channel, and ‘g(fs)’is the ‘forward transconductance’
—the ‘slope’ of the FET. The slope can be made higher,
and the noise resistance made lower, by paralleling a lot
of channels on the chip, in a similar manner to that ofthe
LM194/394 multiple transistor array, and the ‘flicker
noise’ can be reduced by more skilful manufacturing
techniques.

The effect of this is shown in Figure 8, in which the
noise performance ofthe LM 194, (whichisvery good), is
compared with that of a low noise J-FET matched pair,
such as the 2SK389, which has a typical g(fs) value of
20mS, (20mA/V), and a consequent channel thermal
noise resistance of 33 ohms. To this we must add the 1/t
noise of the device. Within the 30Hz-20kHz audio band
it means that J-FET input stages are certainly usable
down to input resistances of 100 ochms or so, and, above
1k a good J-FET will outperform, in noise figure as well
as in linearity —even the best of the bipolars!

The penalty with low-noise J-FETs is that they have
fairlylargeinput (gate-source) and feedback (drain-gate)
capacitances. This problem can be minimised by cas-
code connection, as for example, in the J-FET input
stage design used by ‘Spectral’, shown in outline, in
Figure 9, and which is usable down to moving coil pick-
up input resistance values.

I have felt, for some time, that the future of linear
amplifiers is with FETs of one kind or another. This time
now draws nearer.
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his little microphone transmitter will produce a
fully quieting FM signal throughout the average
household and probably into the garden. Perfor-
mance depends on the sensitivity of the FM
radio receiver used for monitoring but most portables
have been found to work well. The elegance of the design
laysin the use of a very simple reflex circuit with only one
transistor. Implementation of this with tiny Surface

This Tiny ‘Bug’ transmitter
produces an excellent
quality wide band FM sig-
nal received on any VHF
FM radio receiver. It is
ideal for use as a baby
monitor. Presented by Bill
Mooney.

size chip components are recommended. This is a good
size for ease of hand soldering and yet allows us to pro-
duce a very compact circuit board compared to tabrica-
tion with leaded devices. With all chips aboard, the
profile is only a few millimetres. Whilst you may

A Mini Baby Bug

Mount Devices (SMD’s) and a minimal
component count results in a very compact
circuit. Under normal conditions the FM
receiver will be fully limited and therefore
remains totally silent until a sound is made
in the room being monitored. This obviates
the need for sound activated switching. You
will be amazed with the powerful clear FM
quality from such a small device.

Construction

The circuit is fabricated on a small double
sided PCB measuring 1.70cm by 1.45cm. A
double sided PCB is preferred for this type
of construction. It has a much lower tend-
ency to warp and therefore reduces the
strain on the chip components. The 1206

Fig1 Component positions on the circuit board
showing connections to external items and the
link to the reverse side tracking
(board shown twice side}

C3R3
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design your own printed circuit board, the layout shown
in Figure 1 is well tried and tested.

To put the circuit together you will need. at least, a
pair of tweezers, a 12 Watt soldering iron with a fine tip
and some fine rosin cored LMP solder. LMP or Low
Melting Point solder has a little silver metal added to the
alloy in orderto reduce the melting point to about 180°C.,
This puts less thermal stress on the chip components. If
you have not used SMD's previously then start with, say,
R4 which is out in the clear. But first a slight digression,
It will soon become obvious that

you need to pin down the little
blighter in order to solder it in place.
In commercial construction the chips

DON'T APPLY TOO MUCH SOLDER.

AIM TO PRODUCE A WELL WETTED
JOINT AS SHOWN.

Fig.2 Application of correct
amount of solder

are placed on a couple of dabs of
solder cream which is tacky enough to
hold it in place. Sometimes u spot of
glue may be used as well. The whole
circuit board is then heated up by
infra-red or other means to the point
where the cream reflows. The process
whereby the grey coloured solder
cream decomposes and the bright
solder appears is referred to as
‘reflow’. With this technique both

PROJECT

‘ ends of the chip are therefore sol-
dered in place at the same time. For hand working you
never need to use glue but you could use solder cream
and alittle gas powered hot air blower to reflow it. Forthe
purposes of this article we will assume that you are using
the trusty old soldering iron. So back now to R4.

You will have enough problems pinning down way-
ward chip componentsletalone a moving PCB, so fix the
little board to the bench with a blob of blu-tack. Place R4
on its pads with a pair of non magnetic tweezers. If you
now try t6 solder one end of the chip it will stand upright.
This effectis known as tombstoning and is caused by the
surface tension of the solder. The solution is simply to
hold the chip down with a wooden toothpick whilst sol-
dering one end to the pad. The second end can then be
soldered on the normal way. Another approach is to
obtain an SMD Assembly Jig specifically designed to
hold chips in nice alignment for soldering. The advant-
age of this device is that it will allow the application of
solder and iron tip to the device simultaneously, the best
way to make the most reliable joints,

Whatever method is used it 18 good practice to mini-
mise the amount of solder used. piling on more solder
will not give you a better contact. Excess solder can be
removed with solder wick. One reason for using more
solder than needed is poor solderability of the circuit
trackingor ofthe chip ends. More and more solder wire is
pushed into the jointas a source offlux forimproved wet-
ting rather than the need for more solder. Ifyoufind your-
self in this situation apply a litle flux paste or spray.
Figure 2 shows what a good soldering job should look
like. We aim for perfection but it is rarely achieved and
evenifyourfinished circuitlooksa bitshabbyitwill prob-
ably work. Now that you know how to solder SMD's lets
get on with the rest of the construction.

Solderin the rest of the resistors now followed by the
chip capacitors. The capacitors have no markings so take
care with them. The 1 pF ceramic capacitor C1 bridges a

track so place this with great care squarely on its pads.
The transistor Q1 is a bit crowded by the trim cap and the
inductor and should therefore be soldered in bhefore
these devices. A CTZ type trimeap is preferred for TC1.
These are ultra thin ceramic devices and have excellent
stability and freedom from backlash in this circuit. This
type of trimmer and the use of a fixed inductor makes ita
simple matter to adjust the oscillator to the required fre-
quency. Thereverse side of the PCB should be connected
to the OV tracking on the component side using aloop of
stripped Kynar wire snugly wrapped around the edge.
Finally, a light spraying of solder-through protective lac-
quer will protect the little ‘chappies’ from the harsh
world.

Boxing It Up

A small circuit like this can be built into a toy or some
other object or you may go for an ultra small approach.
Here we describe a very practical approach which
doesn’t need an engineering workshop to complete. It is
built into a small plastic mountable box type B1A
measuring 50mm X 37mm X 24mm. It’s all very well
having a battery screwed up inside your project box but
after a few changes of battery the average self tapper will
be about as much use as a chocolate teapot. It also
assumes that you have a miniature screwdriver handy.
The bug runs on a PP3 battery and for economic reasons
a Ni-Cad rechargable is recommended. This will need to
be swopped frequently for a charged one. The construc-
tion of the bug is shown in Figure 3. The battery slots
neatlyinto the side of the box and with this arrangement it

canbechangedin sec-
onds.

The plastic s
casily worked and
slots can easily be cut
in the side of this box
to take the PP3, as
indicated. Holes need
to be drilled to take
the switch, micro-
phone, and aerial.
The electret micro-
phoneis held in place
with a little quick set-
ting Bostic adhesive.
Similarly the circuit

ANTENNA

Fig.3 Internal construction of
the baby bug showing the
placement of the PCB and
other items

board is glued to the
side of the box. Thin Kynar wire is then used to connect
up the microphone and aerial. The leads from the battery
clip conveniently run through the mounting holes in the
rear of the box to the switch and circuit board ground
track. A tag washer can be used for connection to the
aerial. An small telescope aerial extendible to about
30cm is needed.

Testing 1,2,3...

Apply power to the circuit from a Ni-Cad PP3 battery,
The first task is to determine how much current is being
drawn as an indication that there are no major problems,
A current of 2.7mA will produce a voltage on the cold
end of L1. where it joins R2, of 3.4V, with respect to
ground. Check that the voltage on the microphone is a
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volt or so below the supply rail. Finally check the voltage
on R3, it should be about 0.4V. If these tests are passed
the circuit is probably working as it should.

To set it on frequency an FM receiver is required,
preferably a portable device. Set the receiver to say
104MHz and place it several meters away with the vol-
ume set to a position where the inter-station hiss is
audible. The bug oscillator is free running and is very
prone to hand capacity effects therefore keep the aerial
well away from metallic objects and use an insulated
trimtool. Slowly rotate TC1 and at some point the
receiver hissshould disappear as the bugsignal comes on
frequency.Ifyou can’tfind the signal try tuning around on
the receiver or altering the aerial length. The signal
strength should be sufficient to limitin the receiver giving
a totally quiet background except for audio picked up by
the microphone. You may get some feedback which is a
good indication. Many FM receivers will pick up more
than one response over the tuning range of TC1. Keeping
the transmitter and receiver well separated whilst setting
up will help sort out the correct signal.

Ifyou now take a walk with the portable receiver you
should find a good signal around the house with perhaps
a couple of blind spots due to wiring and so on. It will be
easier to make all fine adjustments using the receiver tun-
ing when settingup. The transmitter is deliberately under
modulated as an over sensitive device will be very effec-
tive at relaying traffic noise and other spurious sounds.
However, the odd background noise is reassuring that the
communication channel is functioning correctly. The
audio can be reduced bylowering the value of R4, just put

ANTE NNAw/

R4
B20R

NOTE: R2 ,l
Q1 =BSR14 2k2 /i
o sw1

Fig.4 Schematic diagram of the mini FM transmitter

HOW IT WORKS

The schematic diagram of the transmitter is shown in Figure 3. This makes
use of the old “reflex” technique dating from the time when active devices
were expensive and were sometimes made to perform two functions at the
same time. In this case the transistor Q1 is acting as an audio amplifier for
thesignal from the electret microphone. The amplified signal appears at the
collector, R2 being the collector load resistor. R1 provides bias and D.C. feed-
back to set the collector to about 34V producing a simple grounded emitter
amplifier. At the same time the transistor is operating as a grounded base
oscillator at VHF the base being grounded to RF by C3. RF feedback to the
emitterthrough TC 1sustains oscillation. The frequency s determined by LY,
TC1, stray capacity and the collector base capacity of Q1. Now the coflector
base junction is reverse biased and looks ike a variable capacitance diode.
Since the amplified audio appears across this diode its capacity, and hence
the VHF frequency, will swing in sympathy with the audio input, Outputis
taken diract from the collector using a short aerial. The frequency of oscilla-
tionis setwith TC1. The RF power INPUT to the transistor only, is about 8mW
from a total power to the bug of about 25mW.

BSR14 SOT23 NPN transistor Inductor

Chip indugtor Type TDK
NL322522

Miniature electret microphone type ECM10A.

PARTS LIST
RESISTORS SEMICONDUCTORS
R1 150k 1206 2% chip resistor Q1
R2 %2 1206 2% Chip resistor L1 0.068H 1210
R3 150R 1206 2% chip resistor
R4 820R 1206 2% chip resistor

MISCELLANEOUS
CAPACITORS
C1 o 1206 Y5Vdielectricchipcap  Miniature on/off switch
C2 1w 1208 YaVdielectricchipcap PR3 battery clip
C3,C4 1n 1206 COG dielectric chipcap  Small mountable box.
TC1 30p  TypeCTZtrim cap type B1A. 50mm x 37mm x 24mm

another resistor on top, piggyback fashion.

The frequency will shift due to temperature,
proximity to other objects and battery voltage. Conse-
quentlyitis bestto setup the bugin a quietspotand make
final receiver adjustments as required. In practice it will
run for many hours without attention but it should only
be switched on when

needed to conserve bat-
tery life. A battery supply

should be used, ideally a 1081 RECEIVER
. . BANDWIDTH

pair of rechargables which » < N

‘can be alternated and =

more important have a 2 1o7- A

relatively constant voltage. §

Don't try to use a mains £

supply as the slightest

ripple will produce unac- 10 20
ceptably high levels of
hum and noise. The fre-
quency stability of the
prototype is shown in
Figure 5.1twill be seen that

further adjustment

T T
30 40

TIME (HOURS)

Fig.5 Frequency stability with a Ni-Cd PP3
size battery. After an initial drift, the
receiver will not usually need

after an initial drift over a
couple of hours the frequency remained steady and no
further adjustment to the receiver was needed for 33
hours when the battery voltage began to drop. The AFC
was good enough on the test receiver, a Sony ICF-450L
portable, to warrant only one slight re-tune at the initial
period and kept the frequency locked on thereafter. |
measured a change of frequency of 400kHz per volt.
Over a 30 hour test period after the initial voltage drop
the battery voltage dropped by an another 0.44V only
corresponding to 174kHz. With a normal receiver band-
width of 200kHz and a reasonable AFC you should have
to make only avery occasional re-tweek of the tuner. With
8 hours of monitoring each day the battery should last
some 4 days.

It should be pointed out that it is illegal to use an
unlicensed transmitter and further it is not possible to
obtain alicence forthisfrequencyin the UK.Ifthisdevice
is used as recommended it will radiate less power than
the average computer or the local oscillator in an FM
receiver. It is good practice to restrict the aerial size to
that which will achieve the required performance. A
small 30cm whip which can be retracted is therefore
advised. Any attempt to use this device beyond the
bounds of your property would contravene the spirit of
the present deregulation.
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Audio
Sender

udio wireless senders have been commonly
available for a long time. Usually employing
infra-red as the carrier. Their main advantage
over conventional headphones being to lend
greater mobility to the user. It came about that justsuch a
system was required for listening to late night television.
There are three practical ways to create a wireless
link. They are Infra-red, radio and Ultra-sonic. As far as
fidelity is concerned, infra-red will have the advantage,
but considerable power is necessary to give a useful
range. Whilst radio has interference and licensing prob-
lemsassociated withit,and ifhi-fi isn’tamust, ultrasonics
are worth considering especially for the above use where
speech is of principal interest. In fact as Figure 1 shows
even music can be enjoyed by this means. For a given
unpulsed power output, an ultrasonic link will have a
much greater range than its infra-red equivalent. The
design described in this article provides sufficient range
forthe home environment. Both transmitter and receiver
consume only a frugal 10mA, making the use of a small
battery feasible. A 500mAh alkaline PP3 is recom-
mended. '

The Transmitter
Thisemploys the LM 13700N integrated circuit, which is
a dual transconductance amplifier. This means, its out-

Ultrasonic

Send your TV audio by
wireless ultrasonics.
Presented by Peter
Cartwright

RESPONSE OF i
AUDIO SENDER |
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Fig1 Response of audio sender

put current is proportional to the voltage difference
across the inputs. The ratio or transconductance is con-
trolled via pins 1 and 16, In fact a linear relationship
exists between the current entering these pins and the
value of the transconductance.,

In our transmitter, amplitude of the carrier has to be
modulated. This can be easily accomplished with the
transconductance control pin. Another useful feature of
the LM13700N is that it can produce an approximate
triangular wave using a single amp. Thus one amplifier
can be configured to generate the carrier and the other to
modulate it.

Oscillator IC1b has as its outpuit from pin 10 a con-
stant current fixed by the voltage across pins 13 and 14.
Therefore at some arbitrary time the voltage over C4 will
increase or decrease in a linear fashion, producing the
voltage on the diodes of 0.6 volts. As the diagram shows
pin 10 is buffered by the Darlington transistor which
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Fig.2 Circuits of transmitter

drives the voltage divider R9, R10. Thus if the voltage
relative to earth (pin 9) is twice that of the diodes, current
from the output will switch its direction, completing the
other half of the cycle.

As previously said, the triangular wave is not per-
fectly shaped and the reason can now be seen. At the swit-
chover point, an abrupt change of 1.2 volts will occur

cross the diodes. This must appear on the waveform.

The frequency of the oscillator must be stable, which
requires a steady current to enter pin 16 irrespective of
the supply voltage. Constant currents are conventionally
achieved by dropping a controlled voltage across the
emitter resistor of a transistor. A PNP type transistor was
chosen because the voltage must be referenced to the
positive rail. The emitter voltage will come to rest about
0.6V above the base giving the base voltage stability.

Unfortunately the voltage of cheap zener diodes
varies considerabley with current and temperature. The
introduction of oneresulted ina 9kHz error as the supply
dropped from 9 to 6 volts, hence the need for a reference
diode. The voltage drop is now fixed across RV2 and
R12.The preset alters the current and the oscillators fre-
quency. The device can be operated from a regulated
power source,if required. The above transistor can be
replaced by a wire link connecting R12 to pin 16. If
required, the value of the resistance can be calculated
from this. The voltage on pin 16 is 1.2V and the current

should be 135pA approximately.

To preventthe waveform being clipped as the supply
voltage descends to 6V, its peak to peak value being kept
to 2.4V.

Taking the modulator amplifier, we can see the
transconductance biased by R2. R1 and C1 have their
valuechosen toincrease the treble response of the circuit.

The Receiver

The deviceis designed fora domestic setting. So an oper-
ating range from two to fifteen feet was chosen. More-
over, the option of battery operation was considered
desirable.

Functionally, the circuit is composed of six parts. A
high gain preamp is followed by high and low pass filters.
The detector stage leads to another low pass filter and
finally on to a small power amplifier, whichis sufficient to
run headphones. The preamp centred on Q2 gives a
35dB gain in voltage. Its output is fed to the high pass fil-
teraround Q3.40kHzultrasonic transducers are insensi-
tive to audible frequencies, nevertheless, the detector
will pick up low ultrasonic noises from clothing being
rubbed. A high pass filter is therefore essential. This is a
24dB per octave type. The low pass filter network cre-
ated from R22, R23, C10 and C11 reduces that other
enviromental nuisance, radio transmissions. Q4 is
another buffer amplifier like Q3 and its output feeds the

48V O_s/w'11
_— Rzo | NOTE:
= % IC2 = LM386
o%s = 2k2 % 22 Q2 =BC103C
100y Q3,4,5 = BC107

C6 C7 C8 Co9 B
10 100 D3 = 1N4148

L
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Fig.3 Circuit of receiver
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detector stage. This means the carrier is rectified and
smoothed by D3, R25 and C12. Any residual ultrasonic
frequencies are further diminished by the filter compris-
ing R26,R27,C13 and C14.

A clean audio signal is thus presented to the power
amplifier LM 386 via volume control RV3. With the wire
link soldered in place, the amp is set at its maximum gain.
For a reduction in gain, a resistor is substituted for the
link. Tk will give slightty over 40dB, whilst an open circuit
produces a 20dB gain. C19 affects the frequency
response. The value shown attenuates the bass to make
listening easier.

Construction

A couple of things should
be noted as regards con-
struction. The transdu-
cers are soldered to Imm
PCB pins which protrude
from the board. Switch 1
and 2 will fit the front
panel using the case rec-
ommended. Solder a
3.5mm jack socket to the
input wires. This is better
fitted to the top of the
enclosure. To prevent
pickingup mainshum, the
cable connecting the sig-
nal source to the transmit-
ter should be screened.
Finally the stereo socket
must be wired to run your

c2

Fig.4 Component overlay for transmitter’"

headphones in parallel,
otherwise the sound will
be out of phase.

o
H

Setting Up

Firstly the receiver’s volume control should be adjusted
sothataslighthissis heard through the headphones. Now
switch on the transmitter which should be a few feet
distant. To adjust the fre-

quency to 40kHz, you

could use an oscilloscope
or frequency meter con-
nected to pin 9. Alterna-

tively the following
procedure can be
adopted.

Couple an audio sig-
nal to the modulator
input whilst keeping its
volume low. This ensures
the carrier isn’t modu-
lated into distortion.
Rotate RV1’s wiper to the
mid position. Then adjust
RV2 until the best sound
can be heard. You might
be able to improve it fur-
ther by twiddling RV1
again. Incidentally RV1

'y
AUDIO oV
ouTt

Fig.5 Component overlay for receiver

controls the symmetry of

RV3

the carrier, not the frequency. If an undistorted but faint
sound can be heard, increase the volume of the source
until distortion occurs. Then back it down a little. The
volume can now be set using the receiver.

To lower the input impedance of the transmitter, a
suitable valued resistor could be soldered across the tags
on the jack socket.

PARTSLIST

TRANSMITTER

RESISTORS

R1 Tk

R29,10 33k

R3 2%

R4 100k

R5 180k

R6 22

R7.811,12, 47

R13 10k

RV1 Tk min horiz preset
RV2 470k min horiz preset
CAPACITORS

C1 470n

€2 470 Elect

(33 2012 Elect

C4 180p ceramic
SEMICONDUCTORS

o BC179

D1,2 1N4148

D1 2V5 reference diode
IC1 LM13700N
MISCELLANEOUS

40kHz Ultrasonic Transmitter

SPST Toggle switch

3.5mm mono jack
Case with integral compartment for PP3

RECEIVER

RESISTORS

R14 ™

R15 2%k2

R16,18 5k6

R17 12

R19,20 22

R21 &7
R22,23,24 10k
R25,26,27 100k

R28 3K3

R29 3R3

RV3 10k log pot
CAPACITORS

(5,18 100p Elect
6,789 1n Ceramic
10,14 220p Ceramic
cn 100p Ceramic
C12 4n7 Ceramic
C13 470p Ceramic
15,16 10u Elect
C17 47n poly
C19 Tp Elect
SEMICONDUCTORS

2 BC109C
Q345 BC107

D3 1N4148

IC2 LM386
MISCELLANEOUS

40kHz ultrasonic receiver transducer

SPST toggle switch

3.5mm stereo jack
Case with integral battery compartment
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Natural
Oscillations

by A P Stephenson

|
|

Fig.1 Natural Oscillations

n AC generating voltage connected across a cir-

cuit containing inductance and capacitance can,

if the frequency is resonant, produce large

increases in either voltage or current values.
These oscillatory surges under resonant conditions are
termed ‘forced’ oscillations because they rely on the con-
tinued presence of the supply generator.

In contrast, ‘natural’ oscillations require only a
momentary spike of energy to start them off. Figure 1
shows an inductance, L in parallel with a capacitance C.
A momentary touch on the spring-loaded push button
provides the initial spike by placing a charge on C. Oscil-
lations then continue without further aid until the energy
contributed by the spike is squandered by resistive and
radiation losses. Because consecutive cycles are dim-
inished in amplitude, such oscillations are said to be
‘damped”. If the inductance and capacitance were both
pure, the natural or ‘free’ oscillations would theoretically,
continue for ever.

Pure Inductance

High quality capacitors are virtually loss-free but to con-
structa pureinductance, thatis to say,one withoutassoci-
ated resistance and self capacitance, is to say the least,
difficult. Immersion in some form of freezing medium
such as liquid nitrogen can reduce the resistance to zero
by inducing superconductivity but the self capacitance
would still remain. In spite of the practical difficulties, the
concept of a pure inductance is useful when discussing
natural oscillatory action.

The Pendulum Analogy

The simple pendulum shown in Figure 2 can be per-
suaded to execute either natural or forced oscillations so
it provides a useful mechanical analogy. Under normal
conditions, the bobbin remains stationary at point B —
the state of minium energy. However, if pulled backwards
to position A, the system has been given potential energy

so is no longer stable. On releasing the bobbin, it falls
back towards point B but, because it now has kinetic
energy, it overshoots and carries on towards the corre-
sponding starting position on the opposite side, point C.
But it now has potential energy again and is as equally
unstable as when it started. The pendulum will therefore
swingbackwards and forwards due to the continual inter-
change of potential and kinetic energy.

Natural Oscillations
If both the friction at the point of suspension and air
resistance are assumed zero, the pendulum will be free to
oscillate indefinately.

To a first approximation, the period, T, of the swing
is given by:

T=2m,/l/g

where 1 =length of string
g =acceleration due to gravity

The formula is reasonably accurate providing the ampli-
tude of swingis small. The value of g at the earth’s surface
is usnally taken as 9.81 m/s/s but decreases with height.
Although open'to the charge of hair-splitting, the g force
on the bobbin is slightly lower at the extremes of swing
than when passing through the lower middle point.

In practice, the losses, due perhaps to a rusty pivot
and/orairresistance, will cause the amplitude of swingto
gradually decay towards zero.

o @

Fig.2 Simple Pendulum

Interestingly, the approximate equation for oscilla-
tory period in the pendulum has a similar appearance to

- the corresponding approximate formula for the tuned

circuit.
T=2mn,/LC

Forced Oscillations
If someone (or some agency) gives the bobbin slight

SNOLVITIDSO
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pushes every now and again at the ‘right time’, the pendu-
lum is driven into a state of forced oscillation, As every
child quickly learns, a swing can only be kept in motion
with minimum effort if the pushes are sychronised with
its natural period of oscillation. In electrical terms, the
frequency of the alternating supply must be in resonance
with the inductance and capacity of the circuit.

Natural Oscillatory Frequencies

So much for the pendulum! It is time to return to electri-
cal oscillations and, in particular, the frequency at which
they operate. It is convenient in the first instance to
assume the circuit contains idealised inductance, i.e.
without resistance.

Fig.3 Ringing Action

-

RINGING

TIME

OSCILLATIONS

Perhaps the most well known formula in electrical
work is that which presumes to give the frequency of
‘tuned circuits’. (Unfortunately, itis only strictly accurate
for series resonance.) However, it’s the one that runs as
follows:

f=__]i
27/LC

Since the inductance is assumed to be free of resistance,
the equation is easily derived by considering energy
interchanges alone. Referringback to Figure 1,amomen-
tary touch on the push-button charges C to the battery
voltage V. This provides the initial store of electric energy
W, given by:

W =iCcv?

A quarter of a cycle later, the energy is transfered to the
inductance in magnetic form:

W =iLI2

Because thereisno resistance to worry about there can be
no energy losses during the interchange so it is per-
missable to equate the two energy forms by writing:

sLI?2 =1CV?

ral—

The oscillations will be sinusoidal in character so the fol-
lowing simple formula for current can be borrowed from
classical A/C theory:

[=V/wL

By juggling these two equations around using schoolboy
algerbra, both v and L can be eliminated to leave:

w =-]:
JIC

or

AL S

f =2Tr‘/T Equation 1

Practical Conditions
Things are not quite so straightforward in practical cir-
cuits when there is resistance to be taken into consider-
ation. It follows intuitively that the oscillations can no
longer continue indefinately. Current passing through
resistance causes heat and, since heat is a valuable com-
modity. it must be paid for at the expense of oscillatory
energy. Consequently. the amplitude of each oscillating
surge of current decreases each time it passes the resist-
ance. Like the pendulum with its rusty pivot, they are
damped oscillations and will eventually die out
altogether.

There is a general equation for damped oscillations
which, although of revolting appearance, is surprisingly
descriptive providing it is taken a bit at a time. Here it is:

v=V_ e®"Lsin(/1/LC —R*/4L°T) ... Equation 2

where V, the peak voltage value at the start
v is the instantaneous voltage at any time, t,
after the start.

There are three separate parts to consider:

1. The amplitude factor
Thisis the part played V and represents the original volt-
age to which C was charged.

2. The decrement factor ¢ R1/2L

This function determines the rapidity with which the
oscillations decay to zero. Note that as time, T, pro-
gresses, the amplitude of each swing, decreases exponen-
tially. It will also be evident from a glance at the decre-
ment factor that oscillations decay quicker if R is
increased or L is decreased. At the start, of course, T =
zero so the decrement factor is initially unity because e =
1.

One consequence of the exponential nature of the
decay is that the amplitude ratio between cycles is con-
stant, For example, taking three consecutive cycles A,B
and C:iftheamplitude of Bis0.9 of A, then the amplitude
of Cwillbe 0.9 of Band so on.Ifthisis followed to its logi-
cal conelusion, a damped oscillation will never die out
completely —but then this is really hair- splitting with
avengeance!

3.The frequecy factor
The general equation for a sinusoidal waveform is:
V =Vp sin wwt

Comparing this with Equation 2, it can be taken that
the termsunder the square root sign correspond to w and
since w =2. it can be taken that the frequency formula
for damped oscillations will have the form:

f=1/27 /(1/LC ~R/4L) ... Equation 3

o4
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This shows that the well known formula for frequency
(given earlier under the label Equation 1) is not quite
accurate because Equation 3 shows that the frequency is
slightly lower by the square root of R*/4L% The dif-
ference is slight because R/L is much smaller than I/LC
s0, in most practical cases, the simple formula provides
sufficient accuracy. However, the fact that a damped
oscillation runs slightly slower than the equivalent loss-
free version is interesting if only to give additional
credence to the pendulum analogy. A pendulum with a
rusty pivot ( which we have previously assumed to be the
analogue of resistance) must surely swing slower than
one boasting a rust free version!

Critical damping

Examination of the terms within the square root of Equa-
tion 3 raises the spectre ofimaginary numbers. Whathap-
pens if R?/4L2 happens to be greater than I/LC ? The
answer, of course, is that the result will be the square root
of a negative number which prominant mathematicians
tell us are imaginary. So the conclusion is that the oscilla-
tions would also be imaginary - perhaps they existin the
spirit world! In common sense terms, free oscillations
can only existif R /4L is less than I/LC. By rearranging,
we can arrive at the value of the critical damping resistor:

R=2,L/C

Damped oscillations can only exist if R is less than this
value.

Examples: If L =40mH and C =10nF, a few cursory
key presses on a calculator will show the critical damping
resistance to be 4k.

Wherever there is stray inductance in a circuit,
damped oscillations have a habit of butting in where they
are not wanted to this equation can be used to find a suit-
able resistor value to kill them off. The above has
assumed that R isin series with the inductance but oscil-
lations can also be critically damped by connecting a
resistor is parallel with the LC circuit providing the equa-
tion is modified as follows:

R=4/C/L

This is the upside down version of the series damping
resistor. When a steep-sided pulse, such asthe edge of the
rectangular wave show in Figure 3, hits an inductance,
damped oscillations may be shock excited due to the
presence of stray capacitance. This is called ‘ringing’ and
isusuallyanundesirable phenonemon. The nuisance can
be prevented by slapping in a critical damping resistor
somewhere. Stray capacitance is often difficult to

-
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Fig.4 Breaking an inductive circuit

measure so amateur designers, particularly the less repu-
table species like myself, may be tempted to fall back on
trial and error methods.

Breaking An Inductive Circuit

Figure 4 shows a coil of inductance. L, with resistance, R,
(which might be the coil resistance or an actual resistor)
connected across a DC supply via a switch which has
been closed for some time. The steady DC current flow-
ing is given by ohms law:

I=Vs/R

The current sets up a steady magnetic field around the
coil representing a store of energy, W, given by W =:LI%.

According to a certain gentleman by the name of
Faraday, when the switch is suddenly opened, the change
of current (from something to nothing) will cause an
induced voltage to appear from out of the blue. Appar-
ently, coils don’t like their current to be interrupted so it
can be assumed that this voltage —which can reach lethal
proportions in large coils —is a sign of their displeasure.

The question is, how high is this voltage? Since the
capacitor C is in parallel, the induced EMF will charge it
to the same potential and will therefore have the same

R
R
==C
L L
Ic
(a) (b)

Fig.5 Resonant Networks

stored energy, W =:1CV?so itis permissable to equate the
two energy forms:

V2 =ILP

By juggling the terms around, the induced voltage turns
out to be:

v=I/L/C

The presence of the resistor has been ignored but it will
not seriously affect the above result.

Some idea of the order of magnitude expected can
be gained by considering a couple of examples.

Example 1. Let L =0.1H, C = 1nF and [ =0.1A.
Plugging these values into Equation 4 yields a resuit of
1kV.

Example 2. Let L =12H, C =0.3nF and 1 =10A.
These values have sinister overtones because plugging
them in to the equation shows that anyone opening the
switch should wear thick rubber gloves if they happen to
be allergic to 2 million volts! Fortunately, it is doubtful if
coils of 12H with only 0.3nF are likely to be kicking
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around in the spares box. Neverthe less, the example may
act as a timely warning to anyone foolhardy enough to
play around with large coils carrying high DC currents.

The high voltage appearing when the current is
interrupted is actually the first half cycle of a damped
sine wave. Subsequent cycles will decay towards zero in
accordance with the exponential decrement factor.

An annoying feature of induced voltages is the dam-
age caused to switch contacts. Conventional electromag-
netic relays orindeed any device containing a switch and
a reasonably large inductance are particularly vulner-
able. According to the equations, the induced voltage is
inversely proportional to C, indicating that the voltage
can be cut down to size by connecting alargish capacitor
somewhere in the circuit.

Resonance
The term ‘resonance’ has nothing to do with natural
oscillations. It is used in connection with tuned circuits
driven by a sinusoidal EMF source. In other words, it is
applicable only to forced oscillations. Although there are
several definitions of resonance, some tend to be too nar-
row and others can be misleading. The following is a
universally applicable definition:

Any network containing a mixture of reactive com-
ponentsisinresonanceifitbehaves to the EMF source as
a pure resistance.

Series Resonant Frequency
Figure 5a shows a series LCR network. Although the

resistance is shown as a separate component to the
inductance, it is normally the unwanted internal resist-
ance.

The resonant frequency can be found using the fam-
iliar Equation 1 mentioned earlier. It is accurate for the
series network and is repeated below:

f=_—1:
2n/LC

Parallel Resonant Frequency

Figure 5b shows the usual form of a parallel connected
LCR network. Although the same formula is still com-
monly used for the resonant frequency it is not quite
accurate. The following is the correct version:

f=1/2m/(1/LC —R%/L2)

However, R/Lis usually muchless than 1/1.C so it can be
assumed zero, in which case the equation reduces to the
simpler version.

Conditions At Resonance

In general, the series resonant network magnifies voltage
byafactorcalled ‘Q’ while the parallel network magnifies
current by the same factor.

There are many other properties of resonant net-
works but to discuss them here would mean encroaching
on a large area which properly belongs to basic AC
theory.
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A COMPREHENSIVE RANGE WITH

OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE
VOUCHERS TO USE AGAINST FUTURE
PURCHASES. TO RECEIVE A COPY, PLEASE

ADDRESS AND TELEPHONE NUMBER

FARNELL TTS520 Transmitier Tes! Sel consisting of RF/AF Counter;
RF Mod Meler. RF Power Meler: AF Vollmeter: AF Distortion Meler, AF

SERVICE SECOND TO NONE S s By

AFROLLO 70— 100MH . s
MET 1109
ANRITSU MS638 10KHz - 4 4GHz - ggg
ANRITSLI MS628 10KHz - 1700MHz 2 :
HP 1417 with 85554 & IF Plug-in 10MHz-18GHz . .. iUP‘-r @ 500 FUNG _ £no
HP 41T wilh 85548 & 85525 500KH2 - 1250MHz . . CRON COLCUR B4R i - -t
i Enquigment gavaio;
OSCILLOSCOPE PROBES Swichable X1 x10 {pdp £3) o

SEND YOUR REMITTANCE WITH YOUR NAME, L e T

BLACK STAR EQUIPMENT (pap all unils £5)
APOLLO 10 — 100MHz Counler Timer Ralio/Period/Time Interval
0 - V]

REQUESTING A COPY OF THE 1990/91 OMNI
CATALOGUE.

Thit |=2 VERY SMALL SAMPLE OF STOCK. SAF or Telephone for lists. Please ek avaitahility tafar ardaring

Lised epepment — wilh 30 gays guarantee. Manuals suppliad || gossible

CAARIAGE all units £16: VAT to be added lo Tolal of Goods 4 Carmage

Friday 915-5.00 Saturday 9.30-5.00

Open: Monday-Thursday 9.15-6.00

E] m&m 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
P Tel: 0734 2680

STEWART OF READING

41, Fax 0734 351696, Callers welcome 9am-5.30pm Mon-Fri (until 8pm Thurs)
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SUPER MULTI-METER Ex British Telecom, this is a 19-range 20K o.p.v. top
grade instrument, covers AC & DC voltages, current and resistance, very
good condition, fully working and complete with leads £9.50, leather carrying

BARGAINS GALORE

MAINS ISOLATION TRANSFORMER stops you getting “to earth” shocks.
230V in and 230V out. 150 watt upright mounting, £7.50, Order Ref. 7.5P/5
and a 250W version is £10, Order Ref. 10P79

case £2 extra (batteries not included but readily available).
MULTI CORE CABLES all with 8A 230V cores so suitable
for disco and other special lighting effects. With earthable
woven screen and thick pvc outer. 3 core, 30p per metre, 16
core, 50p per metre, 18 core, 80p per metre, 25 core, £1 per
metre and 36 core, £1.50 per metre.

FREE

with orders this month one year's
subscription to our bi-monthly
newsletter. You will be the first to
hear of our new lines!

MINI MONO AMP on PCB. Size 4; x 2" with front panel
holding volume control and with spare hole for switch or tone
contral. Output is 4 watt into 4 ohm speaker using 12V or 1
watt into 8 chm using 9V. Brand new and perfect, only £1
each, Order Ref. 495.

5RPM MAINS DRIVEN This is a shaded pole motor, £5,

VOLTABLOCK an infinitely variable unit gives any voltage
from 0-230 AC at /.A. Obviously an invaluable piece of equipment which
should be in every workshop and probably would be except that the usual
price for this is £35 plus VAT. Now is your chance to buy one, brand new, at
£15 including VAT, Order Ref. 15P42B.

ULTRA THIN DRILLS Actually 0.3mm. To buy these regular cost a fortune.
However, these are packed in half dozens and the price 1o you is £1 per
pack, Order Ref. 7978.

YOU CAN STAND ON IT! Made to house GPO telephone equipment, this
box is extremely tough and would be ideal for keeping your small tools.
Internal size approx. 107 x 4% x 6" high. These are complete with snap
closure lip and shoulder-length carrying strap. Taken from used equipment
but in good condition, price £2, Order Ref. 2P28a3B.

BUILD YOUR OWN NIGHT LIGHT, battery charger or any other gadget that
you want to enclose in a plastic case and be able to plug into a 13A socket.
We have two cases, one 3': x 21 x 1% deep, £1 each Order Ref. 845, The
other one is 2'% x 2'4 x1%" deep, 2 for £1, Order Ref. 565.

SAFETY LEADS curly coil so they contract but don't hang down. Could
easily save a child from being scalded. 2 core, 5A, extends to 3m, £1, Order
Ref. 846, 3 core, 13A extends to 1m, £1each, Order Ref. 847, 3 core, 13A,
extends to 3m, £2 each, Order Ref. 2P290.

POWER SUPPLY WITH EXTRAS mains input is fused and filtered and the
12V dc output is voltage regulated intended for high class equipment, this is

Order Ref. 5P54,

POWER SUPPLY UNIT mains in, dc out, cased 4.5V 100mA, £1, Order Ref.
104, 6V 200mA £1, Order Ref. 103, 6V 700mA, £1, Order Ref. 103A, 9V
500mA, £2, Order Ref, 2P134, 24V 200mA, £2, Order Ref. 2P4, 12V 24, £6,
Order Ref. 6P23.

AMSTRAD POWER UNIT13.5V at 1.9A encased and with leads and output
plug, normal mains input £6, Order Ref. 6P23.

AMSTRAD 3.5 FLOPPY DRIVE brand new and cased, £35, Order Ref.
35P4.

ATARI B4XE at 65K this is quite powerful, so suitable for home or business,
unused and in perfect order but less PSU, only £19.50, Order Rel. 19.5P/58
80W MAINS TRANSFORMER two available, good quality, both with normal
primaries and upright mounting, one is 20V 4A, Order Rel. 3P106 the other
409V 2A, Order Ref. 3P107, only £3 each.

12V SOLENOID has good A" pull or could push if modified, size approx 1'%"
long x 1" square, £1, Order Rei. 232.

WATER VALVE 230V operated with hose connections, ideal for auto plant
spray or would contol air or gas into tanks etc., £1 each, Order Ref. 370.
HANG-UP PHONE won'l clutter up your desk or workbench, current model
has push button dialling. last number recall, internal alarm etc, Ex B.T. in
good condition and fully working ready 1o plug in, £5, Order Ref, 5P123,
ELECTRONIC BUMP & GO SPACESHIP sound and impact controlled
responds to claps and shouts and reverses or diverts should it hit anything!

mounted on a PCB and also mounted on the board but
easily removed, are 2 12V relays and a Piezo sounder. £3.
Order Ref. 3P80B.

5V 2.5A POWER SUPPLY UNITS £5, Order Ref. 3P80B.
12V 1.9 AMP-HOUR a sealed lead-acid battery charged
ready for use £5.50, Order Ref. 5.5P/1.

100W MAINS TRANSFORMER normal primary 20-0-20 at
2.5A. 40V at 2.5A. £4, Order Ref. 4P59. 50V at 2A, £4,
Order Ref. 4P60. Or, instead of 20-0-20, this same
transformer will deliver 30V at 3.5A.

THIS MONTH'S SLIP
A £60 unit for less than £10 —
switch mode power supply with
outputs +12V at VA, +5V at 16A
and -12V at 'LA. Enclosed in
plated steel case, brand new,
offered at a special price of £8.50
until July 31st, Order Ref. 9.5P1.

Kit with really detailed instructions, will make ideal present
for budding young electrician. Should be able to assemble
but you may have to help with the soldering of the
components on the PCB. Complete kit £8.95 Order Ref.
9P9.

500V BRIDGE MEGGER developed for GPO technicians
the Ohmeter 18B is the modern equivalent of the bridge
megger. 9V battery operated, it incorporates a 500V
generator for insulation testing and a null balance bridge for
very accurate resistance measurement. Ex B.T. in quite

PHILIPS 9" HIGH RESOLUTION MONITOR black & white
in metal frame for easy mounting, brand new still In maker's packing, ofterad
at less than price of tube alone, only £15, Order Ref. 15P1.

16 CHARACTER 2-LINE DISPLAY screen size BSmm X 36mm,
Alphanumeric LCD dot matrix module with integral; micro processor made by
Epson, their Ref, 16027AR, £8, Order Ref. BP48.

INSULATION TESTER WITH MULTI METER internally generates voltages
which enables you to read insulation directly in megohms, The multimeter
has four ranges. AC/DC volts, 3 ranges DC milllamps, 3 ranges resistance
and 5 amp range. These Instruments are ex British Telecom but in very good
condition, tested and guaranteed QK, probably cost at least £50 each yours
for only £7.50, with leads, carrying case £2 extra, Order Ref, 7.5P/4.
BRUSHLESS DC 12V FAN tiny, only 60mm square, good air mover but
causes no interference, £8, Order Ref. 8P26,

MAINS 230V FAN best make “PAPST" 4'/: square, metal blades, £8, Order
Ref. 8P8.

2MW LASER Helium neon by Philips, full spec. £30, Order Ref. 30P1. Power
supply for this kit form with case |s £15, Order Ref. 15P186, or in larger case
to house tube as well £18, Order Ref. 18P2. The larger unit, made up, tested
and ready to use, complete with laser lube £69, Order Ref. B9P1.

1/3 HP 12V MOTOR — THE FAMOUS SINCLAIR C5 brand new, £15, Order
Ref. 15P8.

SOLAR CHARGER holds 4AA nicads and recharges these in 8 hours, in
very neat plastic case, £6, Order Ref. 6P3.

SOLAR CELLS with terminals for joining in series for higher volts or parallel
for extra current: 100m A. £1, Order Ref. 361, 400mA. £2, Order Ref. 3.5P/4.
AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF
circults, 4 for £1, Order Ref. 818B.

good condition with data & tested. Yours for a fraction of
original cost, £45, Order ref, 45P2.

EXPERIMENTING WITH VALVES don't spend a fortune on a mains
transformer, we can supply one with standard mains input and secs. of 250-
0-250V at 75mA and 6.3V at 3A, £5, Order Ref. 5P167.

15W 8 OHM 8" SPEAKER & 3" TWEETER made for a discontinued high
quality music centre, gives real hi-fi, and only £4 per pair, Order Ref. 4P57.
CLEAR THAT SMOKE according to a 'Which' report, many ionisers available
from chemists and similar have such a poor output that they are next to
useless. Our ioniser kit, however, uses mains transormers and is so powerful
you can feel the ion output on the back of your hand and it will clear smoke in
seconds. Complete, cased kit, price £16, Order Ref. 16P5.

ULTRASONIC TRANSMITTER RECEIVER with Piezo alarm, built into
preformed case is triggered by movement disturbing reflected signal,
intended for burglar alarm, car alarm etc. has many extras, time delay, auto
reset, secret 'off' device, etc. A £40 instrument, yours for £10, Order Ref.
10P76.

STEREO HEADPHONES extra lightweight with plug, £2 each, Order Ref.
2P261.

BT TELEPHONE LEAB 3m long and with B.T. flat plug ideal
extension for phone, fax etc. 2 for €1, Order Ref. 552.

WATER PUMP very powerful with twin outlets, an ideal shower controller,
mains operated, £10, Order Ref. 10P74.

STUDIO 100 by Amstrad, the ultimate disco control panel, has four
separately controlled and metered channels, twin cassettes, AM/FM radio,
stereo audio amplifier, phono & CD inputs, etc., etc., regular price over £400,
we have a few still in maker's packing, brand new and guaranteed, yours for
only £99, Order Ref. 99P1.

to make

FIELD TELEPHONES |ust right for bullding sites, rallies
horse shows, etc., just join two by twin wire and you have
two way calling and talking and you can join into regular
phone lines if you want to. Ex British Telecom in very good
condition, powered by batteries (not included) complete with
shoulder slung carrying case, £9.50, Order Ref. 9.5P/2.

PROJECT BOX size approx 8° x 4" x 4! metal sprayed
grey, louvred ends for ventilation otherwise undrilled. Made
for GPO so best quality, only £3 each, Order Ref. 3P74.

JUST ARRIVED
3 core 15A flex. Price is 10m for
£2.50, Order Ref. 2.5P/3, You
can have this in multiples of 10m
up to 100m. Also available: 3 core)
20A flex, 10m for £3, Order Ref.
3P109 and 2 core 20A flex, 15m
for £3, Order Ref. 3P110.

0.1MA FULL VERSION PANEL METER 2%." square,
scaled 0-100 but scale easily removed for re-writing, £1
each, Order Ref. 756.

VU METER illuminate this from behind becomes on/off
indicator as well, 1'%" square. 75p each, Order Ref. 366.
EDGE-WISE PANEL METER ideal when short of panel
space only 40 x 14mm, also have built-in led, 500pA f.sdd,
scaled 0-5, £1 each, Order Ref. 131.

PCB DRILLS 12 assorted sizes between .75 and 1.5mm,
£1 the lot, Order Ref. 128.

DIGITAL FREQUENCY METER.

This is a hand-held instrument with an LCD display
allowing 8 digits of frequency to be read, has
internal nicad batteries, and a power supply which
will recharge the batteries. Ideal for field and
service work as well as general and industrial
applications. Has high and low BNC inputs and a
plug-in antenna which enables remote tests. It
covers a very wide range of frequencies: switch
position 'A’ covers 10Hz to 20MHz and switch
position ‘B' covers 20MHz to 1200MHz. Price £39,
but it compares very lavourably with instruments
selling at over £500 by our competitors. Order Ref.
99P2.

Prices include V.A.T. Send cheque/postal order or ring
and quote credit card number. Add £3 post and packing.
Orders over £25 post free.

M & B ELECTRICAL SUPPLIES LTD
12 Boundary Road, Hove, Sussex BN3 4EH

Telephone (0273) 430380
Fax (0273) 410142
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by Mike Meechan

2

e are now around a quarter of the wayinto this
series of theoretical and constructional
articles centred around the Anniversary
AutoMate modular mixing system. [ know
that some of you may be impatient for more construction
and less idle, theoretical chat. I should perhaps explain
more fullythe underlying strategy of this series and thena
new light may dawn and you shal1 all be able to see whyl
have approached the project with this slightly unconven-
tional philosophy and unorthodox manner. When 1were
alad —strains of the Hovis advert music are heard in the
background —beer was a penny a pint times were hard
and after returning from’t eighteen hour shift at pit, one
would relax with some soothing electronic project work.
starting outas araw beginnerwith no formal ed ucationin
the subjectbar “0” Level or Higher physics it was difficult
to find good useful projects with understandable blurb
attached. I know, 1 know, there do exist text books and
tutorials on every conceivable aspect of electronics but
many seem distant and remote from the practical world.
In fact,1don’t think that it would be too far offthe mark to
say that in some cases, the textbook descriptions are
downright offputting with reams of complicated maths
reading to a solution which seems to have little or no
applicationinareal circuitora tangible system. Ttis prob-
ably true in most of us that the subjects which we are most
likely to understand are those which we enjoy or which
relate to aspects of a hobby or pastime which we pursue —
ie a practical realization of a sometimes abstract idea.

Design Philosphy

What I wanted to achieve with the AutoMate series wasa
text - a design tutorial, if you like —which would attempt
to unravel some of the complexities of audio engineering
whilst presenting it within an interwoyen framework of
true practical examples qv the AutoMate console. In this
way, the reader can see for him/herself why certain tech-
niques are employed, circuit configurations used and
component values optimised. The considerations to be
made and equations necessary to make these are
presented within the article so that the reader can use
them to satisfy him/herself that what is presented is the
best way to realize a given electronic function. Detailing
all of the necessary information in this way will then allow
interested parties the opportunity to do-it- yourself with
a greater degree of confidence. This seems to have beena
much-neglected aspect of many otherwise interesting
informative or educational electronic prose. I guess that
in many respects, knowledge is power, and to retain this
knowledge is to dominate intellectually within a given
field. A lot of circuit design is intuitive —once a certain
level of background knowledge has been established —
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Fig.2 Positioning of components in power supply

and good and bad design techniques are most often
gleaned from practical construction and analysis of real
circuits. However, I think that it DOES make for interes-
ting and varied reading to take an in-depth and mathe-
matical look at the factors involved, so long as thisis tem-
pered with commonsense, and a predominantly practi-
cal approach to the circuit complexities is adopted
throughout.

In any event, it would some rather nonsensical to
publish PCB layouts and constructional details for the
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separate parts of the input channel until all of the differ-
entconfigurations within it are explored. There are some
ten different permutations of effects available on the
Mono Mic/Line channelalone. It would ratherbeakin to
buying the bricks before measuring the length of the wall
were we to show individual overlays before such time as
all of the possible options had been explored and
documented.

THEORECTICAL PIECE OF WIRE

1 1

ct Cv

Lw

T" T
ELECTRICAL EQUIVALENT OF A LONG, THIN
PIECE OF REAL WIRE FEEDING A TRANSISTOR

——

FORWARD-BIASED
BASE — EMITTER
ACTING AS
DEMODULATING
DIODE

B

o

FEEDBACK PATH TO
AMPLIFIER INPUT

Fig.3 Piece of wire (theoretical) versus practical

Asaparting note on this subject, the circuitry within
the mixer can be roughly categorised into 6 main types.
Amplification, EQ, Switching, Monitoring, Mixing and
Automation. The circuitry within a fully-endowed Mic/
Line module encompasses all of these types. Whilst pro-
gressthrough this firstfeatured module is somewhat pon-
derous, once all of these topics have been discussed, that
particular module built and the text moved on to the Ste-
reo module, the Group/Monitor, Output etc, the pace
will be correspondingly much faster. This will bebecause
only simple references will be made to previously-pub-
lished éhapters for the relevant background information.

The larger the system, the more the scope for error
grows. In certain areas of design, the error (which in a
mixing console will most likely manifest itself audibly as
noise, crosstalk or distortion) is cumulative. It therefore
pays dividends to design any error (noise etc) out of the
System as far as is practicable from

knowledgeable in the world in one or more particular
fields within the discipline of audio engineering,

Anyway, enough of the self-gratification and back to
the matter in hand.

Earthing

We can see from the circuit diagrams of Part 2 and the
PCB and components were very carefully and methodi-
cally earthed. Figure 7 —which, unfortunately, space did
not permit us to printin the June issue —shows the main
wiring diagram of the power supply unit. It is apparent
that I deviated from the normal convention for circuit
diagrams and showed a view of the earthing arrange-
ments as an almost exact representation of the physical
layouton the PCB. A very comprehensive depictation of
all of the PSU earth wiring was giveninlastmonth’sissue.
This was intended to illustrate some of the aspects of ear-
thing which I am going to make a little clearer here and
now. Sound ‘ground rules’ as they might be termed are
imperative to the stable and noise-free operation of any
audio circuitry, be it power supplies, amplifiers, FX units
or whatever. These rules take on special significance
when viewed in the context of designing a massive, inter-
connecting audio system such as might be constituted by
a typical mixing desk. It might be wise at an earl y stage to
discuss the subject further since all that is listed here can
be taken asrepresentative of the techniques which should
be employed in any good audio design work. An early
appreciation of the many factors involved in this process
will stand the reader in good stead and allow him/her to
be more receptive of some of the outlandish lengths to
which an audio engineer must £0 in each of the various
modules —and the console asa whole —in orderto create
a workable and hum-free system.

For a proper understanding of the complexities of
the subject to be realized, the very concept of earth,
ground, 0V or whatever one might care to call it needs to
be understood. As 0V is Imperative to the correct work-
ingofall of the console, an early appreciation of the tech-
niques will not be considered amiss as we progress fur-
ther and deeper into the bowels of the AutoMate 20.

Ground is merely a reference to be used between

stage one, rather than attempt to
eliminate it from a much more hostile
environment (in the shape of the fin-
ished sub-module, module or even
the console itself). To quote Steve
Dove, one of the authors to whose

O ouTt

article 1 have frequently referred,
“Mixing consoles and understanding

TO STAR
O EARTH

(a}

RoecoupLing
A

them s the key to professional audio”.

Whilst on this aspect, I should
also say —and T am not in the least
ashamed to do so — that during the
course of the research and develop-
ment of this project, I have consulted
and referred to some of the best tex-
tbooks available on the subject of
audio engineering, Many of the books
and articles are authored or edited by
engineers and technologists reckoned
among their peers to be the most

PROJECT

Fig.4a Ground follows signal arrangement of earthing
Fig.4b Decoupling of power supply line in unipolar active circuitry
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interconnecting circuit elements, a reference which can
beeliminated in adifferential system. Thisbeing the case,
why should it be that this reference should be of such
paramount importance in the design of a console?

We should consider an ordinary, everyday, bog-stan-
dard piece of wire. which no matter what its length,
whether long or short, will exhibit resistive properties.
Popularly taught physics dictates thatin accordance with
Ohm’s Law, any resistive element within a circuit which
has a current passed through it must have a potential dif-
ference developed acrossit. This current passing through
will create a magnetic field around the wire, which means
thatit has inductance, and if the wire resides in an area in
close proximity to anythingelse, (ienotsusp endedinfree
space), it will exhibit capacitance.

Radio A GaGa

Our ordinary, non-resistive, non-capacitive, non-induc-
tive piece of wire now begins to look more like the circuit
model depicted in Figure 3,and might easily be confused
with something much more familiar to an engineer work-
ing in an RF design environment qv an aerial, bandpass
filter or transmission line. This is a good analogy, since
manyactive devices used within the mixing deskcircuitry
will have bandwidths which extend to the 100’s or 1000’s
of kHz region. This is significant because of the horrific
amount of RF energy flying around the atmosphere, be it
radiated from computers, dimmers, ham radio, cellular
phones or whatever.
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SOURCE 1
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GROUND LOSS
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(8)

(\j MIX AMP

__D__Q ouT
PSEUDO GROUND
(SIGNAL PRESENT
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OF ORIGINALS)

RgROUND
ORS

SOURCE
2IN
il

(b)

Fig.5a Crosstalk at an amplifier output

b Crosstalk at an amplifier input

Our simple piece of wire now has the rather dubious
distinction of being capable of demodulating RF energy
and rendering it audible, as the RF signal is able, in this
arrangement, to enter the amplifier input through any
by-passed feedback component where it can be subse-
quently demodulated by the amplification circuitry
employed since any forward-biased transistor junction
will behave as the rectifying element necessary to
demodulate the RF.

The two main points to note from this are that the
reactive components give rise to demodulation stability

and RFI problems whilst the resistive elements cause the
hum loops so dreaded by engineers and listeners alike.
On this RF note, it is interesting to analyze ground effect
problems due to the reactive nature of any piece of wire.
No matter what its length, there will exist some frequency
in the electromagnetic spectrum at which the piece of
wire will present a quarter wave length pathway. Thisis a
much neglected aspect of low-level input stage design
and explains why one is able, via the badly engineered
hi-fi preamp, to tell exactly how late the local taxi service
is running!

HIGH Z HIGH Z HIGH 2 HIGH Z
AMP 1 AMP 2 AMP 3 AMP n

i I I I BUCKET GROUND 1
MID Z MID Z MID Z MID Z
AMP 1 AMP 2 AMP 3 AMP n

i I [ | __BUCKET GROUND 2
LOW Z LOW Z LOWZ LOW Z
AMP 1 AMP 2 AMP 3 AMP n

i [ I | _BUCKET GROUND 3

) i VsuppLy INDICATOR n

GROUND RETURN 1
RELAY

(B VsuppLy
GROUND RETURN 2
Fig.6 ‘Bucket’ grounding techniques

Why ground anythingto earthin the first place, since
with careful regard to the internal referencing of the
equipment, it will function regardless - many non-earth
referenced pieces of electrical apparatus work quite ade-
quately without them. Nevertheless, a system comprised
of many separately powered modulesis almost certain to
hum or oscillate since there will exist within the system
any number of differing self-generated ‘reference’ volt-
ages at various points along the signal pathway, meaning
that noise-inducing current will be sourced or sunk.

Establishing Good Connections

A well-established remedy is to swamp all of these (rela-
tively) high impedance paths with a connection to a zero
ohm impedance ( which, to all intents and purposes, the
earthis). Despite these precautions, there may existin the
ground wiring of the system other small noise currents
since the ground lines will have finite impedance causing
noise pd’s to be develop across them. These unwanted
noise currents can then infiltrate the wanted signal. Bal-
ancingofthe signalis therefore considered to be auniver-
sal solution to the problem, as is the grounding of the
chassis to earth, this approach offering as a bonus some
protection against harmful and potentially fatal shocks
from the mains supply.

The grounding techniques utilized in high quality
sound studio construction are fairly typical of those
employed within a console wiring system. Substantial
cabling is necessary so the earth is effective and efficient
and also, that any voltages developed because of finite
cable impedarice are small in relation to the wanted sig-
nal at that point. All equipment is mechanically earthed
from the bay housing all input, break and output connec-
tors —the single connection eliminates earthloops —and
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microphones are earthed only through their studio con-
nector boxes.

Two electrically separate earths are employed in the
studio complex —mains or safety earth and technical or
programme earth. Never the twain shall meet except at
the central studio earth point or, in the case of a large
multi-studio complex within a broadcasting organiza-
tion, at the point where the earth for the entire building is
derived. The central earth pointin this latter instance will
consist, literally, of a very large and expensive piece of
copper or equivalent driven some distance into earth so
that it contacts damp subsoil and resultant continuity is
good.

Lifting Oneself Off The ground

Where both earths mustbe present in the same enclosure
(as in the case of a wall-mounted microphone box mech-
anically connected to safety earth, the two earths must
remain separate if hum loops are to be avoided. This may
mean that connectors are isolated from mounting plates
using insulating washers or equivalents. From the power
supply unit wiring diagrams, it can be seen that a very
similar approach is adopted, with the switching (logic)
and audio earths being kept entirely apart and only
joined at one point —the system star earth. This point
then connects to the chassis safety earth through the
ground lift switch which means that both can be made to
be electrically isolated from each other. This can cure an
hum loop problem when other, outboard processing
equipmentis connected to the console. Other peripheral
equipment may not employ such stringent earthing tech-
niques and earth and programme earth may, in fact, be
connected together. If this is the case, and the power sup-
ply groundis also connected to mains safety earth, we can
see that a dreaded hum loop has been created. I have
mounted this switch inside the enclosure since I take the
cynics’ view that what is not available to touch on the out-
side of the unit cannot be reset of tampered with by
unauthorized personnel. This philosophy extends to my
never including any mains switch or master reset type
control on the front panel since it will be found that these
controlsare operated at the mostinopportune moments!

In any event, if mains isolation of the unit is required, for

instance, in the circumstance of it needing to be serviced,
this isolation should be afforded by removing the mains
connection to it. Furthermore, my console operates in a
very controlled environment where any connections to
the mixer are made under my supervision and direction.
Certain operating conditions might necessitate the
ground lift switch being made more readily accesssible
and if this proves to be the case, the switch could then be
mounted on the rear panel.

Whist on the subject of ground lift switches, one
home-produced amplifier which I once had the dire mis-
fortune to examine achieved this ground lift effect by dis-
connecting the chassis —which was permanently con-
nected to ‘programme earth’ - from mains safety earth,
Thisaction rendered the chassis —and more im portantly
the user — completely free of any shock protection
should a fault have developed and the chassis become
live. Similar practises exist within the world of guitarists
where some seem to try to eradicate hum by disconnect-
ing the earth safety connection inside the 13A plug top.
All of these methods eliminate hum at the rather high
price of also perhaps eliminating the musician. They are
to be avoided at all costs!

Onaslightly lighter note, no-one wishes a repetition
of a scenario which seemed to occur in umpteen soaps
and crime series in the late sixties and early seventies
wherein amusically-inclined member of the cast was dis-
patched —either deliberately or accidentally — to the
heavenly choir because he or she was electrocuted
through a dodgy mic/guitar/mixer/ amplifier combina-
tion!

Within the console itself, problems in this area are,
of course, compounded by a very large order of magni-
tude because of the number of low level voltages
involved. If we consider a typical amplifier circuit,
dependent for correct operation on an input signal volt-
ageand reference —usually 0V —itiseasy to see thatif the
reference should deviate in any way from a steady state
voltage, this change will be seen as a corresponding devi-
ation superimposed on the output signal of the amplifier,
Put another way, any signal which the reference ‘per-
ceives’ and which is not also common to the input —ie
hum or noise —will be summed and amplified as it might
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have been had it been applied to the amplifier input by
more conventional means. The obvious way to alleviate
the problem is t ensure that the point to which the ampli-
fier is referred is connected directly to the reference
which the output of this same amplifier sees. Does this
make sense? Afraid so. This philosophy of source ref-
erence/destination reference — which is used all along
the signal path —is known simply as ‘ground follows sig-
nal’ and forms the basis of the grounding techniques
which exist in just about all large commercial mixing
desks. See Figure 4a. It was especially important in the
days of discrete component amplifier stages where the
signal OV line was also the power supply return. The
eradication of hum and noise caused by supply line
induction was further complicated by the fact that the
positive supply rail (effectively another low impedance)
became another part of the nightmare and could only be
eliminated from the equation by active decoupling using
a series resistor/parallel capacitor arrangement. Effec-
tively, this fed the susceptible circuit through an imped-
ance much larger than that of the ground path proper.
Figure 4b shows a typical arrangement.

The modern-day differential operation of active
amplification circuitry (namely op-amps powered from
split/bipolar supply rails) means that there is no audio
current flowing through the ground connection. Other
factors now begin to enter the equation from all sides.
Insert points in the channel circuitry are almost always
unbalanced, as are the many distribution networks which
will feed the console. The scope for hum loops and insta-
bility rises in direct proportion to the number of facilities

provided on the mixer and so other contingency earthing
arrangements, such as star earths, must be made. The
resultant earthing network tends, in the main, to be a mix-
ture of the two with the most convenient method at a
given point in the signal progression being the one
employed.

To Much Talk On The Bus

Crosstalk is another not-unrelated inherent problem of
the earthing arrangements within the console, amplifier
or any other applicable piece of audio processing cir-
cuitry. We touched very briefly on this subject last month
and mentioned the quite superb performance in this
aspect of the true monoblock stereo amplifier. Refer to
Figure 5a. Resistor R, Tepresents the small resistive
portion of the earth path wiring, loss resistance or what-
ever we wish to callit. R, is the amplifier load atits out-
put terminals and can either be a low impedance termi-
nation or a high impedance such as a channel fader pot.
The node which represents the reference is now actually
at some voltage above true ground since the network
comprised of the two resistors forms a potential divider
and so at this node there will be present an attenuated
version —in the ratio R ,4'R ;0u0a —0f the output signal of
the amplifier. A low-Z termination — typically 600R —
and a ground loss component in the order of 0.5R will
mean that at the ‘pseudo’ ground node, a signal some
62dB below that of the amplifier output signal will now
be present. This can then be injected into the input of any
following amplifier circuitry through the pseudo ground
path.
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Fig.9 Automate microphone — mono balanced line input

HOWIT WORKS —MIC INPUT
AMPLIFIER

The SSM 2016 is an ultra-low noise audio preamplifier particularly suited to
microphone preamplification and gains from 10 to 2000 can be selected
with wide bandwidth and low distortion over the full gain range. Its excel-
lent performance is supplemented by the fact that it has highly symmetrical
slewing rates which are optimum for large signal audio. The equivalent
input noise of this circuitis about 13nV,/Hz at maximum gainresultingina
20Hz to 20kHz input noise level of 183nV, or - 133dBU referred to zero level
Thisis over 37dB lower than atypical microphone output from the 30dB SPL
ambient noise level in a typical room. Refer to the block diagram of the IC.
The 2015 operates as a true differential amplifier with feedback returned
directly to the emitters of the input stage transistors This system produces
both optimum noise and common mode rejection while retaining a high
input impedance. An internal feedback loop maintains the input stage cur-
rent ata valu controlled by Rbias. This providesa programmability function
which allows noise to be optimised for a wide range of source impedances,
the noise being within 1dB of the theoretical limit between 500R and 25k,
Rg adjusts the gain of the circuit from about 10 to 2000, the maximum
gain being limited by the minimum resistance of the potentiometer, Good
quality resistors are used in the gain setting networksince low quality types,
“notably carbon composition, can generate significant amounts of distortion

and under some conditions, low frequency noise. At qains below about 10,
distortion and noise performance of the 2015 is somewhat degraded.

C6 provides compensation for the input stage regulator while C7 and
C8 compensate the ‘overall amplifier, their values being dependant upon
the size, in turn, of resistor, Rbias. As we have already discussed, low noise
amplifier designis always a trade- off between noise voltage and noise cur-
rent. Normally, a compromise is chosen which produces optimum perfor-
mance overa limited range of source performances. Rbias programmes the
2015 for optimum performance at source impedances up todk, noise being
within 1dB of the theoretical limit between 500R and 25k,

The ‘budget' input preamplifier is very similar in design although two
0p-amps are used to amplify the input, the SSM 2015 being omitted in this
instance. The outputs of these are applied to a third op-amp which then
amplifies the differential signal. Equivalent input noise and distortion
figures are still very low, the E,, being 760nV over the full audio bandwidth
and THO less than 0.01% at full gain.

SW1, R2 and R3 provide the 48V necessary for phantom powering of
microphones,- should this be necessary. The resistors balance the voltage
across each of the two legs, the capacitors provide the DC blocking for the
preamp input and the zener diodes provide transient over-voltage protec-
tion for the 2015 whenever microphones are plugged in and out.

A typical case of two identical sources sharing this

ground point as a common reference means that there
will be a cross injection or crosstalking of each of the two
inputs at a level - 62dB below that of the original signal.

A Question OfZZZ’s

Now, taking the instance of the amplifiers feeding a typi-

cal high impedance source such as the 10k presented by a
channel fader as in Figure 5b, the bogus crosstalk signal
now presentatthe pseudo groundis ata much lowerlevel
(-86dB) since the high impedance of the fader now
swamps that of the ground loss resistor. The hi ghimped-
ance termination, however, is much more like] y to suffer
from radiated crosstalk injection than a low im pedance
source.
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HOW IT WORKS —LINE INPUT
STAGE

This is again very similar in design to the microphone input stage; the 2016
input stage now able to be omitted because the noise and gain consider-
ations of this 10k bridging impedance input no longer require the esotoric
performance of this device and low noise op- amp stages suffice. The use
again of close tolerance resistors affords us very good common-mode
rejection.

A one op-amp differential stage cannot be used in these circumstan-
ces. Referring to Figures 10a,band ¢, we cansee that these are all classic, dif-
ferential-style instrumentation amplifiers with resistor values altered so
that the requirement for 10k bridging impedance on the input can be met
Large value resistors on theinputs necessitate the fitting of large and unpo-
larised capacitors — used as DC blocks —so that no attenuation or phase
distortion results because of RC filtering action. Unfortunately, simple, one-
amplifier circuits such as these work only under ideal conditions since the
large disparity in the values of impedances of the nverting and non-invert-
inginputs —aswe have already briefly mentioned —causes problemssince
one is set by the external resistor values while the other is essentially very
high.

A simple analysis of the circuit under typical input signal conditions
should serve to highlight the problems which we can expect to encounter
when using these simple circuits as a line Input stage.

We shall apply a varying signal to one inputat atime whilst the otheris
left unconnected to our signal source. For signals applied to the inverting
input, impedances around the op-amp are equal and it behaves as a unity
gain inverter as the non-inverting input is, to all purposes and intents,
grounded. However, applying a signal to the non-inverting input causes the
invertinginputreference to change because the impedance, by virtue of the
fact that it s being variably boot-strapped by common-mode and non- dif-
ferential voltages, will change also.

Impedances to both inputs can be arranged in such a way that both
halves of the differential signal are inputted to the amplifier via defined
resistors, but this is at the expense of common-mode performance since
thereisaserious conflict between trimming the op-amp for good common-
mode rejection and trimming it for good differential gain. Balancing
impedances ruins CMRR and optimising CMRR imbalances impedances to
such an extent that if the source impedance is considerable, instant imbal-
anceresults, Thisis because the source impedance simply adds itself to the
carefully optimised values of inputand feedbackresistor. Asimpleand quite

elegant solution to the problem is shown in Figure 11, This separately buf-
fars the inputs to the differential amplifier and consequently requires three
op-amps. Figure 11b shows another circuit which eliminates one of the
three op-amps at the expense of creating an inputwhich, although truly dif-
ferential, is not fully floating’ with respect to ground. For an active

TLO71, LF351 etc

10U
P
c4 RS
56p 5k
g’l ) EQUAL VALUE
FERENTIAL
AMPLIFIER

Fig.10 Single op-amp differential input amplifiers

—

TE:
IC1 = NE5534,
TLO71, LF351 efc

&b ) DIFERENTIAL
MPLIFIER WITH
COMPONENT VALUES
OPTIMISED FOR
MATCHED DYNAMIC
IMPEDANCE

inputstage to compete successfully againstits transformer rival, it must, as
the transformeris, be impervious to any imbalance in the termination at the
input, ie there should be na drop in output level should one of the input
'legs’ be shorted to ground, as might be the case when an unbalanced sig-
nal source is applied to the input. This is known as the floating’ test

The line input stage offered here is a cunning two op-amp configura-
tion as shown in Figure 11cwhich negates the inputimpedance disparity of
thesingle op-amp circuitwhile offering a good CMRR and fulflling all other
criteriaas already specified. Itis known simply asthe ‘Superbal’ and is 2 bal-
anced differential virtual-earth amplifierwhichis referred to ground atonly
one op- amp non-inverting input, so providing a symmetrical output from
any non-balanced inputwhilst having quite superb CMR characteristics. We
shall exploit the virtual earth characteristics of the configuration at a later
andveryimportantstageinthewil mixer...

Another problem manifests itself in the way that subtle
changes can sometimes occur under certain input or
routing conditions, wherein feedback paths are created
or changed in such a way that whilst the affected ampli-
fiers remain stable under the new conditions, colour-
ations at the LF and HF ends of the spectrum sometimes
result. These type of grounding problems are the very
devil themselves to first demonstrate —since it requires
an infinitely more fertile imagination than mine to envis-
age all the possible interconnection paths that there
might exist — and then to track down and eliminate.
Again, itis better to design problems out of the consolein
the first instance.

Enter The Bucket Brigade

The ideal solution would be to ground every circuit ref-
erence pointdirectlyto one central earth —the ‘star earth’

or ‘mecca’. Practical considerations in the guise of both”

the physical size of the multipole connectors required
and the size and complexity of the wiring looms which
such a system would necessitate mean that we cannot
adopt this approach. A half-way house compromise sol-
ution to the problem does exist, however, in the form of

so-called ‘bus’ or ‘bucket grounding’ wherein grounds
are grouped together according to the impedance of the
circuitry which theyfeed. In this way, high impedance cir-
cuits would share a common earth, as would low imped-
ance. The two connect together only at one central earth
point. In this way, the ratio of impedance to ground loss
component, Rg, is so large that resultant crosstalk pd’s
are low enough to ignore. This is somewhat simplistic
and exceptions do exist. Any active device with unusual
or transient current demands — indicators, switches,
amplifier output stages - return directly to the star earth
via their own individual path with no other connections
to other bucket or bus system grounds along the way. See
Figure 6. This method has been used effectively within
the power supply unit where all of the grounds on each
PCB are grouped together in a star earth arrangement
and then connect via one wire to the system star earth.
Heavy load current devices —bridge rectifiers, smooth-
ing capacitors and the like are tied to this system star
earth via heavy gauge wire. This then means that the ref-
erence seen by all of the ground points throughout the
system is stable and immovable,and no oscillations, hum
loopsorinstabilitycanoccur.
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Definite Earths For Mixer Amps

We’ll centre the last paragraphs of this discussion on the
grounding network around the virtual earth mixer,
which, by the very nature of the circuit configuration,
amplifies any noise present on the ground line. We will
discuss the various quirks and idiosyncracies of the dif-
ferent types of summing or mixing stages which are avail-
able at a later stage, but for completeness on this discus-
sion about grounding, the problems which arise in this
critical area of the console should be mentioned here and
now.

R1,2 AND 3 ALL EQUAL
IN VALUE, TOTAL TO
SUIT INPUT BRIDGING
IMPEDANCE e.g;‘;tlk,
R1=R2=R3=

Fig11a Instrumentation type differential amplifier
(with separately buffered inputs)

Refer to Figure 7 which is representative of the main
mix bus in a typical desk. It has 48 inputs as we can see
and a conventional virtual earth mixing amp.

Rt

Gain = R 177R3//R3/7—R43

Gain through the system (for an isolated single channel
with its fader fully open), is, of course, unity. However, a
much neglected factor in the design is that for the system
bus, the true electronic gain through the amplifier,infact,
48 or 33dB. This gain will also amplify any unwanted sig-
nals which happen to be present on the earth connection.
This ground noise is amplified up by the full gain of the
mix-amp and can be of such a high level that it can serve to
become the predominant source of noise when com-
pared both to the self-generated noise of the active device
used asthe virtual earth amp and the Johnson noise of the
resistors. Quite conceivably, the ultimate noise perfor-
mance of this stage is determined by the grounding tech-
niquesusedin thisarea and not by the inherent character-
istics of the mix amp. It should now be more readily
apparent why there were so many separate ground wires
of very thick cross sectional area within the PSU and why
the only place where the logic and audio grounds connect
together is at the star earth point of the whole system.

First Input Stage
Looking back over the cast few months, we’ve shown
some of the various types of Mic Input stage which have

cropped up in the front end of many console designs the
world over. Latterly, I researched this subject very thor-
oughlyindeed and some other information on Mic Input
amplifier design might be of interest before we take the
plunge —after presenting the full input stage circuitry —
and finally publish the dreaded spec sheet!

We have already justified the use of a transformer-
less input stage in the preceeding issues of the series,
although it has to be said that the transformer input stage
was somewhat summarily dismissed —primarily on the
grounds of cost —at the commencement of episode two
ofour unfoldingtale. In retrospect, it was perhapsunwise
to have done so purely —on the face of it -because trans-
former costs are comparatively high. In our quest for
audio perfection, cost is a relative term and itis perhaps
prudent to outline some of the other disadvantages of
this type of input whilst expounding the virtues of the
op-amp/transistor stage. Furthermore, it is probably a
good idea, whilst in this vein of thought, to look more
closely at the behaviour ataudio frequencies of that most
maligned of IC’s, the humble op-amp, since the finished
console will perhaps house several hundred of the little
critters.

We looked in some detail at E (Equivalent Input
Noise) and the fact that it is the first device which the
input signal contacts which determines noise perfor-
mance from then enwards. This is because of the way in
whichanynoise generated locally in thisarea of the mixer
will tend to swamp noise in succeeding stages since this
noise will be atalevel lower by an order of magnitude. We
also saw that noise in the resistive portion of the micro-
phoneis determined by the laws of physics and that ther-
mal or Johnson noise is immovably superimposed upon
the signal at this point. Consequently, reducing the noise
figure of the amplifier was a matter of calculating the
OSR (optimum source resistance) of the active device
and then arranging for the connecting source impedance
to presentanimpedance to the amp. which was as close to
this OSR as possible. Only in this way would the opti-
mum noise performance be attained from the device in
question, beitatransformer/op-amp, Op-amp ortransis-
tor/op-amp combination.

Recapping, we saw that by a rather unfortunate
quirk of the internal architecture of the op-amp, its OSR
is much higher than the 200R impedance of a mic. cap-
sule, tending in the main to have a value around the 10k
mark.
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Fig11b Differential amplifier (not fully floating)
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One of the plus points of the transformer coupling
arrangement was the way in which the turns ratio (step-
ping up from input to output) gave us a corresponding
‘noiseless’ amplification. In that simplistic scenario, we
omitted to say that this inherent and unalterable charac-
teristic of the transformer can prove to be more of abless-
ing than a curse in some situations, the close miking of a
drumkit, beingan example whichimmediately springs to
mind. This is because any microphone used in this situ-
ation will be in close proximityto high level, transient sig-
nals whose absolute level may exceed something in the
region of 48dBu. It is quite apparent that a seven-fold
increase in the level of sounds of this nature will create
vast problems for any following amplifier stages —even
with unity gain — trying to remain in an unsaturated,
unclipped condition since headroom has been suffi-
ciently eroded to drive the amplifier output stage hard
against the rails. Thisis just one of the vast number of fac-
tors which have to be considered.

Whatabout ‘padding’ or attenuating the input signal
before it has a chance to clip the amplifier stage? This
method can be used and is employed in a vast number of
mixing desks. With any attenuators, great care has to be
taken with the design since switching resistive elements
in and out of a complex capacitive/inductive network —
whichiswhat the mic/cable/transformer combinationis
asfaras the amplifierinputis concerned —is adicey busi-
ness and prone to introducing time and frequency
domain changes into an already fragile maintained
equilibrium. It also has a subtle but marked effect on the
CMRR performance of the input stage. Why? A fiend-
ishly simple but often overlooked effect —it attenuates
the differential signal but not the common-mode one so
the two are brought inextricably together by the same
amount the pad reduces the signal.

To complicate matters further, at high signal levels,
the transformer has a tendancy to saturate whilst at low
signal levels, the problem of hysteresis (crossover distor-
tion) rears its ugly head and is responsible for the gener-
ation of distortion products greater by an order of magni-
tude than any which succeeding amplification stages
should produce. The dynamic range between these two
extremes is sadly less than that required of an input stage
of this sort since we must expect the mic.to accomodate a
largely differing number of levels. So, with a transformer
as part of the input stage, some performance com-
promise must be made in respect of this.

Also, the introduction of any large resistive or capa-
citive elements into the the immediate transformer net-
work will adversely affect phase linearity, isolation and
common mode rejection (CMR). CMR is also affected,
of course, by any tesistive imbalance in the windings orby
co-winding capacitance.

As already said, the mic/cable/transformer combi-
nation presents a very complex load to the amplifier
input, a network which is further complicated by the fact
that half of it -the mic/cable part —can be unplugged. So
an amplifier trimmed for good performance and stability
when terminated must also behave itself and suppress
any tendancy to oscillate when unloaded. This network,
therefore, has an appalling phase and frequency
response which must be “tamed” and filtered using com-
ponents which will suppress resonance and iron out

kinks in the frequency response respectively. Resonance
(gain at specific frequencies) in any stage — unless
deliberatelyintroduced, asitmightin the EQ section —is
something to avoid if at all possible since it robs the
amplifier of headroom at the frequency (or frequencies)
in question. All of the above dictate that any resistive tam-
ingor linearising components must be placed pre-ampli-
fier. Whilst they might suppress oscillations of an unter-
minated input, they will also worsen noise performance
(subsidiary thermal noise from these resistors is now
unavoidably introduced) and attenuate ail signals, espe-
cially low level ones. Figure 8 shows the responses.
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150R 6k
33p
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mé IC1 = TLO72, LF353,
9 6ka NE5532AN elc.
33p AV
T i
7
L ICib
+ 5
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Fig11c ‘Superbal’ differential input amplifier

Back To The Feature

So much for the transformer and all of its problems. Now
we can at last look to the method used in the AutoMate.
Although it is a one-chip amplifier, it comes under the
ostentatious heading of ‘multi-device input amplifier’
since it cascades both transistor and op-amp technology
within the chip architecture. Refer to Figure 9. Gain is
provided entirely by the first pair of differentiaily, cross-
connected transistors, a combination which provides
very good common-mode rejection because there is no
connection to ground and only differential-wanted sig-
nalsare amplified. Thisis because the reference to ampli-
fier 1 is amplifier 2 and vice versa, each transistor base
being tied to an identical in-phase and out-of-phase
input signal. Common mode (ie in-phase) signals on
both bases cause the references to move up and down in
synchrony so that the potential difference developed
between the two and the amplifier outputis zero (inaper-
fect situation). If the input is now an out-of-phase, dif-
ferential signal, normal amplifying operation results
since the reference is now a 0V cancellation null point
halfway along the gain-determining resistor chain.

The transistor outputs feed into a unity gain dif-
ferential op-amp stage where all of the surrounding resis-
torvalues are keptaslowin value as possible (thus reduc-
ing thermal noise). Conventionally, the disparity
between the impedances presented by the inverting and
non-inverting inputs of the op-amp, the non-inverting
beingdefined by resistor values, inverting by circuit feed-
back —would require optimisation for both nulling and
good CMRR (a difficult adjustment to make simulta-
neously as we’'ll see in later circuitry). The transistor out-
puts can be assumed to be effectively zero impedance, so
the need for optimisation iseliminated. Althoughitisnot
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the case with this particutar 1C, PNP transistors are
sometimes used because of their slightly better perfor-
mance at the bass frequency end of the spectrum.

Using a dedicated pro-audio IC eradicates a great
number of circuit design problems in an effortless man-
ner. No transformeris used — we've established why this
is desirable over a period of some months! The cost con-
siderations for even a modest transformer are horren-
dous, and good ones such asthe Jensen JE-115K ( whichis
intended foruse with the NE5534) are ruinously expens-
ive. Juggling all the problems associated with the trans-
former in finalizing a design which will work well over a
wide range of operating conditions —while the designer
strives to define good bandwidth without compromising
phase response —is not one of life’s great pleasures.

The very process by which the IC is fabricated on
wafer ensures the transistorsin the first stage are perfectly
matched and although discrete bipolar super-matched
transistors are available — National Semiconductors’
LM194/394 to name one —their price puts them out of
bounds. Why struggle with what seems like an infinite
number of variables in the quest for a good design when
one is readily available at modest cost. It can also be up,
running and fully stabilised with the addition of a small
number of external components in the shape of capaci-
tors and resistors. Setting up is a matter of nulling a few
trim pots but we must ensure that any components exter-
nal to the IC do not degrade its good performance. This
most notable place where damage can be done is in the
network which provides the 48V Phantom power for
capacitor microphones. CMRR can be ruined by fitting
low-tolerance, ill-matchedresistors. Good quality metal-
film or equivalent types must also be fitted in the gain-
determining network or noise performance will worsen.

Next month, we start with a discussion on what is
termed ‘level architecture’ (which is basically the maxi-
mizing -of overall system performance by choosing
amplifier gain such that noise from preceeding stages is
swamped whilstheadroomis maintained). We thenmove
on to fill in the blank boxes which were labelled, some-
what mysteriously, ‘gain setting circuitry’. We look at
some of the merits and shortcomings of the ubiquitous
operational amplifier before cranking up the pace and
looking at equalization in terms of what we should like it
to do, what it is capable of doing, how it will sound and
finally, how we implement it in electronic terms.

Corrections to Part 2 (May)
On Fig.1 the base of Q201 should connect to the collec-

tor of Q202.

In Fig.2 the base of Q101 should also connect to the
collector of Q202 (above unlabelled). R202, 203 should
be lkasinthetext. C1 and C2 mentionedin the textarein
fact C201 and C207. 1C201, 202 should be labelled
TLO71 and Q203,204 and 207 are MJ11016.Q209, 210
and 212 are MJ11015 (Parts List in Part 3 notes this).

Some confusion seems to have arisen over the com-
ponentnumberingin the PSU circuit diagrams. To clarify
resistors, capacitors are numbered in the conventional
way 01,02,03 etc.Further, the componentnumberis pre-
fixed either 2 or 3, depending on whether it is the Audio
or Switching board, such that R201 is resistor 1 on the
Audio PSU, C302 is capacitor 2 on the Switching board.
Thanks go to ‘Confused’ of Stowmarket on this.
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). €179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

HIGH POWER CAR SPEAKERS. Sterec pair output 100w each
4ohm impedance and consisting of 6 1/2" wooler 2" mid range and
1“tweeter. |[deal to work with the amplifier described above Price per
pair £30.00 Order rof 30P7R,

2KV 500 WATT TRANSFORMERS Suitable for high voltage
experiments or as a spare for a microwave oven etc. 250v AC input
Now only £4.00 ref 4P 157

MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable).
Ideal for all sorts of precision timer applications etc, Now only £4.00
ref 4P151.

FIBRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five metre lsngth £7.00 ret 7P29R

12V SOLAR CELL.200mA output ideal for trickle

charging etc. 300 mm square. Our price £15.00 ref j
15P42)

PASSI\-'E INFRA-RED MOTION SENSOR.

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 58P4R
25 WATT STEREO AMPLIFIERc. STK043. With the addition of
a handful of components you can buikl a 25 watt amplifier. £4.00 ref
4P69R (Circuit dia included).
BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R.
ALARM TRANSMITTERS No data avaliable but nicely made
radio trar v ion. £4.00 each ref 4P81R.
12V 1 19A TRANSFORMER. Ex equipment but otherwise ok. Qur
price £20 00
GX4000 COMPUTERS. Customer returned games machines
complete with plugin game, joysticks and power supply. Retail price
is almost £900 Ours is £12.00 ref B12P1
ULTRASONIC ALARM SYSTEM. Once again in stock these
units consist of a detector that plugs into a 13A socket in the area to
pratect, The recelver plugs into & 13A socket anywhare else on the
same supply. Idsal for protecting garages, shads etc. Complets
systern £25.00 ref B25P1 additional detectors £11.00 ref B11P1
IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref
SP612
IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref
15P612
386 MOTHER BOARDS. Customer returned units without a cpu
fitted, £22.00 ref A22P1

-

.

N\

BSB SATELLITE SYSTEMS
BRAND NEW
REMOTE CONTROL
£49.00 REF F49P1

s

286 MOTHER BOARDS. Brand new but customer returns so may
nead attention. Complete with technical marual £20.00 ref A20P2
286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A49P1

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads Holds up to 5 batteries at once. New and cased, mains
operated, £6.00 ref 6P36R.

IN CAR POWER SUPPLY.Plugs into cigar socket and gwes

etc. £18 .00 ref 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dial up system (PSTN) no datal
ar info but only £3.00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3 00 ref 3P146R

BARGAIN STRIPPERS

Computer keyboards. Loads of switches and components excellent
value at £1.00 ref CD40R

DATA RECORDERS

Customer returned mains battery units buiftin mic ideal for Computer
or general purpose audio use. Price is £4.00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atan type joystick
port. Our price £4.00 ref 4P101R

ATARI JOYSTICKS

Ok for use with the above interface, our price £4,00 ref 4P102R
BENCH POWER SUPPLIES

Superbly made fully cased (metsl) giving 12v at 2A plus a 6V supply.
Fused and shont circuil protected. For sale at| less than the cost of the
case! Our price is £4,00 ref 4P103R

SPEAKER WIRE

Brown twin core insulated cable 100 feet for £2 00 REF 2P79R
MAINS FANS

Brand new 5" x 3" complete with mounting plate quile powerfull and
quite. Our price £1.00 ref CD41R

DiSC DRIVES

Customer retumed units mixed capacities (Upto 1.44M) We have not
sorted these so you just get the next one on the shelt. Price is only
£7.00 ref 7P1R {worth it even as a stripper)

HEX KEYBOARDS

Brand new units approx 5" x 3" only £1.00 each ref CD42R
PROJECT BOX

512" x 31/2" x 1* black ABS with screw on lid. £1.00 ref CD43R
SCART TO SCART LEADS

Bargain price Jeads at 2 for £3.00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX

250ml bottle of iquid rubber setsin 2 hours. Ideatfor mounting PCB's
fixing wires elc. £2 00 each ref 2P379R

QUICK SHOTS

3,4,5,6,7.5,9, and 12v outputs at BOOmA. Complete with uni
spider plug £5 00 ref 5SP167R

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal film, £5.00 ref SP170R

dard Atari compatible hand controller (same as joysticks) our
price is 2 for £2.00 ref 2P380R
VIEWDATA SYSTEMS
Brand new units made by TANDATA complete with 1200/75 buitt in
modem infra red rernote oontrolled qwerty keyboard BT appproved

\
MIRACOM WS4000 MODEMS

V21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

£29 _}

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5 00 ref SP186R i

COPPER CLAD STRIP BOARD 17 x 47 ot 1" pitch "vero®board
£4.00 a sheet ref 4P62R or 2 sheels for £7 00 ref 7P22R

STRIP BOARD CUTTING TOOL.£2 00 ref 2P352R

50 METRES OF MAINS CABLE £3.00 2 core black precut in

Complete with daylight sensor, adjustable lights
on timer (8 secs -15 mins), 50' range with a 80
deg coverage Manual ovenda faciity. Com-
plete with wall brackets, bulb holders ete. Brand
new and guaranteed. Now only £19.00 ref
19P29
Pack of two PAR38 bulbs for above unit £12.00 ret 12P43R
VIDEQ SENDER UNIT Transmit both audio and video signals
{rom either a video camera, video recorder or computer to any
standard TV set within a 100’ range! {tune TV to a spare channel)
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
SP191R
FM TRANSMITTER housed in a standard working 13A
adapter (bug is mains driven). £26,00 ref 26P2R
MINATURE RADIO TRANSCEIVERS A pair of F&‘é Fga
walkie talkies with & range of up 1o 2 kilometres. Units {5
measure 22x52x155mm. Complete with cases. £30.00 h) l )
ref 30P12R
FM CORDLESS MICROPHONE.Small hand held unit with a 500’
range! 2 transmit power levels reqs PP3 battery Tuneab!eto any FM
receiver. Our price £15 ref 15P42AR —
12 BAND COMMUNICATIONS RECEIVER.9 shuﬂf_’jﬁ‘
bands, FM, AM and LW DX/local switch, tuning ‘oye’ mains S2AE 5 |
or battery Complete with shoulder strap and mains lead
NOW ONLY £19.001! REF 19P14R.
CAR STEREO AND FM RADIOLow cost stereo system giving
5 watls per channel Signai to noise ratio better than 45db,
wow and flutter lsss than 5% Neg earth. £18.00 J
ref 18P30
LOW COST WALIKIE TALKIES.Pair of battery op- -
orated Units with a range of about 200" Ourprice £8.00 [ -
a pair ref 8P50R
7 CHANNEL GRAPHIC EQUALIZERIus a 60 watt power amp!
20-21KHZ 4-8R 12-14v DC negative earth Cased. £25 ref 25P14R
NICAD BATTERIES. Brand new top quality. 4 x AA's £4 00 ref
4P44R. 2 x C's £4 00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3
£6 00 ref 6P3SR
TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book, Latesl edition £20 00 ref
20P32R.
CABLE TIES. 142mm x 3 2mm white nylon pack of 100 £3.00 ref
3P104R. Bumper pack of 1,000 ties £14,00 ref 14P6R
GOT A CARAVAN OR BOAT?
NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE
2,500 NEW LINES FREE WITH ORDER ON REQUEST
R SEND £1.00

GEIGER COUNTER KIT Complete with tube, PCB and all compo-
nents to build a battery operated geiger counter, £39.00 ref 30P1R
FM BUG KIT.New design with PCB embedded coil. T its to
any FM radio 9v battery req'd. £5 00 ref SP156R
FM BUG Buill and tested superior Qv operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS.These convert composite video into
separale H sync, V sync and video, 12v DC £8.00 ref 8P39R
SINCLAIR C5 MOTORS 12v 26A (full load) 3300 rpm 6"x4" 1/4"
O/P shaft New £20 00 ref 20P22R
As above but with fitted 4 to 1 inline reduction box (800mpm) and
toothed nylon belt drive cog £40.00 ref 40P8R
SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
innertube Wheels are black, spoked one piece poly carbonate 13"
wheel £6.00 ref 6P20R, 16" wheel £6 00 ret 6P21R
ELECTRONIC SPEED CONTROL KiTior c5 motor PCB and all
components to build a speed controller {0-95% of speed). Uses
pulss width modulation. £17.00 ref 17P3A.
SOLAR POWERED NICAD CHARGER.Charges 4
AA nicads in 8 hours. Brand new and cased £6.00 ref
&P3R
12 VOLT BRUSHLESS FAN4 1/2" square brand new ideal for
boat, car, caravan etc. £5 00 ref SP206
ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter, leads and book
£15.00 ref 15P43R
VIDEO TAPES. Three hour superior quality tapes made under
licence from the famous JVC company, Pack of 5 tapes New low
price £8.00 ref 8P 161
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs supplied it will handle up to about
15w at 220vbut with a larger transformerit will handle 80 walls_Basic
kit £12.00 ref 12P17R_Larger transformer £12 00 ref 12P41R
VERO EASI| WIRE PROTOTYPING SYSTEM!Ideal for design-
ing projects on etc. Complete with tools, wire and reusable board
New low bargain price only £2.00 ref B2P1
HIGH RESOLUTION 12" AMBER MONITOR12v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R

2 m lengths. Ideal for repairs and projects. ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ref 2P365R

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy fixing £2 00 ref 2P366R

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines Swiss made £8 00 ref 8PS7R. Atari ST
conversion kit £2 00 ref 2P362R

6 1/2" 20 WATT SPEAKER Buitt in tweeter 4 ohm £5.00 ref
5P205R

WINDUP SOLAR POWERED RADIO! FM/AM radio takes re-
chargeable batteries complete with hand charger and solar panel
14P200R

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input +5@ 15A +12@ 5A,-12@ 5A,-5@ .3A Fully cased withfan,
on/oft switch, IEC inlet and standard PC flyleads. £15.00 ref F15P4
ALARM PIR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels £16 00 ref 16P200

ALARM PANELS 2 zone cased keypad entry, entry exit time delay

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

Prestel comp , Gentronics prnter port RGE colour and compos-
ite output (works wuth ordinary television) complete with power
supply and fully cased, Our price is only £20.00 ref 20P1R

AC STEPDOWN CONVERTOR

Cased units that convert 240v 1o 110v 3" x 2" with mains input lead
and 2 pin American output socket (suitable for resistive foads only}
our price £2.00 ref 2P381R

SPECTRUM +2 LIGHT GUN PACK

complete with software and instructions £8.00 ref 8PS58R/2
CURLY CABLE

Extends from 8" to 6 feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1.00 each raf CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2 00 ref 2P382R

BUGGING TAPE RECORDER

Small hand held rders that only op when there is
sound then turn off 6 seconds after so you could leave itin a room all
day and just record any thingthat was said Priceis £20.00 ref 20P3R
IEC MAINS LEADS

Complete with 13A plug our price is only £3 00 for TWO! ref 3P148R
NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, tools, fan etc pkis educational booklet
Ideal for the budding enthusiast! Price is £12 00 ref 12P2R

286 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £139 REF 139P1 (no i/o cards or drives included) Some

etal work req'd phone for detalls.

35MM CAMERAS Customer returned units with built in flash and
28mm lans 2 for £8,00 ref 8P200 .
STEAM ENGINE Standard Mamod 1332
engine complate with boiler piston etc £30
ref 30P200

TALKING CLOCK

LCD display, alarm, battery operated
Clock will announce the time at the,
push of a button and when the
alarm is due. The alarm is switchabls
from voice to a cock crowing!£14 00 ref 14P200R

HANDHELD TONE DIALLERS

Small units thet are designed to hold over the mouth piece of a
telephona ta send MF dialling tones. Ideal for the remote control of
answar machines. £5.00 ref 5P200R

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with cartridge and software 10
times faster than tape machines works with any Commodore 64
setup The orginal price for these was £49 00 but we can cffer them

1o you at only £25.00! Ref 25P1R

ATARI 2600 GAMES COMPUTER Brand new with joystick and
32 game cartridge (plugs into TV) £26 00 ref F20P1 also some with
1 game at £19.00 ref F19P2

BEER PUMPS Mains operated with fluid detector and electronic
timer standard connections. Ex equipmert. £18 00 ref F18P1

90 WATT MAINS MOTORS Ex equipment but ok (as fitted to
above pump) Good general pupose unit £8 00 ref F9P1

Hi Fl SPEAKER BARGAIN Originally made for TV sets they
consist of a 4" 10 watt4R speaker and a 2" 140R tweeter If you want
two of each plus 2 of our crossovers you can have the lotfor £5 00
ref FSP2,

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"Brand new drives white front. £20 00 Ref F20P1

IN SUSSEX? CALL IN AND SEE US!




INDEX

Doubie dice

GAMES

Alcohometer (reaction timer)
Alien Attack

Ambush part 1
part 2
Cannibals and Missionaries

Coin toss

Credit Card Casino

Dice

Decision Maker

Double die

Errata

Drunken Sailor puzzle
Dual electronic dice
Electronic decision maker
Electronic dice
Electronic one-arm bandit part 1
part 2
Electronic win-dicator
Family Ferry
Hammer Throw game
Heads or Tails (Short Circuit)
| Ching computer
Infinite improbability detector
LED dice (Short Circuit)
LINC
Mastermind
Number display Random
Obedient die
Pinball Wizard
Priority-Quiz switch
Race Track game
Reaction tester
Reaction timer

Errata
Reflex Action
Rifle for the TV games unit
Roulette game
Skeet game
Sound track game
Space Invasion game part 1
part 2
Errata
Space invation game-mods
Spirit Level (reaction timer)

(Short Circuit)

Stars and Dots game

Errata
Superdice
Survival game
Tank Battle TV game

Errata
Touch buzzer (Free PCB project)
TV Chess Game part 1
part 2
TV games unit
Wheel Of Fortune

LIGHTING

Ariennes Lights Light display
Audio light display using LEDs

Mth

Dec
Jun
Apr
May
Mar
Feb
Mar
Dec
Jul
May
Jun
Oct
Jan
Oct
Mar
Jan
Aug
Sep
May
Dec
Jan
Jan
Feb
Mar
Feb
Aug
Jun
Aug
Mar
Nov
Jul
Jan
Jan
Oct
Jan
May
Jul
Feb
Nov
Aug
Nov
Dec
Dec
Jul

Oct
Jun
Jul
Jul
Sep
Mar
Jun
Nov
Oct
Nov
May
Sep

Mar
Aug

Yr

1981
1981
1979
1979
1976
1980
1987
1979
1990
1979
1979
1976
1978
1976
1973
1976
1975
1975
1975
1974
1978
1977
1982
1982
1977
1975
1977
1988
1984
1979
1989
1978
1977
1979
1980
1976
1977
1981
1977
1982
1980
1980
1980
1981

1977
1978
1978
1981
1980
1978
1978
1980
1978
1978
1977
1978

1991
1979

Pg

79
61
61
48
24
51
50
32
50
26

16
46
16
62
58
38
48
47
56
29
34
60
35
49
26
41
36
54
24
50
36
20
75
11
62
20
22
34
72
65
44
13
94

28
17

71
87
40
13
48
48
a4
12
61

30
87

Automatic Light Switch
Automatic porch light

Colour Organ sound/light unit
Dimmer, 500W

Dimmer, 500W

Dimmer for fluorescent lights
Dimmer, programmable touch

Errata
Dimmer, push-button
Dimmer, stage

Errata
Dimmer, touch
Disco lightshow controller

Errata

Disco/party strobe (Finesse)

Ecolight

Emergency lighting unit

Finesse disco/party strobe

Finesse light chaser

Fluorescent light dimmer

Fluorescent light inverter

High power beacon

Hi-power strobe

Inverter for fluorescent lighting

Lampsaver

Light chaser (Finesse)

Light/heat controller (Free PCB project)

Lighting flasher

Light Wand

Muitiswitch multi-point light switching

Nightfighter Light controller part 1
part 2
part 3
part 4
Errata

Porch light

Push button dimmer

Sound/light unit ETI Colour Organ)

Sound-to light unit (Free PCB project)

Spectracolumn

Stage dimmer
Errata

Stage lighting unit part 1
part 2
part 3
part 4
Errata

Stage lighting interface for the

Spectrum

Strobe, high power

Sunrise light brightener

Visual complex sound analyser

Mth

May
Jul

Feb
Jun
Mar
Nov
Apr
Aug
Feb
Mar
Apr
May
Dec
Apr
Oct
Jul

Oct
Oct
Dec
Nov
Mar
Aug
Jun
Mar
Dec
Dec
Oct
Mar
Mar
Nov
Sep
Oct
Nov
Dec
Jan
Feb
Feb
Feb
Oct
Dec
Mar
Apr
Jan
Feb
Apr
May
Aug

Nov
Jun
Oct
Apr

Yr

1984
1980
1975
1975
1978
1972
1980
1980
1975
1979
1979
1981
1978
1979
1984
1984
1972
1984
1983
1972
1973
1976
1972
1973
1983
1983
1982
1988
1982
1983
1991
1991
1991
1991
1992
1978
1975
1975
1982
1982
1979
1979
1983
1983
1983
1983
1983

1984
1972
1985
1981

TEST EQUIPMENT

1kHz function generator

All purpose power supply, 30V, 1A
AC milliammeter

AF Signal genrator

Amplifier, bench (Short Circuit)
Amplifier, bench

Amplifier, bench

Mar
Aug
Aug
Jun
Feb
Aug
Dec

1977
1978
1930
1898
1977
1979
1980

PROJECTINDEX 1972-1992

Pg

19
77
11
30
55
42
71
11
30
50
13
79
44
13
52
55
41
52
44
a2
58
30
62
58
69
44
25
34
73
a7
16
32
22
20
58
28
30
1
31
65
50
13
22
34
42
79
70

72
62
48
21

55
75
58
36
52
67
74

70
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Analogue/digital probe
(ETI Modular Test Equipment)

Attenuator audio

Attenuator RF

Audio Analyser

Audio frequency meter

Audio millivoltmeter, ‘A weighted

Audio noise generator

Audio oscillator

Audio oscillator with LCD DFM

Audio power meter

Audio power meter

Audio spectrum analyser

Audio wattmeter

Autoranging capacitance meter part 1
part 2
Errata

Basic power supply, 4.5A-12V, 0.4A
Errata

Bench amplifier

Bench amplifier

Bench amplifier (Short Circuit)

Bench PSU, 20V/2.5A or 40V/1.25A

Bench PSU,

3-8V/2.5A and +8-16V/0.5A

Bench PSU, 25V/1.5A (Short Circuit)

Cable tester

Capacitance meter, 10p-10u

Capacitance meter, autoranging part 1 -

part 2
Errata
Capacitance meter, direct-reading
Capacitance meter
(ETI Capacitometer)
Capacitance meter, large value (ETI
Millifaradometer)
Capacitance meter module for DVMs
(Free PCB project)
Circuit probe, analogue/digital -
(ETI Modular Test Equipment)
CMOS IC tester
Errata
CMOS IC tester, simple
Component bridge (RCL bridge)
Component tester
for semiconductors)
Component tester
Continuity tester, audible (ETI
Loudspeaker Squeaker)
Continuity tester (Short Circuit)
Counter/timer module
(ETI Modular Test Equipment)
Cross hatch generator
Crystal calibrator
Curve tracer
Decade resistance box
Digital frequency meter
Digital frequency meter (Short Circuit)

Errata
Digita
Digital multimeter

Errata
Digital multimeter
Digital oscilloscope trigger
Digital test meter (DMM/DFM)
Digital voltmeter

Errata

Digital voltmeter module
Direct-reading capacitance meter
Diode tester

Distortion Meter part 1

part 2

Mth

Apr
May
Sep
Oct
Jul
Apr
Apr
Nov
Nov
Jun
Mar
Mar
Oct
Mar
Apr
Jul
Oct
Nov
Aug
Dec
Feb
Jul

Feb
Apr
Oct
Aug
Mar
Apr
Jul

Nov

Nov
Mar

Apr
Aug
Sep
Feb
Aug

Dec
Oct

Nov
Sep

Jan
Sep
Mar
Dec
Dec
Jul
Jun
Aug
Jan
Oct
Nov
Aug
Sep
Sep
Mar
Jun
Oct
Nov
Sep
Jan
Feb

Yr

1986
1973
1976
1986
1973
1976
1976
1980
1978
1976
1979
1978
1973
1982
1982
1982
1974
1974
1979
1980
1977
1976

1984
1977
1979
1980
1982
1982
1982
1984

1987

1985

1986

1986
1984
1984
1976
1985

1981
1990

1984
1977

1986
1978
1981
1978
1972
1990
1977
1977
1980
1976
1976
1978
1983
1980
1977
1977
1975
1984
1990
1985
1985

Pg

36
53
62
43
66
26
22
27
71
29
67
27
46
48
108
35
53
71
67
74
52
18

41
47
23

48
108
35
41

45
44
30

36
64
68
19
30

69
18

17
38

54
33
39
73
38
13
19

56
42

23
51
79
35

18
4
54
55
37

part 3
Dual logic probe
Dual power supply
Dual trace adaptor
Dual trace adaptor
(Design Competition)
Dual trace adaptors (Readers’ Designs)
Dummy load for audio testing
FET DC voltmeter
Frequency counter module, 1MHz
Frequency counter module
(ETI Modular Test Equipment)
Frequency counter, PLL part 1
part 2
Frequency meter
Frequency meter, audio
Frequency meter, digital, 0-150MHz
Frequency meter digital
Frequency meter, digital (Short Circuit)
Errata
Frequency meter, linear 100Hz-100kHz
Frequency meter module for DVMs
(free PCB Project)
Function generator, 1TkHz
(Short Circuit)
Function generator, 1Hz-100kHz
Grid dip osclllator
High impedance instrument probe
IC power supply
IF strip tester (Free PCB project)
Impedance meter, direct reading
Instrument probe, highimpedance
Insulation tester, 500V
Laboratory PSU, 0-30V, 1.2A
LCD digital multimeter
Errata
LEDIine logic analyser
LEDscope AF flat-screen oscilloscope
Linear frequency meter, 100Hz-100kHz
Linear IC tester
Linear ohmeter, 1k — 1M FSD
Logic/analogue probe
(ETI Modular Test Equipment)
Logic anaiyser (ETI LEDline)
Logic clip 16 point, TTL/CMOS
Logic IC tester, TTL/CMOS
Logic probe
Logic probe
Logic probe, CMOS, single point
Logic probe, dual
Logic probe, TTL/CMOS
Logic Pulser
Logic tester, CMOS
Logic-trigger for oscilloscopes
Loudspeaker squeaker
Low-ohm meter, 0.1-100R FSD
Marker generator
Memory ‘scope display
Meter mount (multimeter stand)
Millifaradometer —
large value capacitance meter
Millivoitmeter, audio, ‘A weighted
Modular test equipment part 1
part 2
part3
part4
part5
Errata
Muitimeter (DMM/DFM)
Errata
Multimeter, digital
Errata

Mth

Mar
Sep
Apr
Oct

Feb
Jul

Jan
Dec
Nov

Jan
Oct
Nov
Sep
Jul
Jan
Nov
Jun
Aug
Jul

Apr

Mar
Dec
Aug
Apr
Jan
Oct
Jun
Apr
May
Sep
Aug
Oct
Feb
Jan
Jul
Nov
Jun

Apr

Feb

Nov
Jan

Sep
Dec
Mar
Sep
Dec
Dec
Aug
Mar
Nov
Apr

May
Nov
Jan

Nov
Apr
Oct

Nov
Dec
Jan

Apr
Jun
Sep
Apr
Oct

Nov

Yr

1985
1982
1972
1974

1983
1981
1982
1972
1975

1986
1986
1986
1988
1973
1980
1989
1977
1977
1980

1986

1977
1979
1975
1982
1973
1982
1975
1982
1982
1981
1978
1978
1987
1987
1980
1974
1980

1986
1987
1983
1976
1972
1975
1983
1982
1979
1975
1980
1979
1984
1981
1976
1985
1973

1985
1976
1985
1985
1985
1986
1986
1986
1980
1981
1976
1976

Pg

43
68
50
18

72
27
7
36
11

54
28
29
34
66
56
54
19

99
46

55
20
34
57
34
26
17
57
73
87
23
13

57
99
30
34

36
50
91
19

32
73
68
101
37
73
39
17
40
25
28
43

44
26
38
36
37
54
36
55
79

42

XHANI
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INDEX

Multimeter, LCD digital
Errata
Multimeter
Niose generator digital
Ohm-meter, linear, 1 k-1M FSD
Oscillator, audio
Oscillator, audio, with LCD DFM
Osciliator, sweep
Osclilator, wide range
Oscilloscope, 10-MHz part 1
part 2
part 3
Errata
Oscilloscope BBC Micro
Errata
Oscilloscope calibrator
Oscilloscope, flat-screen AF
(ETI LEDscope)
Oscilloscope logic trigger
Oscilloscope memory display
Oscilloscope probe, high impedance
Osciiloscope, television part 1
part 2
Errata
Oscilloncape, television (Videograph)
Oscilloscope trigger, digital
Oscilloscope, dual beam

(Superscope) part 1
part 2
Errata

Superscope user guide
PLL frequency-counter part 1
part 2

Panel meter Universal
Power meter, audio
Power meter, audio
Power meter, RF
Power meter, stereo
Power-supply, 0-30V/1.2A
Power supply,4.5-12V/0.4A
Errata
Power supply,
3-8V/2.5A and +8-16V/0.5A
Power supply, 10V/1A or15V/0.5A
Power supply, 25V/1.5A (Short Circuit)
Power supply, 30V/1A
Power supply, 20V/2.5A or 40V/1.2A
Power supply board
(Fri Modular Test Equipment)
Power supply, bench
Errata
Power supply, dual, 0-20V/1.8A
Power supply Laboratory switched
mode part 1
part 2
Power supply, programmable
Power supply, Prototype designer
Power supply quad output
Errata
Power supply Spectrum 3
Errata
Pulse generator board
(Fri Modular Test Equipment)
Pulse generator, precision
Pulse generator, single/delayed
RCL bridge
Resistance box, decade
RF attenuator
RF power meter
SCR tester (Short Circuit)
Semiconductor tester
Signal injector/tracer (Short Circuit)

Mth

Aug
Oct
Oct
Dec
Jun
Nov
Nov
Aug
Jun
May
Jun
Jul
Feb
Mar
Aug
Apr

Jan
Mar
Nov
Apr
Jul

Aug
Sep
Apr
Sep

Feb
Mar
Aug
Jun
Oct
Nov
Jun
Jun
Mar
Oct
Mar
Sep
Oct
Nov

Feb
Jan
Apr
Aug
Jul

Oct
May
Aug
Apr

Dec
Jan
Jan
Oct
Apr
Jun
Sep
Oct

Dec
Nov
Feb

Aug
Dec
Sep
Oct

Jan

Dec
May

s

1978
1978
1989
1989
1980
1980
1978
1977
1978
1982
1982
1982
1983
1988
1988
1972

1987
1979
1985
1982
1983
1983
1983
1979
1983

1990
1990
1990
1990
1986
1986
1988
1976
1979
1978
1984
1981
1974
1974

1984
1973
1977
1978
1976

1985
1989
1989
1872

1991
1992
1983
1991
1990
1990
1989
1989

1985
1982
1981
1985
1972
1976
1978
1977
1981
1977

Pg

23
13
59
50
34
27
71
10
90
53
30
63
41
26
56
12

57
39
28
57
21
30
46
27
51

26
48
62
25
28
29
26
29
87

35
87
53
7

41
34
47
75
18

38
48
63
50

32
16
83
46
38
62
36
62

37
39
46
30
38
62
30
36
69
37

Mth Yr
Signal generator
(Fri Modular Test Equipment) Nov 1985
Errata  Jun 1986
Signal generator FM Aug 1990
Signal generator, general function Jan 1990
Signal generator, single span audio Mar 1992
Signal tracer Mar 1980
Simple CMOS IC tester Aug 1984
Errata  Sep 1984
Simple frequency counter Nov 1975
Sound pressure level meter Feb 1981
Spectrum analyser, audio Jun 1978
Spectrum analyst Nov 1982
Spectrum 3 Field power supply Sep 1989
Errata  Oct 1989
Errata Dec 1982
Stereo power meter Mar 1984
Stereo test amplifier (Short Circuit) Jul 1977
Sweep oscillator Aug 1977
Switched mode power supply Nov 1991
Telescope
(television oscilloscope) part 1 Jul 1983

part2  Aug 1983
Errata Sep 1983
Test card and test pattern generator
part 1 Dec 1991
part 2 Jan 1992
Update  May 1992

Testmeter, designing a part 1 Mar 1991

part2  Apr 1931
THD meter part 1 Jan 1985

part 2 Feb 1985

part3  Mar 1985
Thyrisor tester May 1991
Tone burst generator part 1 Feb 1976

part2  Mar 1976
Transistor tester Jul 1974
Transistor tester digital Nov 1988
Transistor tester Feb 1988
Transistor tester July 1990

Errata  Oct 1988
True RMS voltmeter Mar 1978
TTL supertester May 1975
TV bargraph Jul 1982
TV pattern generator Nov 1976
TV storage ‘scope part 1 Jul 1983

part2  Aug 1983
Errata  Sep 1983

Universal Digital panel meter Jun 1988
Videograph TV oscilloscope Apr 1979
Versatile grid dip oscillator Aug 1975
Voltneter, digital Mat 1977

Errata  Jun 1977
Voltmeter, FET DC Dec 1972
Voltmeter module, digital Oct 1975
Voltmeter, true RMS Mar 1978
Voltmeter, wide range Apr 1972

Errata  Feb 1973
Wattmeter, audio Oct 1973
Wide range oscillator Jun 1978
Wide range voltmeter Apr 1972

Pg

36
55
50
42
52
26
64
68
11
74
27
52
36
62
83
35
30
10
47

21
30

48
52
29
38
46
55
37
43
45
25
57
63
29
31
55
56
13
30
50
31
21
30
46
26
27
34
35

36
18
13
36
58
46
90
36

This index, presented in four parts (April-
July 1992), coverrs 20 years to April 1992,
Projects from this date to the present time
have not been included.

ETI JULY 1992




A

L il

ETI Bike Light 2

Improved LED read bike
light foil

)7,

Pond Level Controller May *92

Figure 2 The central hole is 28mm diameter.
Figure 3, unmarked dimension should be
30mm. Note 4 refers to slot in sensor probe.
In Figure 4 D1-4 are shown the wrong way
round. Also C5 should be connected to the
lower two holes of the three.

In Figure 6, C3 is missing. It should be in
series with R2 across the solenoid valve.

Chip Stereo Amplifier June’92 :

In Figure 1 C11,12 should be labelled 100n.
R9 should be 1RO as in parts list. R4 (1k0)
should be inserted in series in the negative
rail between Q2 and IC1a. This is shown on
the overlay.

In the parts list, C11,12,14,15,108 should be
inserted after C1,2,5,8' (100n). Delete
C14,15 under 10p catagory.

|

~

Frequency Meter Range Extender June 92
Capacitor C1 should be 10u not 100n, posi-
tive to R2. C2 should be 22u not 3n3, posi-
tive to R7. There should be a 100u (C6) elec-
trolytic connected in serieswith RS, positive
uppermost, negative to ground.

Xenon Flash Trigger June "92

-— g

ci
=
P — -
-/ o9
= o

SW5
Fig.12 C17 and R32 were not shown on the
overlay. These additions are shown above.
Fig.9 The small vertical connection to the
lower right of IC4c (pin 5) should be
deleted ie SW3 is connected to pin 6 IC4c
only.

. PCB foils patterns presented here are
intended as a guide only. They can be
used as a template when using tape and
transfer for the creation of a foil.

Ultrasonic Audio sender (transmitter)

Ultrasonic Audio sender (receiver)

J

Mini Baby bug monitor

ETI JULY 1992
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Surround Sound decoder foil
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E T SERVICE

ELECTRONICS

TODAY INTERNATIONAL

E9207-1 Improved Rear Bike Lamp .........coooovvevvoeooo
E9207-2 Mini Baby Bug Monitor ..............ccoovooooeooo
E9207-3 Ultra Sonic Audio Sender (2 boards)
E9207-4 Camera Add-on unit (4 boards) ..............
E9207-5 AutoMate 5V/48V Mixer power supply
ES207-6 AutoMate Precision 17V power supply
E9207-FC Surround Sound Decoder ..iq. i

PCB:s for the remaining projects are available from the companies lists in Buylines.

Use the form or a photocopy for your order. Please fill our 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.

E8805-3 Bicycle Speedometer ...........coooovommmrcremnrrr, F E8902-4 Questlon (2bds) .. K
E8805-4 Dynamic Noise Reduction ....... E  E8903-1 Intelligent Plotter Solenoid Board .H
E8806-1 Universal Digital Panel Meter ..... L  E8903-2 MIDI Programmer ... L
E8806-2 Universal Bar Graph Panel Meter K E8903-3 Balanced Disc Input Stage ..... e
E8806-3 Virtuoso Power Amp Board ............ccooueeoooer..... N E8903-4 Digitally Tuned Radio ... G
E&806-4 Virtuoso AOT Board ......... G E8904-1 Camera Trigger ... e el Tde e R E
E8806-5 Metal Detector ............... ...E E8904-3 Intelligent Plotter Main Board O
E8806-6 Bicycle Dynamo Backup .........coooccoommvvcriin, D  E8904-4 Kinetotie Tie Board ............. ... N
E8807-1 Bar Code Lock (2 bds) ........... . N E8904-5 Kinetotie Control Board E
E8807-2 Analogue Computer Power Board L E8905-1 Guitar Tuner ... H
E8807-3 BellBoy ..........c..cc... A e 5 F E8905-2 Camera Trigger Ultrasonics (2 boards) ... F
E8807-4 Logic Probe ..o, C  E8905-3 Bench Power Supply (2 boards) ... ... H
E8807-5 Updated FM Stereo Decoder .. E8906-1 PC edge connector ............... = F
E8807-6 Breath Rate Display Board ....... B eteersemermryihes F  E8906-2 MIDI converter CPU ............ N
E8808-1 Breath Rate Main Board H  E8906-3 MIDI converter keyboard . N
E8808-2 Breath Rate Switch Board C  E8906-4 MIDI converter control ... -M
E8808-3 Telephone Recorder D E8906-5 AF signal generator ... G
E8808-4 Analogue Computer Main Board (2 bds) ...... M E8906-6 Mini bleeper ... .. C
E8809-1 Spectrum EPROM Emulator ................... M E8906-7 Caravan heater controller i G
E8809-2 Frequency Meter (2 bds) ... P E8907-1 MIDI Patch Bay ................ .G
E8809-3 Travellers’ Aerial Amp ............ E  E8907-2 Priority Quiz Switch ovvvoooovvooo ... E
E8810-1 Gerrada Marweh Bikebell ............ E  E8907-3 Camera Trigger Infra-reds (2 boards) . G
E8810-2 Peak Programme Meter (2bds) N E8907-4 Aerial Amplifier main board o
E8810-4 TV-to-RGB Converter E  E8907-5 Aerial Amplifier power supply N
E8810-5 Electron RGB Buffer ..................... vt C  E8908-1 Intercom master station L
E8811-1 NiCd Charger . v E E8908-2  Intercom slave station ... B
E8811-2 Chronoscope (3 bds) ..ccovovvvcern... . ..P E8908-3 Intercom power mixer E
E8811-3 Digital Transistor Tester ... G E8908-4 Digital joystick-to-mouse conversion . .. H
E8812-1 Doppler Speed Gun (2 bds K E8909-1 Twin Loop Metal Locator .............. .. H
E8812-2 Small Fry Mini Amp ... D E8909-2 Trembler movement detector 2 D)
E8812-3 Thermostat ... & .. E E8909-3 Field power supply (spec 3) ... 5 C
E8812-4 Burglar Buster Free PCB ... D E8909-4 Micro monitors active filter .. [
E8812-5 Burglar Buster Power/relay Bdard .. E E8909-5 Chronoscope auto-reset .................... ©
E8812-6 Burglar Buster Alarm Board .................. C  E8910-1 Multimeter ... H
E8812-7 Burglar Buster Bleeper Board .........c..ooo....... C E8910-2 MIDI Mapper ... M

E8911-1 Smoke Alarm ma.i;n boé;a - e oy
E8911-2 Smoke Alarm power supply ...
E8911-3 Frequency Meter (3 boards)

E8901-1 EPROM Programmer mother board  ............... M
H
E!
.C E8911-4 Serial Logic Scope  ...........
E
L
D
L

E8901-2 Variat-lon updated Main Board ......
E8901-3 Variat-lon Emitter Board .............,

E8901-4 In-car Power Supply ..........
E&901-5 Granny’s Hearing Booster ..
E8902-1 Compressor/Limiter/Gate ...........cooocoovernio.
E8902-2 Ultrasonic Horn ........cooovvevrieeioeeoiooonn,
E8902-3 Stepper Motor Driver Board ..............ocoooo......

E8912-1 Mains Failure Alarm .................
E8912-2 Surveilance PCB ... ...
E8912-3 Slide/Tape Synch :
E8912-4 Pedal Power ..o

FmOOE0O .
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E8912-5
E9001-1
E9001-2
E9S001-3
E9001-4
E9002-1
E9002-2
ES002-3
E9002-4
E9003-1
E9003-2
E9003-3
ES003-4
E9003-5
ES003-6
E9003-7
E9003-8
ES003-9
E9004-1
E9004-2
E9004-3
E9004-4
E9005-1
E9005-2
E9006-1
E9006-2
E9006-3
ES006-4
E9006-5
E9007-1
E9007-2
E9007-3
ES007-4
E9007-5
E9008-1
E9008-2
E9008-3
E9009-1
E9009-2
E9009-3
E9010-1
E9010-2
E9010-3
E9011-1
E9011-2
E9011-3
E9011-4

E9011-5

E9012-1
E9101-1
E9101-2
E9101-3
E9101-4
E9101-5
E9101-6
E9102-1
E9102-2
E9103-1
E9103-2
E9103-3
E9103-4
E9104-1
E9104-2
E9104-3
E9104-4
E9104-5
E9105-1
E9105-2
E9105-3
E9106-1
E9106-2
E9107-1
E9107-2
ES9107-3
E9107-4
E9108-1
E9108-2
E9108-3

Digital Noise Generator ........
20 metre Receiver ...
Wavemaker FG ........
Motorcycle Intercom .. P o
Low Voltage Alarm .....c.cocvoiioiiinieninaniicn
EPROM Emulator ...........
Superscope Mother Board ...
Superscope CRT Driver Board ...l
Superscope Timebase Board ...
Superscope Y1 input board .
Superscope Y2 input board ..
Superscope switch generator
Business power amp board
Business power supply board ...
Business pre-amplifier board ......c.cccccoieevicinnn:
Water hole ...
Super Siren ...
Val's badge ...ccccovvrermirincaiiiiiinnn
Bass Amplifier DC Protection ...
Bass Amplifier Graphic Equaliser
Bass Amplifier Micto ....coviceiicocinciiininiisnniees
Quad Power Supply ...
Business Display ............
Phone Lock and Logger ........ccovenn
Dark Room Timer ...
Telephone Extension Bell .
Telephone External Bell ........
Fecko Box ........
Bug Spotter ......... J
Guitar Practice Amp .......... g
Digital Frequency Meter ...
Footstep AlArm f.ciexesssmussiioc issinsssssssisgsmesosses
Transistor Tester
Decision Maker ......c.ccoooreee
AC Millivoltmeteg ........ccccoon..
Temperature Cofroller
FM Generator ...
Slide Projector Controller
Ultimate Diode Tester ........ccccuivrrmmiiieierninnnas
The Entertainer ............
Component Tester
Active Contact Pickup
R4X Longwave Receiver
The Autocue (2 boards, 1 double srded)
Infra-lock transmitter (2 boards) .
Infra-lock receiver ...
Four-track cassette recorder

FMe e ®"="Z2ZOME o X

FZ e OmMZOmOT00mMOCZE MO0 o

TXRZOmmOUMm

(record/playback one channel) ........ccooieen. B
Four-track cassette recorder

(Bias/erase oscillator board ........cccoovuieiiiirnnias K
Infra Switch oo i S F

Remote Control — Main Board
Remote Control — Display Board ...
Remote Control Timeswitch — Transmit board E
SBC Micro-Controller Board
SBC Practice Interface Board ...
5 in 1 Remote Sensing Switch
Remote Control Timeswitch —
Anti Theft Alarm (2 bds) ........ A g AN
Ariennes Lights ...............
64K EPROM Emulator ...
SSB Radio Receiver ...
Active Loudspeaker board .
Testmeter Volts ............ s
Active Direct Injection Box .
EPROM Eraser ............
Digital Tachometer =
Radio Calibrator ...,....cccveeerene oA e R A 2
Modulator Laser (2 boards)
Thyristor Tester ............. i
Frequency Plotter ......c.opovimmoririceiiissienieanns
Laser Receiver ..,.......
Temperature Controller — Power Supply G
Temperature Controller — Main Board . K
Temperature Controller — Probe PCB ... F
The Foot Tapper — Volume Control (2 sided) .J
The Consort Loadspeaker .........c..ccoovicomiennns H
E
F
F

Pulsed Width Train Controller ...
Model Speed Controller — Main Board ..........
Model Speed Controller — Power Supply ... 'E

E9109-1 Geiger COUNTET .......covrmrimimirmmrcseseiseiseronieniniienss E TELE
E9109-2 Hemisync Waveform Generator Board ........
E9109-3 Hemisync Pulse Generator Board ...
E9109-4 Hemisync Power Supply Board ......
E9109-5 Nighfighter Main Processor Board ...
E9110-1 Freeze Alarm
E9110-2 Document Saver ...
E9110-3 Proto-type Designer
E9110-4 Nightfighter — Sound to Light (2 sided)
E9110-5 Nightfighter — Ramp Generator Board ...........
E9110-6 Nightfighter — Cyclic Crossfade (2 sided)
E9110-7 Nightfighter — Strobe Board (2 sided)
E9110-8 Nightfighter — 8 Channel Triac Board
E9111-1 Digital Code Lock ....cccooocnivirinvciienaes
E9111-2 Switched Mode Power Supply .....ccccooconevvinnnn.
E9111-3 Nightfighter Mode Selection (2 sided) .............
E9111-4 Nightfighter — Display Board (2 sided) .........
E9111-5 Nightfighter — Bass Beat Trigger (2 sided) .....
E9111-6 Nightfighter — Sequence Select (2 sided) ......
E9111-7 Nightfighter — Master Controller PSU ...........
E9111-8 Nightfighter — Output Switch (2 sided)
E9112-1 Nightfighter Sensor Switch Master Control

() sided )M e L
E9112-2 Nightfighter Sensor Switch Channel Control

(2sided ) R o . L
E9112-3 Nightfighter Sensor Switch Sound Trigger ..... H
E9112:4 Nightfighter Connector Board
E9112-5 Nightfighter Sensor Switch PSU .......ccccoovvveneee K
E9112-6 Nightfighter 8-Channel Input Interface

(2 sided) ........... . P
E9112-7 Power On and Overload Regulator .................. 2
E9201-1 Laboratory Power SUPPY ...cocovriiernceinieneranias
E9201-2 Test Card Generator Board ...
E9201-3 LED Star (2 sided) .....ccccoovene. 5
E9201-4 Enlarger Timer Main PCB (2 sided) ............. N
E9201-5 Enlarger Timer Selector Board (2 sided) K
E9201-6 Enlarger Timer Switch PCB ....cocovieriiiinneees
E9203-1 MIDI Switcher — Main Board ...
E9203-2 MIDI Switcher — Power Supply
E9203-3 Sine Wave Generator (surface mount)
E9204-1 Auto Car Lights
E9205-1 Bat Detector .. |
E9205-2 Pond Controller .........cimioeieinsnacine
E9206-FC Stereo amplifier
E9206-2 Xenon flash trigger Main Board
E9206-3 Xenon flash trigger Flash Board ...
E9206-4 Scanner for audio generator

Price Price

code (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

HEgCC-OEPLOVOZIrR«TIOTHMOO

TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Please supply:
Quantity Ref. no. Price Code Price Total Price

Post and packing £0.75
Total enclosed £
Please send my PCBs to: @Lock capaLs pLEASE)

Name

‘Address . LB oo
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'—Pga;su_ppl-y p?ot?ct%ie?oﬁh;‘oI-IOVan-arEIgfrzm_l
] ET! (complete in block capitals): : |
I Month ... Year .. 1. $% Page (if known) ......... |
! L= A o L B £ | I
i ‘ |
| Month ... Year ................ Page (if known) ......... |
I Title e |
: Month ............... Year ................ Page (if known) ......... :
I Lt R N L T |
| !enclose a cheque/postal order made out to ASP Ltd. to |
I the value of £1.50 per photocopy ordered. i
| Total remittance £ ....... Date .....ccoocvviecrieciee. i
I N e L |
I I
TESS ottt ettt st e
I Address |
e L NN I |
e o e e Postcode ................... I
| Send the completed form and your remittance to: |
| ETI Photocﬂ:y Service |
Argus House
I Boundary Way I
| Hemel Hempstead |
|

Ly T

Active
Loudspeaker |
System '

With the present interest  Exceptional bass exten-
in special speaker cable,  sion and slam combined
bi- wiring and bi-amping  with damping and control
the Hifi enthusiast is defi- is given by a negative
nitelytryingtoimprovethe output resistance ampli-
amplifier-loud- - fier. The cabinet

speaker interface. kit has a ready
Active speakers finished wrap,
with the amplifi- baffle and rear
ers built in are the panel to ease
logical conclusion construction and
to this approach. give a profes-
Using modern sional look. The

electronic design \
Memex allow youto \U throw 6.5" poly-
exploitthe advantages propylene unit and the
of active speakersinacost tweeter is the superb Elac
effective way. Home metal dome unit. All you
demonstrations are pos- need extra for a minimal-
sible. Available as akitor ist system is a CD player
partly /completely built.  with a volume control on
Size 217 x 265 x 320 the headphone output.
Completekit£198 pair inc. Export customers please write for prices

Sae for details of our new Contralto, Calypso and Cabaret
designs. The Consort was featured in ETI July 91

woofer is a long

Memex Electronics Ltd 1 Icknield Close
Ickleford Hitchin Herts SG5 3TD

MILLIONS OF QUALITY COMPONENTS
AT LOWEST EVER PRICES

Plus Tosls, Watches, Fancy Goods, Toys.
Mail order only. UK only.

All inclusive prices
NO post, or VAT etc to add on.

Send 34p stamped self-addressed label or envelope
for catalogue/clearance list. :
At least 2,100 offers to amaze you.

" Brian J Reed Electronics
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 081-393 9055

JOBS GALORE
100°s OF

GENUINE JOBS,
D WEEKLY, ACROS

Select the Category of Your Choice
ACC/BANKING/FIN | HOTEL/CATERING | MANAGE/EXECUTIVE
0839 116665 0839 116669 0839116673
BUILDING & CONST RETAIL MEDICAL/EDUCATION
0839 116666 0839 116670 0839116674

COMPUTING SECRETARIAL/ADMIN | PUBLIC AUTHORITY
0839 116667 0839 116671 0839116675
ENGINEERING/TECH. | SALES/MKT/MEDIA | GENERAL/SELF EMP
0839 116668 0839116672 0839 116676
L oL A
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ELECTRONICS

0442 66551
Send your requirements to:

Seml displa

GRS

) ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
: (minimum 2.5cms)

£15.00 per singie column centimetre (+VAT) per
Electromart £24.00 per Insertion (+VAT)

Ring for information on series bookingsi/discounts.

insertion

Dot matrix LCD 10%2 lines ..... £3.75ea"
Dot matrix LCD 161 lines
with Dots .. .. T £4.95*
40 character x 1 line dot matrix display
withdata .. ... .. £14.95 ea
20 character x 2 line dot matrix display

with data ... ... .£795 ea
2 digit 16 segment VF display
withdata ................. £2.95 ea*

4 digit intelligent dot matrix display £6.00”
17 segment VF display with driver

boardanddata . ., ......... £2.99 ea”
8 digit liquid crystal display ... £1.75 ea”
4 digit LCD with

7211 driver chip £3.50 ea”
Digital ¢clock display .............. £2.50"
11 key membrane keypad £1.50 ea™

Keyboard 382mm= {B0mm/ 100 keys
ah board + LCD + 74HC05/
B0CA49 easily removable

19" 3U sub rack enclosures ........ £8.95

12V stepped motor, 48 steps per rev,
73" step angle . £3.95¢ea"

Steppad motor board with slotted
oplo+2 marcury tilt switches £3.95 ea®

1000 mixad '/, watl 1% resistors . £4.95 ea

250 electrolyic axlal+radial caps £4.93 ea

200 off mixed polyéster caps ... £7.95
100 Mixed trimmer caps popular

VENES s o 3888e o0 v 60 doRB00 680 . £4.95"
50 off MC 78M12CT Volt Regs ....£2.95"

20 off WO2M Volt Regs
25 off mixed buzzers and sounders £4.95
Cable box UHF modular/video preamp/

transformer/RA's + C's/leads £6.95
1000 off mixed Multilayer Ceramic

Caps TN ) ... £795
Solar cell modules

045V 700mA ......£2.95ea"
BBC Micro to disc drive lead .. £150*

Car Burglar alarm vibration auto entry/
exitdelay .............. ... £€5.95 ea”
Single zone alarm panel auto entry/
exit delay housed in domestic light
socket ...l £9.95 ea

TODAY |NTERNAT|ONAL ﬂ @S Al advertisements in this section must be prepaid. ]
FA Y = Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).
Metal detector boards with data, has PC. PSL. 50 watt 115-230V input+aV
tuner, mode, discrimitate, headphone AA+12V 2.5A output with bullt-in fan, A RT R I DG REPORTER
jack, on/off/volume and push button |IEC inlet+on aff £9.95 ea
FAGITES .. voesee e £795ea | STC PS.L 240V input 5V 6A output Model T26
Dictaphone cassette, mech/record erase (converts ta 12V 3A detalls LECTRO N I CS . =
playback heads, 6V solenoid, motor, hall available) ... £5.85 ea X . E % 4
ffeCUSWItCR .. -...ovoenen £2.00ea* | 240V Input 5V 10A output {converls o ¢ Two Mic. Inputs + Line Input ¢
TV/Printer stands £3.95 ea 12V 5A no detalls) .£5.95 ea ¢ Auto — Manual Control 4
Bicc-Vero Easiwire BODD line output transformers .. £1.25ea & D.T.M.F. or L.D. /Dialing ¢
construction kit .. ..........£4.95ea* | 240V |n 0-12V 0.75A oul
TTL/CMOS shortgircuit snooper £4.95" transfarmar £2.75

240V in 0-28Y 62VA out transformer€2.75
Translarmer+PCE gives 2x75V 32VA with

skl far 5 or 12V regulator, will power

floppy drive s £3.75 ea
Ultrasonic transducer {fransmit+

receive) ceveenneen . -.-E1,50 pair
3 to 16V Piezoelectric sounders 50p*
9V DOC electromachanical sounder  50p*
24V DC electromechanical sounder 50p™
24 250V keyswitch 3 position key

. OUTSIDE BROADCAST UNIT
EASY TO CARRY
FLIGHT CASE UNITD
BROADCAST OVER BENFLEET
STANDARD PHONE NETWORK TELEPHONE: 0268 793381

318 HIGH ROAD

ESSEX §87 5HB

removable in two positions ... £1.50"
DI switches PCB MT 3/4/6 way ...35p"
5Y SPCO SIL reed ralay 40p* Aa
5% 2PCO DIL miniatura refay .. ... 60p" MARCONI Instruments DIgIta‘

Simulator 2828A £2,300 ono.

12V 2PCO or 4PCO continental relay 60p* ¢ Jor
Marconi Instruments Digital

12y 10A PCB MT (to make contact)

relay ... ..... RN T
3 1o 12V electro magnetic accousti 8;89’;255268229 £1,850 ono. Tel.
transducer with data . .. 75p" 1
2.4576/8.8329/2110 MHz
c{?rs#algs NG .50p ea”
Bridges 25A 200V ...- £1.00°
ZRI00V : " 50p- FREE REGULATED
3ib Mixed components pack .£4.95
25 ot mixed ralays ... .......:....£5.95 POWER SUPPLY
40 off mixed toggle switches . ......£9.95

50 off mixed swilches, togale, rocker,
micro, slide .o £9.
miniature axfal chokes, 0.1, 018, 012, 0.33,
0.39, 015, 1, 3.30H 10p ea 100 for £750
50 Mixed terminal blocks . ... ..E2.85
250 off 16/22/24/40 way IC Skis - £4.95%
100 off Pheno plugs {red/blk/grey) £3.50°
QUANTITY DISCOUNTS AVAILABLE — PLEASE RING

FREE Regulated Powersupply!
Variable 9-25V DC. Return AD
+£1 p&p. K.I.A. 1 Regent Road,
llkley. Stereoamps cased +
controls 60w/£10.

ALL PRICES INCLUDE VAT
PLEASE ADD £2.00 p&p EXCEPT ITEMS
MARKED * WHICH ARE 50p
SAE FOR BULK BUYING LIST
PAYMENT WITH ORDER TO:

MISCELLANEOUS

9 WATT Infrared laser diodes,
driver circuit plan included
£69.00. Laser pens, 1mw (red)
£149.00. Laser diode modules
(red) 2mw £99.00, 5mw £159.00.
A. McKeeve, 6 Grange Farm,
Kirkcaldy, Fife, KY2 5UH.

Dept ETI, COMPELEC,
14 Constable Road, St Ives,
Huntingdon, Cambs PE17 6EQ
Tel/Fax: 0480 300819

CIAL OFFERS

CATALOGUE £1.00 + 25p P&P
LEDg Jrm ai Smm 123 or gragn fip eschyeilow 11p sach
Hi sy (el IEE!I of yelow 51“:' it Fip each

£RSS

g moter e — KRB
Emitlar 4l pood GuEty saund i i CRET
by phoba resiel coppee Gl aposy DesE heams
0 iz sided

dauble sdag
Ao

2 ) £0.85 107
4x8 Inches £240 £268
6x12 inches £537 =
12x12 mches £1066 —
Special Otfers

tech
95 wnedy PAP val inoided

ECTRONICS

JPG EL
276-278 Chalsworth Road Cheslerfield $40 2BH

AccessVisa Orders (0246) 211202 callers welcome

NEWMARKET
TRAN SIORMERQ LTD:

9 FIVE ACRES, HARLOW, ESSEX CM18 6UX. TEL/FAX: 0279 419302

TOROIDAL & LAMINATED
TRANSFORMER
MANUFACTURERS

Very competitive production run + mail order service

Phone: C. llesley for immediate quote Tel: 0279 419302

COMPONENTS

QUALITY Mixer Components for
a 24ch mixer never completed.
5534's, input, Transformers,
Sifam Knobs, Penn and Giles
Faders, switches etc. Offers.
Phone 0602 215078.

ELECTRONIC COMPONENTS

RF & General Purpose
electronic components for
constructors projects.

Our mail order catalogue shows
it. Send 75p for your copy now.

£3.00 of discount vouchers
supplied.

Or call us today for the parts you
need, or ask about kits for your

magazine project.

J.A.B Electronic Components

Rear of Queslett Motors

1180 Aldridge Road e

Great Barr, Birmingham /

B44 8PE

Tel: 021-366 6928

WANTED

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO CASH
immediate settlement.

We also welcome the opportunity
to quote for complete factory
clearance,

Contact:
COLES-HARDING & CO.
103 South Brink
Wisbech, Cambs. PE14 0RJ

BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax: 0945 475216

ETI JULY 1992
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TRANSFORMERS

N lEE

Niew for 19

* New MOSFET Amplifiers
improved range of SMOS modules
30W, 30+30W, 60W, 120W

* 20 watt Class A Amplifier

* Low profile PCB Transformers
a range of encapsulated transformers
4VA, 6VA, 10VA, 18VA, 24VA, 30VA
Write or phone for data and prices...

which include details of standard range of
toroidal transformers and audio modules.

No price increase for 1992

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: (0227) 365104

KITS SPECIAL OFFERS

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range sensitive electret
microphone, high quality PCB |
SPECIAL OFFER complete kit
ONLY £5.95 assembled and ready
to use £9.95 post free. Access/
Visa orders telephone 021-411
1821. Cheques/POs to: Quantek
Electronics Ltd, Kits Dept (ETI), 3
Houldey Road, West Heath
Birmingham B31 3HL. For details
on this and other kits. Shop now
open — callers welcome.

SPECIAL OFFER TO ETI READERS!
only £17.99 (inc P&P)

A must for ail students and hobbyists leaming
how common electric components work

THE VIDEO

ELECTRONICS FOR THE HOBBYIST
(An excellent 90 minute video using compuler-
graphic simulalions}

Send cheques/PO payable io:

ON-LINE VIDEO MARKETING (DEPT EV.3)

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/792

Name

o Telecomms
Tech C&G 271

U Radio Amateur

¥ Licence C&G
O Micro-

processor

0 Introduction to
Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

ELECTRONIC PLANS, l|aser
designs, solarand 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.

STUDY ELECTRONICS on the
BBC Micro. An interactive
approach to learning. Three
program titles now available.
‘Introduction to Electronics
Principles’, ‘Electronics Math-
ematics' and 'Digital Techniques'.
Programs include theory,
examples, self test guestions,
formulae, charts and circuit
diagrams. User inputs and
calculated outputs. £29.95 each
+ £2.00pp. Cheque or Postal
Order to E.P.T. educational
software. Pump House, Lockram
Lane, Witham, Essex CM8 2BJ.
Please state BBC B/Master
series and disc size.

OPEN COURSES

BT Ec qualifications

*Electronics
*Telecommunications
*Microelectronics

For further information contact:
Dept 703

National Extension College

18 Brooklands Avenue
Cambridge CB2 2HN

ONINHY3T N3dO Ag

Tel: (0223) 316644

NEC

CALL UsS TO
ADVERTISE ON:
0442 66551

TO GET WHAT
YOU WANT —
PLACE AN AD
IN ETI
TEL: 0442 66551

ELECTROMART

The Cottage, Tredown Farm, B e,
Milton Abbot, Tavistock, Devon PL19 0QT.

Olher tilles avallable SAE lor lisl Allow 14 days for delivery

MENDASCOPE LTD

REPAIR & RECALIBRATE
OSCILLOSCOPES

ALL MAKES AND MODELS
NATIONWIDE COLLECTION
& DELIVERY
FREE ESTIMATES

Llangollen, Clwyd, N. Wales LL20 7PB
PHONE: 069 172 597

MANCHESTER
THE ELECTRONIC SHOP

Electronic components, test
equipment, telephone accessories,
computer accessories, microphones,
disco lighting, speakers, turn tables,
mixers, meters, stylus.

29 Hanging Ditch,
Manchester M4 3ES
Telephone & Fax 061 834 1185

LIVERPOOL

ALL PARTS
TV & Video spares emporium

Phone for best price on spares
Ferg Video Heads from £10.95, Panasonic Heads
from £10.95
Videe Copy Kits £5.99. Amstrad Satellite Spares
All your TV & Video needs here in Liverpool
ALL PARTS, 101 Rocky Lane, Tuebrook,
Liverpool 6 4BB. Tel: 051-2604825

Mon-Fri 10am-5.30pm, Sat 9am-5.30pm

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street
Tel: 051 236 0982 051 236 0154

47 Whitechapel
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

To advertise in
Electromart
Tel: 0442 66551
for details of
rates

N N Y
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Great news f
fishkeepers!

AQUARIUM

is the NEW
monthly fish-
keeping
magazine
offering the
best in the
world of
aquatics for
beginners and
experts alike.

There are expert
tips, step by step guides and

dazzling pictorial displays of aguarium fish in 100
pages bursting with glorious colour
detail. And it'sonly £1.75

Why not order a copy
from your newsagent?

k You’ll be glad you did!

ET

Rates: Lineage 55p per word + VAT minimum 15 words.

— S

' ETI Reader __Offer

i

HEXAGONAL KEYS

Hexagonal keys in the toolbox can be an unexpected bonus when
faced with the repair of a commercially made piece of equipment. No
other tool will undo them. Having them retained on a key ring means
they are all there when you want them. Available in imperial or metric.

Credit Card Hotline © 0442 66551

Please return coupon to: ETI Reader Offers, Argus House,
Boundary Way, Hemel Hempstead, Herts. HP2 7ST.

Please SUPPIY .....ccoivreimineniciiainnnns ROET/24 @ £2.99

IMPERIAL [ METRIC O (Please Tick) |
| enclose my cheque/P.O. for £ ..o payable to ASP |
orpleasedebitmy Access/Visa [ | | | | [ [ I [T [ TTTTT] |

aboul affers and services which may be of particular interest to you.
L--——--_-—_-_—_—_-_—_—

Please allow. 28 days for delivery. U.K. ony {Overseas upon request). Note: You may receive information l

.

ELECTRONICS TODAY INTERNATIONAL
CL_ASSIFlED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be

pre-paid.
N 2 1= YU O PP PSP PP PP PP S PSP PRI TPP PRI PRIPRPES
e e 1Yo - TUU U P PP PP PP PERR PP
......................................................................................................... Daytime Tel. No:
SHGNALUIE ... .eceeeeecreen bbb s Date st s i e
PLEASE DEBIT MY ACCESS/BARCLAYCARDNo. | [ | [ [ [ T [ T [ [ [ [ [ [ [ |ExpiryDate. e

[JFOR SALE _ COMPONENTS | PLANS []OTHERS STATE
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SPECIALIST PUBLICATION

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST
Tel: (0442) 66551 Fax: (0442) 66998

MONTH

Amnn_gst the multitude of projects lined up for you
next month we include a novel design for a
dynamic noise limiter, a cost effective way to turn a
plane keyboard into a MIDI activated synthesiser, a
smart intercom system, and a simple and incredibly
thin DIY television aerial that could even dissappear
behind the wallpaper. Not forgetting we give a com-
plete PCB away on the coverof ETTevery month. Next
month we presentan auto controlled battery chargerto
addan elementof safety to the charging process of your
car battery. Our features include more on the latest
ideas for digital TV, a beginners guide to using wave-
guides and Ray Marston continues his test gear series
looking at Multi-meter circuits.

These are just some of the things coming your way
in our August issue. Pick up a copy from your newsa-
genton Friday 3rd July.

The above articles are in prep ion but cir may prevent publication

LAST MONTH

rticles that appeared in the June issue were:
Rear LED Bike Light
Scanner for Sine wave Oscillator
Chip stereo Amplifier
Phase Locked Loop circuits
Xenon Flash trigger
Digital TV Part 2
New Solar detector design
A limited number of back copies are available from
Argus Subscription Services. Address in column to left.
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TOTAL PROGRAMMING SOLUTIONS FROM CITADEL

S T S—

"PC82 UNIVERSAL PROGRAMMER £395.00 |

[ M25 BULK FAST ERASER £199-00 |

® Universal programmer —the compiete designers kit.

® Over 1,500 devices — call for list on FREE disk.

@ EPROM, EEPROM, Flash, BPROM, GAL, PAL, MPU etc.

® Serial EEPROM, EPLD, MACH, MAX, MAPL, CMOS
EPAL.

@ Device testing — 74XX, 40XX, 45XX, DRAM, SRAM

® PAL vector test.

@ Clear menu driven software

® Text mode only, suits any video card.

@ 40 pin Zero insertion force socket

® Device testing — 74XX, 40XX, 456XX, DRAM, SRAM.

® Small half card to install in PC may be left in place.

® Secure round cable and locking D connectors

® Proven reliabitity — over 100,000 units scld.

® Programmer pod size — 260x 140 - 38mm

ADAPTERS FOR THE PC82 From £85.00 |

® Extend programming facilizy for
@ Allows alternative socket types &
@ Multi-gang adapters for fast crogramming of EPROMS, GAL, PAL and

popular CPU types.

CsC el Gevices

FEATURES ALL PROGRAMMERS

Zor the IBM PC, install the inzer“ace cara and programming socket, load
-ne menu-driven software ana vou ~ave & complete design system at
.our fingertips. The programmers will run on any compatible IBM
machines such as XT, AT, 386 or 488 \Wnether it be an Amstrad or
Compaq the system will wors Al “sstures are software driven and
supplied on 54" disks, these may bs ccoied onto your hard disk using the
DOS copy command. All contrc: of the programmer, programme
voltages etc are menu driven by se'scing manufacture, type number, and
selection of a suitable speed algcrisn™ 3iank check, read & modify, verify,
programme, auto programme. SSCu7'Ty DiOW etc.

FREE SOFTWARE UPDATES as new cevices become available.

[ FILE CONVERSION FACILITIES |

@ HEX to BIN File conversions for intel. Motorola
zn¢ Tektronics.

@ 2 way/4 way Bin file splitter “or "6 32 bit data.

® Dumpfileto Console, modify ancre-programme.

For further information and your FREE PC82
Simulation and device disk.

PHONE SAMANTHA
NOW ON:

081 951 1848
081 951 1849

@ Same advanced UV source as the M1 but 4 lamps.

@ Very large capacity 64 %32 pin chips or one double Eurocard.
@ All other features as M1.

@ Low profile steel case finished in powder coat.

® Size 365%240x65mm high.

[ M1 FAST ERASER £99-00 |

@® Advanced UV source.

@ Typical erase time three minutes.

@ LED display of set time and countdown.

@ End of time indicated by beep and display.

@ Large capacity 13x28 pin devices.

@ Sturdy construction, plated steel & aluminium
@ Small footprint only 65x225x100mm high.

RS

| PC86 HANDY POCKET DEVICE TESTER £99-00

@ Tests and identifies virtually all TTL & CMOS.

@ Test many DRAM and SRAM memory chips.

@ LCD display of type number and results.

@ Battery operated (PP3) and completely self-contained.
@ Zero insertion force test socket.

@® Dimensions 90x140x30mm.

[PC8441to -8ROMPROGRAMMERS _ From £139-00 |

@ Low cost EPROM programmer — devices up to IMb CMOS and NMOS.

® One to eight gang versions. ) ‘

@ To program 2716 to 271000.
@ 32 pin Zero insertion force sockets.

ORDER INFORMATION

Please include £7 for carriage by overnight courier {£20 for exports) and
VAT on all UK orders. ACCESS, VISA or CWO. Official orders welcome
from Government bodies and local authorities.

= E e

CITADEL PRODUCTS LTD
DEPT ETI
50 HIGH STREET
MIDDLESEX HAS8 7EP




Simply the best!

THE VELLEMAN K4000 The Velleman name stands for quality, and the K4000 valve amplifier

is supplied with everything you'll need to build it, including a ‘Get-You-

GUTSY & GOOD LOOKING Working' back-up service,

SOUNDS GREAT! Delivering 95 watts in class A/B1, the K4000 is, without doubt, price for
" price, the best sounding, ‘gutsiest’, most handsome valve power amplifier

PRICE FOR PRICE, THE kit available anywhere.

BEST VALUE BEST A smooth top end, open mid range and deceptively powerful bass, givea
) tangible holographic sound stage. The massive, wide dynamic swing and

SOUNDING, BEST LOOKING, overall sound quality means this amplifier loves music! - Any music!!
STATE-OF-THE- ART, The full range of Velleman kits is available from Maplin Electronics,

official appointed UK. agents, including the Velleman K4000 (VE99H

VALVE POWER AMPLIFIER £499.95 [H]), high performance valve power amplifier, (featured above).
Prices of Velleman Kits start from as low as £7.45 and all kits are
KIT THAT ,S AVAILABLE manufactured to the same high standards and quality.
VELLEMAN’ See the full range of Velleman kits in the 1992 Maplin Catalogue £2.75,

or by post £2.95 (CA09K), or visit vour local Maplin store. Credit Card
SIMPLY THE BEST!  Hottine 0702 554161, Mail Order tor PO, Brox 3 Rayleigh, Essex 536 SLR.

Nelleman

AVAILABLE FROM MAPLIN ELECTRONICS: OFFICIALLY APPOINTED U.K. AGENTS
THE ONLY AGENT THAT GUARANTEES TO ‘GET-YOU-WORKING'

Visit our stores at; BIRMINGHAM; Sutton New Road, Erdinglon. BRIGHTON; 65 London Road. BRISTOL: 302 Gloucester Road. CARDIFF; 29 City Road. CHATHAM; 2 Luton Road.
GLASGOW,; 264-266 Graat Western Road, LEEDS: Carpet World Building, 3 Regent Street, LEICESTER; Office World Building, Burton Street. LONDON; 146-148 Burnt Oak Broadway,
Edgware. 120-122 King Strest, Hammersmith. MANCHESTER: B Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court, The Metro Cenlre, Gateshead. NOTTINGHAM; 86-88
Lower Parliament Street, READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road, Hillsborough. SOUTHAMPTON; 46-48 Bevaiz Valley Road. SOUTHEND-ON-SEA; 262-2584
London Road, Westeliff. Plus new stores in COVENTRY and SOUTH LONDON opening soon, Ring 0702 552911 for further details. All tems subjsct to availability. Far items marked [H] add
£5.30 carriage, For all Mail Order purchases add £1.00 pép. If buying a catalogue only on Mail Order, you do not have lo. pay the £1.00 p&p charge.




