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B 'We have some fascinaling projecis
and features for you this issuel The
FSK tone demodulatoris the firstina
sefies of projects which will enabie you
to receive radio teletype (RTTY)
transmissions from around {he globe.
The ‘hi-low" switch board has many
applications including leftingyou
know if your plants nesd a drink!lf you
navean IBM PC orcloneg, the logicIC
tester will be of interest. | simply plugs
inta your maching; you boot-up ihe
software, and you have {ne capability of
chiecking out your CMOS and TTL
chips. The lids have been iaken off of
two new oscilloscapes and Roberi Ball
investigatesif what's under Ihe bonnel
is valLé for money! Dave Goodman has
got his hands on a super security
¥eypad; packed full of features, and
explains What it can do for you. Plus, of
course, your requlardose of radio
construction, the history of
Ioudspeakers, the development of
telephones, exparimenting with
eleclronics and those fiddly equations
intne ‘Calcs’ series! Uniil next lime,
read an and enjoy!
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] RTTY FSK
DEMODULATOR

W Firstin a senies of projeots
for receiving and
transmiiting Radio Teletype.

B Ingenious electronic
switch with a variely of useful
applications.

2 HI-LOW SWITCH |

s

B Puiyour iBM PCor.clone
to wark with this innovative
|G Tester!

40 s

i More circuits basad
aroundihis versatile [C,

40MHz & 20MHz~
'SCOPES

1 Covers offl An in-deptn
lookattwo supsrb
oscilloscopes, inside and
oyt

WORKING
FROM HOME

B The latesielectronic office
lechnology means we can

forget ihe train and work from
ftorme.

7 7 ELECTRONICS
BY EXPERIMENT

1 Pari B deals with thg
iascinating unijunciion
transisiorn.

2 CALCS
1l Pari 5 takes a Ipok at

averyones favourile,
Trigonomelry.

3 SA-218
 JZ “INTELLIGENT’
KEYPAD

il Acompactand useful
keypad with ahostof
{eatures, fora variety of
securify and ofher
applications.
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3 EXPLORING
RADIO
1 Graham Dixsy lakes o the
high seas presenting a
design for a marine band
fecsiver.
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THEFIRST
111 YEARS

B Bringing us up to the
present, hisseries leads us
inio the eighlies.
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Photo 1. 20MHz Oscilloscope — Front Panel.

have as much thought, if not more, put
into the internal construction and layout,
as is often given to the outward
appearance. So the first thing I did, after
unpacking the oscilloscopes from their
substantial packaging, was to take them
apart! For SAFETY REASONS please DO
NO'T chsmatla your own scope asthlswzll

type connectors as an aid to
serviceability and to this end, everything
is easily accessible. Other controls and
switches are mounted on sub-PCBs.

The CRT is very securely mounted
front and rear, which is a welcome
feature, as the CRT is one of the single
“most expensive paris inan oscilloscope.

Controls and Use

A concise manual is supplied with
the oscilloscope, illustrating the controls
and their usage in making measurements.
For further information on servicing and
calibration procedures, a separate
manual is available from Maplin
Electronics (Order code XH58G price
£10.00 NV)

Photographs [ and 2 show the front
panels of the oscilloscopes.

Beneath the CRT, on the front panel,
is the mains on/off switch, beam intensity,
beam focus and graticule illumination
controls. Additionally a preset control for
trace.rotation, and on the 40MHz version
only, a preset control for ‘B’ intensity. The
presets are accessible with a small flat
bladed screw driver. The ‘B’ intensity
preset allows adjustment of the ‘bright
line' portion of the display when in the ‘A
int B' mode.

On the lower right-hand part of the
front panel are BNC channel input
connectors, controls for channels 1 and 2;
sensitivity, vertical position and cnupimg
mode (AC, DC or grounded), also

'switches for selecting the vertical mode,

internal triggering source and Channel 3.




periormed by inverting Channel 2. The
Alternate (Alt) and Chop modes select
how the oscilloscope displays two (or
three) waveforms on the screen
simultaneously. In Alternate mode, only
one trace is displayed per sweep, this is
best used for high frequency signals
viewed at high sweep speeds,
persistance of vision gives the
appearance of all traces being present at
once. The Chop mode switches quickly
between the traces and is best suited for
use with low frequency signals viewed at
slow sweep speeds. If in doubtas to
which mode to use (Alt or Chop) switch
between the two and choose which mode
gives the best display. The internal
triggering mode switch, selects the
trigger source; either Channel 1, Channel
2 or composite triggering from Channel 1
and 2 (Vert mode). Vert mode is used
when the signals on Channels 1 and 2 are
not frequency related, otherwise the
display is unlikely to trigger properly.
The Seconds per Division (Sec/Div)
control, allows selection of the horizontal
sweep speed and is adjusted to resolve
the required time stale. Generally, a high
frequency signal will require a fast sweep
speed to display the signal, and vice-
versa. When the Sec/Div control is
yotated fully anti-clockwise (X-Y) and the
verticalmode cl;nm_:el select switch is set

Photo 3. 20MHz Oscilloscope — Internal View.

The triggering circuitry has several
modes of operation; Auto, Normal and
Single. In the Auto mode, when the signal
is not triggered the display will ‘free-nun’,
if this is not required the Normal mode
can be selected, which will blank the
display when trigger is lost. The Single
mode provides a one- shot sweep of the
display. The reset button ‘arms’ the single
sweep, which is then triggered by the
next valid mggar pulse.

Channels 1 and/or 2 (Int), a mains (Line)
frequency source obtained from the
secondary side of the mains transformer,
External (Ext) signal applied to the
Ext/Ch 3 input or External signal,
internally attenuated by a factor of §
(Ext/5), applied to Ext/Ch 3 input.

The level at which the oscilloscope
triggers is determined by the setting of
the Level conirol, which is adjusted until

the waveform displayed locks correctly,
. theslope on which triggering occurs can ;

changed rpullmg !ha Levelcontfcl



which provides a voltage proportional to
the magnitude of the Channel 1 input
signal (50mV/div). There is also a ‘Z axis
input which allows the intensity of the
beam to be modulated and the all
important socket for the Euro-connector
mains lead.Note, a mains lead is
supplied, but without a mains plug.

Suggested

Accessories

Sinice a mains lead is supplied
without a mains plug, a 13 Amp mains
plug, with 3 2 Amp fuse, should be fitted.
Order code RWETX (13A Nylon Plug)
69p.
or
Order code HL58N (13A Rubber Plug)
£1.20.

Specifications

Crder code HQ31j (Plug Fuse 28)12p.

To [acilitate connection of the
oscilloscope to the circuit or equipment
under test, oscilloscope probes are
required (suggested, two off). Two types
of oscilloscope probe are available; a low
cost probe consisting of a 50() co-axial
lead, terminated in a 50£2 BNC plug at one
end, with a spring leaded hook probe
and black crocodile clip at the other. A
high quality probe with selectable 10:1
and 1:1 attenuator, lerminated in a BNC
plug, including probe accessories, Both
probes may be found on page 499 of the
current Maplin catalogue.

Order Code YR95D (Lo-Cost Scope
Prohe) £3.95.

Order Code BWOSF (Scope Probe BNC)
£17.95,

A service manual covering both of

the oscilloscopes is available; Order
code XHB5G (Scope Service Manual)
£10.00NV

Conclusions

The 20MHz and 40MHz oscilloscopes
available from Maplin Electronics
represent excellent value for money, they
are well made, atiractive in appearance,
offer good facilities and work very well.
These oscilloscopes would be a very
welcome addition to the workshop of any
engineer or hobbyist.
20MHz Triple Trace Oscilloscope Order
code X]61R (20MHz Triple Scope)
£287.49
40MHz Triple Trace Oscilloscope Order
Code X1600Q (40MHz Triple Scope)
£490,95

Vertical Deflection
Sensitivity Chl, Ch2:

Bandwidth (-3dB),
(20MHz):

(40MHz):

Sensitivity Ch3:
Display Modes:

Rise-time,
(20MHz):
(40MHz):
Input Impedance:
Input Coupling Chl, Ch2:
Input Coupling Ch3:

Max Input Voltage Chl, Ch2:

Max Input Voltage Ch3:
Chl Output Signal:

Horizontal Deflection
Sweep Time:

Delayed,
(40MHz only):

Display Modes,
(20MHz):
(40MHz):

Sensitivity, Int (Ext),
(20MHz)
DC to 10MHz:
to 20MHz:
(40MHz)
DC to 10MHz:
to 40MHz:

Hold off:

SmV/div to 5V/div =3% in
10 calibrated steps
(1, 2, 5 sequence)

DC to 20MHz

DC to 15MHz with x5 mag
from 10Hz when AC coupled
DC to 40MHz

DC to 20MHz with %5 mag
from 10Hz when AC coupled
0.1V/div and 0.5V/div =3%
Chl, Ch2, Ch2 inv, Ch3,

Add, Alt, Chop

17.5ns (23ns x5 mag)

B.8ns (17.5ns x5 mag)

IM(V/25pF

AC,DC, GND

DC,DC/8

400V DC, 400V AC Peak to Peak
100V DC, 100V AC Peak to Peak
80mV/div at 50() approx.

0.2ps/div to 0.8s/div =3%
in 20 calibrated steps
(1,2, 5 sequence)
20ns/div to 50ms/div

x10 mag

0.2pes/div to 0.5ms/div
11 calibrated steps
(1, 2, 6 sequence)

A
A,AntB,B

Auto, Normal, One-shot
Chl, Ch2, Vertical mode,
Line, Ext, Ext/5

AC, HF Reject (50kHz),
DC

+or—
0.5 div (0.1V)'
1.6 div (0.2V)

0.5 div (0.1V)
1.5 div (0.2V)

Variable to x4 (time base < 5ms/div)

X-Y operation

Chl:

Ch2:

Sensitivity:

Bandwidth (-3dB),
(20MHz):
(40MHz):

Phase Difference,
(20MHz):
(40MHz):

Z Rxis Input (Intensity Modulation)

Sensitivity:

Bandwidth (-3dB):
Impedance:

CRT
Screen:

Effective Area:
Intensity,

(20MHz):

(40MHz):
Acceleration Voltage,

(20MHz):

(40MHz):
Illumination:

Phosphor:

Calibrator
Waveform:
Frequency:
Output Voltage:
Duty Cycle:

General
Voltage:

Power:

Frequency:
Operating Conditions:

Dimensions:
Weight:
HAccessories

Mains Lead (plug not supplied)
Instruction Manual

SmV/div to 5V/div

DC to IMHz
DC to 2MHz

<3 DC to 50kHz
<37 DC to 100kHz

3V p-p TTL compatible,
positive going input
decreases beam intensity
DC to 5MHz

5k}

6 inch rectangular,
internal graticule

with percentage markers,
Suitable for photography
8x 10div (1 di\:——— lem)

A
AB

2kV

kv

Adjusts CRT background
brightness for good
contrast to graticule

P31

Square wave
1kHz approx. .
0.5V =5%

40% 10 680%

100V, 110V, 215V, 230V

+10%

0w

50 or 60Hz

0°Ctod0°C

at 35% to 85% humidity

314mm x 165mm x 425mm (w,h,d)
9kg approx.
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Areaders forum for your views and comments. If you want to contribute, write to the Editor,
‘Electronics - The Maplin Magazine’, P.0. Box 3, Rayleigh, Essex, SS6 8LR.

Whether Station?

Dear Sir,

In writing, may | bring to your atfenlion a
‘glaring’ error by your author Mr. Dave
Goodman, in his constructional ariicle of -
the ‘Wind Diraction Indicator’, which
appears in the current issue of
‘Blectronics’. His ability as a circuit
designer is unquestionad, but his
eppreciation of the principls of the simple
weather vane leaves something to be
desired! In paragraph 4 of his intreduction,
he states, quots; The arow tip.... poinis to
where the wind is going lo..."

Rubbish! - The painter of tha vane points
towards the direction from whenca the
wind is blgwing. — Fundamental! Simce
this can hardly be a printing emor, may |
suggest that Mr. Gocdman's
misconception be brought to his attention.
— Otherwise when he comes o describe
Ihe actualindicating insfrument we shall
be reading the reciprocal of the actual
‘wind direttion, total confusion thereby.
A_G. Higby. Penryn, Cornwall.

Thank yeu Mr. Higby for bringing this
‘glaring’ errer to my attention. I stand
comeciad by a higher authonty! Actuaily
we were anare of the error whilst the
magazing was being printed and prepared
acomgenda at that time. Of course, once
printed, it's foo late — "Be prepared for the
onsiaught from millions of distraught
readess and standby to repel boarders
eapnl

Dave Goodman.

Colour Circuits

Dear Editor,

Although | belong to the era of zigzag'
resistors, when they were oifen made
mare like a luse with metal ends fittedina
similar type of holder, | still enjoy reading
your magazine and using the convenient
faciiiies of the Maplin Catalogue fo order
companents for projects. Yes | do use
mcdern test equipment such as digital
meters, oscilloscopss elc, although | have
disposed of my replacement crystals for
the cats whisker datectors and wax
cylinders for my phonograph.

However | have one slight crificism of your
otherwise excellen! magazine and that is
the practice of using certain colours for
your circuit diagrams. In the Feb/Mar
issue you have them using blue printing
on 2 pink background —ugh! Maybeitis
only my tired oid eyes, but | find them
difficult to read, black on any colour
stands out, but not these two, sowould it
be possible to keep such a vivid
combination for the headiins displays stc:
N. L. Smith. Stoke-on-Trent, Staffs.
P.S. | agree that the ‘boxad resisiors are
riol a problem, it's just a question on what
you cut your taeth on. I still mentally
convert decimal currency 1o £.5.4, though
itis a futile sxercise,

Your comments on coloured Backgrounds
o circuits have been noted, we have had
quife a ot of feedback on this matter (from
the Lab enginsers as well) and youcan
restassured that all circuits and drawings

Digital Call Signs

Dear Sir,

Prompiad by your inclusion of the digital
record playback module in the Feb/Mar
‘69 issue ol 'Eiectronics”. | thought you
might be interested in my version of the
unit, built when the UMS100 first appaared
m the catalogue.

| decided 0 build the unit for use with my
amataur radio station —make one CQ call
2nd the box does it for any subsaquent
calls.

Inesded to usa the maximum 256K RAM
and this was implemented using 4 x 64K
and 2 7415138, as these were rezdily
avaiabia.

Winng 2ll this up on veroboard was a
daunting task, but as can ba seen from the
pholograph, | reckon | did OK:

There are two main differences betwesn
my circult and yours: instead of using a
fargz AND gats, | used 2 dioda on sach
address fine as per D3-5 in your

magazine. These can be seen mounied
vertically adjacent fo the UM5100. The
reason for this is that the diodes, like the
RAMS were available atthe ime.

The other difference is, of course, the
‘display. This decodes using 2 22 x 8 bit
PROM, the four highest ordsr address
Iines and displays them in a 2 dagit
decimal count from 010 15, Thisisa
usaful tip for anyons requiring a pan
type of display driver. The PROM is
‘capable of sinking or sourcing encugh
current for a 7 segment LED dispiay. 7 of
{he data culputs conirol the LSD whilst the
8th drives boih segmenis of the 10s.

I set the oscillator o run for 15 seconds,
so the display shows elapsed time, very
useful when making the initizl recording.
This display can be interfaced to your
design via the EPROM PCB connaclor.
I hops this has given a few ideas to other
constructors.

C. J. Pollard. Livingston, West Lothian.
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will be in ‘good old fashioned' black on

white (or 3 light colour).

North or South?

Dear Sir,

inthe Feb-Mar ‘89 issus, J. H. Prasten
berates us fora supposed lack of
geographical knowledge butreally heis
na mose living in the North than a readar in
Brighion! As any car driver can see the
signs on the M23 point fo The Nosth' as
they do on the M235, This continues on the
At and the M1 and s still the cass at York.
When my wife and | were on holiday last
year, hall the signs at Durham pointed 1o
the North {the rast pointed o the South).
At that point | recall the folk in Edinburgh,
Stirling and Oban all speaking of the North
and could only conclude that somewhere
nezar John ¢’ Groats or Dunnet Head thers
must be a road sign proudly prociaiming
The North?. Perhaps a Scotfish
corresponden! could enlighten us?

R.H. Thornton. Barking, Essex.

P.S. I haven't yet found the ‘South’ sign on
fhe coast that runs from Cormwall to Kent.
Intergalactic Boob
Honoured Sir,

Extremaly urgen! that you contact
University Library, Trantor. I in their
transiations into Galactz, they confuse 7
with ‘g, (vide tenerary’) thay are fikely to
bBlow a few intargalactic fuses al the very
least!

3061061 Smith, ex ‘Joe Blake's Seven’,
28BS &RU, Paya Lebar.
Actually, University Library Teanior did not
confusa T with ‘e, itwas OUR error
(2gain)! Fortunaltely, we do not makkee
vely many lyppineg misiakes. Inour
constant quest for improved efficiancy we
are thinking of replacing our lyps-setters
with & ZX81 (16K} and a tharmal prinler,
Circuit Difficulty

Dsar Sir,

Having been a readar of your magazine
for 2 number of years | cannot understand
a hell of a Iot of the drawings that you
prinL. | think it would be a good ideaiif you
described on the heading whatharitwasa
beginners, intermetiate or an advancaed
roject, this would make (ife 2 lot easier. |
wouldalsolketosesaloimoreoiz
beginners section, has it occumed 1o you
that a lot of young peopls, including
mys&lf (61 yrs) would like to get ofi the
ground floor.

D. W. M, Stark. Caslle Donington,

Derby.

We have always tried to includs 3 wide
range of projacts and arficles coveting all
arsas of zbility, fmbegz‘mwroexpen
The taxt accompanying projects is written
s0 ifiatitis a5 clear a5 possible, avoiding
jargonase, and including drawings,
diagrams and photographs to Hustiate
evary aspect of construction. Projects
wisa, it is not possible to gef much simpler
than the live wire delector and mini metal
datector. We are currently runninga
series on ‘Electronics by Experiment’
(Back issuges are avaiabls, see page 70)
and our constructors guide has many
useful tips. For teaching from absolute
basics the Books section of the calalogue
has a good selection of suitahiz lilss.
Projects in the Mzplin caialogus ARE
graded 1 to 5 in lerms of difficully and
exparize required. Level 1 is suifable for
absolute beginners. Surely the level of
projectdifficully in the magazing can ba

-

determined by reading the article and
locking at the circusts and drawings!
Elecironics In Cars

Dear Editor,

| iike the new style magazine very much.
Herz is an idea for a fulure senss of
articies, Many of us who ars interasted in
electronics are also interested incar
mechanics, espacially thase days when
our cars are becoming increasingly
electronic, with engine control systems

End 50 on. the result of this electronic

revolution in the auto industry is that many
of us wha have praviously serviced the
igniticn systems of cur cars with relatively
simpla equipment are baffisd by the
complexity and sophistication of the black
boxes. I would willingly buy, for example,
one of Maplin's triple-trace oscilloscopes,
which seem excellent value for monay, 1 1
were convinced that | could useitlo
monitor and fune the engina of my new
electronic car! No ona seems la be
focussing on this subject which is fafling
batween the two stools of electronics and
DIY auto servicing. But most of us who are
interested in electronics will either already
have cars with electronic engine contral
systems or will b2 buying cars with themin
within & year or s0. A good series of
articles on this subject would, | suggest,
boost the sales of your magazine and of
Mapiin equipment. How aboul it?

N.B. W.Tompson. Kenton, Harrow.

Certainly the arez of car eleclronics is
very inferesting and (opical, and is a good
idea for a future series of articles, we feal
fora number of reasons thal agusiments
or servicing of enging management
systems should be lefi to the exparts: Car
manufactures are generally very refuciant
1o refease information of this nature
because of indusinizl secrecy, thase
systems require millions of gounds of
development. Invarizbly special dedicated
dizgnostics equipment is reguired. Any
adjusimenls made would invarizbly
invalidate the warranty and there is the
danger o causing costly damage. Also a
carmay be considered a5 2 Isthal
weapon, it is possible thal an incomrectly
adjusted engine management system
could endanger life.

Getting The Right
Number Wrong

Dear Sir,

| have today bought your magazine for the
first time. Allow me to congraluiate you on
its quality. One item caught my eye—
‘Getiing the number right’ on page 47 .of
the April-May ‘82 issue. Firstit is implied
that an exira digitis to be applied to
London telephone numbers, thus
producing sight figure numbers. But this
one digit the writer says will be either 070
or 081 —three digits each. Isthe planin
fact to divide London into two dialfing code
areas, 01 and, perhaps 0617 Surely, 070
isanamer, 35 071 and 081 ara the only
0x1 prefixes fres.

J. Fox. Redhill, Surrey.

As you suggesl, i is intended to split
London info two Zones, central and cuter,
The numbers 071 and 081 replacing 01,
i.e. producing eight figure numbers thus
O71-NNN-NNN or 081-NNN-NNN. For
more information turn to ‘Naws Regert on
page 78.
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nf anew breed of worker, the
ravels.to work not down the

lo BT. within four years.or-60::
|'be'Working from fiome:
Is figure as represeniing
lion‘individuals. Looking evens -

8.50% ofithe UK workforce.
= Thisyea™or thefirsttime, The Daily

: me office. British Olivetti

zmer:. presumably
alfice has to be

commulmg fur some 800 emnloyees A major
incentive point for the workers involved is that
ihey.wilkbe paid salaries equivalent fo their

- London-based colleagues: Meanwhile the

European Development Organisation (NEDD)
are:'wersing onproject-'Fronlline™ Here the

aim is'to’create 500+ new jobs by setting up
anumber of linked teleworking centres in the
UK. With the mobile office already a factor of
business life—1hough judging by the number
of drivers using'thelrcallular!phones while

sstuck in traific jams on'the' M25, Park Lane or

Hampstead Hiah Street, perhaps abetterterm
would be the immobile office — the
communication indusiry is now tumning ifs
welghty altention to'developing the office at
nome,

4

5ol

involve us all, not just the fortundte travelling
execulive. Dr, Gordon Ross of P
Consullancy, who is therecognised abthority

enhance the quality of life for a growing body
of workers.

Gordon Ross points out that the cos! of
inner city housing is forcing people to live
ever further away from their place of
business. Given that the average commuler
spends overiwo hours a day travelling to and
from work (the costs associaled wilh
communting is put at over four billion
pounds) there should be no shoriage of
volunteers to join the telecommuting club

Coslis are also a major factor influencing
companies 1o consider lelecommulting
policies. Thanks lo office rent escalation, we
have all heard aboult the high price of
accommodating that waste paper baskatin



TELECOMMUTING: -‘TELECOMMUTING-

Lombard Street or High Holborn. Also as
Gordon Ross points out, the growing
shortage of workers. thanks to declining birth
rates, is also stimulating employers to
introduce telecommuting as a means of
attracting, or retaining nof just key personnel,
but mothers with youna children, the infirm
and the not so young.

If the skill shoriage is acting as a key
telecommuting pressure point, the
economics of the office automation market-
place is also a major influence. Thanks to
falling costs of equipment, it is now possible
to fix up a person with suitable IT equipment
to work at home from as little as £2.000,
believes Gordon.

Other contributing factars, says Dr.
Peter Scoft who heads the NCC
communications division, is the introduction
into the UK network of digital transmission
technologies. By the early 1990°s reporis
Peter, BT will have installed its digital network
covering the UK while Mercury
Communications existing digital network will
be exiended to reach most UK business
centres.

Being in When
You Are Out

Certainly John Sommerwill of leading
London BOS Systems House Saffronrose,
believes that the advent of digital technology
will open the working at home horizons for
the telecommuter. At that stage, it will be as
easy to use the phone to transmit data or
image as it is now to transmit vaoice fraffic.
“You will be able to program your ‘phone for
calls to automatically follow you around. Ideal
if you are paying a visit to your company,
supplier or visiting the local bank manager™.

But Bill Loose, of PA Applied Systems
Centre warns “don’t hold your breath for
dipital facilities. In most cases the digital
network will stop short of your local, or even
not so local exchange, not at your front door.
In the meantime, Bill sees CT2, the new
generation of cordless "phones as being
essential telecommuting equipment. “They
will operate as a normal cordless phone in the
home (allowing you to pop next door for
elevenses with Mary or Tracy) and as a
mobile phone outside™.

A further benefit of digital technology —
one which does not require any new cable to
enter your home — will be itemised telephone
billing. By 1995, a period incidentally which
Bill Loose believes is far foo leisurely, all BTs
twenty three million customers will be able to
receive fully itemised telephone billing. This
will be an important factor for all
homeworkers needing to keep close tabs on
their business and domestic calls.

The intelligent Home

If the central feature of the intelligent
home is the telephone, then a computer must
be nextin the importance league. The
Federation of Microsystems Centres sees a
telecommuting package including a hard disk
Personal Computer, one which will double as
a terminal; a modem which connects the P.C.
fo the public switched telephone network; a
printer, laser for choice but a good quality
daisy wheel machine will do, together with

10

Tne Cannon Fax-80 fax machine is capable of transmitting 2 document in 18 seconds.

applicaiion software to cover work
processing, general accounting plus possibly
a spreadsheet program.

Communication links could include a
small desktop facsimile machine, — the latest
Canon FAX-80 measures just 28 x 25
centimetres and costs £650 (probably even
less from your local dealer). As a method of
zapping messages, drawings and working
documents io your office, fax is much
cheaper than electronic mail, especially if you
use it off peak, and ceriainly speedier and
more reliable than Royal Mail.

Telex says the Federation, is becoming a
less imporiant business tool, apart from the
relatively high cost of equipment, rental of a
special teleprinter network line is over £100 a
quarter and you can’t send graphics.
Definately only useful if your company is
picking up the cost tabs.

You can also ignore teletex, a form of
computerised felex. It is being superseded by
the X.400 electronic messaging system. But
dnn’t forget teletext, the information services
available free of charge on your modified tv
set. This will enable you to keep in touch with
worid stock markets and other information
mafters such as the latest test match or
Wimbledon scores.

For the home worker who may not have
a large-scale budget, or too much spacs, it
must be worth considering the new ‘fourin

one’ telephone units. These combine a
telephone, fax, answering machine and
copier facility, making use of just ons single
phaone line. Meanwhile, BT's chairman is
forecasting the time when the focus of the
telecommuting work centre will be a small
portable computer which can be plugged
directiy into the ‘phone socket There will be
no need for a modem, when using a fully
digitised network.

Less High Tech - More

A Sociological Problem

According to Bernard Beaver of BMS
Beaver Ltd., who market the top selling
computerised time management tool, The
System, it is not the technology associated
with telecommuting but the problem of
sociology. Not all individuals have the
necessary fund of self motivation. sslf
discipline and ability to manage time, in order
to make a success of home working. [n many
cases, we need other people to work with,
being part of a team is an all important factor.

There is also, as Bernard Beaver
reminds us, the not so small factor of the
home environment. “ldeally, the
telecommuter needs his own office. one
which can be shut off from the rest of the

Continued on page 36.
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XPERIMENT

Part 8 by Graham Dixey C.Eng., M,I.E.R._E

Introduction

Although kmnown as a unijunction
‘transistor’ the construction of the UJT is
quite different from that of other types of
transistor, being very much simpler. It is
not, in fact, either an amplifying device or
a logical device. It is a switching device
that is level sensitive’ i.e. one that triggers
when the voltage applied to it reaches a
predetermined value.

The symbol and form of construction
are shown in Figure 1. From this it can be
seen that it has an emitter and two bases,
the latter being suffized 1 and 2. The
construction shows that the UJT is formed
from a bar of n-type silicon with a small
p-type region ‘diffused in' about halfway
along. The base connections are mere
ohmic (that is non-rectifying) contacts
made at each end of the bar; the emitter
connection is made to the p-region.

It is fairly obvious that there is a p-n
junction between the p-type emitier and
the n-type bar, and it is on this fact that the
basic action depends, as will be seen
later. There is a finite value of resistance
between the connections base 1 and base
2, which can be referred to as Ry, the
‘inter-base resistance’. To explain the
action and to represent the device
properly, this resistance is divided into
Iwo parts, that between base 2 and the
emitter, and that between the emitter and
base 1. These are known as ry; and 15,
respectively. The p-n junction between
emitter and bar can, logically, be
represented by a diode. This gives a very
easy to understand equivalent circuit,
which is shown in Figure 2.

This figure includes some other
quantities that need explaining. In use, a
direct voltage will be applied between
base 2 and base 1, such that base 2 is
positive with respect to base 1. This
voltage is referred to as Vs, Since the path
between base 2 and base 1 consisis
effectively of two resistors in series, the
voltage Vg3 will be divided into two parts
according to the relative values of rg; and
Tz;. In other words, the division of voltage
is according to the usual potential divider
rule, such that the voltage across rg; is
equal to:

Ves X [reif(re: + re2)]

b2
~ =\
te2
REs, the
VEB {e \~interbase
voits resistance”
n. VBB 'e1
volts “n"="B1
tgi+tgz
b -

b1

ohmic

/ contacls

b2

| _n-typs
silicon bar

\

p-lype
diffusion (b)

Figure 1. The unijunction transistor (UJT). (a)
circuit symbol. (b) construction.
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Figure 2. Equivalent circuit of UJT.

The term in the square brackets
represents the relative values of the two
base resistances. If they were equal its
value would be 0.5, corresponding to the
emitter being exactly halfway along the
bar. This fraction is given the name of
‘intrinsic stand-off ratio’. This is denoted
by the symbol ‘n’ in Figure 2, and it usually
has a value that lies between 0.51 and 0.82.
In this figure it is used to describe the
voltage that exists at the junction of rz; and
Ty, that is n.Vgg. This is, of course, also the
voltage at the cathode of the dicde. The
significance of this is that the cathode of
the diode is normally held at this particular
voltage by the d.c. conditions, and the
anode of the diode (which is also the
emitter connection of the UJT) must reach
a voltage that is approximately 0.5V
greater than this voltage in order to
conduct. To take an example that
illustrates this.

Suppose that Vzz = 6V and n = 0.6,
then the value of n.Vgz isequalto 0.6x6 =
3.6V, this is the voltage at the cathode of
the diode. For the diode to conduct, the
voltage at its anode must reach 3.6 + 0.5V
=4.1V. This idea is impornant because it is
essential to the basic operation of the
device.

Now, with the above ideas in mind, it
is possible to consider what actually
happens when the emitter voltage, stan-
ing at 0V, say, is gradually raised until the
voltage is reached at which the diode
begins to conduct. When it does so,
current will flow through the diode, from
the source of the emitter voltage, and
down through the base resistance of 1y, to
OV. This current flow will have the effect of
reducing the value of ry;; thus the current
flowing in it will increase further. The base
resistance then falls even more, the
current increases further, a further drop in
resistance occurs, followed by more
current, and so on. In other words, once
the diode staris to conduct, a regenerative
action occcurs which ends with the value of
rs; becoming very small and a large
current flowing from the emitter down to
0V through the Bl lead. The action is
reinforced by the fact that, as the
resistance of the base region falls, the
voltage nVgz also falls, giving an in-
creased forward volt drop across the
diode; this itselfl makes the diode current
increase.

Exponential wavelorm
al emitter

Figure 3. A simple UJT oscillator.
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This description of the UJT's basic
mechanism shows it to be a voltage
operated switch which presents a high
impedance to the triggering voltage
(when the diode is non-conduciing) and a
very low impedance path to 0V once it has
triggered. The emitter voltage at which
triggering occurs is known as the ‘peak
point voltage’ V;, which we know is equal
to n.Vgg + 0.5 volts.

| Reactance of C2 < R2 at
synchronising frequency

Figure 4. Synchronising the UJT oscillator
frequency to that of an external pulse source.

A Simple Relaxation
Oscillator

The circuit of Figure 3 shows the use
of a UJT as a relaxation oscillator. This
circuit, which can be developed using
various switching devices, depends upon
the regular charge and discharge of a
capacitor. In the circuit the capacitor C1
charges through resistor Rl towards the
supply voltage V.. The emitter of the UJT is
joined to the junction of these two
componenis and so its potential follows
that of the exponentially rising voltage
across Cl. According to the previously
explained theory, when the voltage at this
point reaches the peak point voltage V,,
the UJT will start its regenerative cycle that
takes it into the conducting state. As a
resuli the capacitor rapidly discharges
itself and a short but heavy current pulse
flows through the Base 1 resistor R3,
generating a short positive output voltage
pulse. At the same time the voltage at Base
2 falls and a negative pulse of voltage
appears at this point also.

Full-wave Zener -clipped
input wavelorm
I
-
R1
A2 R3
Reclified
AC.nput DIZN
A
Qutput
TC! R4

Figure 5. Synchronising the UJT cscillator
frequency to a sinusoidal input.
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The capacitor now being discharged,
the emitter voltage returns to 0V, or very
nearly. The cycle is ready to start again.
The frequency at which the circuit
oscillates is obviously related to the time
constant of Rl and Cl. There are precise
formulae for determining the frequency,
but a good starting point is given by using
the expression that f = 1/(RIC1). This
relation actually assumes that n has a value
of 0.63 which, being an average value for
this parameter, is a good basis for
approximation anyway.

temperature coefficient its increase with
temperature rise can be put to good efiect.
A resistor included in the Base 2 lead will,
together with Ry and the load resistor in
the Base 1lead, form a potential divider for
the supply V.. Thus, if Rxs increases with
temperature, then its proportion of the
total voltage V. will also increase; since
this term, Vg, appears in the expression
for V;, it will cause the latter to increase
and so cancel the original reduction due to
the temperature rise. The correct value for
R2 can be calculated from the relation R2
= 10,000/n.V..

| Sync in
|
+12v
R1 R3 R4 e
2k2 12k 1K ==
Sawtcoth
RV1 TR1 output
4k7 BC212
TR2
2N2646
_____ 1
[ R2 LC RS I
10k = 100nF 100R
av
Flyback
L——_ .o blanking
out
Figure 6. AUJT linear sweep generator (a possible basis for a timebase).
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Photo 1. The waveforms at the emitter (upper waveform) and Base 1 of a simple UJT relaxation

oscillator. Note how short the Base 1 pulse is.

Aswell asthe resistor R3inthe Base 1
lead, the function of which is obviously to
develop the output pulse, there is also a
resistor R2 in series with the Base 2 lead.
The function of this is less obvious. Iis
purpose is, in fact, to compensate for the
effects of temperature variations which
might otherwise cause some variability in
the triggering point. This is because the
peak point voltage V,, decreases with
temperaturerise atarateof 3mV/"C, taking
the 2N2646 as an example. However, as
the interbase resistance Ry has a positive

o o
Synchronising UJT
L] o

Trigger Circuvits

We have seen that a UJT triggers into
the conducting state when the voltage at
the emitter reaches the peak point voltage
V.. Since V,, is dependent upon the value
of Vgs, the firing point can be varied by
effectively varying Vs at some conve-
nient point in'the cycle. This can be done
by coupling into Base 2 a negative-going
pulse of sufficient ampliude to force the
UJT to trigger immediately. See Figure 4
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for the arrangement. Thus, the UJT pulse
generator is forced into synchronism with
these external pulses. Oscillograms show
the time relation between these ‘sync’
pulses and the output trigger pulses
appearing at Base 1. Note the effect when
the amplitude of the sync pulses is not
quite large enough.

The time constant R2C1 must be |
longer than the half-cycle time of the input
otherwise the circuit is likely to trigger
during the steady period of the supply
voltage rather than just at the end when it
dipstozero. For 50Hz mains this half-cycle
time is 10ms which means that R2C1 must
be greater than 10ms. There are many

ho- - : - = - s . v - % A .
— = e = = —
E e |- Rt - 3
b e s e s T e
= Padn
PGS S8 S5 S50 ] T T T T 0 S M A DRI Ll ey
SRS PRISALY WS i G A R NS LE 2R R SR RSN RUE AN AR
| P -
s 2 2 y
:1 e
"
- ‘

Photo 2. Correct synchronisation of a UJT oscillator.
The upper waveform shows the negative ‘sync’ pulses applied to Base 2; the Base I pulses are

seen to be in exact synchronisation.

Itis also possible to synchronise a UJT
generator to run at either power line
frequency or twice this frequency by
supplying it from the output of either a
hali-wave or full-wave rectifier, as shown
in Figure 5. The rectifier output has to be
clipped to a convenient level by a zener
dicde limiter (R1 and D1 in Figure 5). If the
peak value of the a.c. before clipping is
much greater than its value after clipping,
then it will spend most of the time at this
limited value, dipping only briefly to OV
between half-cycles. It is at the instant that
this supply falls to zero that the UJT is
forced to trigger. Why? Because at these
instants the value of Vg becomes zero, as
a result of which the value of V,, will be
very small (much less than the capacitor
voltage) and the device will trigger
immediately.

As a starting point for investigating
this action experimentally the rectified
a.c. can be derived from the secondary of
any convenient, small mains transformer
via a bridge rectifier. For example, a 15V
RMS secondary winding will give a peak
voltage of about 21V. If a 12V 400mW
zener diode is used, it will be necessary to
drop 21-12 = SV across the series resistor
R1. The maximum zener current must not
exceed 400/12 = 33.3mA, whichleadsioa
‘minimum’ value for Rl of 9/33.3 k, or
approximately 270 ohms, This value can
be safely doubled to give a working value
of 560 ohms, allowing the diode to operate
well within its rating.
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values of R2 and Cl that, multiplied
together, will give this product but we
must choose values that are both practic-
able and convenient. A good starting point
is to take an 'educated guess' at the value
of Cl and work out the corresponding
value for R2, rounding the latter up or
down to the nearest preferred value as
necessary. For example, if the value of C1

is initially chosen to be IuF for a time
constant of, say, 15ms, then R2 works out at
exactly 15k.

R2 = (15x 107%/107% = 15x 10° = 18k

If we wish we can modify the values,
scaling one up and the other down. For
example, we could make R2 = 150k and
C1 = 100rF instead since this would give
the same time constant. Why should we do
this? Because then the capacitor Cl canbe
the more reliable and closer tolerance
polyester type instead of an electrolytic
type. The value of the base resistors is
arrived at as follows.

Empirical design shows that the Base
1 resistor R4 should always have a value of
less than 100 ohms. Let us seitle for 47
ohms. The value of the other base resistor
R3, can be calculated from the formula
given previously, assuming an average
value for n of 0.87 and a supply voltage Vs
of 12 volis.

Then R3 = 10,000/(n x V) = 10,000/(0.67 x
12) = 1.2k approx.

This completes the design for the
mains-synchronised UJT trigger circuit.
When it is hooked up, a dual-trace CRO
should be used to show the time relation
between the clipped, rectified a.c. input
and the synchronised output trigger
pulses,

Even relatively simple UJT circuits of
the above types can be usefully employed
as trigger devices in SCR power control
circuits.

A UJT Linear Sweep
Generator

The exponential waveform that
occurs at the emitter of the UJT can be
linearised’ if the timing capacitor is
charged with constant current. The
quantifies of voltage V, charge Q and
capacitance C are related by the well

e
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Photo 3. The result when the synchronising pulses are too small in amplitude, relative to the
value of supply voltage. The alternate pulses have no effect.
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Qutput |-|_
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(b)

Figure 8. Input and output waveforms (Base
1) for UJT staircase circuit. (a) shows
frequency division of 10:1 for regularly
recurring pulses. (b) every occurence of ten
random pulses generates a single output
pulse.

known relation Q = CV. The charge Q is
also equal to the product of current and
time, thatis Q = I x t. From this we deduce
that V is proportional to Q and hence, in
turn, to the product of current and TIME.
So, if 1 is constant the voltage is then
directly related to time and must rise
linearly with it.

A bipolar junction transistor (B]T) has
constant-current characteristics, which
simply means that, for a given set of bias
conditions, the collector current is con-
stant for a wide range of collecior-emitter
voltage. This makes it possible to use the
collector current of a B]T as the charging
current for the UJT's timing capacitor. The
circuit for generating a linear sweep in
this way is shown in Figure 6.

" A e BiC LR (0SB
R R IR 4
=, gl = 5y - O
o e . - e =
P —=rh +
= =+
AT ) T I S T o o o 1 0 S L e O 00 i o O IR B O O
LIRSS 1 B2 i g O 1 0 T G LR L LR S L UL L

L
B T R

DR P AU ] * 4 We "

ST BRI

IRES

emitter waveform of Photo 1.

TR1 and its associated components
comprises the constant current charging
circuit. The potentiometer RV1 direcily
controls the size of the charging current
and hence determines the frequency.
With the component values given, the
frequency range should be between
about 500Hz and 1500Hz. The linear
sawtooth at the emitter of the 2N2646 UJT is
at high impedance and needs buffering.
TR3 and R6 comprise an emitter follower
to eifect this.

It is quite possible to develop the
circuit further and use it as a timebase
(with some subsequent amplification).
The linear sawiooth output will provide
the required ‘sweep’ waveform while the
pulse generated across RS at the end of

+12V
Staircase
R& output
1k0 ] Irrrrl—
Yas
Pulse
R7 output
100R
ov

Figure 7. Circuit fora UJT staircase/pulse generator.
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Photo 4. The much improved output of the Linear UJT Generator of Figure 6. Compare with the

the sweep period can be used for ‘flyback
blanking’. Synchronisation, essential to
any timebase, can be obtained by feeding
negative sync pulses to Base 2, as
previously described, through a suitable
capacitor (a value of 10uF is suggested as
a starting point).

o
A Stairease Frequency
(] [ ]
Divider .

An interesting circuit for the ex-
perimenter is shown in Figure 7. It is
arranged that transistor TR1 is normally
OFF; as a result TR2, a PNP transistor that
supplies the constant charging current to
C2, is also OFF. There is, therefore, no
charging current. A short positive pulse
(short that is compared with the UJT's
cycle time) will turn both TR1 and TR2 on
for just the duration of the pulse. Charging
current will flow into C2 during this time,
causing its terminal voltage to rise by a
small, but specific, increment. After which
both TR1 and TR2 turn off again. Further
pulses will have the same eifect, the
capacitor voltage rising in a ‘staircase’
waveform until the UJT eventually fires
and generates a single output pulse.

The capacitor C2 has now dis-
charged and the cycle recommences. The
choice of C2 is important. Together with
its charging resistance (R5 and R6 in
series) it must have a time consiant that is
substantially longer than the duration of
the input pulse; it is assumed that the input
pulses are of constant width. For example,
for a ‘ten-step staircase’, there should be a
10:1 relation between these two time
periods. 5
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Photo 6. Copper side view of the Test Pulse Generator.

Figure 9. Test pulse generator (300Hz).
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As for the function of the circuit, it can
be considered in two ways. Either the
pulses occur at a regular rate (constant
Tepetition frequency) or they occur
randomly. It is assumed that, in both cases,
the pulse width is constant. This being so,
the circuit acts as a ‘frequency-divider’ for
the constant frequency input (e.g. 1kHz IN
produces 100Hz OUT), or the circuit acis
as a ‘Irequency-counter’ for randomly
occuring pulses (e.g. a single pulse is
generated at the output when ‘n' pulses
have been received at the input). Figure §
should make this clear. The input pulses
must have sufficient amplitude, atleast 2V,
in order to drive TRI and TR2 into
saturation.

The circuit works extremely well but
to observe the staircase waveform clearly
it is necessary to choose a pulse repetition
frequency (for the input pulses) and a time
constant for the UJT that will allow the
output to be displayed on a CRO. Using a
3uF timing capacitor and a pulse frequen-
cy of about 60Hz (the pulses being just
over 100us in length), a steady display
was just possible, but a better display will
be obtained if shorter pulses at a higher
frequency, together with a much shorter
UJT time constant, are used instead. This is
because -one can then use the higher
sweep speeds of the CRO.

The Programmable
Unijunction Transistor

(PUT)

This is an opportune moment to
mention another type of UJT that finds
application in relaxation oscillator cir-
cuits, trigger and timing circuits, and in
lamp driver and ring counter circuits.
Since this puts it firmly in the field of
‘power electronics’, it will be dealt with in
a later article, in connection 'with various
other members of the ‘thyristor family'.

For now it can be said that the term
programmable is perhaps a trifle mislead-
ing. It merely reiers to the fact that some of
the parameters of the device can be
predetermined. Enough of that for now.

A Useful Test Pulse
Generator

Figure 8 shows a circuit that can be
made up quite quickly and cheaply and
will be found useful for providing a ready
source of short positive and negative TTL
compatible pulses. Asshown ithasapulse
repetition frequency of about 900Hz, the
pulse duration being about 120us. The
pulse amplitude is about 4V for both
positive and negative outpuis. Both
frequency and pulse length can be varied
by modifying the values of the compo-
nents indicated in the figure. Several spot
frequencies could be provided by switch-
ing different values of the timing capacitor
C1. If the series resistors R1 and R2 are
replaced in part by a potentiometer, the
pulse length can be varied without
affecting the frequency. Photographs
show the layout of the stripboard used.
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Figure 2. Circuit connection for the XR-2211.
Introduction The Baudot Code with an RTTY band pass filter the 2kHz

The reception and transmission of
Radioteletype (RTTY) on the short wave
and VHF radio spectrum is as popular
now as it was when Maplin first launched
the TU1000, published in the September
1384 issue of ‘Electronics’. The TU1000
offers a complete self-contained terminal
unit with receive tone demodulator and
transmit tone generator, see Figure 1. In
addition, it has an internal mains power
supply, tuning aid and RS5232 output
driver. Unfortunately all this electronics
makes the TU1000 a top of the range unit
and out of the financial reach of some
constructors, It is for this reason a second
RTTY unit has been developed using
smaller PCB building blocks. The first of

=- tone demadulator based upon the XR-
: -IC : This

which is the frequency shift keying (FSK)

The code has five data bits, or
elements, so there are only thirty two
possible characters to be interpreted.
The alphabet takes twenty six of the code
values, which leaves six for control
functions, null or no data, return, line-
feed, space, letters and figures. The last
two speak for themselves. ‘Letiers’ puts
the printer, or VDU into uppercase Ato Z
and Figures' gives numbers 0 1o 9, fifieen
punctuation marks, and the ‘Bell’
command.

Ii the ‘Bell' code were sent, a bell
would sound on the receiving teleprinter
to alert the operator to an incoming
message. As you can see, the system
does not support lower case, unlike the
ma;onry of home computer: dlspiays

}1 cqmpiete hst of th

system is favoured by certain
manufactures (ICOM).

The rate of change between the
tones, or Baud rate, has to be configured
on your computers serial 'O port to
resolve the incoming data correctly. In
general, radio amateurs use Baud rates of
45.45 or 50 Baud (170/425Hz shift), with
commercial stations tending to use 50 or
75 Baud (425/850Hz shift).

Phase Locked Loop
(PLL) Tone Decoder

The circuit used for the frequency
shift keying (FSK) demedulation is
cenired around the XR-2211 integrated

-_'-c)rcmt (IC). .’I'ius IC isa monaluluc PLL

: tro % !.he voltaqre conh'olled oscinator




(VCO). The incoming frequencies are
compared to the VCO frequency. The
error signal produced by the loop
detector is used to control the VCO until
the frequency difference between the
signals are zeroed. This control signal
must first have its response damped by
C8, before being fed via R7 to the control
input of the VCO. The value of this
resistor sets the loop tracking bandwidth,
while the combined value of R8 and RV1
is used in conjunction with C6 to set the
centre frequency of the VCO.

Resistor R6 and capacitor C5 forma

one-pole post-detection filter for the FSK
data output. Positive feedback is
introduced by placing a resistor, RS
across the FSK comparator, to provide a
rapid transition between output logic
states. The output is an open collector
stage which requires a pull-up resistor,
R4. When decoding an FSK signal the
data output is *high'’ or off state for the
lower input frequency and ‘low’ or on
state for the higher frequency. The
threshold voltage of the comparator is set
by the internal reference voltage, this DC
levelis internally biased to half the

supply (+2.5V) less 650 mV, giving
+1.85V, decoupled by C7 on pin 10.

The output from the cruadrature
Dhase detector on pin 3 is internally
connected to the input of the lock-datect
voltage comparator. Pin 3 is connected to
ground through the parallel combination
of C1 and R2, so as 1o eliminate any
chatter at the lock-detect outputs (pin 5
and 6). The output at pin 5 is ‘high’ when
the PLL is out of lock and the inverse
logic condition appears on pin 6. Both
outputs are of the open collector type, so
a pull-up resistor, R3, is required on pin 6

J
CHARACTERS BAUDOT CODE VALUE l ee E = Ej
| T
[ASCIH VALUE] HEXA- BIT | o E EJ b
LETTERS FIGURES DECIMAL DECIMAL 12345 5
Al65] 145 3 03 11000 bk dnt 5 2]
B[88] 7a3] 25 18 10011 Growed | 4 1)) foiecrin
CIET] 58] 14 i} 01110 o] ] s,
Di68] ${3s] g 03 10010 e _
E{89] 3{51] 1 01 10000 (e Hic
F{70] 133] 13 0D 10110 et vt [ 7| |76 guxsmpmane
G[71] &138] 28 1A 01011
H[72) #138) & - S0 Figure 3. XR-2211 pin configuration.
1[73] 8[36) 8 06 01100 . ey :
11741 BELL 1 o8 11010 which results na +5Vwheninlockand a
e ¥33:10 zero volt condition when out of lock. The
K[75] ({<0] 15 threshold voltage of this comparator is set
L{78] J41] 18 12 01001 by the same internal reference as
M[77] [46] 28 ic 00111 previously mentioned. Pin 6 is referred to
N[78] T44] 12 oc 00110 as the carrier-detect output because until
o7 o[5T] 24 18 00011 the received tones are tuned to the
) correct frequency a lock condition will
P{80] 0[=8] 22 18 01101 not exist.
Q[81] 1[49] 23 17 11101 The complete circuit diagram for
R[82] 4152] 10 0A 01010 the RTTY unit is shown in Figure 4. As
S[83) 39] 5 05 io100 caﬁ 1%!; seen from ;he{‘;laluliri_gf Cs5,C6,C8
10 000 an it Esset up for the !ont_e
Tis] ] - 0 3 system with 170Hz shift and a maximum
sl 155) 4 o1 11109 data rate of 110 Baud. i
Vies] =[81] 30 1E 01111 The 555 timer, IC2 and half of IC3
WI8BT] 2[50] 19 13 11001 are used as the data lock circuit which
X188) 471 29 1D 10111 mlub}ts the data output until a gta:ble lock
Y[89) 6(54] 2 15 10101 condition cccurs. However, this function
: . can be overridden by S1, the data lock
Z30] +[43] 17 1 1000 or/off switch. Irrespective of the setting
return{13] return{13] 8 o8 goo1o0 of S1, the light emitting diode (LED) LD1
line feed[10] line feed[10] 2 0z gi1000 will display the lock condition of the
space[32] space[32] 4 04 00100 demodulator. The other half of IC3is
letters letters 31 IF 11111 used as a logic inverter for the data
output and as a driver for RX data LED,
figures figures 2 1B 149711 LDZ. The normal and inverse signals are
not used not used 0 00 00000 fed to S2 where the final data cuput
appears on its centre terminal. -
Table 1: The Baudot Code.
DATA FILTER CRPACITOR, C5.
WORDS-PER-
TONE STANDARD CENTRE
SYSTEM SHIFT FREQUENCIES FREQUENCY Cé R7 Ccs BAUD RATE MINUTE VALUE
MARK SPACE RV1 (WPM)
170Hz 1275Hz 1445H= 1380H= 33nF 180k0) 8n2F 45 80 88nF
1kHz 425Hz 1275Hz 1700Hz 1487Hz 33nF 82k0) 8n2F
850Hz 1275H= 2125Hz 1700H= 2InF 47200 EafF 50 68 4InF
170Hz  2125Hz 2295Hz 2210Hz 22nF 210k}  6nBF L& 100 38nF
2kHz 425Hz  2125Hz 2550Hz 2337Hz 22nF 120k0) EnBF 100 133 33nF
850Hz  2125Hz 2675Hz 2550Hz 2ZnF B8k 6nfF 110 145 27nF
300 400 10nF

Table 2: Tone System and Data Filter,
18
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10’ RTTY RECEIVE PROGRAM 5 s
20'BY CHRIS BARLOW GSLVK 5 8 g
30' WRITTEN IN MICROSOFT BASIC -

40’ -HARDW ARE- _ .
50" 1. SHORT WAVE RECEIVER _ 2
§0'2. SHORT WAVE AERIAL A s

70’ 3. RTTY DEMODULATOR

80" 4. SERIAL DATA TRANSLATOR
90'5. TTL TO RS232 CONVERTER

100" 6. IBM OR ‘CLONE’ COMPUTER

110" -RS232 CONNECTIONS-

120" LINK PINS 4,5,6 AND 8

130' RECEIVED DATA PIN 3

140 SIGNAL GROUND PIN 7

150" - THE PROGRAM —

160 KEY OFF:CLS:S% =1 ; g =

170° BAUDOT TO ASCI SET-UP 48 z g[

180 DIM RTTY(31,2) é

180 RESTORE 580 =

200°' LETTERS :

210 FOR R% =1 TO 31:READ DAT% 2

220 RTTY(R%,1)=DAT%:NEXT R% S s

230" FIGURES

240 FOR R%=1TO 31:READ DAT% : |+ A

250 RTTY(R%,2)=DAT%:NEXT R% '

260 ON COM(1) GOSUB 420 3 al~

270 COM(1) ON E

280' OPEN AND SET SERIAL PORT 2>

=
z

ov
ov

INVERSE Ak 0
R LR a e T
DATA ouT ¥ e

PL4
<1]
PL4

< 2]
PLA
<3]
PL4
—_ 4]
PL4
<s]
PL4

< 5]
PLA

‘ PL4

C13 wa £ Cl4

108NF =
£

13
TAHC132

12 | <
TLESSS |5

290 OPEN “COM]1:300,N,8,1" AS £1
300' GET KEY 0
310 IS=INKEYS
320' SPACE = LETTERS/FIGURES
330 IF IS=CHRS$(32) AND S%=2
THEN S%=115="" =
340 IF IS=CHRS$(32) AND S%=1 B34 8
THEN S§%=2:1§="" % a2 =
350" # TO CLEAR SCREEN g2 N
360 IF IS=CHRS$(35) THEN CLS:
Is="" ~
370 IF IS=CHRS$(13) THEN PRINT =8
380 IF I$ < CHRS$(32) OR I$ >
CHR$(122) GOTO 310 [
390 PRINT IS; 8%
400 GOTO 310 T
410" RECEIVE
420 WHILE LOC(1)<=>0
430 AS=INPUTS(LOC(1),#1)
440 A% =ASC(AS) ox|enf < inl
450 IF A%>32 THEN 530 2
460 IF A% =0 THEN 530
470 IF A%=31 THEN S%=1
480 IF A% =27 THEN S%=2 E’[l]
490 B%=RTTY(A%,S%)
500 IF B% =0 THEN 530
510 IF B%=-1 THEN BEEP:GOTO 530
520 PRINT CHRS(B%); _"_IE
w
£

1
]

== BONF
cin
2UF

a9

ce

c7

ity
2INF T WBHFT T BN2F

(5 wm

2[]

510K

1C1
XR2211

K7
R4
K7

(]

£3 mm
108NF T

530 WEND .
540 RETURN b
550° BAUDOT TO ASCII LETTERS - P
560 DATA §9,10,65,32,83,73,85 2w
570 DATA 13,68,82,74,78,70,67 [ —]
580 DATA 75,84,80,76,87,72,89
590 DATA 80,81,79,66,71,0,77 5
600 DATA 88,85.,0 CEm
610' BAUDOT TO ASCII FIGURES -
620 DATA 51,10,45,32,39,56,55

630 DATA 13,36,52,-1,44,33,58 O

IN414
pa
1N4148
D4

;%

R1
K7
0
1N4148
02
1N4148

840 DATA 40,53,43,41,50,35,54
630 DATA 48,49,57,63,38,0,46
660 DATA 47,61,0

PL2
>
PL2
[2 >
PL3
PL3

RUN
LIN
TEST
LINK
INPUT
v

=

Program Listing 1. Microsoft Basic/IBM PC. Figure 4. Circuit diagram.
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RTTY DEMODULATOR

HAPLIN GD94cC

i ra LINK P RS rR1g
o L c1i
. PL4
| - 15 ™
| " D 5 % o = :
[ u D 7 x s
x RV1I Z v
R
! i“:- TlP e S: .
D - ¥l ¥ e
| ce o = =
s =t : AEEIE
i i n 1ce "
& - ~an
EEE o {7 } i — mmr c1s REZL Ty
- %)
n DPLE s csl ] LINK ess &

Figure 5. PCB track and legend.

The DC power for the unit is applied
to PL4, positive to pin 1 and regative to
pin 12, This supply must be within the
range of 8V to 15V and have the correct
polarity, otherwise damage will occur to
the semiconductors and polarised
components. All the ICs are powered
from a single +5V supply rail provided
by RGI, a 100mA voltage regulator IC.
Capacitors C10 and C14 provide the main
decoupling for the +V supply rail, with
C4, C8, C12 and C13 giving additional
high frequency decoupling.

All the inputs and outputs of the
circuit are taken to ‘Minicon’ locking plug
assemblies, numbered PL1 to PLS5.
However, two ‘Veropins' are used for test
point connections, TP1 and TP2. The
function of each plug is listed as follows:

PL1 = RUN link. This link must be fitted
once the unit has been set up.

PL2 = TEST link. This link must be fitted
when adjusting RV 1.

PL3 = INPUT. Audio signal input, 2mV to
5V RMS.

PL4 = DATA OUT (TTL), Power in, Lock
switch and LED, Data switch and LED,

PL5 = +5V Output (maximum current
80mA).

TP1 = XR-2211 VCO Output to frequency
counter/oscilloscope.

TP2 = Ground (0V) to frequency counter/
oscilloscope,

20

PCB Assembly

‘ The PCB is a single-sided fibre glass
type, chosen for maximum reliability and
stability. However, removal of a

‘ misplaced component is quite difficult so
please double-check each component
type, value and its polarity where
appropriate, before soldering! The PCB

| hasaprinted legend to assist you in
correcily positioning each item, see
Figure 5. Some of the components have to

‘ be selected for the appropriate tone, shift
and data rate, see Table 2.

The sequence in which the

‘ components are fitted is not critical.
However, the following instructions will

| be of use in making this task as

straightforward as possible. It is usually

easier to start with the smaller

components, such as the resistors. Next

mount the ceramic, polyester and

electrolytic capacitors. The polarity for

the electrolytic capacitors is shown by a

plus sign (+) matching that on the PCB

legend. However, on some capacitors the

polarity is designated by a negative
symbol (-), in which case the lead nearest
this symbol goes away from the positive
sign on the legend. The diodes have a

‘ band at one end. Be sure to position them
according to the legend, where the
appropriate markings are shown. Next
install the voltage regulator, RG1,
matching its case to the outline shown on
the legend. When fitting the IC sockets
ensure that you match the notch with the
block on the board. Install the ICs making

! ‘ Section

| to

through
housing

Insert
terminal into

Solder

conducloer

] Clamp

| insulation
1

1

Locking
tab

quure 6. I‘itﬁng and insertmg =

'ﬂm ‘Minicon’ terminals,

o

‘I centain that all the pins go into the socket
~“and the pin one marker isarthe notched

- end. Next install the preset resistor RV1.
‘This is a 22-turn cermet preset with a

slipping clutch, which shonld make an-

-audible clicking sound at each end of its
. travel, To set it to the half way position,

srmply rotate the adjustment scréw until
the clicking sound is heard, then reverse

the direction for 11 turns. When fitting the
* ‘Minicon’ connectors ensure that the

locking tags are all facing the diode (D1

‘to D4) end of the PCB. Finally, using

component lead ofi-cuts fit wire links at
the positions marked on the PCB.

This completes the assembly of the
PCB and you should now check your
work very carefully making sure that all
the solder joints are sound. It is also
VERY IMPORTANT that the solder side
of the circuit board does not have any
trimmed component leads standing
proud by more than 3mm, as this may
result in a short circuit. Further
information on soldering and assembly
techniques can be found in the
‘Constructors Guide' included in the kit.

Final Assembly

No speciiic box has been
designated for the project as your
finished unit could contain several PCBs.
However, the single board prototype
fitted nicely in to an instrument case type
3501 (stock code YN32K), see Figure 11
for box drilling details.

The choice of connectors for the
audio, power and data lines is entirely up
to you. However, it is good practice not to
use the same type of connector for two or
more different functions, i.e. DATA
output and POWER input.

CAUTION, when installing the PCB
assembly remember to use some form of
spacer between its soldered side and the
inside surface of the case, this is vital if
you are using a metal chassis or box.

Once you have completed the
mechanical assembly of the unit you
should check your work very carefuily
before proceeding to the wiring stage.
Wiring

The wire connections to the PCB are
made using ‘Minicon' connectors and the
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Regulated
power output To PSU
(60mA MAX) (8V to 25V)
Run oV} 45V +V
i Flat
Signal Short
ot isad K LD 1 fock
4 | Green led
PL1 o)
(o] ‘ 1 PLS F‘Lﬁd A 51
To audio ouput 4 PL3 2 1 s ot
(2m¥ to 5V AMS) == 2 | —r— EjV 1 Lock
m! 2 i (]
ov I L
[ @rvi g2 & LD2 data o
ol Red led
o Shart K
pL2 L= lead ‘\
b Flat
2
o 2 o S Normal
| | — .
Test Set centre = Data
link frequency livice
1N40DY ] s
pc av ov TTL data
power input +Vo D'—cr/‘ a+V I?“?A' To PSU output
(9V to 15V) Power o serial input of ter
acfaft T (Via data transiator/RS232 converter)
¥ ten
. ToPL4,
Ove y o0V pin 12 .

Fig'ute 1. Wiring. (Inset) Oﬁﬁonn.l i_:ower:‘switc'h.' indicator and polarity i:rﬁfepﬁon_qi._r_{:“tn_.ﬂ.ﬁ 2% .' 22,

- method of installing them is shown in
Figure 6. No specific colour has been
designated for each wire connection,
however the use of coloured hook-up
wire will make it easier to trace separate
connections to ofi-board components,
just in case there is a fault in any part of
the circuit. A wiring diagram showing all
the interconnections is given in Figure 7.
Included in this diagram is an optional
power switch and indicator, witha
IN4001 diode providing reverse polarity
protection. Finally, with a short length of
wire between pins 1 and 2, make up two
link connectors using the two pin
‘Minicons'.

Testing and Alignment

The DC tests can be made witha
minimum of equipment. You willneed a
multimeter and a 12V DC power supply
capable of providing at least 100mA. The
readings were taken from the prototype
using a digital multimeter, some of the
readings you obtain may vary slightly
depending upon the type of meter
employed.

Initially, remove all the ‘Minicon’
connectors from the PCB assembly. The
first test is to measure the resistance at
the power input on PL4. With your
multimeter set to read ohms, connect iis
red positive test lead to pin 1 of PL4 and
connect the black negative lead to pin 11,
or 12. You should obtain a reading of
approximately 10k{) and when the test
leads are reversed, a lower reading of
approximately 5k() should be measured.

In the following tests it will be
assumed that a regulated + 12V power
supply unit (PSU) is being used.
Reconnect the 12 pin ‘Minicon', P14, then
select a suitable range on your meter that
will accommedate a 100m& DC current
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Plapinl=+28VDG
PL2pin2=+18VDC

reading and place it in the positive power |
line from the PSU. The DATA and LOCK
LEDs should not light and a current

reading of approxzimately 8mA should be PL3pinl =0V

observed. Turn off the supply and
remove the test meter from the line.

Now set your multimeter to read DC
volis. All voltages are positive with
respect to ground, so connect your

PL3pin2 =0V

Pldpinl= +12VDC
PLd4pin2=+5VDC
Pld4pind=+5VDC

negative test lead to a convenient ground PL4 pin4d =0V
point on the unit. Before taking any PLépin5 =0V
readings ensure that the LOCK switch, S1 PLd pin6 =0V

is in the off position and S2 the DATA
switch is set to normal. When the

Pldpin7T=-+5VDC
PL4pin8 =+ 5VDC

demodulator is powered up, without an Pl4pin8 =0V

RTTY input signal, voltages present on PL4 pin 10= + 5V DC
the PCB assembly should approximately PL4 pin 11=0V
match the following readings: PL4 pin 12= 0V

PL1 pin 1 = Sqguare wave TTL clock. PLSpinl1 =0V

PL1pin2 = 0V

PLSpin2 =+ 5VDC

Inside the Single board prototype.



; This completes the DC testing of the
- demedulator, now disconnect the
~multimeter from the unit, :
~ Thereisonly one preset control in
need of alignment, RV1 and this can be
‘'sét to a high degree of accuracy ifa
frequency: counteris employed.
. However, if one is not available then
. off-air RTTY signals of known tone format
* canbeusedbmmll give less accurate
“yesults;
- Whenusinga coumer, its sxg'nal

' input should be connecied to TPL with its

ground connected to TP2, Using the two
~‘Minicon' links, fit one at PL2 and the

- otherat PL3; Pmm the tone system and

shift information in Table 2, set RV 1o the
*centre frequency shown for the shift you
- have previously chosen. Turn the unit on

~and off a few times to ensure that it starts

up on the same frequency each time..
- Finally, remove the frequency counter
- and the ‘Minicon' liiks from PL2 and PL3,
transferring one of the links to PL1.

If yout are using an off-air RTTY
signal, ensure that the INPUT ‘Minicon' is
connected to PL3 and the RUN link is
fitted at PL1. You should now proceed to
the Using the demodulator’ for more
information on tuning-in RTTY signals.

RTTY Software

The software necessary to receive
and transmit RTTY data can be as

complex as you care to write. Due to the
large number of microcomputers used in
the home, it is not possible io produce a
program listing which will nin
satisfactorily on all machines, This is due
1o the various BASIC dialects and
differing internal hardware.

Not many RTTY or communication
pregrams have been published inthe

.. computer magazines, but the program

included in this article is for use with an
IBM PC or clone computer running
Microsoft basic, see Program Listing 1.
IMPORTANT, note that in this program
the serial port is set to 300 Baud, 8 data
bits, 1 stop bit and no parity (see line 280).
This is because the slowest baud rate
available on the computer was 75 Baud
and to receive RTTY at 45/50 Baud a
serial translator module is required, with
its output set to 300 baud, see Figure 8.

. As you can see from Table 1 the
value allocated to each Baudol character

~is not the same as the ASCII values used

by the computer. A simple method of
converting between code valuesis to
create a ‘look-up’ table using a two
dimensional array, this is set in line 180.
The conversion values are held as DATA
statemenits in lines 550 to 660. The
incoming Baudot code sets the position in
the array to read the ASCII equivalent, for
example, if the Baudot value is 3 then the
third position in the array has a value of
65 the ASCII for the letter ‘A", When the

‘figures shift' code is received, a sofiware
flag is set so the conversion data is read
from the second part of the array, see
lines 470 and 480. However, a manual
toggle action is available from the
keyboard should a piece of corrupt data
be received, see lines 320 to 340,

This program is the minimal
requirement for receiving RTTY and
should be used as the basis for additional
refinements. Such refinements could be a
split-screen to enable you if transmitting,
1o compose your reply while the
incoming message is being displayed on
the other half of the screen, or it may be
useful, if a printer is available, to add a
hard copy option to the program. If you
do not possess a printer, another method
of data storage is to create a file on
cassette, or preferably disk. Another
option is to be able to select the Baud
rate, if your system allows software
conirol of the R§232/TTL serial port
parameiers from 45 to 300 Baud. A useful
feature if you are transmitting, is pre-
recorded messages and tests (RYRY)
which could be retrieved from cassette
or disk. It is possible that you may require
other features to be built into your
program.

Using the Demodulator

To receive RTTY signals on the
short wave bands your radio must have a
beat frequency oscillator (BFO), although

Aerial

Optional audio Your Compulzsrs
| Recsivar bandpass filter AFSK demodulator compular sariai V0 port
I' -
FSK=SSBICW e | arTy "
AFSK=AM/FM %
o |
|
| Aerial
Optional audio TTL/RS232
Receiver bandpass fillsr AFSK demodulaior converter
I ,_X/_‘ +10
FSK=SS8/CW
St = L—-— RTTY o +5 o t > Level :RS232
AFSK=AM/FM = ) Baud rate: 45 1o 300
I___.__l =10 Data bits - 5
Stop bits : 1
Parity : None
Comment : Very rare
Aerial
Opticnal audio Serizl data
Receivar bandpazs liller AFSK democdulator fransiator
5 150, 5 bi
FSK=SSB/CW [ % l__,_ Y i et 5:',0 e . Level :TTL
AFSK=AM/FM | S = Bzud rate: 300
300, 8:bit Data bits : 8
L | e
Stop bits = 1
Parity : Noneg
Comment : Adoptled by |
some
manufacturars
Aerial Opticnal audio Sarial data TTL/RS232
Receiver bandpass filter AFSK d i iat converler
T e " 0
S 45/50, 5 bit
FSK=3SB/CW Rl l—’— RTTY to s o | Level  :RS232
= | Baud rate: 300
AFOKARIM T | 300, B bit 3o Daia bits - 8
A== 0.z
Stop bit : 1
Parity : None
Comment : Mast common

Figure 8. RTTY system dictated by your computers serial 'O port.
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most communications receivers have a
built-in CW or SSB position. The
frequencies covered by a modern
receiver are typically between 1 and
30MHz. It is within this range of
frequencies that there are literally
thousands of RTTY signals. Probably the
best antenna to use for simple monitoring
is a long wire, as long as possible and as
high as possible. If you can orientate it
South-West to North-East, so much the
better. It is advisable to tune the receiver
against a good external ground system,
such as a buried bare copper wire, ora
ground rod.

The audio connection to your
receiver can be made through the tape,
headphone or loudspeaker socket. The
tape socket is preferable because the
level of signal should not change with the
setting of the receivers volume control.
‘With this output the initial tuning is
achieved by identifying the characteristic
sound produced by an RTTY
transmission and once this is done the
data will be presented on the computers
screen avoiding the need to have the
volume turned up all the time.

Connect the data output from the
demodulator via any of the additional
hardware to your computers serial input
port, On the Amstrad PC1512, pins 4,5,6
and 8 had to be linked together with data
in on pin 3 and signal ground on pin 7.

The RTTY demodulator has been
designed to be tolerant to varying supply
voltages and differing inter-connecting
lead lengths. To power the unit a battery
or AC-DC mains adaptor can be used, the
Maplin XX09K model set to its SV output
is adequate.

I would recommend that initially you
tune into one of the amateur RTTY
portions of the short wave band. A good
start would be to set your receiver to
14.090MHz. It is around this frequency
that RTTY signals should be found all
day, except in the winter when they will
tend to disappear around sunset or
shortly after. RTTY is easy to identify
from the other signals most likely to be
found in this portion of the band, namely
Morse code. RTTY signals havea
pronounced warble as one tone is
transmitted and then the next.

Amateur RTTY transmissions are
usually set at 170Hz shift between mark
and space tones with a Baud rate of 45.45
or 50. Using the main tuning conirol of the
receiver, tune across an RTTY
fransmission and you will notice that the
sound of the pitch of the signal will
change, the S-meter on the receiver
should peak and the LEDs on the
demoduiator should flash. Assuming that
you have set the demodulator for 170Hz
shift and the amateur transmission is the
same, then with careful fine tuning the
lock LED, LD1, should light and LD2
should flash in sympathy with the data,
see Figure 8. When receiving AFSK tones
in the FM mode on the two metre amateur
band (145.300MHz), no fine tuning should
be necessary.
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System set for 170 Hz shift
170 Hz shift. Normal | Data ok
S1 S2
On Inverse
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Flgsh Flasihing
LD1 LD2
Lock Gata Input signal:
Too weak
or not
170 Hz shift.

Possibly corrup! data

On Inverse
Figure 9. Tuning in an RTTY signal.
Demodulator 1
Audio signal
input Input Data
o 170 Hz shift
PL3,pin1 output
Demodulator 2 170
425 pHz
Input Data Hz Shift select
s 425Hz shilt |——— L—- pus
PL3,pin1 output pu
?850
Hz
Demodulator 3
t Data
o 850Hz shift
PL3,pin1 output

Figure 10. Three board system.

Typical receiver and demodulator set up,

Continued on page 71.




% Adjustable Switching Threshold (500k - 10M)
% Low Standby Current Drain (30xA)

4% LED Output State Indicator

% Operates from a 9V Battery or Power Supply
4 Requires a Minimum of Test Equipment

Introduction

This "Hi-Low Switch’ projectisa
resistance operated transistor switching
circuit providing an output capable of
driving a small buzzer or relay. Because of
the very low current drain of the circuit in
the standby mode the Hi-Low Switch will
operate for long periods from a standard
9V batiery. Switching thresholds may be
adjusted between approximately 500k and
10M to suit different requirements. Table 1
shows the specification of the prototupe.

Circuit Description

The Hi-Low Switch circuit is based on
the operation of three darlington
transistors. The darlington has a high input
resistance and hence a low base current
making it ideal for low power applications.

Referring to Figure 1, the potential
divider network, R1, R2 and RV1 sets the
switch-on threshold for TR1. Preset resistor
RV1 allows the threshold frigger point to
be adjusted over a very wide range. The
power supply rail decoupling is provided
by C1 and input decoupling is provided by
C2 helping to prevent false friggering that
could occur due to external noise pickup.
As long as the resistance between P3 and
P4 s high (above the switch on threshold
level) TR1 remnains off. If P6 is connected
to P7, then TR3 also remains in an off
condifion since there is no current flowing
through the base. If the resistance between
P3 and P4 falls below the threshold level,
enough current flows in the base of TR1 to
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by Gavin Cheeseman

Power Supply Voltage. 9y-12V

Current Consumption (9V supply): -

Quiescent. - Less than 30pA

LD1 lit, P10 and P11 open circuit.  4mA

Trigger Range (set by RV1). 500k - 10M
approximately

Maximum output lead current. 50mA

Table 1. Specification of Prototype.

activate the transistor. When TR1 tumns on,
the base of TR3 is pulled high through R3
and the fransistor conducts, allowing a
current to pass through its collector load
comprising of the Light Emitting Diode
(LED), LD1 and through any additional
load connected between P10 and P11.
Resistor R8 serves to limit the current
through the LED to a few milliamps. If the
resistance between P3 and P4 rises above

the threshold level, the output returns to
the original off state. The action of the
circuit can be reversed by connecting P7 to
PS5 instead of P6; transistor, TR2 then acis
as an inverter, switching TR3 off when TR1
is on and turning TR3 on when TR1 is off,
Diode D1 is included in the circuit to
prevent damage to TR3 from any high
voliage spikes that could occur if an
inductive load such as a relay is used.

Figure 1. Circuit Diagram.
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Modes of Operation

As previously explained the Hi-Low
Switch may be operated in two different
modes and these are as follows:

1. Trigger on high resistance (P5 and P7
linked).

2. Trigger on low resistance (P6 and P7
linked).

When using the circuitin mode 1, P5
is connected to P7; in this mode the output
remains switched off as long as the
resistance between the input pins (P3 and
P4) remains low. If the resistance between
the input pins rises above the preset
threshold level set by RV1, then the output
is active. As soon as the input resistance
drops below the threshold level, the output
returns to the original high resistance state.

In order to operate the circuit in mode
2, P6 must be connected to P7 (P5 is not
used); in this mode the output is off as long
as the resistance between the input pins
remains high. When the input resistance
drops below the threshold level, the output
transistor (TR3) is turned on: this condition
will continue until the input resistance rises
above the preset threshold.

Construction

Construction of the Hi-Low Switch is
relatively straight forward and does not
require the use of specialist tools or test
equipment. The circuit is constructed on a
high quality PCB which has a printed
legend to simplify component positioning.
Insert and solder the components onto the
PCB referring to the track layout diagram
(Figure 2) starting with resistors R1 to R8
and preset resistor RV1. Capacitors C1
and C2 should then be fitted. Please
ensure that C1 is fitted observing the
correct polarity; the negative lead, marked
by a minus (-) sign on the capacitor case
sheuld be inserted away from the positive
(-+) sign on the PCB. PCB pins P1-P11
may then be fitted; these are first inserted
through the holes in the PCB from the
track side and carefully pressed down onto
the pad using a hot soldering iron. Once
the pins have been positioned they can
then be soldered. Inseri and solder
transistors TR1, TR2 and TR3 so that the
transistor case corresponds with the outline
on the PCB legend taking care not to
overheat the devices during soldering.
When fitting diode D1, once again, the
polarity is important; the cathode is
indicated by a band at one end of the
diode and must be positioned as indicated
by the legend. Light Emitting Diode, 1L.D1
can either be soldered directly to P10 and
P11 or connected to the pins via a short
length of wire. Please make sure that the
LED is connected observing the correct
polarity; the cathode is the shortest of the
two leads and is on the flat side of the LED.
The anode of the LED is connected to P8
and the cathode is connected to P9. A PP3
battery clip is included in the kit; the red
lead should be connected to P1 (+V) and
the black lead should be connected to P2
(OV). For further information en
construction techniques, please refer to the
constructor's guide included in the kit.
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Figure 2. PCB Track Layout Diagram.

Power Supply

Requirements

The circuit will operate from a 9V PP3
type battery and exhibits a very low current
drain when in the quiescent (standby)
mode. An alkaline battery is recommended
for optimum performance and length of
life. When triggered the current drain of the
Hi-Low Switch depends very much on the
type of load being driven. If the unit is only
driving LD1 (no other load connected) the
current consumption of the circuit when
friggered is approximately 4mA. The circuit
is capable of driving a buzzer (Maplin stock
code FK83E) for short periods when

If the circuit is used io drive a relav itis
recommended that a mains operated DC
power supply or a battery of larger capacity
is used (the supply voltage should be
between 9V and 12V). ltis important that
the power supply is adequately decoupled
to prevent the introduction of mains
derived noise onto the supply rails. A
suitable relay for use with the Hi-Low
Switch is Maplin stock code YX96E and
the current consumption of the circuit
when using this relay is approximately
3I2mAat 12V.

Testing

Before applying power to the circuit,
double check that all the components are
fitted correctly and that there are no dry
joints or solder short circuits. If a
multimeter is available, the resistance
between power supply pins P1 and P2 can
be measured to make sure that the supply
rails are not short circuit. The resistance
should start off at a low value and quickly
increase to a much higher value as C1
charges.

Connect P5 to P7 and set RV1 to the
centre of its fravel. When power is applied
to the module LD1 should light, indicating
a high resistance between the input pins
(P3 and P4). If the input pins are then _
shorted together, LD1 should extinguish
indicating the presence of a low resistance.
Remove the connection from P5 and
connect P6é to P7. With no connection
between the input pins, LD1 should
remain off; however, if the input pins are
shorted together the LED should then
light.

More accurate tests to determine
swiiching threshold levels can be made by
connecting resistors of known value
between the input pins and adjusting RV1
until the circuit triggers. The switching
threshold should be adjustable between
approximately 500k and 10M, although
some variation is inevitable. For most
purposes, the setting of RV1 is not that
critical and in practice the optimum
threshold level is obtained by

operated from a 9V batiery. experimentation.
Link
T os 8
P& P5 P7
Hi- Low Switch ;
Buzzer
Pi10— E l
P10 O~
P3 P4 P2 P1 5
— ! -7 %
= == [ |
Relay
Alarm trigogers when N
water lalls below
this point

Figure 3. Water Level Detector.
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Hi-Low Switch
Buzzer
Pllo— l: l
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Figure 4. Soil Moisture Detector.

Using the Hi-Low
Switch

The Hi-Low Swiich is an open ended
circuit that could be used in many different
applications requiring a resistance
operated switch. One of the main
applications for a circuit such as this is the
detection of moisture (water). Figure 3
shows how the circuit may be used to
operate a buzzer when the waterina
container falls below a given level; when
used for this purpose P5 is linked to P7 and

P6is left open circuit. Under normal
conditions the ends of the probes are
submergad in water and the resisiance
between the input pins is therefore
relatively low; however, when the water
level falls below point ‘A’ the resistance
between the two probes becomes very
high triggering the circuit and switching on
the buzzer. The output retums to the off
state as soon as the water level is restored.
A similar arrangement to that of Figure 3
could form the basis of a simple flood
alarm and when used for this purpose P6

Link strips

should be linked to P7 (P5 is not used); the
circuit will then remain in the standby
made until the probes become submerged
in water.

The type of probe used with the
Hi-Low Switch depends on the specific
application. For general purpose use
copper probes may be used: however, if
the probes are to be used in a biclogically
sensitive environment they must be made
from chemically inert material.

The arrangement shown in Figure 4
suggests how the Hi-Low Switch may be
used to turn on a buzzer or relay when the
resistance of the soil rises above the trigger
threshold of the circuit (when the soil
becomes dry). When the plant is watered
the resistance of the soil falls and the circuit
returns to the original state (output
switched off). It may be necessary to
experimeni with the probe spacing to
obiain optimum resulis.

Trigger threshold

High resislance /S@T\Lﬁw resistance

A

Preset PCB

Figure 6. Trigger Threshold Setting.

Another interesting application for the
Hi-Low Switch is the touch sensitive switch
arrangement illustrated in Figure 5. A
square of stripboard with the sirips linked
alternately is used as a touchpad. When

_Sslor;l:d Busesq the pad is touched, the drop in resistance
| = between P3 and P4 triggers the circuit. lf a
buzzer is connected to the output of the
_ P00 module, the circuit can be used as‘a simple
p.-? ':-f pe ? touch sensitive doorbell. In some
= T applications it might be useful to connecta
L] switch to P5, P6 and P7 to enable the
| Link strips I Relay required operating mode to be selected as
| av and when necessary. Figure 6 shows
r relative settings of RV1 for high and low
resistance frigger thresholds.
Figure 5. Touch Sensitive Switch.
HI-LOW SWITCH
P_ARTS LIST y MISCELLANEQUS :
RESISTORS: All 0.6W 1% Metal Film Printed Circuit Board 1 (GEOS])
R1 220k ! (M220K] Pins 2145 1Pkt (FL24B)
R2.35.7 M 4 (M1M} PP3 Batteru Clin 1 (HEZRES
R4.6 470k 2 (Ma70K) Construcioss Guide 1 {(XH79L)
RS 242 1 (M2K2)
RV1 1M Veriical Enclosed Preset 1 (UH22Y) OPTIONAL
PT Buzzer 1 {FKS3E)
CAPACITORS 3A Min Relay 1 (YXY5E)
C1 47uF 25V P.C. Electrolytic 1 (FFO&T) =
c2 100nF Minidisc 1 {(YR755)
SEMICONDUCTORS The parns lis ‘iué_ir.? Opfional items,
D1 1N4001 1 {QL73Q) are available as a kit
TR1 MPSABGS i {QHALR) Order As LMB9W (Hi-Low Kit) Price £2.60
TR23 MPSAL4 2 (QHB00) The following item is also available separately:
LD Hibri LED Red Sia i {WLRAF) Hi-Low Switch PCB Order As GE08J Price £1.25
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Introduction

Trigononmetry is the study of the
relationship between the sides and angles of a
triangle. However, the applications and
extensions of this are too numerous to be
studied in one lifetime; from surveying to
electronics and astronomy. We shall examine
afew, particularly those periaining to
electronics.

The application of trigonometry is also
extended to the study of mechanical
vibrations, sound waves and electricity.

Since a right angled triangle fits into a
circle (semi-circle to be precise), see Figure
1, triganometric functions are also called

| 90°

Figure 1. Righ! angled lriangle in a semi circle.

circular functions. We shall concentrate on
circular functions, though non-circular
functions (hyperbolas, parabolas and
ellipses) will be dealt with briefly at the end.

Some of the applications of trinonometry
relevant to electronics is in Fourier anaiysis,
which breaks down a comiplex wave info ifs
components. The study of phasors, in phase
and frequency modulation, is a useful
application to radio.

Manipulating products of sines and
cosines into sums and differences supplies
the mathematical proof of how product
detectors (mixers) work to convert a carrier
and its modulating frequency into a sum and
difference frequency at the output.

The application of vectors in surveying is
just a5 useful in analysing current and voltage
vaectors. And the roll-off on sine and cosine

Junz 1989  Maplin Magazine

by Jeff Scott Part 5

curves is used in designing filters. Some of
these applications will be dealt with in more
detail later.

Fundamental Definitions
Figure 2 shows a right analed triangle.
There are six fundamental definitions

called natural sines, natural cosines, natural

|
‘ Opposite
| side

Adjacent side

Figure 2. Fundamental definitions.

tangents, natural secants, natural cosecanis
and natural cotangenis. These are called
natural because they are assaciated with 2
circle as opposed to those connecied with
nyperbolas.

__opposite side

sine X =
hypotenuse
cosinex = djacentside
hypotenuse
tangentx = w
) adjacent side
cosecantx = f}m
opposite side
secantx  — Mpolenuse
adjacent side
cotangent x = 2oiacent side

opposite side

Sine is usuzlly abbreviated te sin, cosine
to cos, tangent fo tan, cosecant fo csc,
secant to sec and cotangent to col. The
relationship betwsen the preceding definitions
is then as follows:

1
C5CX =
sin x

SBCX =
cos X
1
cotx =
fan x

The graphs of these functions are shown
in Figure 3, for one cycle of waveiorm. It can
be seen that the sine and cosine waves are
ninety degrees or 72 radians out of phase
with each other.

Pythagorean ldentities

An interesting fact about the angles of a
triangle is that they add up to 1B0 degrees or
7 radians.

Pythagoras’s Thearem deals with a right
angled triangle and siates that; the square oi
ine hypotenuse equals the sum of the
squares of the other two sides. Therefore if
two of the sides are known, the third side can
be calculated.

For instance, in Figure 4, if AB = 5cm
and AC = 3cm, to find BC:

By Pythagoras Theorem
AB?=AC? +BC?
BC2=AC? —AB®
BC?=25 -9

BC =16

BC =4cm

Similarly using the sine or cosine
definitions, other sides and angles can be
found. For instance, Figure 5 gives only the
lengths of the two sides of the right angled
triangle.

sinx —B—C
AB

_.3

6

=15

Using tables or a scigntific calculatar,
the angle whose sine is 0.5 is 30 dearess.

Angle y can easily be found since the
sum of the three angles add up to 180
degrees.

y=180—-x —z
=180-30-90
= 60 degrees
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Figure 4. Pythagoras’s theorem.

z
A ]_C

Figure 5. Using the definilion of sine.

Finally side AC can be found either by
Pythagoras theorem or by using the sine,
cosine or tangent definitions. Using the
tangent definition.

28

Three further Pythagorean identities will
be stated here without proof.

sin®t + cos’t=1
anft+1  =sec’t
1+coi’t  =osc?t

sinx siny sinz

a b c

Figure 6. Law ol sines.

)‘1r ¥ I Y‘l |
| |
1T +1 | el |
| I
m 277 m 217 | |
; > X } } x ; } - X
\/ yAu
-1+ , g 1 1) 2 | 14 | 2
| I
y=sin x y=COs X ! I
y=tan x
¥ I A A
|
1+ | 1 14
|
| -7 ™ ] 297
: - x } f—x : E—¢
m
|
I
-1 | -1 -1
|
|
y=col x y=SEec x y==CsC x
Figure 3. Graphs of basic definitions.
BC | Pythagoras was a Greek mathematician
8 Hak. = <o | who lived around 500 B.C. and founded a
i school in southern ltaly.
0577T= —
o AC
AL =5.198 Law of Sines
And so the answers pop out like Up to now we have dealt with a right
pudding out of 2 pudding bowl. The angled triangle but there is a simple-formula
" ' interesting fact being that there is more than which helps in the solution of non right
Scm ¢ one way of arriving at the correct answer. angled friangles.

Referring to Figure 6, the formula is:

sinx _siny _ sinz
a b c

One only neads to know three of the
values in order to find the rest.

Suppose x = 20 degrees
y = 80 degrees
a=10cm

sin 20 = sin 80
10 b

0.34 _ 0.98

10 b
b=28.96 cm

However, knowing the valugs a, band ¢
or only the angles will not help. If only the
lengths of the sides are known, the cosing law
must be used.
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Law of Cosines
Tne law of cosines relaies the three sides
to one of the angles.

2

a>=b%+¢?— 2bccosx

This has important applications in
surveying. With reference to Figure 7,
suppose a surveyor wants to find the distance
BC across a lake, he does not have to swim
across if he is mathematically minded. A
point A s picked and the distance AB, AC
measured together with the anale x betwesn
them. :

B
I
|
a‘
|
|
I
|
|
|
|
C

150m
b

a’=b +c’-2bc cos x

Figure 7. A surveying problem.

IfAB=¢c =300m
AC=b=150m -

X =40degrees
Then BC? = a® = b% + ¢? — 2bc cos 40
= 22500 + 9000 — 68244

43556

aa
a?
a®=208.7

Therefore BC = 208.7 metres

The above analysis is readily applied for
analysing ac current and voltage vectors. If
there are 2 voltages of 3V and 5V at an angle
of 25 degrees, as shown in Figure 8 and we
need to find the resultant.

the same length. The resultant voliage is AD.
To find the length of AD we consider triangle
ACD.

Since CD is parallel to AB, angle DCE is
the same as BAC i.e. 25 degrees. Angle ACD
is 180 — 25 = 155 degrees. Also, CD is 3V.

AD = AC + CD — 2 (AC) (CD) cos 155
AD=25+9-—2(5)(3)(-0.91)
AD=34+273

AD =61.3

AD =7.81 volts

Now that the definitions are complete we
can see the practical applications.
Mathematics should be fun, not just an
endless stream of meaningless formulae ora
maze of figures, but a means to an end.

Application of Phasors to
Frequency and Periodic
Time

Figure 10 shows a rofating vector OA
which rotates, w radians per second. The

diagram shows how the circular form can be
represented linearly such that when the vector

A___- sinwt
"I‘Il L] ki ] i
0 T L] 1
T amm fam
2 2

w=2T1

Figure 9. Parallelogram of forces.

The parallelogram of forces is drawn as
in Figure 9, where CD is parallel 1o AB and of
the same length. BD is parallel io AC and of
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Figure 10. Circular to linear relationship.

has rotated 7 radians or 180 dearees, the sine

wave has also completed a similar distance.
Suppose the rofating vector completes

one revolution or 2 7 radians in T seconds.

Then T = 2
or T A
i

Tis the periodic time or the time taken to
complete one cycle.

If one cycle is completed per second,
this is one Heriz. In general, the number of
cycles per second is the frequency, f.

1
F=5=

f

0
2

The angular velocity w = 2 # f radians
per second.

Application to Fourier
Analysis

The Fourier series attempts to define the
components of a complex waveform. It is not
intended to delve into the complexities of
Fourier nofations, but an example will serve
to illustrate the point.

A square wave for instance, bears no
resemblence to a sine wave, but Fourier
analysis shows that it is made up of an infinite
number of odd harmonics of the fundamental
sing wave.

To prove this, Figure 11 shows
pictorially how a square wave is buiit up from
odd harmonics. By the time the third

3rd harmonic

. Square wave—__ |

-

Figure 11. Building up a square wave.

harmonic is added, the combined waveform
is already showing signs of wrning into a
square wave.

Application to Amplitude
Modulation

In amplitude modulation, a8 modulating
frequency (fa) amplitude modulates a carrier
(fc) to produce at the output, the carrier
frequency together with the sum and
difference frequencies of the carrier and
modulating frequency.

The general form of the output is:

fc + (ic —fa) + (fc + fa)

There are many such mixing processes
in radio applications. The reverse process, for
extracting the modulating frequency, is called
demodulation and the detector circuit for
exiracting this frequency is sometimes called
a product defector. The reason for this can be
seen in the following sine and cosine
formulae, where a product is transformed
into a sum and difference.

cosAcosB= V2 [cos(A+B) = cos(A—B)]
orsinAsinB = — V2 [cos(A+B) — cos(A-B)]

There are many more sum and product
formulae but the above serve to provide the
mathematical justification for the mixing
process.

Application to Phase
Locked Loops

Where it is necessary to maintain a
frequency e.q. a carrier freguency within
close limits, a phase locked loop may be
employed which compares the transmitted or
received carrier against a reference sourcs.
The difference in phase is a representation of -
the drift in frequency.

0A Is the vecior representing the phase
variation between carrier frequency and

1 revolution = 277 radius

Figure 12. Phase lo irequency relalionship.
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2
y=cos

ar 3m
2 2

2
y=sin't

Figure 13. Sine and cosine squared waves.

reference frequency, if the relative rotation of
0A is zero then the carrier is the same as the
reference and the loop is locked.

On the other hand, if the vector rotates
2 7 radians per second, the detector in the
phase locked loop will sense that thereisa
difference of one cycle or 1Hz between the
carrier and reference frequency. A correction
can then be made. This may be understood
with reference to Figure 12.

Application to Testing
of Television Links

Pulse and bar testing are extensively
used in testing television links. The bars a
rectangular waveform and the pulse is a sine
squared waveform. Figure 13 shows sine
squared and cosine squared waveforms. The
effect is to raise the waveform such that all of
itis above the x axis.

Height reduction of these waveforms
shows attenuation and ringing shows phase
distortion. Fourier analysis shows that a
recurrent waveform can be represenied by a
series of sine and cosine waves, as
harmonics of the fundamental. In a non
recurrent waveform the fundamental tends to
be zero.

A television picture can be represented
by a step function (sudden change of shade)
and a narrow pulse (small spot of lighton a
dark background or vice versa). The narrow
pulse should contain only the frequency band
of interest and therefore a sine square shape
is chosen.

Normalisaed
amplifude

0.5

1
| ] S—

2T

Figure 15. Pulse and bar.

tanh x

sinh x

cosech x

sech x

coth x

Figure 14. T puise.
30

Figure 16. Hyperbolic funclions.
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Two alternate pulse widths are required.
A narraw one of half amplitude duration T,
Figure 14, where T is the width at half the
puise height. The period T is the reciprocal of
twice the upper frequency limit of the
television band width. So if 3MHz
(monochrome) is transmitted:

]
T‘zxaxms

=1.6us

Therefore, a T pulse is equal to a whole
cycie of a 3MHz cosine wave starting and
finishing at its negative peaks, with direct
current added to raise the negative peaks to
the zero line of the x axis.

Awider pulse of 2T is also used and the
three waveforms are shown in Figure 15. The
bar is useful for testing betwean 10kHz and
0.5MHz because of the large amplitude of
waveform components. The 2T pulse is used
for the 0.5MHz to 2.2MHz spectrum and the T
puise from 2.2MHz to 3MHz.

Hyperbolic Functions

The foregoing deals with circular
functions since they are concerned with
equations of a circle. There are other shapss,
like hyperbolas which are used in the study of
catenaries (a chain hanging from posts) and
in the study of fransmissian lines.

Hyperbolic functions will be dealt with
briefly.

The hyperbolic equivalents of sine,

tanh (pronounced shine, cosh and tank). The
nyperbolic equivalents of cosec, sec and cot
are cosech, sech and coth, The araphs of &*
and e~* have been dealt with elsewhere and
the definitions of the hyperbolic functions are
based on these. Figure 16 shows the
hyperbolic functions based on the following
definitions.

] &—g"
silhi X = ———
2
X —X
+
coshx = 6‘_8—
2
ex_ —X
tanh x = ——E_;
e"+¢
2
coseCh X =—————
¥ —a
sechx= — 2 —
&+ g
ex+ —x
cothx = —X_ET
g =g

Figure 17 shows other interesting
shapes compared to the hyperbala. The
cardioid is typical of the basic wavefront

Apogee

=0~wucam

Figure 18. Elliplical transfer orbit.

The Ellipse

The ellipse is 2 useful shape in many
branches of engineering. For instance, in
launching satellites around the earih the
satellite is placed in an elliptical transfer orbit,
see Figure 18 and an apogee motor used to
drift the satellite to its apoges, the highest
point of the orbit so that it is directly above
the equator.

cosine and tangent are called sinh, cosh and radiated from an antenna. Continued on page 55.
Asiroid Cardioid
Parabola
Ellipse Hyperbola Rectangular hyperbola

Elr
|

N
27 | Thg

&,

Figure 17. Other interesting shapes.
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S\-218 INT ELLICENT’
KEYRAL

b Reviewed by Dave Good&

Membrane Keypad with Tactile Feedback =
Programmable Master Code and 4 User Codes 474l
Programmable Zone/Duress Functions |
Wrong Code LLockout

Relay and Solid State Switching

24 Hour Tamper Switch
Panic Alarm
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These are just a few of the many {eatures
available with this micro-controlled,
Programmable Digital Keypad, which has
been designed for use with alarm panels or
for accessing control devices. The following
article attempts to explain the range of
available facilities in considerable depth and
shows just what a ‘clever little device’ the
SA-218 Keypad can be.

General Description

The Keypad case measures 114mm
heigh x 78mm wide x 30mm deep and has
been manufacturad from white ABS plastic.
Key operations are periormed on a 12 way
membrane keypad (0-9, star, gate) which has
both tactile and audible feedback. 1/0
connections are made via a pre-wired, 18 way
x 0.1 pitch female connector supplied with
the unit. Access into the unit is made by
loosening a hexagonal slotted screw with the
allen-key provided and removing the rear
panel. The manufacturars also supply two
screws and wall plugs for mounting the unit,
but you will have to find your own Smm drill
and elbow-grease (not supplied)!

Facilities
1. ARM/DISARM

Entering a 4 digit master code, or any of
the four user codes, by keying in numbers
from the keypad will activate a sequence of
switched outputs and timing signals. These
outputs can be used for controlling security
and alarm panels or low power apparatus.
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2. BEEPER

A miniature on-board piezo sounder
gives one short ‘beep’ every time a key is
pressed and three short beeps afier imeouts
and invalid key entries. The sounder can also
be externally operated by applying a voltage
between +2.5\tto +12V on pin 6.

3. KEY TIMEOUT

When any one of the twelve keys is
pressed, a timing sequence is initialised
which allows up to 2.5 seconds for further
key entries. Every key entry re-initialises the
sequence and a beep is given to signify the
end of a timeout period. After timeout,
previously stored key-values are cancelled so
if the 2.5 second period is exceeded during a
code entry, you will have to re-key the code in
all over again from the beginning. This facility
is necessary owing to the absence of "cancel’
or ‘delete”keys and also offers a higher
degree of security from un-authorised use.

4. WRONG CODE LOCKOUT o

The number of key entries made within
the 2.5 second fimeout, in any continuous
sequence, is monitored and if more than 30
key entries are made without a valid code
sequence, the keypad will automatically
lock-out for 30 seconds. Every key pressed
during the 30 second lock-out period will
re-initialise the 30 second timer and only
when the timeout period has elapsed can the
keypad be used as normal again.

Punching-in your personal code.




TSSO EOS

5. MASTER CODE

This is a programmable 4 digit code
selected from keypad numbers 0 to 9 and any
combination of those four numbers can bs
used. The SA-218 is supplied pre-
programmed with master code 1-2-3-4. To
re-program the master code you are required
to press the star key twice, enter the old
master code, enter function number 0,
followed by a 4 digit master code of your
choice:

B.0. % * 1234 0 4366 (no spaces of course).

In this example the current master code is
now 4366.

6. USER CODES

Again, this is a 4 digit code (not the
master code number!) and four separate (four
digit) numbers can be programmed as
required. Before a user code can be changed,
the masier cade must first be entered. The
system integrity is therefore maintained for as
long as the master code is kept secret. To
program user codes you are required to press
the star key twice, enter the current master
code, one of the function numbers 1 to 4,
followed by a 4 digit user cade of your choice:

£.0. * * 4366 10328 (no spaces!).

User code number 1isnow 0328. The
remaining three user codes are programmed -
in tiie same way with function numbers 2, 3 &
4. User codes are an optional facility and
unlike the master code, they need to be
programmied in only as and when reguired. A
user code can also be erased by entering % *
master code and function number only,
without making any further key entries. After
the 2.5 seconds timeout has elapsed, any
pre-programmed code stored at this function
number will be deleted. Additionally, a user
code holder could arm/disarm an alarm
system and later on, the master code holder
only could erase that user code - without
having to rearm/disarm the system; this
would prevent the user code haldar from
gaining further access to the system. Other
pre-programmed user codes will still remain
valid at this time, but they too could be erased
in the same way!

Summary of two star (% %) function
numbers:

0 = Master code

1 = User code No.1

2 = User code No.2

3 = User code No.3

4 = User code No.4

7. DURESS

Whenever the master or user codes are
keyed in directly, relay change-over contacts
are activated along with high and low
transistor outputs. Itis just possible that a
master/user code holder may be forced to
arm/disarm the system or hand over the code
‘under duress’ as it were. In this situation it
may not be prudent to furnish an incorrect
code as a ploy, therefore, the programmable
duress option allows the system to be
armed/disarmed as normal, but in addition
the zone output, pin 9, also pulses low
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Figure 1. General layoul of the SA-218 Keypad.

(approximately OV) for 1 second following a
2.5 second delay timeout. A duress code is
almost identical to the master or user code
number, except for the last digit being
incremented by one, but the first three digits
always remain the sams:

e.g. Master or user code normally 4366
becomes duress code 4367 = 436(6+1).

Where the last digit in the code is
normally a 9, increasing it by one produces
the number 10 (or O carry 1). A carry number
has to be ignored otherwise the four digis
cade will become a five digit code - which is
invalid:

€.g. Master or user code normally 6789
becomes duress code 6780 = 678({3+1).

A duress code is temporary and should
not be programmed in, otherwise it will
become a new master or user code. Duress
codes can be used at any time when the zone,
pin 9 - silent alarm, output is required and its
operation is signified by the amber coloured
ZONE led illuminating for 1 second. Note that
further key entries are not accepted until after
the timeout period has ended.

It should be noted that the duress facility
cannot be accessed if ‘zoning’ has previously
been selscted as both duress and zone share
a commaon output, pin 9. Similarly, the zone
facility cannot be accessed if ‘duress’ has
been previously selected - for the same
reason.

Duress — Programming

Table A lists 10 gate (#) functions that
can be programmed in with the master code
only. Even numbered functions are related to
the zone facility only whilst odd numbered
functions relate to the duress facility only.

%0

e.g. # 4366 1

The duress facility has been
programmed by entering the gate key,
followed by a current master code (not user
code!) and function 1. Now if 2 master or
user code is entered, the main switch outputs
will operate for 0.5 seconds and then release
again. Keying in a master/user related duress
code has the same effect with the delay and
zone pulse output operating as normal.

e.0. £43665

Here the duress 25 second arm-time
function has been programmed and the
operation is similar to the first example,
except that the main outputs switch for 25
seconds before releasing. Duress delay and
zone pulse output operate as normal.

£.g. =43669

In this third example the toggle/latch
function is programmed. The main outputs
switch and LATCH permanently (no arm-time)
when a master, user or duress code is keyed
in. The main outputs can only be switched
back - TOGGLE - to their previous state by
re-entering a master, user or related duress
code again. Duress delay and zone pulse

output operate as normal.
Key Function Arm Time
0 Zane 0.5se¢
1 Duress 0.5sec
2 Zane 103ec
3 furess 10seac
4 Zane 25 s8C
5 Duress 25 s8¢
(i} Zone 35sec
7 Duress 35see
8 Zone Toggle/Latch
g Duress Tegale/Laich
Table A.
8. ZONING

This term describes the process of
arming or dis-arming a discrete area
independently from the rest of the system.
The SA-218 zong output is common to both
the zone and duress facilities and has an open
collector pull-down on pin 9. There are two
different options for zoning as follows:

(i) Set orre-set the zone output and the main
arm/disarm outputs.

(ii) Set or re-set the zone output only (no
main arm/disarm outputs).

The star (%) key is used for selecting
either option and is entered first, followed by
a master or user code. To prevent the main
outputs from operating, as option (i), the
star (%) key should be pressed a second time
aiter entering the code:

£.g.(i) * 4366 Zone and main outputs
activated.

(i) * 4366 * Zone output activated
only.

Zone - Programming

Either zone arm-time or togale/latch
functions can be programmed in from Table A
using the # key, master code only and even
function numbers:
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Figure 2. General funciions of the SA-218.
£.q. #4266 2

The 10 second arm-time zone facility is
programmed by entering the gate key,
followed by the current master code (nota
user code) and function 2. Now when a
master or user code is entered, the main
switch outputs will operate for 10 seconds
and then release again. Duress codes are
invalid and will generate three besps when
entered and nothing else! If a star is first
enlered, followed by a master or user code,
the zone output is immediately activated and
2.5 seconds later the main outputs will
switch. After a further 10 seconds delay (toial
of 12.5 seconds) the main outputs ONLY will
switch back to their original state, with the
zone output remaining active. Keying in
master or user codes will not affect the zone
output status, therefore to change the zone
output alone, enter a star, master/user code

and another star. The front panel zone LED is
illuminated when the zone output is active
(set) only.

8.0. £ 42668

Programming zone function 8 selects
the togagle/latch facility and all operations are
the same as for those in the previous
example, except the main switch outputs will
LATCH permanently with no delayed release.
Entering @ master/user code will TOGGLE only
the main switch outputs to their original staie
and star master or star user codes will change
the zone output status only. The zone LED is
on when the zone output is active as stated
earlier.

9. ARM, ZONE & SEALED LED's

Two of the three front panel mounted
LED's are for connecting to exiernal
equipment only, but the third LED can be both
internally and externally used as follows:

‘SEALED' (green LED) anode pin 18,
cathode pin 18. -

‘ARM’ (red LED) anode pin 15, cathode
pin 17.

Current limiting 560R resistors are
pre-wired in series with each of the two LED's
and are not required to be fitted exiernally.

‘ZONE' (amber LED) used by the
micro-controller to signify “zone active’, but
can also be illuminated by externally
connecting +2.5 to 12 volts to the buffered
input *EXT ZONE pin 7.

10. PANIC ALARM

Pressing the star and gate keys (¥ #)
hoth together sets the open collector pull
down ‘PANIC’ output low (approximately 0V)
on pin 8 and is accompanied by 2 short beeps
from the sounder. The output remains low
until either or both keys are released.
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Figure 4. Mechanical filling delails of the
/0 conneclar.

11. TAMPER ALARM

A miniature reed switch, fitted to the
PCB, is activated by a magnet attached to the
rear case panel. With the unit screwed down
onto a flat surface, the magnet will hold the
reed contact closed. If either the case froni or
the complete unit is subsequently removed,
then the reed contact will open (break contact
action). Connections to the reed contact are
external on pins 1 and 2 only and the tamper
facility is not monitored by the micro-
controlier or sounder at all.

12. DIRECT/PULSED OUTPUT

To select this mode, 2 links are required
1o be fitted onto the PCB in positions JW1 and
JW2. Links can be mounted either onto the
component side of the board, which means
the module has to be removed by taking out
the 3 mounting screws first, or onto the frack
side of the board as shown. With both links
fitted, this facility offers a different zone
operation and timeout as shown in Tabie B.

Key  Function Arm Time

a Zane 1sec

1 Duress 1see

2 Zone 5sec

3 Duress 5 sec,

4 Zone 10sec

5 Duress 10ssc

(7] Zone 30 sec

7 Duress 30 sec

8 Zone Toggle/Latch
g Duress Toagle/Latch

Figure 3. /0 connection circuil.
June 1989 Maplin Magazine

Table B.

Entering the star key, followed by a
master or user code, instantly switches the
main cutputs and zone output, pin 9, for the
timeout or toggle/iatch option programmed in
from Table B. The programming msthod
remains the same as before and duress
options are also valid.

35



I/0 Connecior

Art 18 way, 0.1" mini-connector. pre-
wired with 17 x 200mm long coloured wires,
is supplied for making all input and output
connections o the module. The wire colour
coding and pin designations are shown in
Table C.

Fit finks 1&2
In positlons
M & W2 ———»

é‘ﬁ!‘ (§] 7]

ar
P
P X

component o
: —_— o
side ke K il N
Hele
through cerd
1
Link Link
1 2
PCB
track sids
Insulation
card
@ &

Tomper

reedewiich
{tresk conloct)

Figure 6. How the ‘tamper’ switch works.

Pin  Wire Designation

Yellow  Tamper Switch

Orange  Break Contact

Red PSU +12VDC Input

Brown PSUOV

NU Not Cannected

White Ext’ Blegper I'P

Grey Ext’ Zone I'P

Purple Panic Output 0/C Pull Down
Blue Zone Qutput 0/C Pull Dawn
Green Arm Output 0/C Pull Down
Yellow Arm Cutput O/C Pull Up
Orange  Arm Relay N/O Contact

Red Arm Relay N/C Contact
Brown  Arm Relay Common Contact
Black Armed LED Anode (+)
White Sealed LED Anode (+)
Grey Armed LED Cathode (—)

e e e e S S Y
00 =) DN f= IR - OW O~ OFLh & LS P =

Purple Sealed LED Cathode (—)

Figure 5. Fitfing pulse option links.

Tahle C.
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Specifications
Power Supply: 10 to 18VDC max

(Typ 12V - 25mA)
Armed & Sealed LED inputs: 2.5V to 12V Max
Bleeper & Zone inputs: 2.45 to 12V Max
Relay contacts: 1Amp at 12VDC
Open Collector outputs (0/C): 250mA Max
N.B. Pin 11 switches ta the +V supply rail.

Self Test

A self test routine can be initialised by
holding both the star and gate (* ) keys
down and then applying power to the keypad.
All outputs are tested in sequence (the two
Keys can now be released!) twice, terminating
with two beeps from the sounder. This is the
cue ta press all keys in turn, 1234567892 %,
and each will produce a single beep. if no
problems are found, then two beeps are
issued to signify this. On the other hand,
should there be a fault then the beeper will
sound continuously at the rate of 2Hz; the
main outputs will also pulse at the same rate.
An interesting effect encountered after
running the self test routine is that the master
code returns to 1234 and all praviously
programmed codes are resst.

Availability

The SA-218 keypad is obtainable from
Maplin Electronics on mail-order or through
their numerous shaps. The ordering code is
YTB4F and the price just £29.95 inclusive of
VAT.

TELECOMMUTING- - TELECOMMUTING-

Continued from page 10.

nome, thereby eliminating the distraction of
children, pets or visiting friends. The
telecommuter must also be able to resist the
temptation to tackle the lawn mowing or
repairing the garden gate. The psychological
problem also exiends to the withdrawal of
team work. The individual could well miss the
cut and thrust of business contacts and the
ability to forge relationships™'.

Industry Reservations

Itappears that not all industry
authorities are in tune with the telecommuting
movement. The autheriative magazine
‘Comms Monthly" quotes Sir John Harvey-
Jones, ex boss of ICI as saying “It is difficult
for older people like me to comprehend. For
my generation, a computer still tends to be
thought of s a sort of calculator, and few of
us are computer literate”. This view is
supporied by a recent Quantum Research
survey which found that although over half of
those questioned would prefer to work
Indepsndently, a large number remained
concerned about the loss of human contact
and team relationships.

Also Keith Marsden, divisional director
of Hoskyns Network Services, is not totally
convinced on the merits of telecommuting.
“Telecommuting in theory is right. But
savings on travel and office accommodation
costs have to be balanced by the loss in team
spirit. Companies such as Hoskyns need to
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have close interaction between our
consultants — a shake down of ideas. These
creative opportunities would be greatly
missed and intellectual quality could be
considerably diminished. Above all, jobs at
home will need to be well defined and workers
well disciplingd”.

Similarly somewhat dubious aver the
merits of telecommuting is Joahn Sommenwill
of Saffronrose. “Unless the cost of
communications are substantially reduced,
your nome based telecommuter could run up
telephone costs equivalent to his former
commuting costs. Telecommunications is an
expensive business, one best handled by the
very high value worker™. In any case John
wonders if even the new digital network could
sustain all the telecommuter generated
telephone traffic.

Not surprisingly, Saffronrose highlights
the technical ability factor. Even in fully
manned offices, many workers are less than
comfortable with their high tech equipment
and need the comfori of close hand
assistance and advice. Gordon Ross of PA
agrees. High technology equipment is often
frustratingly difficult for the non expert. The
world he states is divided into PC literate and
non-literate individuals, with the weighting
being 98% who do have difficulties. Even so.
Gordon Ross reminds us that many office
PCs are not being used to their full capacity
because of this skill and undersianding gap.

Training and service maintenance will
also be @ major factor for the emerging
Qeneration of telecommuters. A frisndly
hot-line support service would seem essential
10 the well being and confidence of the home
worker, but this factor says Saffronrose could
be difficult and expensive to provide on such
a wide range base of users.

Telecommuting may be inevitable, if only
10 avoid having that 19th nervous breakdown
while commuting in from Norbury. But not all
the consequences as yet appear to have been
recognised. Sales of daily papers fora start
will slump. Inner city house prices will also
slump alongside a corresponding surge for
the more desirable out of town house.
Especially if it features a Spare room.
Marriages according to the Quantum survey.
could slump as it seems a high propartion of
us meet our pariners at work.

Despite the fact that many industry
authorities befieve that homes are about
people, and people and technology do not
mix very well, the EEC are presently funding a
project aimed at creating ‘Integrated Home
System Standards’. The venture is being
backed by such well known IT companies as
Phifips, GEC and Thorn EMI. So it should not
be long before we are able to shout
commands from our home workstation to the
kitchen for a repeat order of toast, marmalade
and coffee.
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by Graham Dixey C. Eng., M.LE.R.E.

Introduction

The short wave receiver recently
described (Electronics No.29) offered a
simple and inexpensive introduction to
the world of short wave listening. No
great performance could be claimed for
if; nonetheless the speaker was found
to be very lively at times, especially at
night. The prime limitations are the
need to keep juggling certain variables,
especially the degree of reaction, in
order to get the best from it. But that is
the price of simplicity and a fair price it
may be considered to be. Details of two
coils were incduded in the original
article and, if the dimensions were
adhered to, between the two coils
specified, it should have been possible
to tune over the range of 3-16MHz,
covering several of the amateur bands.
However, there is also an interesting
listening area somewhat below the
lower limit of the original coils, in the
160 metre band, which covers 1.8-
2.0MHz. The added interest in this part
of the frequency spectrum arises
because it is shared with maritime
users and so, for those who can make
best use of it, allows one to listen in to
some marine traific.

Obviously those best situated will
be the ones living near the coast
although, as is the usual way with short
waves, reception is dependent upon
time of day or night and ionospheric
conditions, so anything can be
expected. That's the fun of short waves.

What has been done in this design
is to take the original short wave
receiver and fit a new coil that will tune
to the lower frequency waveband; a few
other changes have also been made,
largely concerned with providing a
slightly more sophisticated tuning
arrangement, as discussed below.
Readers who built the original short
wave receiver could, if they so wished,
merely add the extra coil and perhaps
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include band switching. Some builders
may have already added this latter
refinement by switching between the
two coils originally specified. However,
the new coil is based upon a smaller
capacity air-spaced tuning capacitor
(365pF) instead of the original 500pF
mica type. The reason for this is the
desire to include an inexpensive slow-
motion drive in the tuning
arrangement; the friction of the mica
tuning capacitor is too great to allow the
slow-motion drive to function
satisfactorily. Air-spaced tuning
capacitors are much nicer to use
anyway; in the author’s younger days
mica tuning capacitors were considered
the poor relation - though they certainly
aren’t cheap these days!

Details of the new coil are shown in
Figure 1. Notice the relative directions

B7

L2 37 tums
28 swg EC Wirs
close wound

E =
E PB
g P2
£l 10 tums
28 swg EC Wire
ciose wound
P1
|
g A >

Wood plug, force fit, securs to
chassis with CSK woodscrew

Figure 1. Coil winding details. Note that L1
and 12 are wound in different directions.

Photo 1. Tuning details.

of the two windings. If reaction cannot
be obtained it is possible that the

connections to one winding need to be
reversed. Coil formers are always a bit
of a problem. They can be made by the

method described in the original
article, by winding thin card around a
wooden dowel former, glueing it as you
go, or sometimes a fortuitous piece of
tube presents itself. One such
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possibility, that some may think an
unlikely source, is a piece of plastic cold
water pipe. Since this is so readily
available and inexpensive, this is what
has been used on this occasion. It can
be fitted to the chassis by plugging the
bottom end with a piece of wood and
inserting a screw into a pre-drilled hole.
This is also shown in Figure 1.

Photo 1 shows the new tuning
arrangements with the slow motion
drive fitted. This now means that
tuning is entirely non-critical. Not only
is the main tuning easier to use, but the
bandspread can then be used for the
fine tuning.

The circuit diagram (Figure 2) and
PCB layout (Figure 3) are essentially the
same as before, but are included here
for completeness.

v Any piece of equipment looks
better if it is cased up (Photos 2 and 3)
and a smart yet inexpensive case was
chosen from the Maplin catalogue in
this instance. This does make the aerial
preset capacitor less accessible but the
problem can be resolved by accurately
locating its X and Y co-ordinates, so to
speak, and drilling a sufficiently large
hole in the top of the case, so as to allow
a screwdriver to get at the preset when
required.

Operating the receiver is exactly
the same as for the original short-wave
receiver. This is summarised as follows.

The aerial coupling capacitor
should be set to the mid position, as
should the ‘bandspread’ capacitor. The
volume control should be set to or near
maximum. The reaction control should
be either fully anticlockwise or at least
not more than halfway in its clockwise
travel. The main tuning control
(bandset) should then be rotated,
listening for any activity; if none is
found the reaction control should be
progressively advanced (clockwise),
rotating the bandset capacitor at the

Fhoto 3. Possible finished design.

same time, until a station is heard.
When one is received, the reaction
control should be adjusted for optimum
signal. Swinging the tuning control
(using bandspread at this stage) should
produce a whistle on either side of the
station frequency. The setting of the
aerial coupling capacitor affects the
ability to obtain regeneration; it should
be unscrewed slightly and tried again.
On a station, screwing it in will often
improve signal strength.

The inability to get regeneration at
all may be due either to the reaction coil

being connected in the wrong phase; its

connections should be reversed. Or
there may be insufficient feedback, in
which case either the number of turns
on L2 should be increased or it should
be wound closer to L1, even over the
last turns of this coil. Some trial and
error may be necessary to get the best
performance but that is to be expected
in this game.

Overall, it was felt to have been a
worthwhile exercise and a satisfactory
rounding off to the series.

TRF MARINE BAND RECEIVER e |
) / STIST IC1 TBAS20M 1 {(WQ@a3T)
PARTS LIST TR1 MPF102 1 (QH39P)
RESISTORS: All 0.6W 1% Metal Film- : : : . -
R1 M2 1 (MIM2) MISCELLANEQUS
R2 2k2 i1 (M2K2) IL1}2 See Text = =
R3 3k9 1 (M3K9) 3 Choke 4.7mH 1 (UK80B)
R4 100k 1 (M100K) P.C. Board 1 (GED3D)
RS 12001 1 (MI20R) LS1 LISLo-Z778 I (YW353H)
Ré 564 1 {M56R) Mini Ball Drive 1 (HB42V)
R7 101 1 (M1R}) Knob K7A 3 (YX01B)
RV1 4k7 Pot Lin 1 (FW(1B) Knob K7€ 1 (YX03D)
RVZ 10k Pot Lin ot {(FW02C) 3 Pin DIL Socket 15 (BLI7T)
Veropins 2145 1 Pk (F1.24B)
CAPACITORS P'P9 Battery Clip 2 (HF27E)
Cl 1000pF Ceramic 1 (WX68Y) EC Wire 0.375mm 28swg 1 (BL3SN)
G211 220pF Ceramic 2 (WX80Q) Constructors Guide 1 (XH79L)
a3 100nF Minidisc 1 (YR75S)
C45 10nF Minidisc 2 (YR73Q)
C6,12 100nF Polvester 2 (BX76H) =
C7.8.13 100uF 10V P.C. Electrolyic 3 (FF10L) The following part is available,
Cm A7uF 35V ER.C E[Eﬁrolylii: 1 { F]:'n but is not shown in our 1989 catalogue:
Cld -470uF 16V P.C. Electrolytic 1 (EFI5R) Order As GEO3D (SW TRF PCB)
VCl 365pF Variable 1 (FF39N) Price £3.95
vez 25pE SW Trammer 1 {FF44X)
V@3 “40pF Trimmer 1 (WLZIN)
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* Use with IBM PC-XT-AT, Amstrad 1512-1640 and clones

* Tests TTL & CMOS logic IC’s
* Full service program, library & PASCAL information on floppy disk

Reviewed by Dave Goodman

This article looks at an IC Tester
designed as an insertion card for IBM-PC-
XT/AT and compatibles. The IC Tester is
able to carry out logic function tests on
nearly all CMOS and TTL standard
components, accommodated in DIL
packages up to 20 pin. This article also
introduces the service program, used to
test over 300 strandard components. Figure
I gives a block schematic of the system.

40

Introduction

Itis often necessary to check the
operation of logic IC’s, new or used (and
out of circuit!). When dealing with simple
gate circuits, this can be done without too
much trouble. However, as the operating
mode of IC’s becomes more complex, then
checking out circuits, using simple tools
such as switches and LEDs, becomes
much more troublesome. The IC Tester

has been developed to bring about quick
and simple testing of the operating mode
of these standard components. Nearly all
components in the standard TTL and
CMOS range, up to 20 pin DIL package
size, can be tested. IC’s are simply inserted
into the 20 pin ‘ZIF’ test socket, starting
from the lower pin 10 and 11 positions,
growing towards pin 1 and leaving any
remaining pins unused. Naturally, the

Maplin Magazine June 1989



system is suitable for use with related LS,
HC and HCT families, but voltage
controlled oscillators and PLL devices,
e.g. CD4046, 74624..., are excluded from
this system. These IC’s would have
increased the complexity of the project
quite considerably as they require several
supply voltages and analogue input
signals.

An analogue switch IC is used to
check monosiable multvibrators and
connects the required resistors and
capacitors for the time constants to the
appropriate pins. The IC Tester .
thoroughly checks the logic behaviour of
the components under test. With different
IC’s the connection pins can have different
designations, such as:

— Voliage Supply +35V

— Voliage Supply Ground
- Logic Output *H’ or ‘L’
— Open Collector Output
— Tristate Output

— Data or Control Input

These conditions can be set up with
the circuit and the software contains all
necessary data to enable the program to
automatically search for a particular IC in
the library. This ensures that the voliage
supply is connected to the correct pins in
the package at the correct time, otherwise
the IC could be destroyed if the wrong
voltage were applied.

The Circuit

The circuit is comprised of two parts;
Figure 2 shows the complete address
decoder and Figure 3 shows the separate
stages for driving IC’s that are 1o be tested.
The address decoder has two principle
functions: firstly, the eight data lines
(RDO-RD7) must be buffered and

Slot-in card, test socket board and IDC cable.

secondly, the storage device and buffer
described below must be selected. A
bi-directional bus driver IC11, type
741.8245, takes care of the data buffering
and the I/O read line IOR determines the
direction of data flow. The driver is
enabled via an address decoder, IC1S5 type
741.5688. The IC Tester requires a
connected I/0 address range of 16 bytes
with individual addresses selected by A0 to
A3 and the main address by A4 to A9,

000000

Test
socket

O

]

B sv
Bi supply
directional and
bus current
control limiting

Ll g0

Pull up/down
Mono—stable loading for
time o/collector &

constants tri—state o/p's

Address deccder ond dota buffer

PC—Bus

Figure 1. Block schematic.
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which are fed to the comparator IC15. The
required address range is pre-set by fitting
links BR1 to BR6. When the main address
is sent by the PC’s central processor, the
8-bit comparator, IC15 output-pin 19,
goes low and enables IC14B. Dependant
on A2 1o A3 of the PC bus, one of the three
outputs from IC14B (QO 1o Q2) goes low.
Q0 and Q1 select one of the PIO devices
IC1 or IC2, and Q2, together with the /O
write line (IOW), enables IC14A via the
OR gate IC13C. The three IC14A outputs,
Q0-Q2, then clock data into the *
appropriate latch, ICS8 1o 10, which are
selected from address lines A0 and Al.
These address lines are buffered via OR
gates IC13A, B, The reset conirol line is
inverted by IC12A and connected to the
M1 inputs of IC1 & IC2. Two NAND
gates, IC12B & C derive an I/O access
signal (IORQ) from the I/O write and read
lines IOR and IOW. The complete IC
Tester is made up of several, separate logic
units as follows:

— voltage supply for the IC under test.

— simulation of the logic conditions.

— RC combination for monostable
multivibrators.

— load switch for the drive outputs,

With reference to Figure 3, the
positive supply voltage for the test IC is
selected via decoder 1C4, R29-40, T5-10,
then to the appropriate pins on the ZIF
test socket. When one of the six voliage
supply lines is selected, one of the diodes,
D1 to D6, is forward biased and the red
LED, mounted next to the test socket,
conducts via R41-43 and T11. Whilst the
LED is on, the IC under test should not be
extracted (or inserted) from the ZIF
socker!
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Figure 2. Address decoder circuit.

The positive rail voltage (+3V1)is
supplied by voltage regulator IC3, from
the +12V supply, and has been added asa
precaution to prevent any short circuit in
the IC under test from causing the internal
5V supply voltage of the computer to
break down. This could have
immeasurable consequences for the power
supply unit of the PC! Regulator IC3 limits
the maximum short-circuit current to
approximately 100mA. The negative
supply voliage, i.e. the ground for the IC
under test, is connected to the appropriate
pin of the test socket via one of the four
transistors T1 to T4. The two Z80 PIO
devices, IC1 and IC2, represent the heart
of the circuit. These IC’s, belonging 1o the
Z80 family, have a great advantage in that
the I/O lines can be configured, bit by bit,
as either inputs or outputs. In this way it is
possible, for example, to switch pin 1 on
the test socket to input and pin 2 to output
etc., something which is often necessary.

Current limiring resistors R1 1o R20
protect the PIO’s in case of a short circuit
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Typical IC information supplied in the program.

when tesung [C's. To test monostables,
different RC combinations ean be
connected to the appropriate pins of the
monostable under test, from the analogue
circuits of IC5-7 (CD4051). The values of
C3 and R47, which set the time constants,
are chosen te enable all devices to be
checked. The RC combination can be
switched on with the control line INH,
which is connected to pin 6 of the three
ICs. With the three select lines on pin 9, 10
and 11, one of the seven connection modes
for the RC combinarion is chosen. The
outputs of the tri-state latches, ICS8 to 10,
are controlled by the output enable line on
pin 1 (OE) on each device. If this control
line is low then the 20 outputs of ICB to
IC10are at a high or low level, depending
on the previously laiched data word. This
logic level is sent to the accompanving pins
of the test socket via load resistors R49 to
R68 and the response of the IC under test
is then interrogated through the inputs of
both PIO’s via R1 to R20.

Custom Software

Extensive custom software is supplied
on a 5.25" x 360k floppy disk and contains
various data banks. A file named
README.IC, found on the disk, gives a
complete description of the program and
explains how to install it into a hard disk.
This file can either be called up onto the
screen by entering TYPE README.IC or
printed out by entering COPY
README.IC LPT 1:. The complete test
software is menu guided and therefore
extremely easy to operate. To start the
software ICTEST and RETURN must be
entered. After that the rest is seli-
explanatory.

The software can be run with all
standard video cards e.g. Monochrome,
Hercules or EGA. When the program is
started the software automatically searches
for the installed IC Tester card — the /O
base address for the IC Tester is normally
at 300H. The whole software package is
able to pick out and test over 300 different

i
i
3
1
i
3
A
2
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IC wypes. In addition, IC’s which are not
vet registered can be entered for testing:
the file README.IC contains precise
instructions for doing this. The software
will also function without the hardware
being installed. In this instance, the
software can be used as a reference for the
IC pin outs, because for every IC able to be
tested, 2 pin connection diagram is printed
on the screen.

Assembly

The complete IC Tester consists of
two PCB’s which are coupled via a 25-way
ribbon cable and connector. The main part
of the circuit is accommodated ona 233 x
110mm double-sided, plated-through-
hole, PCB. A 25-pin D connector, fitted
onic the main PCB, provides the
connection 1o a 46 x 24mm PCB, onto
which the ZIF test socket is mounted.

Note: Once IC’s have been soldered
into plated hole PCB’s, it is extremely
difficulr to remove them again without
damaging tracks and pads; therefore, we
advise vou to fit IC sockets to facilitate
easy IC removal in the event of error or
failure. As IC sockets are not normally
supplied, Maplin have added them to the
kit versions, but they are not fitted to the
ready-built versions.

Main PCB

Referring to Figure 4 fitall 14 IC
sockets onto the board, ensuring that their
notched ends are correctly aligned with the
legend; ICI & IC13 are a tight fitand it
may be necessary to file the corners down
slightly. Solder them all in position and
snip off surplus ends. Mount the diodes,
DI-6, and identify and insert all 75
resistors. Capacitors Cl1 & C2 are polarised
types and must be positioned correcily and
take care not to break the leads from C3 to
C14. Due to the IC sockets, some of these
polylaver capacitors may be a tight
squeeze! Solder all components fitted thus
far and insert the eleven transistors.

Do make sure that components are
fitted as close to the PCB as possible,
otherwise they are likely to foul other
boards when the module is inserted into
the expansion slots at the back of vour PC.

Mount the 25-way female D
connector onto the PCB, from the
component side, solder this and any
remaining components and finally trim off
the excess wire ends; insert the IC’s and
the main module is then complete. A close
inspection of all tracks and joints is
especially necessary on this project, as the o
chances of soldering errors are high. Scrub .
the area first with a PCB solvent and stiff -
paint brush, to remove accumulated flux; - 3= D d = ; L=
this often removes small whiskers and <t thal - : PaslY o ".-_ :”‘

solder particles. % :Jﬂ:: H UQUOUUGE
Test PCB | i @, LY :b _ 20
Figure 5 shows the small test socket —
PCB layout and there are only three —
components on this board: Stl, Skl and
LED D7. Due to the small size of this
board a case has not been incorporated.
Insert D7 with the anode lead into the hole Figure 4. Layout of main PCB.
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nearest to the letters ‘D7’ printed on the
PCB: the 2 x 13 way IDC plug can be
positioned either way around, but the ZIF
socket is inserted with the locking arm
positioned at the top end of the PCB—
away from the LED. Carefully solder the
three items in place, cut off excess LED
wires and inspect as before.

AL

III[II LT

YYUedss T ryss s

Figure 5. Test socket PCB.

D7

| F_rn gvs?

IDC Connector

A 25-way ribbon cable connects the
internally mounted main module 1o the
external test module. The cable assembly
may be supplied ready made, or you may
have to fit plugs and sockets onto the cable
vourself. In this case, Figure 6 shows how
the connectors are fitted and to do this,
crimp the 25-pin D plug and the 26-pin
IDC connector onto the ribbon cable,
leaving the 26th wire un-connected as
shown.

"e—';.,r-

SR,

. % r_'{‘hl \-(‘r rﬁ'

1-.
< i

S PR
-3 1 %

Main pcb mounted in PC.

O
T 14— ‘ —
— 25 Wires E
13 25— 1 X =
' T
@]
26th wirs
28 wey not used 28 woy
D type Cut off : e g
plug
I O
Figure 6. Connecting cable.
Address (Hex) Function Address (Hex) Function
000 . . 0OF DMA Contraller 2F8 . . 2FF Second Serial I'F
020 . . 021 Interrupt Controller B 1 1 Prototype Card
040 . . 043 Timer/Counter 320...32F Hard Disk Controller
060 . . 063 System Register 378 .. 37F Parallel Printer I'F
080 . . 083 DMA Register 380 . . 38F SDLC Interface
0AD . . OBF NMI Interrupt Register 3A0..3AF Reserved
0Co . . OFF Reserved 3B0 .. 3BF Printer & Mono Adaptor
100 . . IFF Front Panel Controller 3C0..3CF Reserved
200 . . 20F Games Port 3D0 . . 3DF Colour Graphic Adaptor
210 .. 217 Additionzl Unit 3E0 . . 3E7 Reserved
220 . . 24F Reservad 3F0. . 3F7 Floppy Disk Centroller
278 . . 27F Second Printer 3F8 . . 3FF Serial Interface
Table 1.
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On the back panel of the computer
vou will find a blanking panel. This should
be removed and cut out to suit the position
where the PCB is to be inserted. PC
clones, such as the Amstrad 1512 and
1640, generally have a sliding cover on the
side and should not be cut. Figure 7 shows
the blanking panel cut out.

Address Selection -

Before the Tester can be put into
operation, the bridging links for the 'O
operating address must be firted and
soldered in. Table 1 lists the various IO
devices and the addresses designated to
them on the IBM PC.

To explain the setting of the /O
address decoder, consisting of links BR1 1o
BR&6, the address 300 (hex) — the base
address for the IC Tester — will be used. As
the system requires a universal I/Q address
range of 16 bytes, the I/O base address
must only be decoded once. The base
address must always be a number divisible
by 16 and the result of this is that the last i
position of the address is 0. The first figure
of the I'O address can be 3 at the most
(links 3 & 6) as the 16 bit I/O address range
of the IBM PC is decoded with only 10 bit,
i.e. maximum 400H. This 3 is binary set
with links BRS and BR6. The second
figure, which can have a value from O to F,
is binary positioned via BR1 1o BR4. In
our example, for the VO base address
300H, the bridges BR1 to BR4 must be
closed with a wire link and the bridges
BRS and BR6 remain open. Table 2 shows
the distribution of the 16 /O addresses on
various devices in the Tester.
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Base
Address
(hex)
Oxx0
Oxx1
Oxx2
Oxx3
Oxxd
Oxx3
Oxx6
Oxx7
Oxx8

PIO 1-Port A Data

PIO 1-Port B Data

PIO 1 - Port A Control

PIO 1 - Port B Control

PIO 2 - Port A Data

PIO 2 - Port B Dam

PIO 2 - Port A Control

P10 2 - Port B Control
LTATCHO-LoadPinlw8
0xx9 LATCHI-loadPin9two 12
OxxA LATCH2-LoadPinl31020
0xxB to F are not used

Table 2.

Usually, the prototype card I'O area
of 32 addresses, from 0300 1o 031F, should
be used for accessing the Tester. The base
address of 0300 can be changed to 0310, if
required, by leaving out link BR1 and
altering the start-up configuring file on the
disk. In fact, the links represent reverse
binary code and should be fitted fora 0
and removed fora I.

e.g. Address 0300 (hex), (links BR1 to
BR4 fitted only):
A9 AR A7 A6 A A4 A3 A2 Al A0
BR6 BRI BR4¢ BR3BRZBRI - - - -
1 1 0 0 0 0 x =2 x5 X

To remain within the address range
0300 to 031F, links BR2 1o BR4 only are

Completed pcbs and cableform.

e.g. Address 0310 (hex)
A9 A8 A7 A6 A5 A4 A3 A2 Al A0
BR6 BRS BR4 BR3IBR2BRl - - - -
P 1 06 B Wb I oxox® % x

The disk file ICTEST.CFG will need
to be changed when the default address is
altered: this file holds the current

fitted for address 0310: hardware address and also a reference file
T\ | |
_____ =5 N I I - .
) u'; + | U/ \ J L/
2 T N I 7
| u 405
435 1
8Ls
87.5

Figure 7. Blanking panel cut outs.
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Figure 8. Fitting different size ICs into the ZIF socket.
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in ASCII format. Either the TYPE
function or a word processor can be used
for reading this file. After loading DOS,
insert the disk supplied and create a new
file as follows:

A> copy con ictest.cig (return)
S0310 (return)
ictest.ref (return)

(Control key, Z key, return)

The file is saved and overwrites the
previous ICTEST.CFG file with the new
base address 0310. You will note the use of
a (%) symbol for hex coded addresses!

Operation and Function

After placing the insertion card into
the intended slot in the PC and connecting
the small PCB with the flat cable, the case
of the PC should be closed. As soon as the
computer has been switched on and the
operating system (DOS) loaded, the
service program can be started by cntering
‘ICTEST  and pressing ‘RETURN’. The
program then takes over control of the
operation. The IC’s under test must always
be inserted so that the notch points
towards the lever arm on the test socker. If
the IC has less than 20 pins then it is
inserted next to the LED, as shown in
Figure 8. The software consists of various
modules. The actual program is an
interpreter, which gathers the data of
individual ICs from various data files. New
IC’s, which come onto the market, can
therefore be added. Exact instructions are
contained in the file ‘READ.ME’, To
shorten the loading time of the disk the
complete program should be transferred to
a hard disk and started from there.

Cost

The IC Tester is available from
Maplin Electronics in two forms; asa kitof
parts (including additional IC sockets) at
£69.95 order code LM83E, and in
ready-built form at £129.95 order code
XMITT,
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Features A
* Wide Supply Vo!
* Large Dynamic Range

* Internal Buffer Transistors
* PCB Available

Applications

yRange

* Voltage Controlled Amplifiers (VCA)
% Automatic Gain Control (AGC)
* Pulse Width Modulation (PWM)

Introduction

The LM13700 is a dual
transconductance operational
amplifier incorporating
linearizing diodes to reduce

distortion at high output levels.

Two internal darlington buffer
transistors, designed to suit
the dynamic range of the
amplifiers are included in the
package. Both amplifiers
share the same supply

48

connections, but are otherwise
completely separate. Figure 1
shows the IC pinout and Table
1 shows the electrical
characteristics of the device.

Voltage
Controlled
Amplifiers

Figure 2 shows the basic

Voltage Controlled Amplifier
configuration, Preset resistor

Figure 1. IC Pinont.

INPUT
DIODE

+INPUT -
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Paramelers Operaling
Conditions
Pewer Supply Voltage:
Difigrential Input
Voitage:

Amplifier Bizs

Current (labc):

Dinde Cumrent (14):
Input Offszt Voltage: labe SpA
Forvard
Transconductznee (gm):
gm Tracking;

Positive:
Negative:
Comman Mode
Rangs:

Input Resistance
Stzw Rate: Unity Gain
Compensaled

RV1is adjusted to minimise
the effect of the control signal
on the output. The gain of the
amplifier is determined by the
control voltage (Vc). In order
to achieve optimum signal to
noise (S/N) performancs,
amplifier bias current (Iabc),
should be kept as high as
possible, The linearizing
dicdes help to prevent
increased distortion at high
output levels. It is
recommended that the

June 1989  Maplin Magazine

Peax Ouiput Voftage: Uninaded, l2be SuA-500uA

Note: Ahoyve specifications based on Supply Voltage =15V, Amplifier Bizs Current (1abc) 5004,
Operating emperature 25°C 2nd pins 2 & 15 open circult (unisss specified).

Minimum  Typical  Maximum
= =V
bl
2mA
ImA
D4mV dmV

67005 95005

0.383

130008

v +14.2V
-1 —14.4V
=12V =135V
130 Zek()

S0V/ps

ing _ rrent (Id)
is kept relatively high to
enhance the effect of the _

diodes; a diode current of ImA

is suitable for most purposes.

The two amplifiers in the
LM13700 package are very
closely matched, making the
IC ideal for stereo volume
control applications as
illustrated by the circuit shown
in Figure 3; this circuit
typically provides a channel to
channel gain tracking of less

© VL (GAIN CONTROL)

Figure 3. Stereo Volume Control.
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than 0.3dB. Preset resistors voltage (Vo) reaches a high
RV1 and RV2 are adjusted to encugh level to turn on the o
reduce the output offset output buffer transistor, the
voltage to a minimum and if rise in current through the T8 1c1 PN 11
the amplifier is capacitively linearizing diodes reduces the
coupled, these may be gain of the amplifier soas to
replaced by fixed resistors. hold Vo at a constant level. ICIA
- " The output amplitude level is “‘”’g“
Automatic Gain | adjustedusing RV1. O
- 4
Control | Pulse Width L =% =t
ﬁm& 4showsa typlcal = v =S o CUTRUT
example of an AGC amplifier | Viodulation |
using the LM13700; this circuit A typical example ofa ok [ _T_
makes use of the fact that the ~ | pulse width modulator is % z2F T ™
gain of the amplifier can be shown in Figure 5. A square i
controlled by varying the wave (clock) is applied at the N
linearizing diode current as input and the circuit produces = =
well as the amplifier bias an output of variable pulse Figure 4. An Example of an AGC Amplifier.
current. When the output width. The pulse width is ;
determined by the conirol
- voltage (Vc) and the value of
£l capacitor C2.
tiice o_uiw A1 73 RS S
g ] i ’ IC Power
I —, Supply
av g B Requirements
4 E: 5 a The LMI3700 IC is
= KRISS ('] fE & L designed to be powered from
ov a split rail supply and the

Figure 5. A Typical Pulse Width Modulator.

device operates over a wide
range of voltages between
£2V and =15V. For optimum
performance and to prevent
instability, it is important that
adequate decoupling is used
close to th& IC. Amplifier
current consumption depends
on individual applications, but
is generally no more than a
few mA.
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- = = signals are applied to P4('p),
| Printed Circuit P5(0V) and P8(i'p), P1(0V),

Board with outputs being taken from
A high quality, fibre glass, PY(o/p), P16(0V) and P10(o/p),
multipurpose PCB with printed | P17(0V), respectively. The

legend is available for three gain of the amplifier is

simple applications of the controlled by a positive

LM 13700; the circuits that can voltage (maximum 30V),

be built using the PCBarea applied to P8(Vc) and P1§(0VY;
Voltage Controlled Stereo if required, this voltage may
Amplifier, an AGC Amplifier be derived from the supply
and a Pulse Width Modulator. rail using a potentiometer (a

Any one of the three circuits suitable value is 10k(}).
may be constructed on the Resistor R14 provides the
same printed circuit board. option of setting a minimum
Figure 6 shows the combined | control voltage whena

circuit diagram that wasused | DPotentiometer is used and this
to produce the PCB and Figure ~ component should be chosen
7 shows the component layout to suit the application or
diagram. All three circuits omitted as appropriate. [f R14
have been designed using “1s used, the ACW (anti-
additional components (R1, R2, | clockwise) end of the

C1l, and IC1) to allow operation | potentiometer track should be
from a single rail power connected to P14 instead of
supply. When being operated Pl5.

from a single rail supply, the

e 5 Figure 9 shows the circuit
iputvollage may range from diagrag'?;f the AGC amplifier.
app;omat?gs{r}év wa Supply connections are made
N Fionire 8 shows the cireuit | 1@ P1C+V) and P3(OV). Input
g g St SO | Sl spplid o LD
Cogt’r s A&enﬁ and P5(0V) and the output is
P a2 leren CE S taken from P9(o/p) and

OWET SUpDIy COMNECUONS ar€ | pg((gy) Preset resistor RV1
made to PI(+V) and P3(0V). :
Preset resistors RV1 and RV3 should be adjusted for

eset1csisions i symmetrical clipping and as a

are included in the circuit to
allow adjustment of output
oifset voltage and these should

general guide this preset
should be set as accurately as
possible to the centre of its

be adjusted for symmetrical : .
nis : travel. The amplitude at which

clipping: As agent?r:_ﬂ guide, the AGC actio:l'l) occurs is §

for most purposes it is determined by the setiing of

sufficient to set each preset to RV2
the centre of its travel. Input '

Wy T 1NeUT B o EOSIILE
n T i T 7 waltees
.L €9 ? c1a
=it FIT LINK
R13 [JRs
15 158
JLK3
| Aﬂ)ﬁ\’ﬁ
a1 S . £12
i4 ""5\159 47UF Fg
3 1 ——{l—=
| g 3//12 Itz EITPUT |
12 LMLITR g
€13
270F 21
= outeut
A
kg, |
; | PLL
4 r =0,
72 5 D o -[ JRiE = Cll P12
. 47K eexl ] sser T 188 e +—a
2 [ €
o— + o
| P14
F1S
| & 2 e
— [2 = 5 RE P Ri4 Ri6 P16
le 1wa=T 5 gre ¥ S22l +—<
3 | J ] [ 217
== Y

Figure 8. Voltage Controlled Stereo Amplifier Circuit Diagram (Single Rail Supply).
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Figure 9. AGC Amplifier Circuit Diagram (Single Rail Supply).

) lf‘ig'lgxe 10 shows the pulse width on P10(o/p) and coupling is provided by C10; individual applications.
circuit diagram of the Pulse P17(0V). The pulse width is this capacitor is therefore o 3
Width Modulator. Power determined by a conirol normally linked out. The pulse Spllt Rail
supply connections are made voltage applied to PB(Vc) and output is capacitively coupled s“pplv
to P1(+V)and P3(0V). Fora P15(0V). Although the control since the IC output does not Fr
squarewave input applied to voltage is usually direcily swing all the way to 0V; 'Although the EHCUITAre
P4(/p) and P5(0V), the circuit coupled for most furposes, alternative methods of d_eS!lQm:i;lO be used W;ih :ll
roduces an output of variable rovision for capacitive i i single rall power supply,
p D D P coupling may be used to suit three circuits can be modified
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Figure 10. Pulse Width Modulator Circuit Diagram (Single Rail Supply).
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for operation froma =2V to
= 15V split supply; the
Tnecessary component

changes are shown in Table 2.

Capacitive output coupling

&, &
7 5§
may be required for the AGC
amplifier depending on the
application.

NOTE: For split rail
operation, power supply
connections are made to
PI(+V), P2(0V) & P3(-V) and
signal 0V connections are
made to P11, P12 and P13
(instead of P15, P16 and P17).

Figure 11 shows some

typical performance
characteristics for the
LM13700 and Table 3 shows
the specification of the
prototype circuits built using
J the PCB.
Voltage Controlled Stereo Amplifier .
Power Supply Voltage & 4V tg 30V DC
Power Supply Current 18mA at 30V
Pulse Voltage Gain (Conirol Voliage = 30V,
Width Supply Voliage = 30V) 25 (284B)
Modulator. Bandwidth (-3dB) 20Hz to 25kHz
Output Load 10k02
AGC Amplifier
Power Supply Voltage 4V to 30V DC
Power Supply Current 10mA at 30V
Circuit Do not fit these Fit links in place Output Load 10k
componenls of these componenis .
Voltage Controlled Pulse Width Modulator
Steren Amplifier: R1,R2.C1,IC1 12,013 Power Supply Voltage 4V1030VDC
AGC Amplifier: R1,R2,C1,IC1 ci2 Power Supply Current T4mA at 30V
Pulse Width Modulator: R1,R2,C1.IC1 c13 Output Load 10xQ
Frequency Range 50Hz to 40kHz
Maximum Control Voltage agv

Table 2. Circuit Modifications for Split Supply Operation.

Table 3, Specification of Prototype Circuits Built Using the PCB.
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Figure 11a. Typical Performance Characteristics for the LV 13700.
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Figure 11b, More Performance Characteristics.
PULSE WIDTH MODULATOR STEREO VCA
PARTS LIST PARTS LIST
Resistors: All 1% 0.6W Metal Film Resistors: All 1% 0.6W Metal Film. _
R1 47k 1 (M47K) | R1 47k . 1 (M47K)
R2 47k 1 (M47K) | R2 47k 1 (M47K)
R3 10k I (MIOK) | R3 Not Fitted
R4 Ik 1 (MIK) | R4 1k 1 (MIK)
R5 15k 1 (M15K) | R5 100k 1 (M100K)
RE 27k 1 (M27K) | R8 Not Fitted ;
R7 Not Fitted R7 15k 1 (M18K)
R8 5k6 1 (}MBKE) | R8 Bk 1 (VI5K8)
RS Not Fitted RS Not Fitted
R10 Not Fitted RI10 100k =11 (M100K)
R11 10k 1 (MI10K) | R11 1k 1 (MI1K)
R12 100k 1 (MIOCK) | Ri2 Not Fitted
R13 27k 1 (M27K) | RI3 18k 1 (M15K)
Ri4 SOT R14 SOT
R13 Not Fitted R15 15k 1 (MISK)
R16 5ké 1 (MS5K6) | Rl k8 1 (MBKS)
RV1 Not Fitted RV1 22k Hor. Ecl. Preset 1 (UHO4E)
RV2 Not Fitted RV2 NotFitted
RV3 Not Fitted RV3 22k Hor. Ecl. Preset I (UHO4E)
Capacitors Capacitors
Cl 1uF 100V PC Electrolytic 1 (FFOIB) | Cl 1 F 160V PC Electrolytic 1 (FFO01B)
c2 100..F 35V PC Electrolytic 1 (JLlav) | C2 100.F 38V PC Electrolytic i {JL1sV)
Cc3 100uF 35V PC Electrolytic i (JLi1gV) | C3 1060 F 38V PC Electrolytic 1 (JL19V)
Cc4 470pF Ceramic 1 (WXsdU) | C4 12F 100V PC Elecirolyiic I (FFO1B)
C5 100nF Polylayer 1 (WW41l) | C5 100nF Polylayer 1 (WW4il)
C6 100nF Polylayer 1 (WW41l0) | C8 100nF Polylayer 1 (WW41U)
C7 Not Fitted C7 86pF Ceramic 1 (WX53H)
Cc8 FitLink C8 NotFitted
Cg Not Fitted ca 1uF 100V PC Electrolyiic 1 (FF01B)
C10 Fit Link Ci0 Fit Link
Cll 180pF Ceramic i (WXB9P) | Cl1 56pF Ceramic i (WX53H)
Cl2 Not Fitted Cl2 47uF 80V PC Elecirolytic 1 (JL16S)
Ci3 47uF 50V PC Electrolytic 1 (JL16S) | Ci3 47uF 580V PC Electrolytic 1 (JL16S)
Semiconductors Semiconductors
IC1 wA741C 1 (QL22Y) | IC1 pATAIC 1 (OL22Y)
(07 LM13700N 1 (YHe4U) | IC2 LMI3760N 1 (YHB4U)
Links Links
LK1 Fitted LK1 Fitted
LK2 Not Fitted LK2 Not Fitted
LK3 Not Fitted LK3 Fitted
LK4 Fitted LK4 Not Fitted
LKS Fitted LK5 ‘Not Fitted
LKS Fitted LK6 NotFitted
LE7 Fitted LK7 NotFitted
LK8 Fitted LK8 Fitted
Miscellaneous Miscellaneous
Pins 2145 1Pkt  (FL24B) Pins 2145 1Pkt (FL24B)
DIL Socket 8 Pin 1 {BL1TT) DILSocket 8 Pin 1 (BLITT)
DIL Socket 16 Pin 1 (BL1SV) DIL Socket 16 Pin 1 (BL1SV)
PC Board 1 (GE1TT) PCBoard 1 (GE1TT)
Constructors Guide 1 (XH73L) Constructors Guide 1 (XH7SL)
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VETEF VEFVEF VI VE VI VI VIV T VY
5 5 5 5 S < 2 5
AGC AMP cs 100nF Polylayer 1 (WWaly)
PARTS LIST ch 100nF Polylayer 1 (WW4ID)
- c1 Not Fitted
Resistors: All 1% 0.6W Metal Film Ccs 224F 80V PC Electrolytic 1 (JL12N)
(0] Not Fitted
Rl 47k 1 (M47K) Cl10 NotFitted
g gi?l: e 1 (M47K) cll Not Fitted
ot Fi Ci2 47uFS0VPCElectrolyic 1 168
R4 220k 1 (M2208) | ¢is Not Fitted " il
RS Not Fitted
gg ;?k e 1 (M27K) Semiconductors
Ot Fi ICi nA741C 1 (QL22Y)
R8 Not Fitted ic2 LMI3700N
R9 4TR 1 (M47R) : bt
R10 Not Fitted Links
RIil Not Fitted LK1 NotFitted
RI2 Not Fitted LK2 Fitted %
RI3 Not Fitted LK3 Not Fitted
Rl4 Not Fitted LK4 Not Fitted =
R18 Not Fitted LKS Fitted 3
R16 5k6 1 (MBKS) LK& Not Fitted
RVI 22k Hor. Ecl. Presst 1 (UHOQ4E) LK7 Not Fitted
RV2 100k Hor. Ecl. Presst 1 (UHOEG) LKB Not Fitted
RV3 Not Fitted
Miscellaneous
Capacitors Pins 2145 1Pkt  (FL24B)
C1 1uF 100V PC Elecirolytic 1 (FFO01B) DIL Socket 8 Pin I (BL17TT)
c2 100 F 35V PC Elecirolytic 1 (JL1sV) DIL Sockst 18 Pin 1 (BL18V)
Cc3 100uF 35V PC Elecirolytic 1 (JLiSV) PCBoard 5 | (GEITT)
C4 1uF 100V PC Electrolytic 1 (FFOIB) Constructors Guide 1 (XH78L)
The following item is available,
but is not shown in our 1989 catalogue:
L.M13700(2) PCB Order As GE11T Price £4.45

Cales Continued from page 31.
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lines, circles and ellipses are formed

are equal, ellipses are formed when the
of phase, Figure 19.

out of phase, the phass can be calculated
from the ellipse, Figure 20, as follows:

S

sinB = % =¥

Figure 20. Phase calculation.

graticule of the cathode ray oscilloscope

Major
axis

S Minor
axis

major axis and the minor axis.

Conclusions

loops and testing of television links.

the relationship between the sides of a

also have their uses. The hyperbola and
eilipse were investigated in some detail.

Figure 19. Two sine waves of equal amplitude but
out of phase.
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Figure 21. Major and minor axes.

The applications of trigonometry are
many and varied, from surveying to Fourier
analysis. We have also looked at applications
involving amplitude modulation, phase locked

triangle and the angles and equations of a
circle, there are non circular functions which

When two sine waves are combined in
an oscilloscope, various shapes like straight

depending on the relative phase of the two
waveforms and amplitudes. If the amplitudes

waveforms are 30 degrees or 330 degress out

If two signals of the same frequency are

The values of x and y are read from the

screen. The ellipse, Figure 21, has 2 axes, the

Although trigonometry is connected with
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Ma:k]emﬁmonhasbeeuamﬂordaxcustomerforwamand
- was very surprised at the levels of stock held at our shops. He isa

student at Bristol Univemxy studying Electronic Engineering. His
3rd year project is a computer model which investigates and

identifies interference in PCBs. He is very pleased to have won the

camera and says that movie making can now be added to his many

hohblas Markwaspr&wamedwuhluspnzealthﬂantolahop

‘Presentation to John Frewer by David Snoad.

John Frewer has beena customer for the last few years and his
interest stems fromliking to take things apart, although he promises
1ot to do the same with his new video camera! He is particularly

“interested in” Hi-Fi, car maintenance, rock climbing and
' photography. John has tried using cine film in the past but wasn't io
happy with the results, so he is pleased to have the chance of using
some of the latest video equipment, with which he hopes to have
more success. John was presented with his prize at Head Office.
June 1989 Maplin Magazine

In the last Maplin Winter Collecncm hrochurewere detalls ofa
special free to enter draw, everyone who received a ‘Winter
Collection’ and who placed an order over £10 with Maplin was
given a special number. Everyone who took patt received a free
gift, but depending on the number, some special prizes were to be
won. Anyone with a number ending in zero, received a high quality
Kodak 3 hour video cassette. Anyone with a number ending in two
zeros, received a Casio fz-82¢ scientific caleulator. Anyone witha
number ending in three zeros, received a Panasonic AMFM

, radio/cassette personal stereo and headphones, and for FOUR
fortunate people whose numbers ended with 4 zeros, they received

rthe superb gift of a Fuji colour video camera. This superb prize is
one of the very latest hand-held cam-corders featuring CCD
imaging, built in electronic viewfinder, autofocus, motorised zoom,
integral microphone, electronic video fitling and long play, which
gives 3 hours recording on one tapé. Tmiyasuperbpnze the four
‘winners are pictured here, being presented with their prizes.

THE WINNERS: Mr. Mark Jenkinson from Worcester, Mr.
‘Mark Pearson from Birmingham, Mr. John Frewer from Wamng and
Mr., l‘-'ranms Rayns Emm Leicester.

e
Presentation to Mark Pearson by Keith Evans.

Mark Pearson has been a keen electronics hobbyist since
scheol and has built many of Maplin's electronic projects over the
past five years. He mainly uses mail order, but sometimes visits the
shop were he says the service is excellent, He enjoys hill walking
androckchmhmg and hopes to be able to put hisvideo camera into
use by recording some of his expeditions. Mark was presented with
his prize at the Birmingham shop.

Presentation to Francis Ryans by Keith Evans.

Francis Rayns has been a mail order customer for 10 years and
has always been more than happy with the service Maplin has
given. He designs his own circuits, mainly for control and security
systems. He likes sport in general and as his wife is a keen
horsewoman, they both attend many local gymkanas. The video
camera looks set to record these events but he has promised to edit
out any unexpected saddle departures! Francis was presented with
his prize at the Nottingham shop.
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LOUDSPERKERS
THE FIRST 111 VEAR

by .M. Woodgate B.Sc.(Eng.), M.LLE.R.E., MLA.E.S., M. Inst. S.C.E.

The Uncertain
Eighties

The beginning of this period found
the Second Hi-Fi Revolution in rapid
growth. By ‘revolution’, I mean the
promoting of products described as ‘high
fidelity’, and in fact varying from really
good to really 'iffy’, by mass-market
manufacturers to the general buying
public. This was much more evident on
the Continent than in this country, mainly
because there is more segregation
between the mass-market and that for
hi-fi in Britain. It is rare to find a specialist
hi-fi retailer, who does not also sell
television, and even refrigerators, on that
somewhat largerisland to the east of us. I
once came across a specialist hi-fi shop
in Brussels. The windows were full of
British goods (Quad, Meridian, KEF etc)!

The Rack Racket

Virtually every mass-market
manufacturer and importer offered a
range of amplifiers, tuners, cassette
decks and record playing units, with or
without a ‘rack’ or cabinet of some sort.
All these systems needed loudspeakers,
and the majority of those sold here were
made in Britain. Most of the cheaper
ones, not worthy of the name ‘hi-fi', were
assembled by the enclosure
manufacturers, and more than a few were
designed by them, too! This resulted in
some bizarre errors, such as a bass-reflex
design that was produced in very large
numbers with a port that was five times
smaller in diameter than it should have
been, probably due to the slipping of a
decimal point on a manufacturing
drawing, and the re-interpretation of the
resulting ten times too small diameter
(which was obviously silly) as a radius.
Since most of these loudspeakers were
probably placed on the floor, behind
furniture, it is not surprising that the error
went largely unnoticed.

Money on the
Switchback

Apart from these trifling technical
difficulties, the importers had a hard time
with the switchbacking of exchange
rates. How can you decide what price to
sell your product at, if the price you have

58

Part 5

Photo 1. Typical 12 inch 100W modem-day
loudspeaker.

to pay for it is changing by over 10% ina
few weeks? Big and powerful companies
could hedge against exchange rate
changes by buying Yen or US Dollars
ahead, but this tied up cash that cught to
be used for constructive ends. They
could also, to some extent, force retailers
to accept price rises, whereas less

powerful suppliers would be faced with

-

demands for compensation or piles of
returned merchandise. In that sort of
jungle, the small British specialist
manufacturer was reasonably safe if he
had a group of committed retailers, who
would not use against him all the power
that the market was giving them.
Nevertheless, several could not survive.

Bass Bins and
Weird Horns

In the field of sound reinforcement,
the column loudspeaker was beginning
to be ousted by the ‘cluster’, a group of
direct-drive bass boxes (bins), used in
conjunction with treble, and sometimes
mid-range, horm-loaded pressure drivers.
Similar systems, some very large, were in
reqgular use outdeors for pop-concerts,
amid continual strife with local
governments about noise nuisance. It is
much easier to control overspill with the
traditional (250Hz to 5kHz) straight or
folded horns used for speech, than with
the systems used for music reproduction,
because the latter have a much broader
directional response in the yertical plane.
Much of the development in this decade
has been concemed with the design of
hormns with controlled (and fairly broad)
directional characteristics which are
largely independent of frequency.

Up the Dipole

Research papers were a little thin in
the early 80's, perhaps a reaction to the
flood of new results and ideas that had
been published in the previous ten years.
RJ. Newman of Electro-Voice wrote on
dipole radiators (open baffles) and
indicated the lines along which future
research might lie. Six years later, the
Celestion '6000' sub-woofer system used
the same principles, plus some newer
and more exclusive ones, and is still
available today. Marshall Leach drew
attention to the need (so obvious when
explained) to allow for the phase-
response of the drivers themselves when
designing a system for an overall flat
acoustic response. Both these papers
were published in the Journal of the
Audio Engineering Society in 1980.

Very nearly worth the AES annual
subscription are the comments by
George L. Augspurger on loudspeaker
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patents, which appear in the AES Journal.
Serious patents are treated seriously, of
course, and Mr. Augspurger is always
willing to see virtue, if present, in the
most inexpertly drafted patent
specification. But the real gems are his
caustic comments on the more lyrical and
subjective specifications that are based
on theories of sound generation and
propagation which run contrary to all
experience. In 1881, he reveiwed a patent
by Harwood, Yeo and Stebbings, which
has proved to by very controversial, and
highly profitable for the legal profession.
It concerns the use of certain plastic
materials for the cones of direct-radiator
loudspeakers, and attempts to cover
materials with certain specified
mechanical properties. Legal wrangling
over possible infringement by some
manufacturers has been going on for
several years, and may not be over yet. In
the same year Lipshitz and Vanderkooy
turmed their penetrating gaze on
subjective testing. Do we hear what we
think we hear, especially when we hear
‘depth, air, graininess (and/or) liquidity'?
The authors' answer was, Not unless you
can measure it as well', but the paper did
little to stem the tide of subjectivism,
which still so profitably exploits the
gullible punter by pressing him to buy,
for example, gold-plated fuses and
cables at upwards of £50 per metre.
Another development of
unguantifiable value was the Japanese
pre-occupation with exotic materials for
loudspeaker diaphragms. Of course, they
can spend their research money as they
please, but it does not seem that a good
return has been obtained. The membrane
cone may be ‘old hat’ (in appearance, as
welll), but it is remarkably good when
compared with the alternatives so far
developad.

Digital Sound
Arrives

The big market news of 1982 was, of
course, the launch of CD. It can't be said
that this was very expertly handled, but
the large number of companies and
individuals involved made it very likely to
be a disaster, which it by no means was.
Of course, there was immediate
controversy, with some people who saw
their future as committed to analogue
discs making statements that must be
very embarassing now. CD had little
immediate impact on loudspeakers,
although there were some silly attempts
at slogans like ‘digital — ready’. One might
as well say, ‘Bananorama-ready’!

Crossovers and
Cluster Design

In 1982, research papers veered
towards crossover networks in the hi-fi
field, with the publication by Adams and
Roe of a paper on computer-aided
design, which won numerous Brownie-
points, At the same time, calculation
methods for the design of cluster systems
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for auditoria began to appear. Later in the
year, Allison and Villchur addressed the
problem of Doppler frequency-
moedulation distortion in loudspeakers.
They concluded that is was ‘inaudible in
multi-way systems’, but without
quantifying the limiting conditions: would
it be inaudible with a very small bass
driver, like the original Goodmans
Maxim, for example? At the same time,
M. Gander proposed the measurement of
loudspeaker frequency response in the
open air by placing both the loudspeaker
and the microphone itself on flat
reflecting ground. The paper shows
some results which look very plausible,
and any method which does not require
an anechoic room is bound to be
welcomed. Another of these methods
was proposed by Professor Josef
Merhaut; this is the ‘reciprocity method',
which is also used for the precision
calibration of measuring microphones.
Merhaut's paper (JAES Dec. 1982) is
worth reading for its clear explanations of
the matrix representation of 4-pole
networks and of the concept of
reciprocity itself.

Specify with Care,
or you may Pay
Heavily!

One of the most interesting papers of
1982 was Keele's examination of the
design route from a system specification
to a specification for the low-frequency
driver of the system. Notably, he
introduced the cost dimension
(approximately proportional to magnet
energy for the systems considered; this
would not apply at very high energies)
and showed that an unequalised vented
system costs about three times as much
as a closed-box system of the same
specification in terms of low-frecuency
cut-off, sensitivity and driver diameter.
However, if the systems are specified in
terms of cut-ofi frequency, enclosure
volume, maximum diaphragm excursion
and acoustic power output, the vented
system can be five times cheaper than
the closed box! Clearly, it pays to specify
the system with care, and to understand
that sensitivity is expensive, while
amplifier power is quite cheap.

As the Products get
Smaller, so Does the
Market

By 1883, the Second Hi-Fi Revolution
was beginning, not so much to peter out
as to commit suicide. As a reaction to
price-pressure, manufacturers cut down
on the decorative material content of the
electronic products (which may well cost
more than the ‘works’) by introducing
‘mini’' and ‘micro' systems. While their
small size was initially attractive, they
proved difficult to operate (of course)
and did not inspire as much pride of
ownership as the larger systems had
done. After a while, the size setiled down

at ‘midi’, about 40cm wide, whichisa
sensible compromise, and has remained
there until now. There was, of course, a
demand (from the manufacturers'
marketing depariments, not from the
public!) for ‘micro’ loudspeakers to go
with the minute-electronics boxes. While
these were made, they were generally
recognised as less than satisfactory
except as accessories for personal
cassette players. Budget products
legitimate enough to be reviewed by
‘Hi-Fi News' were available from just
under £100, while the Celestion ‘600’
two-way system with an enclosure
constructed from honeycomb-reinforced
panels was available at £650 a pair.
‘Mid-price' was regarded as the £150 to
£200 range. It is interesting to note that
Tannoy began to enjoy a high degree of
acceptance in Japan at this time, with
their award-winning ‘Westminster’ dual-
concentric horn-loaded design, which
did not prove anywhere near as popular
in Britain; of course it was very
expensive, and still is, at £3400 a pair!

The Arrival of ‘Fred’

Undoubtedly, THE event of 1983 was
the launch of the new Quad Electrostatic,
the ESL63, which had been known as
‘FRED' during its 20 year development.
Starting from the easily-demonstrated
fact that an unstressed membrane (such
as a piece of cling-film) is acoustically
transparent, Peter Walker reasoned that
if the membrane could be made to move
exactly as it would if the sound to be
reproduced electrically were actually
being produced acoustically behind it,
the correct sound field would be
produced in the room. The membrane
would behave exactly as a window into
the auditorium. This could be achieved
electrostatically by feeding suitably
shaped electrodes on the membrane with
correctly-timed versions of the audio
signal. The results, in terms of uncoloured
reproduction and freedom from
distortion were, and still are, very
impressive indeed. It is only a pity that
the laws of physics do not permita
smaller physical size.

Arrays, Clusters and
more on Crossovers

Research papers in 1983 were a
mixed bag, with few very large,.
contributions. Greiner and Allie
considered the detailed effects of
operating similar, but not identical,
drivers, close together physically and in
series or parallel elecirically. The results
show that such drivers should be
matched for main resonant frequency, be
all in the same enclosure, and preferably
be connected in parallel pairs. Lipshitz
and Vanderkooy wrote on crossover
networks including time-delay: this paper
includes a good review of recent
previous work which is very useful.
Greiner and Schoessow produced some
useful results on the effect of driver
tolerances on equalised closed box



systems, while Janse and Kaizer
introduced the concept of ‘Wigner
distribution’ to electroacoustics. Thisisa
mathematical tool for describing the
response of a loudspeaker in time and
frequency, and is thus allied to Heyser's
work on time-delay spectrometry. It is,
however, even more difficult to interpret
in practical terms.

Loudspeaker
Resembles
Retreating Elephant

Smith, Keele and Eargle (of JBL)
published a paper on the design of new
(recording-studio) monitor systems
incorporating one of the constant-
directivity horns mentioned previously.
This distinctive device, with its
‘biological' curved surfaces, has certainly
created a great deal of interest. Although
the authors seem to imply that the design
ought to be more acceptable to
‘audiophiles’, the use of a 38¢mm (15 inch)
driver up to 1kHz would still appear to
cause a significant change of directivity
in the cross-over region. K.O. Ballagh
wrote on the effect of wall refleciions,
showing that positions can be found
giving extended low-frequency response
without loss of smoothness in the
response at higher frequencies. These
concepts are currently being more
intensively investigated by an
international team, including one of the
leading British manufacturers.

New offerings
from KEF . ..

One of the events of 1984 was the
release by KEF of the R104/2; one of the
most interesting facts about this product
was that practically the only similarity
with the earlier model was the number!
The original R104 was a two-way system
with a passive radiator, while the new
model had two bass drivers, two
midrange and one dome tweeter. The
bass driver system was particularly
intriguing; both drivers were located
inside the enclosure, so that, apparently,
no direct radiation could occur. The
upper driver faced into a sealed boz and
was backed by a ported chamber, while
the lower was backed by a sealed box
and faced the ported chamber. These
drivers were driven in opposition, and
their chassis were coupled by a rigid
metal rod to eliminate virtually all relative
motion. The port did not act in the same
way as in a normal reflex boz: rather it
formed, with the air-mass in the chamber,
a (Helmholtz) band-pass filter to support
the upper bass output. At very low
frequencies, the radiation from the bass
drivers actually was audible directly
through the port. Another feature of the
design was that it included impedance-
correcting networks which gaveita
practically constant 4 ohm impedance at
all frequencies (not necessarily purely
resistive, though). This was intended to
make the unit easier to drive, which it did
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— provided the amplifier was happy with
a constant 4 ohm load. They all should
have been, but some did get very hot!

. . . and Rogers

Another new product at this time
was the Rogers LSB1 sub-woofer system.
This had the great advantage of
simplicity, consisting of two 16.5cm
drivers in one enclosure, intended to be
fed one from each channel of a stereo
system. The enclosure also contained the
crossover components for the satellites,
which would normally have been Rogers
LS3/5A's. The general feeling was that
rather better drive units could have
turned a good product into an excellent
one.

complex that is difficult to deduce
anything more than very general resulis
from it. Lipshitz and Vanderkooy,
however, deduced from a very complex
analysis the eminently practical result
that a system using a non-minimum phase
crossover network cannot be made
minimum phase by displacing the drivers
along the axis of the system. The best that
can be done is to produce a ‘betier’
(perhaps, but how to tell?) non-minimum
phase response,

AES Produces Model
Specification

Also published in 1984 was the AES
Recommended Practice for the

Photo 2. Typical 250W ‘Bullet’ tweeter capable of reproducing the high frequencies in PA,

disco, organ and sound amplification systems.

The Canadian
Connection

Research reporis in 1984 were
mostly free of major surprises.
R. Normandin, of Canada’s National
Research Council, wrote on equalised
vented box systems incorporating an
amplifier with negative output
impedance. This technique can produce
considerable bass extension, but works
best if the driver has a greater
permissible cone excursion than its
normal application would require. As
driver design methods improve, this sort
of (often useful) unbalance in
specification is becoming rarer. The
appearance of this paper was an
indication both of the growth of high-
quality loudspeaker design and
manufacture in Canada, and the
considerable degree of Government
support that it was receiving. No
problems (then) about the funding of
‘near-market’ research in Canada! .M.
Kates produced a paper which described
a method of including some of the effects
of early room reflections in an adjusted
frequency response curve ofa
loudspeaker. The practical problem with
this is that the resulting curve is so

specification of loudspeaker
components. The title does not make it
clear that the scope of this industry
standard is restricted to sound
reinforcement products. It attempted to
introduce some much-needed uniformity
and discipline into manufacturer's
specifications, so that prospective buyers
did not have to be continuously on the
look-out for specmanship and significant
omissions. The problem with all 2
standards of this type is that they cannot
be enforced, and manufacturers that gain
advantage by ignoring the rules tend to
prosper from it. The standard seemsto
have had little impact outside the USA.

Patents, an
Unsuspected Source
of Innocent

Merriment

G. L. Augspurger had some
trenchant comments on three recent
patenis. A poried double-chamber
enclosure, which the patent described as
an improvement on a 2 cubic foot design
having a flat response to 41Hz atan
efficiency of 8% (!), was describad as
‘working almost as well as a properly
tuned ported enclosure of the same
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volume', A large flat electromagnetic
driver, which the patent appeared to
claim not to generate a back e.m.f., was
supposed to be placed close to a wall so
that the unwanted back radiation could
‘squish out round the edges'. The
language of the patent was described as
‘mumbing’. On a ribbon driver, Mr.
Augspurger commented ‘When magnets
were relatively cheap, hi-fi purists spent
their spare hours inventing new
electrostatic loudspeakers. Now that the
cost of magnetic materials has multiplied,
interest has shifted to the ribbon-
loudspeaker. This. . . is one of the least
efficient in terms of making use of a given

made in an anechoic room, similar in size
to the listening room! The system comes
with an equaliser which provides vast
amounts of bass and treble boost, thus
demanding the use of a high-power
amplifier to avoid any chance of peak-
clipping. It produces lots of bass from
quite a small enclosure, but the sound is
highly coloured and does not represent a
true copy of the original, however
impressive it may be. Meanwhile, another
American company (AR) took several
steps back in time to the old German
‘raumklang’ idea in the form of a large
system that reflected delayed signals off
the side walls of the room.

Photo 3. Typical crossover unit.

magnet's potential, and thus has the
desirable attribute of conspicuous
consumption . ... So much truth in so few
words!

Ribbons and Bose

1985 opened with Stan Kelly writing
in great detail about the histories of ionic
and ribbon loudspeakers in ‘Hi-Fi News',
and a review by Martin Colloms of the
unique Bose 901" system. This product
first surfaced in the early '70s, and was
much criticised by British pundits.
Nevertheless, it survived, mainly due to
very strong promotion. The concept is
based on the idea that in an auditorium,
the ratio of reverberant to direct sound
energy is in the region of 1/8 in the best
part of the listening area. The system
therefore has eight rearward facing
105mm full-range drivers, in two reflex
enclosures, and one similar forward-
facing unit, also reflex loaded. There is,
however, no reason to suppose that
exciting reverberation in the listening
room, which adds to and confuses the
ambient reverberation already present
on the recording, is in any way the route
to realistic reproduction. It would only be
correct if the original recording had been

June 1989 Maplin Magazine

Sell First and
Modify Later

Very many new products were
launched in 1885, and the range of
performance covered ran from
incredibly poor to very good indeed. The
problem facing a private individual who
wants to form an independent opinion is
that of access to the products: only the
technical staff of a large dealer and
reviewers commissioned by specialist
publications are likely to be able to carry
out the extensive comparison and
objective test that are required. A further
complication is that all the reviews are
coloured by idiosyncrasies, including
blatant subjectivism. Nevertheless, it is
clear from reported objective test results
that several products released with
prominent brand-names were ill-
conceived. This is a common
consequence of being in too much hurry
to produce a new model just because the
competition have. And professional
designers really have little excuse for not
evaluating the competition properly;
begging, borrowing or buying samples
and testing them is a legitimate
development expense, and don't let any
accountant tell you otherwise!

Full-range Ribbons

In September 1985, the Apogee
‘Scintilla’ full-range ribbon loudspeakers
arrived in Britain. Very large and very
expensive, these products are a
demonstration of what can be achieved
with unlimited effort. They are so large
that, as far as [ know, no serious attempt
has been made to produce an anechoic
frequency-response. But it was generally
accepted that they scored heavily for low
distortion and coloration, while having
greatly extended bass response and
maximum output compared with the
Quad ESLE3, the only product which
could really be used as a reference in this
context.~

How to Listen

Probably the most significant paper
of 1985 was Floyd Toole's offering on
meticulously-controlled listening tests.
This very long and exhaustive paper
describes the very long and exhaustive
procedures that have to be used to
produce reliable results from listening
tests. (So what chance do you have ata
dealer's showroom on a Saturday
afternoon?). A complementary paper, by
Gabrielsson and Lindstrom,
independently demonsirated the validity
of the methods used by Toole.

Another important paper was a
report by Lawrie Fincham of ten years
refinement in the impulse testing of
loudspeakers, followed by another paper
on the audible effects of group-delay at
low frequencies, an inherent
consequence of the steep fall in Li.
response in a complete hi-fi system due
to the cumulative effects of all the
individual Li. roll-offs. Some of us
remembered the Reverend N. Bonavia
Hunt, whose promotion of d.c. coupling
had been a feature in the technical press
40 years earlier.

New Year: More
New Models

The following year (1986) saw a new
batch of products, mostly from
established manufacturers. The market
was not at all kind to new ventures,
although the big discount houses were
beginning to pull back from offering hi-fi,
and to go up-market with more suitable
producis for the mass-market at the same
time. The main impression of all'these
products was that there was very little
obvious difierence in design, but that
designers were all too prone to delude
themselves when listening to the sounds
that the latest brain-child produced.
There was just not enough ‘sideways
looking’, i.e. the unbiased evaluation of
competitors' products. One product
which was really different was the
‘Phobos’ from Jim Rogers. Thishad a
300mm cylindrical cabinet, about 200mm
deep, witha 110mm base unitand a
hom-loaded tweeter mounted in one
end-face. It had an in-built equaliser for
use with a sub-woofer or as rear
speakers in a surround-sound system.
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Perhaps too unconventional in
appearance, it seems to have had little
impact; certainly much less than the
JR148,

Another New KEF

Mid-year saw the launch ofi the KEF
R107, using the same bass-driver
principle as the R104/2, together witha
dedicated semi-adjustable equaliser
called ‘KUBE' (KEF Universal Bass
Equaliser, geddit?). General conclusions
were that this was a very good
loudspeaker indeed. The mid-range and
treble units were housed in pods on the
top of the main enclosure, asin the
previous R105 design, although the R107
pods could not be tilted.

More on Listening

F. Toole (Canada) returned to the
AES Journal pages in early 1986 witha
two-part paper on the relation between
objeciive and subjective results. This was
highly controversial, because the
conclusions were directly at variance
with the opinions of several groups of
designers and reviewers in the USA, and
much more in agreement with more
sensible (i.e. non-subjectivist)
commentators in Britain. Later in the year,
T.]. Holmes wrote on an old, and
generally discredited, concept, the
enclosure loaded with a resistive port.
While not, it appears taken up
commercially, this idea could be
interesting for private experimentation.

New Idecas in Boxes

Early 1987 brought the use of
fibre-reinforced concrete as an enclosure
material, favoured by some Scandinavian
suppliers, and a much more complex
new development from B and W. Termed
‘Matrix’, this was a method of dividing up
the internal volume of an enclosure into
stiff-walled cells which were
nevertheless acoustically all in
communication. The main problem with
this seems to be the control of the losses
in the enclosure. If the ‘holes’ in the cell
walls are too small, they act as acoustic
masses and the effective cabinet volume
decreases too much with rising
frequency. Somewhat larger holes might
still present too much acoustic resistance
at all frequencies, resulting intoolowa Q
and a drooping Li. response. Larger
holes still could compromise the
stiffening effect of the cells, and lead to
multiple mechanical resonances.

A welcome development was the
reappearance of British-made
transmission-line (labyrinth)
loudspeakers, from TDL, a reincarnation
of IMF (no, not MF1!). While this
technique is most applicable where a
large, costly enclosure can be allowed,
many people consider that the special
sound of the bass reproduction is worth
every penny and cubic metre. Somewhat
more surprising was the launch of three
German-made producis in the UK. It is
generally held in Britain that German ears
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are totally different and very strange, at
least if they like German loudspeakers! It
should be noted that some excellent
drive-units are made in Germany, but no
professional designer seems to be able to
produce systems that rate above Cin the
British market. Nevertheless, these
‘Canton’ products are still on the market.

Transatlantic
Trouble

Much the same trouble occurs with
products from the USA; in some cases we
know why. Those designers use methods
which predictably give resulis that would
not be considered acceptable in Britain
(such as very uneven axial frequency
response). But very few other designs
elicit much support; the ‘Spica’ two-way
closed box system, with its triangular
prismatic cabinet, received an
encouraging review but, perhaps
because of the near £600 price, it seems
not to have created a stir. The same fate
beiell the Gale 210 and 220, which
represented their attempt at extending
the following which the original G5402
had attracted, into a low price (and
bigger volume) range. Yet another
American offering was the Magneplanar
2.5, a modern-day hybrid ‘Blatthaller’/
ribbon design, having membrane
radiators for the bass and mid-range,
with a ribbon tweeter. Tape conductors
fixed edge-on to the membranes dipped
into magnet gaps in a perforated carrier-
plate. Apart from low distortion, the
accuracy was not what one would expect
for the £2000 price-tag in this country.

New Driver Principle

One interesting American product
that surfaced here was the Intersonics
‘Servodrive'. This probably represented
the first practicable new low-frequency
transducer principle for very many years.
While using conical cones (in pairs), the
normal moving-coil linear motor was
replaced by a rotary motor with an
ironless armature, and the drive to the
cones was achieved by an ingenious belt
system, see Figure 1. This gave a moving
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Figure 1. The ingenious rotary-to-linear
motion converter used in the Intersonics
‘Servodrive’ loudspeaker driver.

system with low enough inertia to be able
to respond up to about 150Hz, and with
theoretically unlimited amplitude (in
contrast to the 30mm or so limit fora
moving-coil motor). Developed originally
to study the long-distance infrasonic
communication of elephants (this article
seems to be infested with them!), the
drivers were offered in both horn and
baffle-loaded versions, and were capable
of enormous sound levels down to
frequencies not much exceeding 10Hz.
The inventors of this transducer also
patented a linear motor drive with a very
long coil, fed from sliding contacts at
each face of the magnet top-plate; thus
the only active part of the coil was that
whichwas in the magnetic field. This
allowed much longer excursions without
any of the normally inevitable loss of
efficiency. It remains to be seen whether
this principle can be put into a practical
form that can be reliably manufactured.

Patents and
Research Resulis

G. L. Augspurger reviewed a patent
of Dr. Bose, which he clearly considered
very clever. The KEF R104/2 and R107 use
two drivers and three chambers to
achieve a low-frequency band-pass
characteristic. Dr. Bose claimed that one
driver, facing a ported chamber, and
backed by another tuned to a frequency
about an octave above or below the front
chamber, also produced a band-pass
characteristic. Indeed it does, and this is
a way of achieving high efficiency and
good cone loading for sub-woofer
applications. Clearly, the upper cut-off
frequency has to be low, because there is
no direct radiation from the drive unit. It
should be noted that, although the Bose
hi-fi loudspeakers have not received
much praise from critics in this country,
their sound-reinforcement producis are
very widely used.

Loudspeakers with
(nearly) No Ohms

A paper which has been often
quoted was by M. Otala and P. Huttunen,
on the peak current requirements of
loudspeakers. It had previously been
recognised by many people that
amplifiers which could deliver high peak
currents, much more than the rated
power and impedance would imply, did
not produce the occasional distortions on
some programme material that other
amplifiers did. Otala and Huttunen
explained why this should be, which was
valuable, but then deviated into
synthesising equivalent circuits from
impedance measurements, which is
tedious and difficult, and searching for
worst-case test signals, which was most
unwise. This immediately obscured the
real point in a flood of argument about
whether the test signals were realistic
and, if they were, how often (in a million
years?) did they occur in real
programme. You can demonstrate the
effect if you have a source of 4kHz square

Maplin Magazine Juns 1989



|

waves, an B ochm moving-coil tweeter, a
SUF capacitor and an oscilloscope. Feed
the square waves into an amplifier and
connect the tweseter to its output. Connect
the scope across the tweeter and look at
the square wave output. Now put the SuF
in series with the tweeter, with the scope
still across the tweeter. Barring some
complication due to the voice-coil
inductance, the peak voltage across the
tweeter, and hence the peak current
through it, will be found to have nearly
doubled, although the SyF has
INCREASED the amplifier load.
impedance at 4kHz to over 11 ohms, and
cannot have reduced the impedance,
even at the harmonic frequencies present
in the square wave signal!

+1A
= L
-14

(@)

+2A

—2A
(b)

Figure 2. How a crossover network (in this
case, a simple series capacitor) can
increase the peak current demanded by a
drive unit. (a) Current waveform without
capacitor, (b) Current waveform with
(critical-valued) capacitor and the same
total voltage applied.

Armchair Critic or
Kitchen Cynic?
More and more as the 80'sdraw to a

close, the true state of the art is being
obscured by subjectivism. It is all very

well for designers to bamboozle non-
technical Journalists' (the quotes are an
apology for applying the name of a
respectable profession out of context) by
talking nonsense. This has been going on
for ages; [ remember hearing Donald
Chave sending one up in that way, but it
can't be defensible to treat the people,
whose money is financing your continued
existence, in the way P. T. Barnum did.
Part of the problem is in finding reasons
to claim that company X's new two-way

. closed box system with a 150mm bass

driver and a dome tweeter is any
different from, let alone better than, any
of the other 3000 similar designs. Soit's
particularly welcome when something
new comes along.

Something New

Recent developments in magnets
have led to the production of
neocdymium-iron magnets of
unprecedented energy. This has enabled
KEF to build a tweeter on the front of the
pole-piece of a bass driver, this
producing a coaxial system, called
‘Uni-Q" and apparently implying constant
directivity, without the problems of
boring a tapered hole through the
pole-piece or obstructing the bass cone
radiation with the tweeter magnet
structure. This system must surely
produce a much better stereo image than
separated (non-coaxial) drivers.

For the rest, you can take your pick
from horrible-sounding products at huge
prices, stands that cost more than a
decent complete system, and cables the
thickness of your finger and the cost of a
hearti-transplant. Oh, and in there
somewhere are a few products that are
really good value for money.

Realistic Research

In contrast to what is happening in
the market, research is progressing

sensibly. Peter Baxandall published early
in 1988 his deliberations on measuring
the current and voltage capabilities of
amplifiers, which are now on the way to
being adopted as an international
standard method of measurement, and,
more controvetsially, the results of some
measurements of peak current demand
by loudspeakers on real programme
signals. Fielder and Benjamin examined
the design criteria for sub-woofers,
based on psychoacoustic considerations
(i.e. what limits are set by human hearing
perception), which is the only sound
basis for high-fidelity design. D. Birt
(BBC) tackled the fascinating subject of
direct voice-coil derived motional
feedback, and showed a solution to the
problem of the resistance changes of the
voice-coil with temperature. This paper
includes quite complete practical design
details. ]. A. M. Nieuwendijk reported on
the design of ribbon tweeter and mid-
range units; this paper is perhaps
obscured by the results of Wigner
distribution measurements, which are
very difficult to interpret in detail.

The 112ih Year

Ididn't think, when I staried this
series, that it would run well into another
year. Since it has let’s take a look at the
current scene, courtesy of the invaluable
Buyer’s Guide in ‘What Hi-Fi?'. It would
not claim to list absolutely every
loudspeaker on sale in Britain, but it does
list 43 products below £100 a pair (lowest
£49, but is it hi-fi?), 72 products between
£101 and £150, 71 between £151 and £200,
80 between £210 and £300, 68 between
£301 and £450 and no less than 182 above
£450 (highest £45 000, yes, forty-five-
thousand, but will you really like it?), ora
grand total of 516 models, all lined up for
you to choose. And that doesn't include
Maplin's home-constructor designs,
either!
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MAPLIN’S TOP TWENTY KITS

Wind Speed &
Direction Modules

When testing these modules, it is
possible that incorrect codes are
generated thus giving false direction
or speed data. If problems such as this
are experienced, then careiully re-
check the sensor (SN1-5) alignment
and change the values of resistors R1,
R3 & R6 as follows:

R1(560R)to 1k, R3 (330R) to 680R,
R6 (330R) to 680R.,

Also, after assembly, check that
the encoder disc assembly is not able
to move up and down within the
housing as this will cause erratic code
generation; it may be necessary to fix
the ball races in place with lock-tight
or similar adhesive.

June 1989  Manlin Magazine

THIS LAST

MONTH DESCRIPTION OFKIT
1 (2} = LiveWireDetector

2. {8) = 15WAmplifier

3 {31 48 150W Mosfet Amplifier
4. (7} = |/RProx.Detector

5. (4} = Partylite

8. (1) e DigitalWatch

7. 113) = MiniMetal Detector
B (8} « U/SonicCarAlarm
9. (68) = CarBattary Monitor
10. (B) e SirenSoundGenerator
11. (11) ¢ CarBurglarAlarm
12, (10) < PWMMotor Driver
13. (12) = BWAmplifier

14 (14) 8 WanWatcher

15. (17) » 27MHzRsceaiver

16. (18) = IRRemoteSwiich
17. )} = 27MHzTransmitter
18. [ = 50WAmpKit

19. (20) = CarDigital Tacho

20. ) = U'sonicTranscaivaer

Over 150 other kits also available. All kits supplied with instructions.
The descriptions shove are necessarily short. Please ensure you know
exaclly what the kit is and what it comprises before ordering, by checking the

ORDER KIT DETAILSIN
CODE PRICE PROJECTBOOK
LK83T E3.95 14 (XA14Q)
YQ43W £6.85 Catalogue
LW51F £19.95 BestofEAMM
LM13P £9.85 20 (XA20W)
LW93B £995 BestofEEMM
FS18U £2.00 Catalogue
LM35Q £4.95 25 (XAZ5C)
LK75S £17.95 15 (XA15R)
LK42V £6.95 Bestof E&AMM
LM42V £395 28 (XA26D)

LW78K £895 4 (XAD4E)

LK54J £9.95 12 (XA12N)
LW36P £5.95 Catalogue
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Loudspeaking
Telephones

Back when Victoria was queen,
telephones were a novelty. Not even their
most enthusiastic promolers ever
dreamed that they would one day become
as commonplace as cornflakes. The only
instruments available were based entirely
on Bell's original work, and these primitive
telephones were expensive and insensi-
tive. They clearly posed no threat to the
established message carriers. Western
Union was at that time the largest
communications company in the United
States; when offered the Bell patents, they
turned them down.

But the idea caught on, and ‘telepho-
nic exchanges' began to spring up almost
overnight in major American cities.
‘Western Union decided they had been a
little hasty, and asked their technical
consultant — one Thomas Alva Edison - to
please invent a better telephone. It took
him five days. When the Edison Louds-
peaking Telephone was demonstrated in
London in 1879, Bernard Shaw com-
mented that it was “A telephone of such
stentorian efficiency that it bellowed your
most private communications all over the
house, instead of whispering them with
some sort of discretion.”

Maybe he exaggerated just a little.

64

by J.K. Hearfield Pari 5

Edison’s telephone was louder than Bell's,
but both were rather less efficient than a
modern instrument. It was to take another
fifty years of development before the first
true loudspeaking telephone was pro-
duced.

~ The Post Office Elecirical Engineers
Journal for April 1934 reported that ‘a
loudspeaker telephone’ had been de-
veloped in the research laboratories.
Radio was, of course, by then well
established as both a communications and

a broadcast medium, and some Post
Office customers were beginning to
demand a system that would allow more
than one person at a time to listen to
telephone conversations,

The block diagram of Figure 1 shows
‘the general structure of a voice-switched
loudspeaking telephone. Incoming sig-
nals from line are amplified and fed tc a
loudspeaker, whilst local signals from the
microphone are amplified and fed to line,
The key problem is this: how are the

>
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Figure 1. A voice-switched loudspeaking telephone needs some form of level-controlled

attenuation.
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Figure 2, The loop will oscillate unless the total loss is greater than the total gain.

amplified signals from the microphone
prevented from being further amplified
and re-broadcast from the londspeaker,
thereby setting up a closed-loop positive-
feedback circuit that howls like a dog at
the moon?

Figure 2 shows the loop siripped toits
essentials, Clearly, to avoid oscillation tha
total loss around the loop (through the
hybrid and the air) must be greater than
the total gain (through the amplifiers)—in
other words, the loop gain' must be less
than one. If this were not so, any signal
present anywhere in the loop would be
amplified and re-amplified without limit.
The system would oscillate, or ‘howl'.

Since the amplifier gains are directly
under the designer's control, the real
problem is how to ensure that the loss is
high enough. The airpath loss depends on
factors like the distance separating the
loudspeaker and microphone, the degree
of reflection from room surfaces, and so
on. The trans-hybrid loss is a little more
complicated, and to understand why, we
must look at how hybrids work.

Hybrids

A hybrid isreally just a special kind of
ASTIC (Anti-Sidestone Induction Coil, for
new readers), It is an ingenious way of
converting a 2-wire circuit into a 4-wire
circuit. Signals coming from line are split
equally between the Receive Amplifier
and the balance impedance, whilst signals
from the Transmit Amplifier split equally
between the line and the balance
impedance (Figure 3). No energy passes
from the Transmit Amplifier directly to the
Receive Amplifier - the so-called ‘trans-
hybrid loss' is infinite. The hybrid is
actually a uni-directional transformer. The
circuit is like a balanced bridge, though,
and it only works perfectly when the
impedance of the line happens to be
exacily the same as that of the built-in
balance impedance. Unfortunately, this is
not often the case, because the impe-
dance of a line depends (amongst other
things) on its length and termination, and
neither of these can be guaranteed. So in
praciice, the trans-hybrid loss is usually
much less than infinite,

Practical hybrids used to be built by
interconnecting a pair of identical high-
quality audio transformers as shown in
Figure 4. The idea is that the Transmit
sional, applied to winding A2, causss
signal voltages 1o appear across this
transformer’s other two windings (L2 and
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B2). These signals cause currents to flow
in the corresponding windings on the
other transformer (L1 and Bl), but the
connections 1o Tl are so arranged that the
flux caused by the current in L is exactly
equal and opposite to the flux caused by
the current in B1. Asa result, there isnonet
flux in Tl's core, and hence no voltage
developed across winding Al In other
words, the trans-hybrid loss is infinite. The
currents flowing in windings L1 and Bl
obviously depend on the impedances on
the line and balance circuits, and for these
currents to be equal the line and balance

It is also possible to make a hybrid
more cheaply, using just one transformer.
In Figure 5, the Transmit Amplifier drives
a load consisting of one winding of the
cenire-tapped secondary and the balance
impedance, in series. The transformer
causes a vollage to appear across the
‘receive’ winding which is equal to that
applied across its ‘transmit’ winding, as
shown. The Receive Amplifier input
voltage thus consisis of two components in
series, one due to the ‘receive’ winding,
and the other to the voltage drop across
the balance impedance caused by the
Transmit Amplifier. If these two voltages
are exactly equal and opposite to one
another (that is, in antiphase), the net
Receive Input vollage is zero, and so the
trans-hybrid loss is infinite. But for this to
happen, the Transmit Amplifier must split
its output voltage equally between its
transiormer winding and the balance
impedance. The voltage across the
transiormer winding depends on the
(transformed) impedance of the line as
seen by the Transmit Amplifier, so it furmns
out once again that balance depends on
having the ‘correct’ line impedance. One
advantage of this circuit is that the actual

impedances must be equal too. line impedance (about 600 ohms) can be
__________ B I : ]
i . i Receive ‘\
P /s amplifier \
z \
< \
___,.--/ E ‘_\ \
== = |
. Trans-hybrid Airpath
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Figure 3. The hybrid converts a 2-wire circuit to 4-wire.

Photo 1, The LSTI,




ransformed up to (say) 10k ohms,
allowing smaller and hence cheaper
capacitors to be used in the balance
network.

Hybrids can even be made using
op-amps. Figure 6 (2) shows how it's done,
whilst Figure 8 (b) illustrates the bridge-
like nature of the circuit. Since an op-amp
has an output impedance of effectively
zero, the line is terminated in (and driven
from) the impedance ZI1. In the simplest
case, Z1 and ZL are equal. Both are
complex impedances, of course, but since
they are equal, the non-inverting input of
Al (the Receive Amplifier) sees a signal
that is exactly half that being output by A2
(the Transmit Amplifier). So the bridge is
balanced by making Z2 and Z3 equal too.
The circuit is deceptively simple -
designing a real hybrid is vastly more
complicated than this, for all sorts of
reasons (o be examined in a later article.

The First Loudspeaking

Telephone

Meanwhile, back in 1934, the first
commercial UK-designed loudspeaking
telephone was taking shape. The clever
idea behind its design was the concept of
‘voice switching’. Since for stability there
should be more loss in the speech path
than that provided by the hybrid, the
designers decided to include circuitry
that allowed the system to decide for itsell
whether it was supposed to be transmit-
ting or receiving. Depending on its
decision, extra attention was switched into
either the receive path or the transmit path
(Figure 1 again). A simplified block
diagram of the system is given in Figure 7.

It worked like this. Speech from the
microphone was amplified and passed via
the controlled attenuator Al and the
hybrid to line. At the same time, a dc
voltage was derived from the outgoing
speech, (zero for silence, maximum for
loud speech) and this was used to disable
the power amplifier. Separate outputs
were in turn derived from the power
amplifier, and used to control the
attenuators. With the power amplifier held
‘off by outgoing speech, attenuator Al
was switched to its low-loss mode, and
attenuators A2 and A3 switched to give
high loss. The system switched over when
the user stopped talking, allowing speech
from line to pass through to the louds-
peaker. It was (and still is) very important
to get the time-constants right in these
control loops. Too short a time-constant
would cause the system to switch from
transmit to receive and back again in the
tiny intervals between words. Too long a
‘hangover' time would result in the system
not switching back to receive until after
the person at the distant end had started to
speak. The optimum hangover time was
found to be about 500ms.

This system also included an inge-
nious exira feature. “The successful
development of this instrument”, said the
1934 POEE Journal, “has only been made
possible by the application of a new
device in voice-operated switching sys-
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Figure 4. Hybrid realised with two transformers.

tems, which enables either listening party
to ‘break in' at will.” The designers had
realised that if two loudspeaking tele-
phones were connected together via a
high-loss line, each telephone would
automatically give priority to its own user.
So if they both talked at once (not an
unlikely phenomenon for loudspeaking
telephone owmers) neither would be
aware that the other was talking, and each
would assume that what they had said had
been heard. The system would be in
lock-out’. To prevent this, two extra
conirol paths were added (shown dotied

in Figure 7). They worked by greatly
reducing the hangover time whenever
speech in the ‘wrong’ direction was
detected. For example, if the loudspeak-
ing telephone user was talking, so that the
sysiern was in ‘transmit’ mode, any
incoming speech signal present at the
Receive Amplifier's output was sensed
and used to re-enable the Power Ampli-
fier by effectively short-circuiting the
‘disable’ signal coming from the Control
Amplifier. As a result, the distant end
could (in theory, anyway) actually inter-
Tupt.

Receive
amplifier

“Receive™

Line

impedance

“Balance™

23

voltage
S T \I °
Transmit”™
voitage Transmit
amplifier
Figure 5. Single-transformer hybrid realisation.
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Figure 6. (a) A hybrid can also be built using op-amps since it is really no more than a balanced

bridge. (b) At balance Z,/Z; = Z.J/z,.
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The equipment itself was a complex
piece of engineering. The loudspeaker
and moving-coil microphone were
mounted side-by-side in a Bakelite case
measuring 12 x 8 % 5 inches, intended to
sit on a desktop next to the telephone,
whilst the electronics was tucked away
out of sight in a separate steel boxz. The
circuit included 8 valves and no fewer
than 12 transformers!

Several units were built and installed.
They were used mainly to provide
conferencing facilities, but some did find
their way onto chief executives' desks.
Unfortunately, the equipment proved
unsuitable for the public network, and its
use was restricted to internal calls on
private branch exchanges.

o
Loudspeaking
Telephone No. 1

Not the first — just the first with a
number. The LST1 was designed in the
mid-1950s (yes, it really did take 20 years
for the Post Oifice to decide to try again)
and from the outset was intended to be a
standard telephone, capable of being
connected to any PO line.

Because of the difficulties experi-
enced with voice switching in the pre-war
design, it was decided that this time the
acoustic stability problem would be
tackled from a different direction. The
loop (Figure 2) was to be made uncon-
ditionally stable by ensuring that the
airpathloss and the trans-hybrid loss were
always sufficiently large to prevent
howl-round. The designers hoped by this
means to produce a cheap, straightior-
ward, easy-to-use system that would fit
neatly into the Post Office product range,
and there is no doubt they succeeded.

The airpath loss was made large by
the simple expedient of putting the
microphone and loudspeaker in separate
cases, and ielling users to kesp the two
units always at least two feet apart. Each
was styled to resemble the standard
700-type telephone, more or less. The
loudspeaker unit was little more than a
Type 706 telephone with a speaker
instead of a dial. The handset was
retained, for privacy when the user
needed it. The microphone unit also
housed the dial and two lever keys, one to
switch the system on or off and the other to
give 3 preset volume-control settings. The
(transistor-based) amplifiers and hybrid
were built into a separate wall-mounted
box. Photograph 1 illustrates the arrange-
ment, and Figure 8 shows how the system
was partitioned.

The trans-hybrid loss also had to be
kept high under all conditions, and this
proved much more difficult to do. The line
impedance seen by a telephone varies
during the process of setting up a call, and
when it finally settles down it may be some
way away from its nominal value of 600
ohms. The impedance depends mainly on
the length of line between the telephone
and its local exchange, though, as does the
standing current flowing through the
telephone from the exchange battery. The
Type 708 telephone used this standing
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current to control automatically the
loudriess of speech on short lines (as
described in the last article) and the
designers of the LST! decided to adopt a
similar approach in solving their problem.
Instead of controlling loudness, the line
current was made to control the values of
the input and balance impedances, as
shown in Figure 9. The circuit did give
some improvement, and it didn’t cost
much, but it was far from periect.
Installation involved adjusting a preset
volume control (inaccessible to the user)
until the system was just stable with the
volume control in the middle position.
Many users must have found out the hard
way just how readily the system would
oscillate if it got the chance, particularly
when the person at the other end was also
using an LST1.

It seems almost inconceivable in
today’s climate of tight regulation that the
Post Office would allow into service an
item of equipment that they knew, sooner
or later, would burst into uncontrollable

Line
Line current

Mic amp

Hybrid

Balance
network

! ]

Powar amp

Figure 9. The loudspeaking telephone No. 1 adjusted its balance impedance automatically to

cope with different line impedances.

Photo 2. The LST4 with dial.
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Figure 10. Block diagram of the loudspeaking telephone No. 4.
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oscillation at some unknown frequency or
power level. Twenty years ago this was
considered no more than a minor
inconvenience.

Loudspeaking
Telephone No. 4

The LST1 was introduced in 1980, and
was closely followed by two variants. The
LST2 was a voice-switched LST1, and the
LST3 was a waterproof LST1 (for use in
hospitals). In 1986, the Post Office
launched a brand-new system: the LST4.
This quickly became their main louds-
peaking telephone product.

As Photographs 2 & 3 show, the LST4
was an impressive item of desk furniture,
particularly in its Executive version with a
polished wood trim. It was almost 18
inches long by 8 inches deep, and
weighed a hefty 15lb. The microphone
and loudspeaker were set oné at each end
of the front panel, about 15 inches apant,
with the or/off switch in the centre and the
keypad (or dial) and volume control keys
occupying the remaining space. A hand-
set hung on the back of the unit, out of
sight.

Conceptually, the LST4 was a
straightforward voice-switched design.
Its block diagram, shown in Figure 10, is
quite similar to Figure 1. The comparator
decided whether the transmit or receive
signal was the stronger, and the latch then
locked the system into either transmit or
receive mode until the comparator told it
to switch over again. Since the transmit
signal was invariably stronger than the
receive signal, this meant that the LST4
user could interrupt whenever he felt like
it, in the certain knowledge that he would
be heard, whereas the person at the other
end was compelled to wait meekly until he
was allowed to talk. The LST4 was very
popular with executives.

The switched attenuator circuit is
shown in Figure 11. With the control
voltage near earth, the transistor is off and
so the diodes are reverse-biased. The
only signal path between input and output
is via the large resistance, which is chosen

Maplin Magazine June 1989



Photo 3, The LST4 with push buttons.
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Figure 11. Switch attenuator used in the LST4.

to give the required amount of attenuation.
However, when the control voltage goes
sufficiently negative to turn the transistor
on, the diodes become forward-biased.
The small resistances then shunt the
larger one, reducing the attenuation.

Unlike the LSTI, which usually
derived its power from the telephone line,
the LST4 was designed to use an external
50 volt dc supply. This could be provided
by a power unit connected to the mains if
need be, but since most LSTs were
connected to PBXs (private branch
exchanges) it was often cheaper touse the
existing PBX 30 volt battery.

Meodern Designs
Loudspeaking telephones are be-
June 1989 Maplin Magazine

Figure 12. An integrated circuit speakerphone (the Motorola MC34018).

This device isintended to be used in conjunction with other circuitry to
make a loudspeaking telephone.

coming increasingly common today,
mainly because all the clever electronics
can be packaged into a single low-cost
integrated circuit. A typical example is the
Motorola MC34018, whose block diagram
is shown in Figure 12. This device is
intended to form the basis of an add-on
module to convert an ordinary telephone
into an LST. Although it offers a
performance considerably better than the
earlier discrete component LST designs,
in essence it does the same job in much
the same way. The attenuators are actually
variable-gain amplifiers, driven in a
complementary fashion such that as the
gain of one is increased, the gain of the
other is decreased, with the total gain
remaining constant. An interesting extra

feature is background level detection. By
averaging the room noise, and using this
level as a threshold, the system automati-
cally adjusts to compensate for noisy
environmentis.

Photographs were kindly provided by Bntish
Talecommunications ple
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AF signale over upto 20m of fibre-optic cable. Low-Z
Microphone Pre-amp. For 200-800(! mics plusgain
asdjustment.

Order As XAZOW {Maplin Project Book 20)

Price E1.00 NV.

Electronics Issue 21 6 Channel Burglar Alarm.
Develop a complete security system. Six Circuits.
Bass Fuzz, Vaice-Over Unil. Noise Gate, Envelope
Tremolo, RTTY Decederand Scratch & Rumble Filter
on veroboard, Notch Filter. AF procsssorfor
communications receivers. 12V Public Address
System. 10W perchannel from car battery. Tungsten
Lamp Controller. AC phasecontrol formains lamps.
Order As XA21X (Maplin Magazine Volume 6

Issua 21) Prica 85p NV,

Electronics Issue 22 MIDI Interfacing Techniques.
Connect MIDlinstrumentsto the VIC20 or CEMES.
Hi-Fi Speakers & Enclosures. Two high quelity
loudspesker cabinet designs. Keypad for 280 CPU. At
lasta keypad I'F & AOM for the Z80 CPU kit. 412 Digit
Counter. Versatile basic counter moduletod2 digits
Weather Satellite Down Converter Part 1. Aernal &
freq. converter for MAPSAT Receivertotuneinto the
Metsosatsatallite. Mini Circuits. Veroboard Audio
Level Tester, Sound Triggered Flash, In-Circuit
Resistance Meter, R Audio Isolstor.

Order As XA22Y (Maplin Magazine Volume &

Issue 22) Price 85p NV.

Electronicsissus 23 MAPSAT Frame Store =1.
Z80B CPU controlier. Servo Tester. Propontional servo
testar. Weather Satellite Down Converter Part 2.
Channgl Switching Unit. Capacitance Tester. 5
ranges, 3digit display. More Mini Circuits. Mevement
alarm, Stepper Motor Driver, Pink Noise Generator,

Optical Port Data Link, ‘Metsl Padal’.
Order As XA23A (Maplin Magazine Volume 6
Issue 23) Price 85p NV.

Electronics Issue 24 Nuclear Radiation Monitor.
Alpha, Bets, Gammz & X-ray gieger counter. VHF
Pre-AmpModule. MAPSAT VHF pre-amp. External
HornProgrammable Timer Update. Modifying the
maotiule for use with other than the MaplinHome
Security System. MAPSAT Frame Store =2. The Vides
Graphics Card. VHS Video Alarm. Battery powsrad
poriable mavement alarm builtinto s VHS Vidso
Cassstte.

Order As XA248 (Maplin Magazine Volume 6

Issue 24) Price 85p ND‘

Electronics Issue 25 Track side Rapid Charger.
Model radio control car ni-cad battery pack charger
using 12V car battery as power source. Slow Charger.
Mains powered trickie chargerfor modsl cars

Ti ture Module Expansion. Relay switch board
andse na'ﬂ to paralle! converter add-ons. Disco
Partylite. High quality, 3 channel party lights. Mini
Metal Detector. Detects ferrous and some non-
ferrous metals such ssiron wall board nails orbrass
screws, Tester for Electrical Domestic Appliances.
Check the safety of any new appliance befors you plug
itinto the mains. Bob's Mini Circuits. A pulssd spesd
cantrollzr, a train controiler & snelectrenic lock.
Order As XA25C (Maplin Magazine Volume 7

Issue 25) Price BSp NV.

Electronicslssue 26 1kW High Power Mosfet
Amplifier. Supsrbamp primarily simed stussin halls,
auditoriums, etc. Simple Melody Generator. Versatilz
miusical project with four tunes available. Multi-Tune
Generator. Built around the UM2411A giving 18tunes
eic. Siren Sound Generator, Gives 4 differenttypes of
siren nolses. Programmable Metronome. Ussful
musicizns aid.

Order As XA26D (Maplin Magazine Volume7

Issue 26| Price BSp NV.

Electronics Issue 27 TDA 7000 FM Radio Mkll.
Campletesadio kitincluding case. 3-Way
Loudspeaker System. Z0 litre passive radistorcabingt
design. Watt Watcher. Checki1oseeifyouars
averdriving your spzakers. Morse Code Practice
Oscillator. Learn Morse Code the practical way with
this excellent project. Noise Generator. Make s much
noise as you want with this useful piece of test gear.
Bob's Mini Circuits. Stereo Bargraph, Sterec VU
Meter, Simple Fibre-opticlink, Seriai-Farallel
converter anda Games Timer:

Order As XA27E (Maplin Magazine Volume 7

Issue 27) Price BSp NV.

Electronics Issue 28 Direct Conversion Receiver.
Listento speech or morse code from 10 metresto 160
metres. 2 Way 16 litre Loudspeaker Systam. Another
in aur series of popularloudspeaker cabinet designs:
Bob's Mini Circuits. A MIDithru box, a capscitance
mater sdaptor, a crystal calibratorand a trensistor
tester.

Order As XA28F [Maplin Magazine Volume 7

Issue 28) Price B5p NV,

Electronics Issue 29 1TkW High Power Mosfet
Amplifier Hardware. Round off this superprojest from
Issue 26 by ‘boxing up” the unit. Electronic Roulette
Wheel. Super fun praject for the whoie family. Laser
and Controller. Marvelious 2mW laserwith PSU and a
maotorised mirmor sdd-onunit with controller.
TEA2000 PAL Colour Encoder. Building block project
based onthe TEAZO0D chip. Data File: LM386. in depth
look at this uselul low voltage power amplifier

Order As XA29G (Maplin Magazine Volume 8

Issue 28) Price £1.00 NV.

Electronics Issue 30 Digital Record & Playback
Module. Records spesch digitally and allows playback
stthe touch of a button, Video Dubber & Switching
Unit. Links up several VCR's. 4 Way Speaker Switch
Box. Allows connectionafuptod pairsofspeakers o
yourHi-Fi. Audio & Video Modulator. Allows
connection of vidzo equipment to anormal TV when
directconnection is not possible. Bob's Mini Circuits.
Accented Metronome, Reaction Tester, Basic Noise
Cate, Electronic Die. Data File. In depth logk atthe
LM1875 audio powsramplifier.

Order As XA30H (MaplinMagazir - Jolume8

Issue 30} Price £1.00 NV.

Electronics Issue 31. Wind Speed & Diraction
Indicators, Monitoring system for measuring wind
speed and direction {external electronics and
mechanics). Bob's Mini Circuits. Guitar Headphona
Amplifier, Morse Regenerator, TTL Logic Tester, TTL
Logic Pulser, AF Signa! Source. Data File. Versatils
circuits based on LM 13700 transconductance
operational amplifier. RS232/TTL Level Shifter.
Provides level translation on Tx and Rx data and
handshaking lines. selection of data polarity and on
boardvoltage canversion, Digital Panel Meter.
Muilti-purpose digital display module, can be setto
read currant or voitage. Playback Module & EPROM
Programmer. Expansion modules for the Digital
Record & Playback Module,

Order As XA31J (Maplin Magazine Volumea 8 Issus 31)
Price £1.00 NV.
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FSK Demodulator — Continued from page 23,
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Figure 11. Box drilling details.

The majority of amateur stations use
45.45 Baud and with your hardware/
software set to this, intelligible text
should now be displayed on the screen. If
the text is garbled it may be because the
received tones are reversed, to correct
this simply switch S2 from normal to
reverse. If, after trying these seftings, the
data is not being resolved, it is likely that
the transmission is at 50 Baud and again
could be normal or reversed. When the
lock LED is in a stable lit condition you
can switch on S1. This will allow the data
to pass to your computer only while this
condition is present and as soon as the

reason for this is to prevent the screen
from filling up with meaningless random
characters. The lock can fail ift

1. The RTTY signal is too weak.

2. The demodulator shift and RTTY signal
are not the same.

3. The received tones are off frequency.
4. A strong interference signal swamps
the demodulator.

When tuning-in RTTY signals witha
different shift to the one set on the
demodulator the lock cannot be used. So
tuning can only be guided by the
response of the data LED and the text
displayed on the screen. However, if you

lock fails the data will be inhibited. The ]
|
|

wish to maintain the lock facility on all
shifts, one method would be to run three
demodulators in paralle! with a data
select switch, see Figure 10.

If you would like to learn more about
the subject, I would recommend
contacting, The British Amateur Radio
Teledata Group (BARTG), Mrs Pat
Beedie, GWBMO], Fiynnonias, Salem,
Llandeilo, Dyfed SA19 7NP. There are
numerous books on the subject and
BARTG can supply a list. I can personally
recommend 'Guide to RTTY Frequencies'
by Oliver P. Ferrell and published by
Gilier Associates Inc.

. ce 22nF Poly Layer (SEE TEXT) 1 (WWa33L)
RTTY (PSR) c8 8n2F Poly Layer 1 (WW28F)
DEMODULATOR C10,14 22uF 16V P.CElectrolytic 2 (FF08G)
PARTS LIST Cil 2u2F 100V P.C.Electrolytic 1 (FF02C)
Resistors: All0.6W 1% Metal Film Semiconductors
Rl 2k7 I (M2K7) IC1 XR2211CP 1 (QY43W)
R2 470k 1 (M470K) 1IC2 TLC585CP 1 (RAT6H)
R34 4Kk7 2 (M4KT7) IC3 T4HC132 1 (UB23G)
R5 510k 1 {(M510K) RG! up7I8LOSAWC 1 (QL28D)
R6 100k 1 (MIODE) Dl1234 1N4148 4 (QLSO0B)
RT 68k (R7SEETEXT) 1 (M6E8K) LDI LED Green 1 (WL28F)
R7 120k (RTSEE TEXT) 1 (MI20K) LD2 LEDRed i (WL2TE)
R7 210k (R7SEE TEXT) 1 (M270K)
R7 47k (R7SEETEXT) 1 (M47K) Miscellaneous
RT 82k (RTSEETEXT) 1 (M82K) S12 Sub-Min Toggle A 2 (FHOOA)
R7 180k (R7SEE TEXT) 1 (MI80K) PL1,233 Minicon Latch P1 2way 4 (RK65V)
R8 18k 1 (MI18K) PL4 Minicon Latch PI 12way 1 (YW14Q)
R9 120k 1 (MI120K) SK1,235 Mnen Lich Hsg 2way 4 (HB53P)
R10,11 470R 2 (M470R) SK4 Mncn Lich Hsg 12way 1 (YW24B)
RV1 5k 22-Turn Cermet 1 (UH24B) Minicon Terminal 2Pkis (YW25C)

P.C.Board 1 (GD34C)

Capacitors Veropin 2145 1Pkt (FL24B)
Cl,3 100nF Poly Layer 2 (WW41U) DIL Socket 8 pin 1 (BL1TT)
c2 10nF Disc 1 (BX00R) DIL Socket 14 pin 2 (BL18U)
C4,79,12,13  100nF Minidisc 5 (YR15S) Constructors Guide 1 (XHT79L)
Cs 10nF Poly Layer (SEE TEXT) 1 (WW23G)
C3,8 21nF Poly Layer (SEE TEXT) 2 (WW34M) The paris listed above are available as a ki,
C58 33nF Poly Layer (SEETEXT) 2 (WW350Q) (which is not shown in our 1989 catalogue).
Cs 39nF Poly Layer (SEETEXT) 1 (WW3EP) Order As LM95D (RTTY Demodulator Kit) Price £16.95
C5 4TnF Poly Layer (SEETEXT) 1 (WW3IS) The {ollowing item is also available separately:
Cs 68nF Poly Layer (SEETEXT) 1 (WW3SN) RTTY Demodulator PCB Order As GD94C Price £3.80
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Photo 1. Travel terminus and trains:

awkward to replace if they blow, so it
was decided to substitute them with
minfature LEDs. Normally, the condition’
of the signal fs only visible frontwards
from a relatively narrow viewing angle, to

June1983  Maplin Magazine

enable the signals to be seen from the.
€0 lrol centre, mq wewmg angle w.'_is

i 1 Decaraeinveived mnsao,and rumuy
o |2 wnrklont

gy over th' ]
ruugh transus}ars feading

!ayout other tra 7 ies, such

as the turntable, maintenance area, fue!
storage tanks, pump house, fuelling

- point, watertower and | irelghl terminal,
_have been included.

. The original ohjectwe of the layoul :

g )faafi'éL from va]f:e



e

Maplin digital Lain controliar.

Photo 5. ‘Mimic” control panel and

itehinc s




Photo 6, Disass

embled locomotive, point motgy, '~
and decoupler. i

on the Maplin E
ontroller, ¢

0One Sidi

ninais the 'r-_il:'il‘-:-J.

= 1 I nont
urner |mprovements, = Attn Nent,
':-m.w;.(.:l'!‘!; L : ' “Onth cadir l_lll:l--!ti_|i'li:

Are useni

tirn siar

On:




| COROMANDEL

14 Train g],gan'\t"ig' ated,

‘Photo

:i.l:IIIJ!}




Or
Price £99.95

i L 1~
yT7eL (for use wilh yT76H); Output:
gV DC, Input: 12V DC.
v181C (for use with YJ77J); Output.
g\ BC, Inputt 12v BC
Order As YT79L {Casio CA-KE5)
Price £14.95
Order As YT81C (Casio CA-K90)
Price £14.95

hese AG mains adaptors allow boln
1 ) ‘Calobr TVs (YT76H &
arated off 240V AC

sarving intermal pattery
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AL sygtem 1/iransm
s YT77J (Casio TV-6500)
Price £148.95

yT78K (for use Wwith YT76H): Qutput:
gV DC, inpul: 240V AC.

Y1808 (lor usejwilh YT77H); Output:
av DC, Input: 240V AC

Order As YT78K (Casio AD-K65)
Price £19.95
Order As YT808 (Casio AD-K90)
Price £19.95

M.f;gzifnr,ﬂri:lﬂfﬁr -

An innovalive adapiof for use with

ihe LCD Calour v
which aliows 1t to 02 used
on a coleur video camer
it containsia swivel , Sh
1 intar-cannecting lead, WO
iapiors ang @ =mall cross point
screws Jow at last, recordings
can be monitored in full colour.

Order AS yT82D (Casio 0S-51M)
£34.95




Nothing New Under
the Sun

In our constant quest for up-to-the-
minute information on Satellite TV, our
intrepid reporters have braved travel
against all odds (33 mile M25 traffic
jams!) to gather the latest news... Much
cof the news recenlly has concenirated
cn the activities of Astra and BSB
salellites and their respective asnals,
wilh comments, news reports and
advertising flying back and forth like
punches in the Bruno — Tyson fight.
Each company is singing its own
praises over the number of channels
available, variety of programming con-
tent and technical superiority; has
anyone seen a working BSB Squarial
yei? Recent information about BSB
indicates plans to increase the number
of wransponder channels used, this
suggests less transmission power and
a corresponding (large) increase in the
size of the Squarial. BSB has still to
secure production rights on the Squa-
rial, the company that developed the
novel miniature aeral, Forte!l and
industry as a whole is fast thinking that
B58 has become a victim of its own
hype. Moral — don't let the advertising
people make promises you cannot
keep.

Whilst all the aitention has been
focussed on Astra and BSB, a small
company, Mawzenes Ltd, based at
Ashwell in Hertfordshire, has de-
veloped a new range of satsliite
refiectors that look set to take the
market by storm. Their product has
been undar development for many
years and it just-so-happens that
increased interest in satellite, particu-
larty sateliite TV, has coincided with the
launch of their product, the Mawzone
Zone Plate. The Zone Plate has many

aoplications in the field of sateliite and
microwave communicafions, including
pravision of low cost C Band asrials for
3rd worid countries, giving accass to
intemational communication satellites.
The conventional satellite receiving
equipment requires a parabolic reflec-
tor (dish) to collect and focus the
radiated signal from the satellite, even
now, with high power salellite ranspon-
ders, the receiving dish still has to be of
fairly large proportions, and is al best
un-sightly. Many arguments are en-
suing with residents, loeal authorities
and environmental protection groups
about the siting of satellite dishes.
Legisiafion curently states that a
salellite receiving aeral over S0cm
reguires planning permission and that
only ene receiving aerial may be
installed, (you cannol have separate
Astrz and BSB zerials). The Mawzones
Zone Plate is completely flat and works
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on avery old principle discoverad by the
French Scientist A. J. Fresnel over 160
years ago! The optical Fresnel lensisin
common use and can often be seenon
the back-window of buses and cara-
vans to increase the fieid of view from
the rear-view mirror. The lens is flat and
features an arrangement of concentric
rings. The effect can also be applisd to
microwave signals and in this applica-
tion lends iiself to focussing the Kuband
microwave signals from satellites. Tha
Planar Fresnsl Zone Plate is con-
structed on a durable shes! of plastic,
on to which is printed a metislized
pattern of concentric rings. The exact
shape of the rings or ellipses depands
on geographical location, the contours
are calculated from very complex
mathematical formulae, needless to
say a computer is used. A range of 10
‘preferred’ patterns is sufficient to cover
all requirements, the appropriate one
being selected for sach installation. The
concentric rings are alternaling regions
of transmissive media and reflective
media for the microwave signal. The
effect of this is to diffract the signal and
iha resulting electromagnetic interfer-
ence pattern brings the microwave
signal to a focus. Depending on
construction the Zone Plate can be
transmissive, i.e. the signal is focussed
behind the Zone Piate or it can be
reflective, e the signal is focussad in
front of the Zane Plate, this also gives
extra signal gain and therefore for a
given sateliite transmission power, a
smalier reflective Zone Plats is reguire
than with the transmissive type. The
Zone Plate sifectively replaces the dish
with an entirely flat plate which can be
fixed flush against a wall or roof (either
fial or sloping) the plate can be painted
to maich the background and therelore
iz bound to win favour with everyone
who is environmentally conscious or
simply hates the sight of a conventional
dish. It must be ramemberad that the
Zone Plateis just the reflector partof the
aenal and not the receiving element
itself. The signal is actually ‘picked up'
by a unit called a Low Noise Block
Converter (LNB) atiached to whichisa
feed horn which directs the signal onio
the receiving element. Ancther distinct
advantage which is exhibiled by the
Zone Plate is the wide acceptance
angle for the incoming signal, conse-
guently alignment is much easier than
for a conventional, highly critical dish.
The signal is down converied from
10.96 to 11.70GHz {Astra) by the LNB,
t00.96to 1.70GHz, whichis thenfed via
the downlead to the receivar unit. Initial
reactions fo the Zona Plate from many
people were that of incredulity, 'how can
a piece of plaslic with rings oniit receive
salellite TV?'. Having attendad official
demonstrations at the DTl's Satefiita
Monitoring Station at Baldock, Hertford-
shire, it can be confirmead that tha Zona
Plate does work. Walch this space...

Aircraft Phone Home

In a venture which would no doubt
appeal o ‘ET, it is now possible o
‘phone home’ frem the confines of your
BA Jumbo Jet. Skyphone is a satellite
based telephone service which uszes
Racal Decca terminals and GTE
airbase cordiess handsats, The service
which makes use of the global system
of Inmarsat satsllites, is espactedtc go
fully commercial on 2 number of airiines
fater this summer.

Pocket-Sized PC at A
Pocket-Sized Price

Atari made the news al this years
"Which Computer? Show' with the
introduction of the British designed,
pocket PC, selling for under £200
(just!). The 80CB8 based workstation
weighs in at 450 grammes (with
batteniss) and is fully MS DOS compati-
ble. The rasult of a two year develop-
ment period, the IBM compatible
hand-held compuler, The Afari Folin.

features a2 large screen, standard
QWERTY keyboard and 2 long battery™
life. Applications software includes a
Lotus 1-2-3 compatible spreadshest,
diary, calendar and alarm clock,
address and phone book. Folio makes -
use of a credit card sized memory card
for data and program slorageandhas a
capacity of up to 128k Bytes —
equivalent to 50 pages of A4, The
company hopes to sell over 500,000 of
the Japanese produced unifs over the
next tweive months. Atari have joined
the office and homs PC market by
intreducing a range of IBM compatible
desktop PCs to complemant their top
selling range of ST computers. The
range, designated PC 2 to PC 5, also
inciudes the PC Folio. The PC 2, based
on the 8088 Intel processer running at
8MHz, has 512k Bytes of RAM, EGA,
CGA and HGC graphic modes built in,
an intenal 30M Byle hard disk, 5.25
inch floppy disk drive, mouse contraller,
2nd drive port and 4 expansion slols,
The specifications rise with the num-
bers (as does the price!) culminating in
the PC 5 basad on the 80386 32 bitinte!
processor, running at 16MHz, with 1M
Byle of RAM, an intemal 60M Byte hard
disk, 5.25 inch floppy disk drive, mouse
controller, real tme clock and 4
expansion siois. Optional video cards
are VGA, EGA, CGA, MDA and HGC.
Prices range from £550 1o £2,600 exc
VAT.

Meanwhile, otfier major ‘Which Com-
puter? highlights include a 25MHz
80388 computer from Zenith, and a new
lapicp computer from Samsung. The
laptop. which comes with a smart
carrying case, has a single 32M Byte
hard disk and a 3.5 inch floppy disk
drive and can be expanded from 1M
Eyte to 4M Bytes.

IBM Break More
Memory Chip Records

Inour lastissue. ‘News Report featured
the high spesd CMOS circuits, with
paris some 300 fimes smaller than a
human hair, developed by 1BM. Their
laboralory teams however have not
been refaxing. The ‘true blug’ company
has now developed a practical pro-
totype 128K Bit SRAM (Static Random
Access Memuory) with the fastest dala
rale yet reperied —more than six billion
bits of data per second. The chips
record daia rale, resulls from ‘pipalin-
ing’ a technigue that treats data like a
stream of marbles rolling through a
tubs. Uniike most memory chips that
can only do one thing at a tims; receive
information (write), or send (read) the
new IBM chips can do them simul-
taneously. Data can b= written or read
into this pipelined chip in five bilfionths
of a second — the chip's cycle time.
Access tims is 6.5 hillionths of a second
—tha time it takes dafa to go through the
‘pipe’. Modestly for IBM, the company
mentions than “Others in the semicon-

ductor industry had thought such an
unlikely achievement unlikely or im-
possible at the spesd achisved by the
IBM chip®,

Crossed Lines

The latest update on teslephone
numbering (See our previous two
issues) are that BT is now planning to
divide Londan into two Zones, central
and outer, using the numbers 071 and
081 (respectively). But one industry
expert thinks that the authorities should
take the opporiunity to sxamine the
whole UK telephone numbering -sys-
tem. Martin Griffiths who is curently
converting his medieval bam in Pen-
mes, Hersford, into a high tech
cenference centre, says that gtherwise,
our carphones, cordiess phones, home
and office units, will find themselves
being automatically connected to a
Chinese take-away, the Channel Tun-
nel excavation teams or with luck, the
MAPLIN CAShTel sarvice. With ever
more telephone services jostling for
numbsrs, a radical rethink is necessary
if we want to avoid 21 digit personal
numbers.

Sky High Cards

There may be yet ancthercard o add to
your collection of ‘piastic’, along side of
the Access and AmEx cards, with the
new Sky TV Smart card. The microchip
embedded card will record subscribers
use of Sky satellite- channels when 2
subscriplion sarvice is introduced later
this year.

France Scores in
Telephone Cosis
Survey

Should ET and iriends decide 1o touch
down in Europe, they would be well
advised to select France as their
landing zane. A new study from OFTEL
reports that France has by farthe lowest
telephone prices of the four main
European business countries. West
Germany also scored wallin the survey,
with the UK and ltaly completing the
cost tanfi league.

Advanced Pin Printer

Claimed to ba the world's first 48 pin dot
malrix printer, the Epson TLOQ4B00 is a
heavy duty, conlinuous, run maching
which has a print resolution of higher
than most laser printers. The new
Epson has a draft spesd of 300 cps and
a letter quality speed of 100 cps, both at
12 cpi. Tenprintstyles are availabie and
there are 14 intemational character
sels. The price of producing high guality
Dear Sir... letters is an equally high
£2.199.

Facis on Fax

Facsimile sales continue to amaze the
industry. According to the Fedaraticn of
Microsysiems Centres who know about
such things, fax sales are averaging
1,000 every working day. This means
that by 1980, the number of UK users
could be nudging the one million mark.
Coniributory growth factors says Can- |
non (UK}, one of the UK's leading
suppliers of fax equipment, include
highly eompetitive pricing, user friendly
technology (i the boss can use a
photocopier, then he will qualify for a fax
proficiency badge) and compact. reli-
abls equipment. Meanwhile, news from
the Stales, courtesy of tha ever vigitant
Federation, suggests that with a three
second transmission speed for an A4
size page now feasible and with the
emerging range of fax machines able to
tell the difference between voice and

‘data calls as well as acting as an

answering phone and interfacing with a
PC, fax is proving to be the office
automation pacs-setar.
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Shock (Horror) Report

Did you know — or suspect — that nylon
fights, knickers and slips can blow your
micro? No? Wella six month survay into
such matters have reported that locse
mylon tends to be dry and when rubbed
together, can generate a charge of
several thousand volis. It can only lake
a few hundred volts to kill a microchip.
Although nylon undies have besn
known 10 send men wild. this is the first
report of kmicker generated siatic
affecting dask top micro's. says lashion
designer, Kathryn Arora. Her low-tech
satution: Wear cotton undenwear if you
want io avoid a shocking time at the
keyboard.

Chit-Chat

Al least Martin's car lelephone will not
find itself connected to a BT Chat Line.
Earlier this year, the corporation sus-
pended the heavily criticised service,
pending finding a long term solution fo
the assccialed problems. One such
solution on the cards, suggests Martin

would be the intreduction of credit card

dialling. More a case of ‘pay now and
chat rather than ‘chat now and pay
later.

Once BT has got its much delayed
digital network up and running, such a
charging facility could bscome com-
mgnplace, nol just chat lines but all

interactive charging services such as
reservation bookings and high strest
shopping. Mariin does however wel-
come the move by BT to pay customers
£5 for every working day that installa-
fion or repair of a telephone line is
delayed bayond the second day. In
particular, the accepted liabllity of up to
£1,000 per line for residential custom-
ers and £5,000 for businessaes where
actual financial loss can be proved. It
looks fike BT s legal department could
be in for a busy time.

Big Sound - Big TV

Sharp hava just anncuncad a naw TV
set inte their range, with ong of the key
seiling points being much improved
sound performance over normal TV
receivess.

The new Sharp largs scresn TV
incorporates two loudspeakers, plus a
Buill in “Super Wooler’ amplifier circuit.
Thera are also separate oulput tarmin-
als for connecting exiernal speakers.
The internal amplifier is rated at 50
Watts MPO (17.7 Walts RMS) per
channel. The big screen, fully remate
cantral 99 channal TV st features a
sleep timer to switch off the TV should
the sound level at the end of transmis-
sion faill to keep you awake. An
interesting feature, one not necessarily
recommended when watching Wimble-

=

don tennis, is a channel flashback.
which allows you to 'volley’ between wo
channeis. Becommended price is £499,

Good News at last for
Amsirad

Amstrad look like bouncing back from
whal has proved to be a disappointing
trading year— profits were off 16%-—by
resourcing manufacturing faciliies and
intreducing new products. The com-
pany has moved some of its Taiwaness
manufacturing operation io China and
Mzlaysia; implementing focal compo-
nenl sourcing procedures in Europe
and developing a range of domestic
telephone eguipment in Spain. Mean-
while, Amstrad are getting to grips with
its satellite dish producis, which are
now reaching the high strest stores.

Compaq Gets the Voie

In two separate indusiry polls, Compag
Computers has been voted supplier of
\he year. Producis highlighted were the
Deskpro 386725 and SLT/286 poriabie.
Compagq is now forecasting that the
Europsan PC market can be expectad
to doubla by 1992 at which stage it will
2gual the size of the US markel Good
news for IBM who hold a near 3035 of
the markel share; Olivetti with 9%,
Apple B% and Compagq itself with 795,

A Load of...

The chips were cerainly stacked
against one of the worlds best knawn
computar companies, Honeywell, whan
it joined forces with the French comput-
ing group, Bull. Before you could say
‘worid-wide infermation systems’, Hon-
eywell became Honeybull. Now itis to
be known as plain Bull. The company
admit that the word bull is not one
associated with high-tech and digital
dynamism. To help spread the new
image, Honeywell — sorry! Bull — has
been spanding over £1m promating the
Bull message over poster sites and
much of the national and computer
press.

Soldering On

Multicers Solders have developed a
range of standard opfimum grade
spider creams which are suitable for
Jmost SMT operations. Applications
cavered include gll standard tasks in
surface mounting electronic compo-
nents on printed circuit Doards and
hybrid circuits by sereen’stencil print-
ing, automatic dispenser or hand
application. The Multicore: product is
approved by the Minisiry of Defence,
BT and many intemational standard
forming organisations.

VARIOUS FOR SALE
RADIO and othar bits ssl=. BEC compiter
system, FTS0EDM system HF-porshls
manpack 40ft mas, portabls masts Sony
ICF7200D, PEES, 4CX250Bs. May swap for
PCI51271640, Narioll/Soffollk Yorkshire,

SAE for lists 1o CLASSIFIED (Box [0), Mapiin

;‘u, ics, P.OBox 3, Raylsgh Fezex 555
TELEQUIPMENT DME4 Storage

escilloscops £220 Tel 01-565-8014.
MEGGER METERS Two, both are madel
70143, oo is neariy new and the other for
spazesiflono Aloac/dsOto0.5A ammetsr
in case, old model 5508522 MrS. Foweil

5 Weoodward Road, Dagenham, Essex. EME
£5H.

BEARCAT SCANNER BC330XLT. 23-
S4MFe, 118-174MHz, 406-512MH= 805-555MHz
12V bas='maohile, one month old, urwanted
presens, £200. Ted: Eeith (0272) 685767

(evenings), )

XLR AUDIO LEADS & PLUGS, 12 socker
X1® sr=oe box, 4 core HD lightng cable,
Mapin poise gate, Multicore andio cables;
Amsrzd ROM board (Maplin), Amstr=d 6123
computer, olfess? Tel (0525) 531423,
ELECTRONIC TV VIDEO ENGINEERS
LIBRARY. For sale at crasy prices, SAE for
&= Eotinson 10 Bramble Way, Beehive Park,
i=avenhaath Nr Colchester, Essex. COS 4UN.
& MAPLIN LASER TUBES. Brand newand
wmrad — from unfinished project Cest£702
pece. Will sell for 145 sach Chequastn A
Chanyy, 2 Faverside Park, Rosthwich, Chesire.
CWaits
OSCILLOSCOPE. Crotech 3132, 20MH> dus!

Good quality. E:w.n.o.'l'e;(ﬂ"ﬁ?}?mw.
FORSALE BW Sharpvidsocamera 140 B
TOR video & tapes (Euby) £15 0cm Tx =
10W B.A {ne=ds modifications) £55, Fidelity
serec tumtahls & speakers £8. A% for £100,
P& Povns Tob M OB, Partridge (0505) 828353
MAPLIN GOLFBALL Printey interizce board
(GBO7T) zll s =nd Cs fited Abandoned

project— only £13 Tek lan ((355) 20033,
BARGAINS

! Commodors / Spectum
Computer games, over 40% off retail prices,
500 originzl garmes. Also VHS movie vidsos.
Send SAE for price Exx. Stmion Doymuakc 49
Ivy Road Leicsier. LE3 ODF.

CUPBOARD CLEARANCE. ICs capscitars,
re==ors, veroboard et £5 per pack. plasss
ndicste any preferencs to pack contents.
Oadm_v.mc Ashiay, 7 Graiton Road,
Ellesmere Port, Cheshirs. IS5 28D,
MAPLIN MOSFET AMP, good working
condition £23, also Denco coils, D.P. green
tanges 3, 4, 5thres only, £1 each M Fayns.
234 Whatsieas Way, Somh Shislds, Tyneand
Wear.

TWO SOLARTRON CD1183 Oscillascopas.

1) CET ok bnnt timahaca fanlry. ")Be}.a\rad
urserviceskls Idaalfor spares valves, et
Offers welcoma. Ficasa writa 1o G. Mays,
Rayiord, Chobham Reed, Enaphill, Welang,
Sarrey. GU21 27D,
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IFIED

CAS10 CZ-2305 Presst=ynth 100 vaices MIDI
compatible Bdrad with i85 carr extra.
Tel 435 71181

REYTHM CHIPS Harmmeond U3 £10. Maplin
MZS & M25] £15 Divider Chips TDA 1005 -
2 off £10. Seon Smyth De Pomres, 67 Exst
Princes St Helenstwogh G234 TDG. Tel 0435

‘handhook for

srictly prohibited in the Maphin ] 73181
Magenme 56005 SYNTHESISER partly boilt incindss
200,000 Flezs= print all advertisemants inbold | o222 all boards b needs finishing. Sefling
mmm@@gquwm capial leners Box pumbsisareavailahls. | | gue o change mimaress £500. 24504
about your ciab's activaties - absolutely .31 £1.50 each Ploase send replies to Bax | | coliected TeLUTE0B4S3L Ask forSean
free of charge. We will publish == many Numbers to the address balow, Watson Warking homrs anly.
5 Piessesendyouradvenisementwithany | | wANTED!
mm“‘p&m P.O. Bax 3, Rayleigh, Essex WANTED BOOK 10 buy. Easyadd on
BESELE - proiects for the Vic-20 etc. Code BFI3.
Author Owen Bishop, send details to Michkesl
For the nex issie your sdverissment K=y, 21 Fyfislds, Pitsea, Basildon) Essex 5813
mast ba in our kands by Bini fune 1583, 1H]. e il
WANTED, crom
Coszsor 4100 cscilloscops. Tel: Jon Less {0803)
GREEN LED={YV434)fp sachand BED F. Wiright 235t And. Honghien-le§, 400516 dayrime, 783434
{YY-L?B;! a'd\‘& SAEw® 'i“i'ﬂ.limﬁcss. Tyne =nd Wear. DH$ SNT. WANTED. Srsrﬁneimknz_my {nrsl'a'g_
Scimla“m. Gdrs, Hants COMPUTERS 10F - 16H TV/Csss=tt='Fadio, esp. mechsnics!

COMPONENTS. Dus to storage problems |
l:nee:m;ﬂ rid of mamy components, ICs,
Tesiziors, capaciiors =ic Send
iﬁ,&fméﬁm"sml Esllarby, |3 Westhsld
Fd, Sronehaven AE3 2EE.
SCANNER. Sign=l B335 VAUHF Air Band.
108- 14208 220 306MTHz inc. mobils sarisi
£190. Alss REALISTIC PROG0 5 88MHz,
108-138MH2, 132-174MHz, 320-512MHx hand
hold £13), Tet Kaath on Brisio! ((6272) 635757
{evenings)
HUGE LIST OF MAPLIN =nd other projects,
buil and working & lots of odd bits Must ss1)
—maving ng-zrze;rudlm.\pasuﬁg_

XX 2Mano rumurm:mmm
UM1286 Modilstors £2 &) exch MCISTTRGE
to composite vidas ICs £330 each, 13 pin At
manitor plogs £2.00 esch Tel 0743-24025
BUGS! Mint M T mEitch box
siza, buill to order, tested and working. £10
cw.o.to ¥ ¥ Cheok, 7] Conningham Road,
Dencaster, South Yorksisre. DN1ZBP.
MINOLTA 7000 & 4 lansss I8mm-210mm &
flz<h & back T0. Used once. Boxes & pnanusl
Cifer=? T Leslis 055 (51 523 (evenings).
Swap o1 cash (nesd new scope).

LEARK GQIGBLMS.‘&:eomh i
& =fivey £25 Hesthiat ‘scooe mains

transformer. pannio, S4335 New E10. Tel
0342 242517 (Sunrey).
COMPLETE

BURGLAR ALARM
KIT. Inclodes everything needed barcabl=
and conteos. Genuine resson forsals,
excellent condition. worth £150, will scospt
any rezsonzhis offar. Tel 0203 329723
CLEARING OUT, Powsrwan Vocodss,
Mapln mmmﬂﬁ!&s&tﬁm
NIT00 vid=o. Off==? Tel: 01 B05 3555
MAPLIN ROBOT (X]J08G). Fully assembiad
andtested Az new condition Complatawith
dand I £25oma

ATARI 400/800, d=fa cassatte BASIC, games,
Zx21, ZX Specirum & soliware speech synth
microdnves, Acom Atem_jice Forth micro,
EAM pack 51 HAM pack Airmecvalve

oy {zexy old), d radio vaives.
Michap! Tel (0504) 56550
RIBBONS (urwarted auction lots) Amerzd
PCWES 2 nylon, :;to:Ei&En—.mEmGrc?zp
705:6 for £11 Croup 2655 4 for £2 50 Worth
TECESIeming 2 this price. Post incl Tel (205
BSOEE3.

COMMODORE 64, MPS50! printez, 2
cassene deck= joy=uck. aver £253 wonth of
magarnnes snd accessanes. Excallent
condiion only £200. Tei Notingham (0502)
822043,

PHILIPS P2012 CPMN2 2 PORTABLE. Buliin
mm*ﬁkﬂﬂﬁpﬁ S mchgresnscresn.
Wiordstar, calestar, cardbox, ABASIC,
EBASIC, TTY, lots of PD software; S ndank
disk=s Gmnp!eu.-\w.hmmm Wuhsn.rer

8055 Printer (Full width), Cassene recorder,
Chestsh Joystick, MD cariridges; tapes,
books magarines, etc. Paid $400, will sccept
1200 ono. Jonsthan Whits, Tel: (0872) 885175

MUSICAL

BAKER |2 inch deluxe speaker, foam
sirroand, never nzed £10. WB 10 inch cambeic
cones. Good condition £14 pair. Al post paid,
orginsl bovss Write to Mr Cox. | Hollinernss
lane, Glossop, Perbys SK138]Q.
CASIO SK1 SAMPLING KEYBOARD =nd
m3ins adsptor £40 ono. orswap forany
elscromiccompuier bits. Tel (0443) 405210 or
(D432) 353236,

FOR SALE, Maphn Matinee organ bulitup.
Staht fult o auto rhytim s=ction. Very good
condition, sll marmsts and stool inc. #2200 eno.
Tek Lowesofr (0435) 581129,

details Tel Tim on 0482-831978,
WANTED; Ciyouit dizgr=ms for ZX Specrum.
Telsquipment Ssrvicescape osalloscope,
BEC B =zacond processor. Any othar
information apprecmied B Clark 29
Erightzcroft Ave, Rustingion, West Sossex.
BNIEZHN.
WANTED —Sinclzir ZX5] ROM d b
{=nLlogan) & Understending your ZHEL EOM
{iog=n)snd any other machine code books
for the ZXB1. Call Ian (31.338.2163
‘WANTED. GFO induction ccii No. 142nd
irstrument cord No. 222 for islsphone
testorarion M Alder, Laurel Cottzge, Brewary
Lans, Thupp, Streed. Gloucegiershive GIS
ZEA TsL 453 B34451
WANTED. Acoms radio contral seTva typs
ASlcrype ASE Alsoservoizadexienzion
cabis to it this type of servo connettor. Good
orice paid Mr Thompeon Teb 0723 584023
WANTED., Copy of book ‘Imterfacmg the
Apple’ aissdetails of FAX Packe! oy other
radio software. Plesss contsct L Elsione 21
Crescent Gardans Ivybridgs, Devon
WANTED. RC A ARES suiin ceaipsst
fwansiormar. Panne KS01655-501. Tet
Nottingham 222818
WANTED. Quad Lezk or Eogers steren
lifier ardor tuner, Mr Not, 47 Roseberry
-Crescent Great Ayien, North Yorkshire Tel
(0642} 723204
WANTED. Haxathiit ozcillescope model 052,
civemt disgram and’or manus] requosd. Buy
or le=n to copy. Bessonahls experses mat,
Tol 051-220-C410 6PM-SPML
WANTED, Msairs ransformer for Heathln
CROmodeino 10104 tx parrno. 54-235 Teb
0765 522471 after 7PML
THIS 15 A DESPERATE pl=s for ransistor
nming coils 2, 3, 4, 5T Red, Blue, Yellowor
Wihite Tcan gt hold ol themanywhsre.
Fiezse will someone help? Phone 0767 81620,
WANTED, o buy = main motor for AEAT
Tiape recordsr mode] GXC 41D, Tex mads]
Everycld Conizct Mr Elvis Main, Forat
MNoire, Mahe, Seychelles, Tel- 21517

79

—



The Laser Cookbook
88 Practical Projecis
by Gordon McComb

Inexpansive projects that span a wids
range of practical uses. From phone
lines and videodiscs to surgical
procedures and optical computing ~
the laser is one of the most imporiant
inventions to come along during this
half of the 20th Century. This book
gives you this opportunity to
investigale, first hand, a relatively new
and evolving science. With this book
you can create and experiment with
simpls to advanced level lasers that
have real, practical applications! The
B8 laser based projects presented here
are geared toward the workshop
expenmenter on a fimited budgel
Spanning a wide range of disciplines,
the projects vary from experimenting
with laser oplics and constructing 2
laser optical bench fo using lasers for
light shows, gunnery praciice, even
beginning and advanced holography.
High quality laser ar iliustrates
instructions and detailed project parts
lists put all the information you nead to
get started right at your fingertips!
Thereis even information on elecironic
canstruction techniques... how to buy
Iaser components... when to buy
surplusornew... and how fo get whal
you really want! Many of the topics
covered are ideal for science projects
as well as {eaching tools for anyone
interested in learning how lasers work
and whal they can do. Gordon
McComb is an avid laser hobbyist and
slectronics experimeniar. He has
written over 1,000 magazine articles
and a dozen books. Please note that
inis is an American bock and
references to mains voltagss obviously
do not apply in the UK.

1988, 404 pages, 189 x 234mm,
lllustrated. American book.

Order As W535Q (Laser
Cookbook) Price £14.25NV

Basic Electronics

by David Parsons

This book intreduces the reader to the
main areas of lectronics, to elecironic

components {(and how they are used in~

systems), o fault finding and fo safety
in electronics, Basic Electronics
provides a good entry pointinto
electronics from an absolute beginners
leve!, with many diagrams, pictures
and simple exsrcises and quastions
(answers in'back of book).

1988. 86 pages. 297 x 210mm,
lllustrated.

Order As WS5375 (Basic
Electronics) Price £4.25NV

Learning to
Programin €

by N. Kantaris

This book is a guide to C programming.
C statements are introduced and
explained with the help of simple, but
completely working programs. Graded
problems are sel at the end of 2ach
chapter, seme with a financial or
scientific bant, so that the users can

choose their own level of problem
difficulty on which to practice with
some additional choice in preference of
the field of application. Full working
solutions appear at the back of the
book.

1989. 128 pages. 198 x 130mm,
llustrated.

Order As WS538R (Learning to
Program in C) Price £4.95NV

= — T_;J

From Afoms to
Amperes

by F. A. Wilson

This book explains in crystal clear
terms the absolute fundamentals
behind eleciricity and elsctronics.
Really helps you to discover and
undsrstand the subject, perhaps for the
firsttime ever. Have you ever:
Wondered about the trus link between
electricity and magnetism? Felt you
could never undarstand the work of
Einstein, Newton, Beoltzmann, Plank
and othar scientists? Just accepted
that an eleciron is like a [ittle black ball?
Goitmixedupwithe.m.f. andp.d.?
Thought the idea of holes in
semiconductors is a bit much? Then
halpis at hand with this inexpsnsive
book, inas simple a way as possible
and without too much complex
mathematics and formulae.

1889, 244 pages. 178x 110mm,
llustrated.

Order As WS39N (From Atoms to
Amperes) Price £3.50NV

Digital Logic Gates
and Flip-Flops
by lan R. Sinclair

This book, intended for enthusiasts,
studenis and technicians, sesks io

establish a firm foundation in digital
elsctronics by treating the topics of
gates and flip-flops thoroughly and
from the beginning. Thisis nota
constructor's book in the sense of
presenting circuits to build and uss, itis
for the user who wants to design and
treubleshoot digital circuitry with
considerably more understanding of
principles than the constructor, and
who wants to know more than a few
rules of thumb about digital circuils.
Topics such as Boolean algebra and
Karnaugh mapping are explained,
demonstrated and used exiensively,

* and more attention is paid to the

subject of synchronous counters than
to the simple but less impariant ripple
counters, No background other thana
basic knowledge of elestronics is
assumed, and the more theoretical
topics are explained from the
beginning, asalso are many working
practices. The book concludes with an
explanation of microprocessor
techniques as applied to digital logic.
1388, 208 pages. 216 x 138mm,

illustrated.
Order As WS36P (Dgtl Logic Gales
& FiFlaps) Price £8.95NV

Tesi Equipment
Construcition

by R. A. Penfold

This book describes in detail how to
construct some simple and
inexpensive, bul extremely useful,
pieces of test equipment. Stripboard
layouts are provided for all designs,
togsether with wiring diagrams where
appropriate, plus notes on thar
conslruciion and use. The following
designs are inciudad: AFGenerator,
Test Bench Ampiifier, Audio
Millivoltmeter, High Resistance
Voitmeter, Transistor Tester,
Capacitance Meter, AF Frequency
Meter, Analogue Probe, CMOS Probs,
TTL Probe. Apart from providing the
home conslructor with a useful range
aof test gear, building these projects
should also be an interesting and
rewarding exercise inits own right. The
dzsigns are suitable for both
newcomers and more exparienced
hobbyists alike.

1989. 104 pages. 178 x 110mm,
illustrated.

Order As WS40T (Test Equip
Construction) Price £2.95NV
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NEW SHOPS NEW SHOPS NEW SHOPS NEWSHOPS NEWSHOPS NEW SHOPS

MAPLIN'S 9 REGIONAL SHOPS

Before you send your next order to us by post, take a
lock and see if there's a Maplin shop near you. Inour
shops you'll find that personal service that even the
best mail-order operations cannot maich. And you
can look at the products before you buy. lf you're
coming for a particular item, a quick phone cail will

enable you to be certain the shop has everylhing you

wan! in stock.

Our shops are pleased to accept Access,
Barciaycard, Connect, American Express, Mapcard
and cheques up to £50 with a cheque guarantee
card. We'll even accept ordinary money as well!

All our shops are close to excellent parking facilities,
meters in London and Manchester, and free
elsewhere.

The South

In the South our Southamplon store is conveniantly
placed for easy access from all parts of Hampshire
and surrounding counties, and is 15 minutes from
Portsmouth.

London

Qur London store now open 6 full days a week is
situated just to the west of the pedesirian shopping
centre in Hammersmith, and is just five minutes from
the end of the M4 and only a short walk from the

IN LEEDS
NOTTINGHAM

OPENING BY THE END OF THE YEAR, PLEASE RING BEFORE TRAVELLING

District, Piccadilly and Metropolitan lines'
Hammersmith station. Our Burnt Qak store is on the
main Edgware Road at the corner of Burnt Qak

Broadway and Barnfield Road, opening soon.

East Midlands

Our Noftingham store, opening late 1988 forafull 8
days a week, can be found on the north east comer
of the city's ring road just a few minutes from the city
cenire. We are just 10 minutes drive from the M1,
junction 25 or 28,

West Midlands

in the Midlands, our sel service Birmingham store
now open & full days a week is just 3 minutes from
the M. Turn north at Spaghstti Junction (junction 6),
onio the'A5127 following the signs to Erdington. As
you approach the Erdington roundabout, you'll ses
the store's 50 space car park directly in frant of you.
South-East

Essax and Kent are served by our self-service
Southend shop now open 6 full days a week which is
right on the A13, just 2 minutes before you reach the
centre of Southend. And we're enly 30 minutes from
the M25 (junction 23) as well.

Yorkshire

Cur shop in Leeds, opening late 1988 for 6 fulldays a

HELP SERVE YOU BETTER!

Birmingham:

Sutton New Read. Erdingion. Tel: 021 384 8411,
Bristol:

302 Gloucester Road. Tel: 0272 232014,

London:

159-161 King Strest. Hammersmith. Tel: 01 74805926,
148-148 Burnt Oak Broadway, Edgware. Tel: 01 351 0959
Manchester:

B Oxford Road. Tel: 061,236 0281.

Southampton:

46-48 Bevois Valley Hoad. Tel: 0703 225831,
Southend-on-Sea:

282-284 London Road, Westcliff-on-Sea, Essex.

Tel: Southend-on-Sea (0702) 554000.

Leeds:

Carpet World Building, Regent Streat.

Tel: 0532 448200,

Nottingham:

B6-88 Lower Pariiament Street.

Tel: 0602410242

For mail order enquiries.
lease ¢o rof caltbur shops as they
Will be unable to help you.

week, is located in Regent Strest just a few minutes
walk from the city centre. By car, we are near the end
of the M1 and M621 to the south.

West

Qur West couniry store in Bristolis opena full  days
per week. The seli-service store can be found onthe
A38 Gloucester Road, midway betweean Bristol city
cenire and the Fillon airport.

The North West

Qur ssli-service store in Mancheaster, now open 7

days a week, serves the North and is just off the
Mancunian Way, opposite the BBC, about 5 minutes -~
from the end of the M802 or junction 10 on the M63.

Allour shops are open from9am. lo 5.30p.m.
Monday to Saturday (9.30a.m. Wednesday). In
addition Manchester is open Sundays. All shops are
closed on Public Holidays. Shops do nof clase for
lunch.

There's a friendly welcome in store for you atany
Maplin shop. Our helpful staff may often be able

to help with a technical problem or a constructional
difficulty.

Callin at a Maplin siore and get what you want
today. We look forward to serving you.

NEW SHOPS NEW SHOPS NEW SHOPS NEWSHOPS NEWSHOPS NEW SHOPS



Precision laboratory czcillescops.

3 Channels - 3 Trace.

Sensitive verncal amplifier ImV/divallows
very low level signals to be sasily obasrvad.
150mm tectangular CRT has internal
graticule to ehrminate parallax ermor

%-Y mode allows Lissajous patiemsto be
produced and phase shift measured.

TV syne s=parator allows meassuremeni of
vidso signals

20ns/div swesp rale makes iast aignals
obsamvable

| Algebraicopsraton allows sum or difference
of Channel | and 2 1o be displayed.

Stable mggenng of both channels even with
different frequencies is easy to achieve.
30mV/div output from Ch | available to dnive
| external mstrument e g. frequency counter.

| A hold-off function permits tnggerning of
complex signals and apericdic pulse
waveforms

49

XJ6I1R |

Asabove, but with 40MHz bandwidth and
super bright 12kV tube even at the highest
frequencies Thisinstrument also hasa
delayed sweep time base {o provide
magnified wavelorms and accurate tune
interval measurement. Truly superb
precision Insirument,

Y/ tetei i, ELECTRONICS

P.O. Box 3, RAYLEIGH, ESSEX SS6 S8LR.

Ia%mwd@lmycm:&mmmt&mdg:oi; PH.ONE BEFORE
o (0702 554161
AEORSS AMEE VL. puired DAY DESPATCH

cespmiched
Forderigby Credit Cardplessesan i ] ALL PRICES INCLUDE VAT.
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our shops in Birmingham, Bristol, Leeds, Londen, Manchester, Nottingham,

]
’ : Allitemssubjectto availability. Subjectio availability bothitems will beonsale in
, - 1
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