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* SATELLITES IN
COMMUNICATIONS
AND BROADCASTING

First in a brand new series.

* TELEPHONE EXCHANGE -
With push-button or rotary dialling, up to 32 \
two-wire extensions, solid-state switching.

* FREQUENCY COUNTER

8-digit with high reliability solid-state switching for mains or 12V operation.

* ULTRASONIC INTRUDER DETECTOR

Cover large areas with one simple, low-cost unit.

* NICKEL CADMIUM CELLS

Everything you always wanted to know. . .
PLUS — Remote controller for amplifier, ZX81 PI0 board, complete Maplin Price List
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DID YOU MISS THESE ISSUES?

Copies of issue 1 are still available for just 60p, and include all
these interesting projects: —-

Universal Timer. A comprehensive programmable controller for up to 4 mains Elqct b Ll
Electronics

appliances. There is storage for up to 18 program times, ons or offs and relay
outputs. Complete construction details.

Combo Amplifier. Superb 120W MOSFET power amp with low-noise BI-FET pre-amp
having built-in flanger, inputs for guitars, keyboards or microphones, and five step
equaliser. Complete construction details.

Temperature Gauge. Coloured LED indication of 10°C to 100°C.

Complete construction details.

Pass The Bomb! Low-cost easy to build electronic version of pass-the-parcel —
keeps the kids amused for hours!

Plus six easy to build projects on Veroboard: Car Battery Monitor — Colour Snap
Game — CMOS Logic Probe — Peak Level Indicator — Games Timer —
Mutti-Colour Pendant.

Issue 1 also included features on Videotext and How To Solder and feature series, 1

Basically BASIC, Starting Point and Circuit Maker.

All this for just 60p. Order As XA01B (Maplin Magazine Volume 1 No 1) Price 60pNV

Copies of issue 2 are now sold out, but a reprint of the projects from issue 2
is available and contains:

Digital Multi-Train Controller. Our superb digital train controller can control up to 14
locomotives individually on the same track. Any four loco's can be controlled
simultaneously. The unit has automatic short-circuit protection and because it uses
digital control a DC supply is present all the time for carriage lighting etc. The locomotive
modules will fit in most modern 00-scale engines. Complete construction details.

Multi-Mode Digital Stopwatch. Here's an easy-to-build stopwatch with accuracy and display
to a 100th of a second. There is a large 8-digit display so that times of up to 24 hours can
be shown. The unit can be operated in one of four modes: standard, sequential,
split and rally. Complete construction details.

Home Security System. Full construction details of our new home security system
offering a high degree of protection for domestic or commercial premises coupled
with excellent long-term reliability. The unit’s features are: six independent
channels, 2-wire or 4-wire operation, detects open or short circuit or just resistance
change, tamper-proof main cabinet and external cabinet. The external cabinet
has its own protection as well. There are presettable entry and exit delay timers.
With the extra peripherals being added each issue, this is a really versatite system.

Digital M.P.G. Meter. An easy to build device that will help you to make your motoring more
economical. The unit has a large easy to read LED display. Complete construction details.

All this for just 60p. Order As XA02C (Maplin Project Book Volume 1 No 2). Price 60pNV

Copies of issue 3 are also available for just 60p and include the following projects:

ZX81 Keyboard. A full size, full travel 43-key keyboard with the electronics to
make graphic symbols, function mode and shift lock, single key selections.
The two-colour legend for the keys is the same as the ZX81 keyboard. The keyboard
plugs directly into the sockets in the ZX81 and a special adaptor is supplied i
to run the keyboard from the ZX81 power supply, so there’s no soldering in the E o g B
ZX81 at all. This full-size keyboard gives you fast, reliable entry — use it once e D
and you won't be able to do without it again! —

Stereo 25W MOSFET Amp. Supplied as a complete kit including wooden cabinet
and printed and punched chassis, this superb 25W rms per channel amplifier
has inputs for magnetic pick-up, tape deck, tuner and auxilliary. The kit is
extremely easy to build, all but 5 components mounting directly on the pcb.
There are only 7 interconnecting wires in all and when completed, no setting-up
is required. With its superb frequency response, low noise, low distortion and
the grandeur of MOSFET sound, the amplifier is second-to-none at the price.

Radar Doppler Intruder Detector. Home Office type-approved microwave unit
gives coverage adjustable from about 2m to 20m. May be used on its own,
or with our Home Security System.

Model Train Controller Remote Control Facilities. Full details of infra-red, radio or
wired remote control units for our Digital Multi-Train Controller.

Issue 3 also included features on the VIC20 Colour Computer, Working with Op-Amps

Part 2, Making Your Own PCB's and our regular feature series: Basically BASIC,

Starting Point, news of the Atari computer and video game and lots more.

All this for just 60p. Order As XA03D (Maplin Magazine Volume 1 No 3) Price 60pNV




Elactronics

THE MAPLIN MAGAZINE

A NEW ELECTRONICS
EXHIBITION IN
LONDON

The end of the year is always a busy
time for exhibitions and two of the
biggest will be happening during the
next three months. First, in September,
is the 5th Personal Computer World
Show which is the biggest of the
personal computer exhibitions and is
being held this year at the superb new
Barbican Centre. We'll be there with a
whole host of new software and lots of
Atari computers for you to play with,
The second show, coming in November,
is the one we're all excited about, here
at Maplin. It's the Electronics Hobbies
Fair, a brand new show, that is going to
be very different from anything you've
ever seen before. As well as the usual
electronics stands, there will be com-
puters, model control, amateur radio,
CB and practical hi-fi.

But the big plus about this show is that
the organisers have really gone to town
to provide you with dozens of extra
exciting things to see and do. Unfortu-
nately, we can’t be more specific at this
time, as one or two of the events are not
yetfinalised, but | can assure you that it
is going to be a real feast of good things.
In addition to all that, the organisers
have arranged for special rail fares to be
available and they've laid on special
buses to get you to the exhibition site
from the nearest rail station.

This exhibition, too, is being held at a
brand new site in the grounds of
Alexandra Palace. It's called the
Alexandra Pavilion and | know you'll be
impressed with the light, airy and
relaxed atmosphere in the Pavilion. On
our stand we'll have on show most of the
projects from the first year of this
magazine, a huge display of Atari
computers foryou to use, and we'll have
our 1983 catalogue on sale.

At both shows you'll be able to pick up
application forms for our new credit
card, Mapcard. We know that Hobby-
card was extremely popular for the
short time that we were able to offer it
and now Mapcard which is Maplin's
own credit card takes over from where
Hobbycard left off. Full details of this
great new scheme are given on page 39.

Cover Picture

All the satellite pictures in this issue of the
magazine, including the front cover, were provided
by the NOAA (National Oceanic & Atmospheric
Administration), Satellite Service, Washington DC,
USA. Our many thanks to them.

September to November 1982 Vol.1 No. 4
CONTENTS

Projects Page
Car Burglar Alarm ... 20
Protect your car from thieves.

Frequency Counter ... 40
Easy-to-use, 8-digit, battery or mains

170 POt ... 56
Let your ZX81 talk to the world.

Remote Control For Amplifiers ... 14
Volume changes at the touch of a button.

Telephone Exchange ... 2
Low cost, high reliability, and easy to instal

Ultrasonic Intruder Detector ... 50
Ultrasonic protection for your home or office.

Features
Basically BASIC .......................ocoooooom 54
Another slice from this popular computing series.

Nickel-Cadmium Batteries and Cells ... ... 24
How they work and why you need them.

Say It With Satellites ... 22
A new series on satellite communications.

Starting Point ... 48
The penultimate article in our beginners series

Working With Op-Amps ... 12
Part three of this useful introduction to op-amps.

News
Amendments to Catalogue ...............cocooooevvoomoooeooeooeo 64
Atari Computer NEWS ............c.o.oooomeoemereeoeeeeeoeoo 60
Classified AdVertisSements ...............cocoooovooveeooeoooeoooo 63
COrrigenda ..o 64
Electronic Hobbies Fair Details ...........c..o.ooooooooooo 47
Maplin NEWS ........coooviiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 39
Model Train/Computer Interface ...........cooooovooooooo 59
NEW BOOKS .......cooiimiieiieeteceee e 38
NEXE ISSUE ...t IBC
PCB Kit ... 63
Price List of Catalogue Items ...........ccocooooooooooo 27
Price List of Items Since Catalogue .............coovoeoooooooooo 36
Price List of New Items in This ISSU€ ..........o.cococoooovooooo 47
Special Offers .........ooooiimiiiieeieeeeeeeeeeeeeeeeeeeoe 37
SUDBSCHIPHIONS ..ottt 64
Top Twenty BOOKS ...........oouivviueoeoeeeeeeeeeeeeeeeeeeooo 47

Editorial & Production Published by aﬂ(a)pliBn Elgctronic Supplies Ltd,
.0. Box 3,
Editor Doug Simmons Rayleigh,
Production Manager Sue Clark Essex SS6 8LR
Technical Editors Robert Kirsch Printed by Eden Fisher
] Dave Goodman (Southend) Limited
Art Editor . Peter Blackmore Typeset by Quillset Typesetting
Technical Artists Roy Smith Distributed by Spotlight Magazine
Johp Dudley Distribution Limited
Photography Chris Barlow 1-11 Benwell Road

London N7

Copyright: All material is subject to world wide Copyright protection, and reproduction or imitation in whole
ensure accuracy in preparation of the magazine but Ma
will be published as soon as possible afterwards. Perm

plin Electronic Supplies Ltd cannot be held legally
ission to reproduce printed circuit board la

Publisher. ©Copyright 1982 Maplin Electronic Supplies Ltd.

September 1982 Maplin Magazine

or partis expressly forbidden. All reasonable care is taken to
responsible for its contents. Where errors occur corrections
youts commercially or marketing of kits must be sought from the

1



THE MAPLIN

Digi-Tel

TELEPHONE EXCHANGE

by Robert Kirsch
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exchange

* No call can be interrupted or overheard by * May be used with either our low-cost
push-button telephones, or standard British

another caller

* Standard 2-wire connection to telephones
* All phones powered by the 2-wire line. A
mains connection is only required at the

telephone exchange of any

capacity has not, until now, been

a feasible project for the amateur
constructor, due to its size, power
requirements, cost, and non-availabil-
ity of electro-mechanical switches. This
article describes the building of a
complete 16-line internal automatic
exchange using solid state switching
techniques, and powered from the
mains supply. The systemiis suitable for
use in the home or in a small business
or factory, and requires only two wires
from each extension to the exchange
unit.

Maplin are making available a low
cost, modern styled, push-button tele-
phone for use with this system, al-
though ordinary British Telecom type
telephones with loop disconnect dial-
ling and AC ringing can be used. The
exchange may be equipped with as few
as four or as many as thirty-two
2

extensions (the addition of the second
sixteen lines, and possible interfacing
between this exchange and a switch-
board and other exchanges will be
described in later articles).

How It Works

First, the operation of the standard
telephone should be studied to con-
sider its’' requirements in relation tothe
exchange being used. Figure 1 shows a
simplified block schematic of an
ordinary telephone, and it will be seen
that when the handset is lifted the
transmission circuit produces a loop
across the line (indicating to the
exchange that a call is about to be
made, orthat an incoming call has been
answered). This loop is interrupted by
the dial contacts, the number of inter-
ruptions being dependent on the num-
ber dialled, i.e. when 1 is dialled the

Telecom phones
* Up to sixteen telephones may be in use at
any one time (in full 32 extension system)

circuit is interrupted once, and when O
is dialled it is interrupted ten times. An
AC bell is used for incoming calls, and
this is connected across the line via a
capacitor to prevent a DC loop when the
handset is on its rest.

Extension Line Circuit
(ELC)

This circuit consists of two main
parts, one for incoming and the other
for outgoing cells. A block diagram of
the ELC is shown in Figure 2 and a
circuit diagram in Figure 3.

Outgoing Calls

When the telephone handset is
lifted, the loop produced across theline
is detected by TR5. This transistor is
biased on by the current flowing
through R11, and this current (via L1)

Maplin Magazine September 1982
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Figure 1. Block diagram of a typical telephone.
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Figure 2. Block diagram of an Extension Line Circuit (ELC).

also provides the DC supply needed for
the telephone transmitter (micro-
phone). The operation of TR5 can be
inhibited by TR4 to prevent a calling
condition when the handset is lifted
during an incoming call. TRS switches
the voltage present across the line
through D2 to the output of the ELC.
This voltage varies between 5 and 10
volts dependent on the line resistance
and type of telephone in use and is
modulated by audio signals. At the
same time TR2 switches a high im-
pedance 15V to the ELC output via D1
and R2, and this is used as a calling
September 1982 Maplin Magazine

condition. When the output is termi-
nated by a Connect Circuit the 15V is
shunted, thus removing the calling
voltage and preventing a second Con-
nect Circuit (CCB) from switchingtothe
ELC. When a call is being made a
voltage is also fed to the ELC input via
D4, to prevent incoming calls switching
to the circuit while it is in use.

Incoming Calls

When a call is made, the voltage at
the output of the calling ELC is switched
through the system to the input of the

ELC being called, and this voltage
initiates ringing to the called extension.
When a voltage is applied to the ELC
input TR1 is biased on, and this
connects the audio transmission path
through to the line circuit of the called
extension via C2. At the same time TR3
is turned on, and its collector is pulled
towards OV. This causes TR4 to turn on
and inhibit an outgoing call condition as
previously described. When the col-
lector of TR3 goes low it also pulls the
emitter of TR6 low via D6. This transis-
tor is pulsed into conduction by C4, and
causes the relay RLA to operate. The
change over contacts RLA/1 switchthe
line from the normal path to the 100V
square wave ringing supply, whichrings
the bell of the called extension. The
100V supply is alsofed viaR12 and R13
to the base of TR6, and holds the
transistor in the conducting mode.

Ringing tone is provided for the
calling extension by coupling a small
amount of the ringing supply back to
the input of the ELC viaCl and R1. The
100V ringing supply is fed from a fairly
high impedance, and when the line is
terminated by the handset of the called
extension being lifted the voltage fed to
the base of TR6 is reduced, and the
transistor ceases to conduct, causing
the relay to release, the ringing to stop,
and the transmission path to be
switched through. If the handset of the
called extension is replaced at the end
of a conversation before that of the
calling extension, the ringing will not
restart, as the emitter of TR6 is still low
and C4 remains charged and is thus
unable to pulse the transistor into
conduction.

4 by 4 Crosspoint
IC 45100

All the main switching in the tele-
phone exchange is carried out by the
45100 IC, and it is important to under-
stand how this |C works before goingon
to describe the connecting circuits. The
45100 is a 4 by 4 crosspoint switch that
has 4X and 4Y connections. This means
that there are a total of sixteen switches
in each IC. Each switch is a dual
direction analog transmission gate, and
is turned on and off under the control of
the DATA, STROBE, and ADDRESS
inputs to the chip. A particular switch is
controlled by setting up its code on the
four ADDRESS lines A-D and applying a
strobe pulse to the chip. If during the
strobée pulse the DATA inputis high the
selected switch will turn on, and if the
DATA input is low the switch is cleared.
Thus it is necessary to strobe a switch
on and off, as each switch has its own
latch within the chip, and will remainon
until it is either strobed off or the power
supply to the chip is interrupted (when
all switches will clear). Any number of
switches (up to sixteen) can be
operated at one time by strobing one
on, then changing the address and
strobing the next on, but in this design
only four are ever operated simul-
taneously.
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Extension Line Circuit.

Input Cross Point
Circuit (see Figures 4 & 5)

The connection between the calling
and called extensions is made by one of
the four connecting circuits (CCB's)
provided. This means that up to four
calls (using eight extensions) can be in
progress at any onetime. When a callis
made it is first necessary forthe ELC of
the calling extension to be connected to
one of the four CCBs, and this is done by
the input crosspoint switches, ICs 11 to
14. Each of these four ICs have their X
connections joined to the ELCs of the
associated extensions, and the Y inputs
are commoned with the otherthreeICs,

and then connected to the four CCBs.
Thus, by making one switch in any IC,
an extension can be connected to one
of the four CCBs. The address inputs of
the crosspoint ICs are all connected in
parallel, and the DATA inputs are all fed
from the common puise supply DA.
Each one of the four ICs has a separate
strobe input, and this input is used as a
chip select.

In order to detect when a call is
being made every one of the 64 cross-
point switches are made in turn, by
applying a 6-bit binary count to the
address and strobe lines of the cross-
point switch ICs. The four least signi-
ficant bits of the address connect

- +20V
15

13
- + 15V

Dats enable
common

X0
Out to I/P

CP switches

In from O/P
CP switches

XI

12,14

ov

oov

g OV
I 10 Ringing

To ccts. 2,384

directly to the four address inputs of the
45100s, and the two most significant
bits are connected to a decoder that
enables each of the four ICs in turn.

When the high impedance 15V
calling signal from the ELC is detected
by one of the connecting circuits a
strobe inhibit condition is initiated. This
condition occurs every time a switchin
the same Y row as the one in use is
addressed. In the normal scan condi-
tion the pulse (SA) fed to the strobe
inputs of the CP ICs is longer than the
DATA pulse, so each switch is only on
forthe period of the DATA pulse. When a
call is detected the strobe pulse is
inhibited before the DATA pulse has
changed back to low, and thus the
switch remains made until the inhibit
condition is removed at the end of a call.

The high impedance 15V is also fed
from the ELCs via the data enable
common, which only allows data pulses
to be fed to the input CP switches when
a new call is being made, thus pre-
venting the CP switches from scanning
continuously and interfering with work-
ing circuits.

Viewed from below
K | a ] I a
-
iN4148 BZvas
IN5401
b b b
e D L
8C327 BCS548 BC108¢
BF258
UA7815UC
UA7BMOSUC UA78GUIC
bce
555 § MJE 340
£ °o
£3
Viewed from above

Figure 3. Circuit diagram of an ELC.
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Figure 4a. Block diagram of the complete system.

Connect Circuit Board
(CC B) Figure 6

The main function of this part of the
system is to receive and store the
number dialled by the calling exten-
sion, and to apply this data to the
EPROM (IC1 Figure 5) at the appro-
priate time. The CCB controls the input
crosspoint switches, and also tests the
called line to see if it is already in use,
sending engaged tone back to the
calling extension when necessary.

The incoming line, from one of the Y
connections of the input crosspoint
switch, is monitored by TR1 and TR2.
TR1 is arranged to turn on onlywhenan
ELC is calling and has not yet been
found by a CCB. The calling condition,
when detected, causes the latch
September 1982 Maplin Magazine

formed by IC3d & e to change state, and
this latch controls the bilateral switch
(1C2a), which terminates the incoming
line with D3, thus causing the calling
voltage to be reduced and preventing a
second CCB from connecting to the
calling ELC.

Strobe inhibit pulses, correspond-
ing to the Y connection of the CCB in
use, are gated by IC1d and are fed back
to the CP control on the main board,
preventing the CCB from switching off,
as previously described.

When the latch changes state it
causes a reset pulse to be generated.
This pulse is used to clear all registers
and counters of any previous data. IC8
is a status counter, and in its first
position it enables dial pulses to be
applied to the first binary counter
(IC4b). Dial tone is connected to the

calling extension via IC2c. Dialling
causes the input to the CCB to be
pulsed to OV at the rate of 10 pulses per
second, the number of pulses depend-
ing on the number dialled. The latch
has a slow reset time so it remains on
during dial pulses. IC3f forms a dialling
present detector and this is used to step
the status counter to its next position
after the first digit has been dialled.
When the status counter is in position2
the dial pulses are fed to the second
binary counter (IC4a), and thus both
digits dialled are stored by the two
counters. After the second digit is dial-
led the status counter steps to its third
position, which connects the call, and
tests to see if the called line is already

in use.
The call is connected tothe required
extension by a second set of CP
5
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Figure 4b. Block diagram of a CCB.

switches (IC7 to 10), and these are
controlled by data fed from the EPROM,
which converts the data held in the
binary counters of the CCB to the
address needed to make the required
CP switch. As thereare up toeight CCBs
in the system, each one is connected to
the EPROM for only a short period
(called a time slot) controlled by one of
the eight TS pulses.

The status counter in position three
enables the associated TS pulse to
open the gates IC5 and IC6, and to
apply the data in the counters, as well
as a code indicating the CCB, to the
EPROM address bus. The TS pulse is
also used as a strobe inhibit and data
pulse for the output CP switches. Thisis
directly under the control of the incom-
ing line condition to the CCB.

The required output CP switch is
now made, and connected to the
detector formed by TR4. When the
circuit is already in use a potential will
exist on the line, and this will cause TR4
to turn on, preventing the status coun-
ter from stepping to its final position
and also connecting engaged tone back
to the calling extension via IC2d. If no
potential is detected by TR4 the status
counter is allowed to step to its fourth
position after a short delay, and this
connects the line through from the
input to the output of the CCB via IC2b.

Auxiliary Circuits
(Figure 5)

Auxiliary circuits may be connected
to this exchange, and these are ob-
tained by dialling a single digit, i.e. 8,9
or 0. When any of these numbers are
dialled, the fourth binary bit of the first
6

digit counter goes high, and this causes
the status counter to be stepped on
twice, thus bypassing the second coun-
ter. An additional CP switch (IC6) is
used to connect the auxiliary circuits,
and in order to access this the data
pulse to the output CP switches is
inhibited, and a data pulse is fed to the
auxiliary CP switch instead.

EPROM and Output
Crosspoint Circuit

The output CP switches are con-
nected in a similar manner to the input
switches, with their X axis connected to
the inputs of the ELCs, and their Y axis
commoned between all chips, and
connected to the four CCBs. When acall
is made an address appears on the
EPROM bus, at the same time a data
pulse is fed to all the output CP switches
via the data common. The EPROM
translates the dialled code to the 8-bit
address required to make the appro-
priate CP switch. Four bits are con-
nected to the address inputs of the CP
switches, two bits are fed to a decoder
which forms a chip select, controlling a
strobe pulse that isfed toany onelCata
time. The remaining two bits are used
for system expansion.

The DATA pulseinthis caseis longer
than the strobe pulse, so when both are
present the CP switch addressed will be
turned on and remain on during the
period when other switches are being
addressed.

When a call is terminated the DATA
pulse stops immediately, but there is a
delay beforethe STROBE and ADDRESS
are cleared, this causes the selected
switch to turn off.

Number Unobtainable
Tone (NU)

The unused outlets from the output
CP switches are strapped to the NU
tone supply, so when one of these
numbers is dialled NU tone is fed back
to the calling extension. If the number
dialled is one not used by the system
the EPROM causes the call to be
connected tothe NU tone supply via the
fourth part of the auxiliary circuit CP
switch.

Master Clock
(Figure 5)

All pulses and tones used by the
system are produced by the master
clock circuit (Figure 5), controlled by an
oscillator running at about 500Hz
formed by IC15a and its surrounding
circuitry. The mark/space ratio of the
oscillator is set to give the correct puise
timing for the various strobe and data
inputs of the CP switches. The DATA
puise for the input CP switches is fed
from the oscillator through an inverter,
and this signal is also used to clock the
octal counter (IC16). The eight con-
secutive output pulses from IC16 are
used as the TS pulses, and one is fed to
each CCB. The output pulse from the
oscillator is delayed by the monostable
(IC15b), and this signal is used as
STROBE A, and when inverted pro-
duces STROBE B output. The oscillator
also feeds the two binary counters (ICs
17 and 18), whose first six outputs are
used to scan the input CP switches, and
the remaining outputs control the
timing of the engaged and ringing

Maplin Magazine September 1982
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Figure 6. CCB circuit.

signals. The actual tones are produced
by using various outputs from the
binary counters, which are filtered on
the individual CCBs.

The relationship between the
STROBE, DATA, SCAN and TS pulses
are shown in Figure 8.

Power Supplies
(Figure 9)

AC mains is fed to the transformer
T1, which has two secondary windings.
The low voltage winding is rectified by
D1 and D2 and fed to the three regula-
tors. IC1 is set to give an output of about
20V, which is fed to the ELC units to
provide the line current for the exten-
sions. IC2 is afixed 15V regulator,and is
used to supply all the logic and
switching circuits. The EPROM requires
TTL voltage, and this is provided by
IC3, which is fed from the 15V line. The
ADDRESS inputs to the EPROM are
reduced to the required 5V by potential
divider circuits, while the DATA outputs
are converted back to 15V logic levels
by the open collector non-inverting
buffers IC2 and IC3 on Figure 5. An AC
supply of about 100V at 16Hz is
required to ring the telephone bell, and
the signal needed to produce this is
generated by the master clock. The
ringing signal is interrupted approxi-
mately every 4 seconds, and during this
break the ringing voltage must remain
high, in order to hold the relays
operated in the ELCs until the call has
been answered. The required 100V
square wave is produced by alter-nately
turning TR1 and TR2 on, thus switching
the ringing supply output between OV
and 100V. The ringing supply has its
8

own OV line, and this is fed to the ELCs
independently of normal OV path. This
is to prevent ringing currents inducing
interference in working circuits.

System System
Extension Number Extension Number
Number Dialled Number Dialled

Figure 7. Number conversion table.

Putting the System
Together

The exchange is built on a mother-
board, which contains the Master Clock
and all the common circuits required
for a complete system. The ELCs and
CCBs are plug-in modules, to enable
the system to be built up as required, in
multiples of four extensions.

The ELC kit contains not only the
components for the ELC boards, but
also the CP switch required to cater for
up to 4 lines. Each CCB will enable one
call to take place at a time (between 2
extensions), and from one to four CCBs
may be installed, depending on the
amount of extensions required, and the

number of calls to be made simul-
taneously.

Construct all boards referring to the
appropriate parts list and PCB legend.
IC holders need only be inserted for the
CP switches (ICs 6 to 14) and the
EPROM. The output CP ICs 6 to 10 are
provided with the mother board kit, and
should all be inserted when building the
mother board, but the input CP switch
ICs are provided with the ELC kit, and
are inserted as necessary. Observe the
usual CMOS precautions when handl-
ing these ICs (see relevant page of our
catalogue), and always turn off the
power when making any circuit
changes or additions.

It should be noted that the voltage
required to ring the telephone bells can
give an unpleasant shock should it be
touched, so it is always advisable to
switch off the mains supply before
working on the exchange, extension, or
a line to an extension.

Testing
Insert the PSU into the motherboard
and connect mains supply. The follow-
ing readings should be obtained rela-
tive to OV (TP5).
PSU test points Voltages
+18.5V to +22V
+14V to +16V
+4 .8V to +5.2V
120V to 160V, falling
to approx. 80V every
2-4 seconds.
Switch off the mains, and insert one
ELC board in position A,and one CCBIin
any position. Connect two telephones to
1 and 4 on the block marked exten-
sions 1 to 4, and switch the mains on.
Lift the handset on the telephone con-
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4 | Call Connected

nected to 1 and dial tone should be
heard as the CCB picks up the calling
circuit. Lift the handset of the second
telephone before replacing that of the
first, this time NO dial tone should be
heard. Replace the second telephone
handset, and dial 24 on the first. The
bell should now ring, and when the
handset is lifted it should be possible to
communicate in both directions be-
tween the two extensions. Now repeat
this test, but this time with the handset
of the second telephone raised. En-
gaged tone should now be heard. Re-
peat the above tests with another CCB
and ELC until all the boards have been
tested, remembering to switch the
power off whilst changing boards.

All the boards can now be inserted,
and the system should be fully working.
In order to provide NU tone on spare
extensions the appropriate SL pins
should be linked to the NU pin (these
are located between the ELC connec-
tors on the mother board).

Numbering Scheme

The relationship between the ex-
tension system number, and the num-
ber dialled to obtain that extension are
shown in Figure 7. The auxiliary circuits
are selected by dialling 8, 9, or 0, and
connections to these will be described
in a later article.

Expansion

System expansion, up to the full 32
lines, is accomplished by connecting a
second mother board to the pins pro-
vided for this purpose on the left side of
the main mother board. The expan-
sion board has positions for a further
four ELC and CCB boards, but has no
master clock or EPROM, as the main
board provides these.

The expansion board, interfacing to
external lines, and a possible switch-
board will be described in later articles.

Installing the System

The exchange should be placed in a
convenient position near a mains
supply, and at a point where wiring to
the extensions will be as easy as
possible. The connection to each exten-
sion may be made with any two-core
cable, but Maplin supply British Tele-
com type four-core cable specially for
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PARTS LIST FOR DIGI-TEL

CONNECT CIRCUIT
Resistors — All YW 5% carbon unless specified.
R1,2,7,24 47k 4off (M47K)
R3,4,18,21,22,25 10k 6off (M10K)
R5,8,16,19,20,23 100k 6 off (M100K)
R6 18k 1 off (M18K)
R9,11,12,13,14 1MO 5o0ff (M1MO)
R10,15 ak7 2 off {M4K7)
R17 220k 1 off (M220K)
Capacitors
Cl1,2,12 100nF Pelyester 3off (BX76H)
C3 22uF 63V PC elect 1 off (FFO7H)
Cc4 10nF polycarbonate 1off (WW29G)
C5,6,9 100nF polycartonate 3off WwWwi4lu)
c7 680nF polycarbonate 1off (WW51F)
Cc8 270nF polycarbonate 1 off {WW46A)
C10,11 4u7 63V PC elect 20ff (FFO3D)
Semiconductors
D1 BZY88C11 1off (QH15R)
D2.4-31 1N4148 29off (QLBOB)
D3 BZY88CIV1 1off (QH13P)
TR1-4 BC108C 4off (QB32K)
IC1.,5,6 4081BE 3off (QW48C)
ic2 4066BE 1off (QX23A)
IC3 40106BE 1off (QwW6e4U)
IC4 4520BE 1 off {QX33L)
iC7 4001BE 1off (QX01B)
iC8 4022BE 1off (QW1%V)
Miscellaneous ’
Veropin 2141 1Pkt (FL21X)
PC Board 1oft (GBO5F)
A complete kit of all parts listed above is available.
Order As LWB1C (Digi-Tel Connect Kit). Price £9.95

PARTS LIST FOR DIGI-TEL EXTENSION

LINE CIRCUIT
Resistors — All 4W 5% carbon unless specified.
R1 470k 1off {M470K)
R2,7,8,10 10k 4off (M10K)
R3.4.5 4k7 3off (M4K7)
R6 100K 1off (M100K)
R9 47K 1off (M47K)
R11 100R (%w) 1off (S100R)
R12 180k 1 off (M180K)
R13,15 1M0 20ff (M1MO)
R14 1k0 (%w) 1off (S1K0)
Capacitors
C1 33nF polycarbonate 1 off (WW350Q)
Cc24 2u2 63V PC elect 20ff (FFO2C)
C3 10uF 63V PC elect 1 off (FFOSF)
c5 " 220nF polycarbonate 1off (WW45Y)
cé 22uF 63V PC elect loft (FFO7H)
Semiconductors
D1-8 incl. IN4148 8off (QL8OB)
TR1,2,4,5 BC327 4off (QB66W)
TR3,6 BC108C 20ff (QB32K)
Miscellaneous
L1 Choke 10H 1off (HW27E)
RLA Relay DPDT 1 off (YX95D)
* All above items to be multiplied by 4 for use on 1 PCB.
PC board 1 off (GBO4E)
Track Pin 1Pkt (FL82D)
Veropin 2141 1 Pkt (FL21X)

A complete kit for 4 circuits on 1 pcb is available.
Order As LW80B (Digi-Tel ELC Kit). Price £24.95

PARTS LIST FOR DIGI-TEL POWER SUPPLY

Resistors — Ail %W 5% carbon unless specified.

R1 Bk2 1off (S8K2)
R2 13k 1 off (SI3K)
R3 4k3 1off (S4K3)
R4,R7,10 1k0 3off (S1KO)
RS 2k7 loff (S2K7)
R6 4k7 1off (S4K7)
R8B 3k3 1off (S3K3)
R9 10k 1off (S10K)

Capacitors
Cl 100uF, 250V axial etectrolytic
c2 2200uF 40V axial eiectrolytic
€345 100nF polyester
Semiconductors
BR1 S04
D1,2 IN5401
TR1,2 MJE340
TR3 BF258
TR4 BC548
IC1 uA 78GUIC
IC2 uA 7815UC
iIC3 uA 78M05UC
Miscellaneous
PC board
Heatsink 4Y
Bolt 6BA %"
Nut 6BA
Washer 6BA

PARTS LIST FOR
DIGI-TEL MOTHERBOARD

Resistors — All 5W 5% carbon unless specified.

R1-11 2k2
R12-22 3k3
R23-27,R30-33, 22k
R28,34-36,41,43,

49,54,55,57,

60-63 100k

R29 4k7
R37-40,42,44-48,

50-53,58,59 10k

R56 1k0

Capacitors

Cl3 10nF polycarbonate
C24 100nf polyester

Semiconductors
01-29,31-34 iN4148

D30 BZY88C12
TR1-3 BC548
IC1 2716/M4
1C2,3 7407
iC4,20 40106
1C5,19 4081
IC6-14 45100
iIC15 556

IC16 4022
IC17,18 4024

Miscelianeous
PC board
8way PC terminal
Edge conn. 124
Edge conn. foot G
Edge conn. foot H
Dil socket 16 pin
Dil socket 24 pin
Track pin
Veropin 2141
Bolt 6BAx%"
Nut 6BA
Washer 6BA

DIGI-TEL MISCELLANEOUS
PARTS LIST

Toroidal transformer
24/100V
SA fuseholder 20
Fuse A/S 2A
P.B. telephone
P.B. telephone
Cable (4 wire phone cable)
Terminal block 5A
Tag 2BA
Mains lead
Wire 3202 white

1 off
1 off
3off

1off
2oft

1off
1off
1 off
1off
1off

1off
1 off

2off
2off

11off
11 off
Yot

14 oft
1off

16off
1off

2off
20ff

33off
loff
3off
1off
20ff
20ff
20ff
Soft
1off
1off
1 off

1 off
5off
Soff
9 off
Soff
9 off
1off
7 Pkts
1 Pkt
18 off
180ff
18oft

1off
1ot
1off
Set of 4
1off

As req
loff

1 oft

As req
2M

(FB53H)
(FBS1Y)
(BX76H)

(QLIOL)
(QL82D)
(QH54J)
(QF17T)
(QB73Q)
(WQ79L)
(QL33L)
(QL2sF)

(GBQ7H)
(FL41U)
(BFO6G)
(BF18U)
(BF22Y)

(M2K2)
(M3K3)
(M22K)

(M100K)
(M4K7)

(M10K)
(M1KO)

(WW23G)
(BX76H)

(QLBOB)
(QH16S)
(QB73Q)
(QY250C)
(QX76H)
(QWs&4U)
(Qw48C)
(QQ51F)
(QHB7X)
QW13V)
(QX13P)

(GBO6G)
(RK38R)
(FL85G)
(FLI1Y)
(FLS2A)
{BL18V)
(BL20W)
(FLB2D)
(FL21X)
(BFO6G)
(BF18L)
(BF22Y)

(YK33L)
(RXS6E)
(WR20W)
(XG19V)
(XG18u)
(XR66W)
(HFO1B)
(BF27E)
(XRO4E)
(XR378)

See next page for details of Digi-Tel Main Kit.
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Figure 9. PSU circuit.
this purpose (XR66W). This cabie may,
of course, be used to feed two exten-
Transtormer sions, one on each pair.
I No case is shown for the exchange, but

this may be simply constructed as a
wooden box, with the mother board
mounted either vertically or horizon-
tally. if the mother board is mounted
vertically the plug-in cards may need
some support on their lower edges, and
this can be accomplished by using a
piece of wood with shallow slots cut iniit
for the cards to slide along. Adeguate
ventilation should be provided, par-
ticularly near the PSU card and trans-
former. Provision should be madeinthe
case for system expansion, allowing
room for a second mother board of the
same dimensions as the first, and
mounting adjoining the pins provided.

DIGI-TEL MAIN KIT

A complete kit is available of all the
parts shown for the Power Supply,
Mother Board and Miscellaneous
except telephones.

Order As LW82D (Digi-Tel Main
Kit). Price £67.50

Please note that kits for Digi-Tel will
not be available until late Septem-
ber and telephones will not be
available until late October. For
prices of telephones see page 47.
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WORKING WITH

Part 3

p-amps used in a switching mode are

essentially generators of square-

waves. Control of repetition frequency,
pulse length, mark/space ratio and delay
time are possible. What precisely is con-
trolled depends upon the exact nature of the
circuit. Thus, astable circuits generate
continuous square-waves, variable in fre-
quency and mark/space ratio; monostable
circuits produce pulses of defined length or
time delays, while bistables may be thought
of as temporary stores of binary data. Thus it
is that the op-amp, usually considered as a
linear device, crosses right over into the
digital field.

These basic ‘building blocks' were
covered in Part Two of this series. In Part
One, one of the circuits discussed was the
‘integrator’ which, it may be remembered,
produced alinear ramp as a result of a step
of voltage at its input. Therefore, if the latter
circuit were fed with a train of square-waves,
its response would be to generate a continu-
ous triangular waveform. The point is that
the ability to convert from one type of
waveform to another gives rise to the idea of
acircuit that is capable of producing several
quite different but ‘frequency related’ wave-
forms simultaneously — in other words, a
‘function generator’. This ‘first stage de-
velopment'is shown in Figure 1 in the form of
the ‘hysteresis oscillator'. Two outputs,
square-wave and triangle, are produced by
the technique mentioned above.

The Hysteresis Oscillator

To understand how the circuit works,
assume that the output of IC1 is initially in
positive saturation i.e. at some voltage +V
volts. Then, a current given by V/R3 will flow
to charge the feedback capacitor C1 of the
integrator IC2. As a result, the output of 1C2
will fall linearly and continue to do so until it
reaches -V/2 volts; this is output B, the
triangle waveform. At this instant, the output
of IC1 is forced to switch from positive
saturation to negative saturation because of
the fed back voltage atthe junction of R1 and
R4. What then follows is similar to what has
been described except that the output of IC2
now ‘rises’ linearly until it reaches the next
‘switch-on’ point at +V/2 volts, from which
the whole cycle repeats again, and so on
indefinitely.

Thus, output B ‘runs’ alternately between
the amplitude limits of +V/2 and -V/2 volts
while, simultaneously, output A switches
between the amplitude limits of +V and -V
volts. The periodic time of either excursion is
R3.C1 seconds so that the repetition fre-
quency of the output is equal to 1/(2.R3.C1)
Hz — R3 in ohms and C1 in Farads.

To take an example, if a frequency of
100Hz is required and a 100nF capacitor is
available, the required value of resistor is
found by substituting these values into the
formula which, after transposing and
evaluating, gives R3 as 50k. An obvious way
of adjusting the frequency to exactly 100Hz
is to use, for R3, a fixed 47k resistor in series
with a 5k pre-set potentiometer, This formula
for the frequency is based upon the circuit
values given in Figure 1. Changing the ratio

12

| 100k | R3 /\/

— &
Output B

1 l 12
R2| 110k RV1 RSU‘M
by | 25

S = vy

"0 — —

Output A

Figure 1. The hysteresis oscillator.
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T T T T T
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Figure 2. Waveforms of the hysteresis oscillator.
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Figure 3. Waveforms of an asymmetric circuit.

R4/R1 moves the switch-on point in time,
which then controls the amplitude of output
B and obviously changes the frequency of
operation. The limiting factor is that the ratio
of R4/R1 must be unity or less, otherwise the
circuit will stop oscillating. The frequency
also depends upon the amplitude of the
square-wave fed to IC2 because, as was
explained in Part Two, the slope of the wave
out of an integrator depends not only on the
integrator time constant, but also on the
magnitude of the step input. So, by feeding
IC2, not from the full output of IC1 but from a
portion of it (up to the maximum) derived
from a potentiometer, continuously variable
control of frequency is available over a
reasonably wide range. Using the values
given in Figure 1, the variation of frequency
available using RV1 was from about 6.25Hz
to 125Hz. The waveforms obtained at both
outputs at 125Hz are shown in Figure 2.
Sometimes a mark/space ratio other
than unity is required; to do this it is
necessary to introduce some asymmetry

. into the circuit. To achieve this objective

means finding a frequency-dependent com-
ponent and making it change its value
automatically on alternate half-cycles. This
implies the use of a diode to provide two

unequal ‘polarity-conscious’ paths. The
obvious choice of component is R3 and the
modification is shown in Figure 3 together
with sample waveforms obtained. On the
half-cycles when the output from IC1 is
positive-going, D1 is non-conducting and R3
equals R3a i.e. equals 47k. But, on the
negative half-cycles, D1 conducts and puts
R3a and R3b in parallel — an effective value
of R3 of 11.4k. The mark/space ratio should
then be 47/11.4, that is slightly over 4:1.
This is verified by the waveforms of Figure 3,
which shows that the actual mark/space
ratio obtained was 3.8:1, within the tolerance
of the resistors used (10%).

Sine-shaping Circuit

The hysteresis oscillator, which produces
two different but related waveforms, has
been referred to as the ‘first stage develop-
ment’ of a function generator. This is
justifiable if it is accepted that such a circuit
cannot really be said to be complete unless
there is also a sine-wave output. There are
various ways of adding this facility but one of
interest is the method of using an op-amp
inverting amplifier with a sine-wave approxi-
mation network to develop the sinewave
output from a triangle input. A number of
diodes are used in the feedback path of the
op-ampthat conduct at different levels of the
input, changingthe gain and hence the slope
of the output. The sinewave is thus repre-
sented by a succession of different slopes
and quite a reasonable approximation is
possible. The arrangement of the diodes and
associated resistors is shown in Figure 4,
together with a sketch of the principle
involved.

| S ) |
S L k
All diodes _—V'_&—
ING1L8 —g—b——i ___‘:_E%—:-—o -15v
| - 0
—g—— 80 112
Adjust for 20

pe— iR
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Figure 4. Sine-shaping circuit.
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Figure 5. Zener diode amplitude limiter.
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Square-wave Clamping

The waveform of the square-wave gen-
erated by the circuit of Figure 1 isgood atthe
low frequencies but, inthe kHz region begins
to show some 'sag'. An obvious way of getting
over this is to clip off the peaks of the square-
wave or, to describe the process more
correctly, to clamp the square-wave to a
predetermined level, well below that at
which the sagis likely to occur. Azenerdiode
will make an effective and consistent clamp
and if just one diode is used, together with a
diode bridge, as shown in Figure 5, the
clamping action will be precisely sym-
metrical, the zener diode acting equally on
both half-cycles of the square-waveform.

A Function Generator

To make a function generator that is at all
versatile, range-switching of frequency and
control of amplitudes is desirable. The latter
can most easily be provided by potentio-
meters at each output, and the former
requirement can be met by switching the
value of C1; fine control of frequency will be
by use of the potentiometer between stages.
A scheme incorporating all of the ideas
discussed so far is shown in Figure 6. Most
component values are shown but the values
of C1, C2 and C3 are left tothe experimenter
to select for himself, sufficient information
having now been given for him to be able to
do this.

An Alternative Approach

The method of generating three related
functions just described was based upon the
use of a square/triangie generator with the
sinewave function being added on. But the
versatility of the op-amp is such as to allow
us to 'swap’ the process around and start off
with the sinewave. From this point, the sine-
wave can be ‘squared off’ (giving the square-
wave output) and this waveform, in turn,
integrated in an op-amp integrator to give
thetriangle output. Whatis then needed, as a
starting point, is a sinewave oscillator of the
RC type.

The Twin-Tee Oscillator

The frequency-selective network that
starts and maintains the oscillations in this
circuit is a ‘twin-tee’ filter network. In Figure
7, the component values are based upon a
resistance R and a capacitance C. The shunt
resistance branch, nominally equal invalue
to R/2, is actually de-tuned slightly by a 2k5
pre-set. The phase-shift through the network
is then 180° with some attenuation (depen-
dent upon the degree of de-tuning). The op-
amp has 180° of phase-shift as well between
the inverting input and the output and very
high gain. As a result, the ‘loop phase shift' is
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Figure 7. Twin-tee oscillator.

Vo= ‘out-of -balance’ voltage

Figure 8. The Wien bridge.

360°, giving positive feedback and with the
R/2 arm adjusted carefully, the circuit
bursts into oscillation; the 2k5 pre-set
should be carefully adjusted to give a sine-
wave with minimum distortion. All of this
happens at a unique frequency which equals
1/(2w.R.C).

Even so, the degree of distortion may not
be acceptable so a stabiliser can then be
used that will give some improvement. A
simple stabiliser, shown in Figure 7, consists
of D1, R3 and RV1, the latter acting as an
output control. The improvement in wave-
form with this simple modification is worth-
while, though there is some reduction in the
maximum output. With 15V supplies, the
unstabilised circuit can give 27V peak to
peak output, which is reduced to about 8.5V
peak to peak whenthe stabiliser is fitted, still
a worthwhile output.

‘With the valuesof R, C,R/2 and 2C shown
in brackets in Figure 7, the design frequency
was 400Hz. Using 5% resistors and 10%
capacitors, the measured frequency on test
was 435Hz, which is within the allowable
limits. Obviously the use of closer tolerance
components would have given a result closer
to the design figure.

To change the frequency of the twin-tee
oscillator means changing the values of at
least three components simultaneously (e.g.
all three resistors in the filter network). This
is not usually very practicable so this circuit
is unlikely to be chosen except as a fixed
frequency oscillator.

The Wien Bridge Oscillator

This might justifiably be called the
‘classic RC oscillator’, since it is almost
universally used to generate low-frequency
sinewaves, especially where a wide fre-
quency range is required. It is based on the
properties of the Wien network, which is an
RC combination that has zero phase-shift
and a loss of 3:1 at a frequency equal to
17(2 nR.C.). This formula assumes that both
resistors have the same value and also both
capacitors are equal, which is usually the
case. At first sight it might appear that all
that is needed is an amplifier with a gainof 3
and zero phase-shift. However, it is better in
practice to use a high-gain amplifier and
include negative feedback to improve the
stability of the circuit. This implies some sort
of balance between the two types of
feedback, positive and negative. This is
achieved by adding two extra resistors to
form a bridge, this beingshowninFigure8. it
is these two resistors that provide the
negative feedback, since they form a poten-
tial divider across the output and are
connected at their junction to the inverting
input of an op-amp in the final circuit. When
this bridge is just ‘off balance', a small
voltage at the oscillatory frequency appears
across X-X. It is this small voltage that is
subject to the high gain of the op-amp to
develop the output voltage.

A possible circuit is shown in Figure 9.
One point that is to be noticed immediately is
that the frequency is controlled by twin-gang
potentiometers RV1/RV2 so that a resis-
tance change from Rl to (R1 + RV1) is
possible in the series arm, with an identical
change taking place simultaneously in the
parallel arm. Another feature of the circuitis
that Ra consists of a potentiometer RV3 and
two diodes, D1 and D2, back to back. The
idea is to provide a non-linear element that
will control the degree of out-of-balance of
the bridge automatically to compensate for
amplitude variations. RV3 is adjusted for the
best waveform.

With the values shown in Figure 9 the
frequency range obtained was from 220Hz
to 1kHz, and the output leve! was about
1.25V peak to peak. Further ranges can be
added by switching the capacitor values.

A more effective stabiliser uses a NTC
thermistor, such as an R53, in place of the
potentiometer/diodes network. However,
these thermistors are extremely expensive
and rarely justified except in a permanent
design of some sophistication.
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Figure 9. The Wien bridge oscillator.
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Figure 10. Sine-square converter.
Continued on page 64
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REMOTE
CONTROLLER FOR
25W STEREO

MOS-FET

AMPLIFIER

by Dave Goodman

* Remote control over Volume, Bass,

Treble and Balance

* Switched loudness (contour) compensation
* Local or remote select

* Flat response select

* Can be incorporated into our MOSFET amplifier

Over recent years infra-red control has
greatly increased in popularity, as is
evident by the plethora of televisions
and video cassette recorders fitted with
this facility. Some hi-fi systems do
incorporate remote control, but not very
many, which is regrettable because
sound level and balance settings are
dictated by listening positionin relation
to the loudspeakers.

This hi-fi controller project gives
the user total control over adjustment of
volume and speaker balance settings,
also bass and treble cut and boost. All
operations are performed by pressing
an appropriate button on the hand-held
control transmitter. The selected para-
meter can then be either stepped by
single shot or automatically swept by
holding the button down. Two further
controls allow for return from remote
to local (or vice versa), and an instant
flat setting of speaker balance and tone
response.

A Puise Position Modulation (PPM)
dedicated integrated circuit is used in
this design, based on the SL490 IC (see
figure 2).

IC 1 is an encoder-oscillator and
pulse train generator, producing a
series of five pulses of fixed ampli-
tude. Each pulse can vary in width,
either 6ms or 9ms, according to
whether a digital ‘1’ or ‘0’ is required
(see figure 1).

Each one of the six ‘spaces’ between
every pulse is of a consistent 1.25ms
duration, and the pulse train repeats for
as long as an encoding key is held
operating.

14

9mS amS

+V

ov-- - -

Code for
‘Volume Decrease’

1.25mS

Figure 1. P.P.M. Pulse Train.

Switches S1 to S10 are PCB ‘pads’,
and a ten-way bubble contact strip is
used to join the appropriate pads to-
gether within the encoding matrix, pins
1,4,5,8,and 10 to 13. Each bubble on
the strip has an internal carbon con-
tact of low electrical resistance, and
applying pressure to the bubble flexes
the contact down across the two pads.
Table 1 lists each key, command, sym-
bol, and pulse code used here and pre-
sent on pin 2 of IC1.

TABLE 1
Key Command Symbol Pulse Code
S1 Volume Down 01100
S2 Volume Up 00010
S3 Balance Left 11100
S4 Balance Right 10100
S§5 Bass Cut 11110

$6 Bass Boost + 10110
S7 Treble Cut - 11111
S8 Treble Boost + 10111

S9 Local-Remote  LoC/REM 11000
S10 Flat Response Flat 11011

11000
11011

$9 Local-Remote  LOC/REM
S$10  Flat Response Flat

C2 and R3 produce a differentiated
signal of narrow width, and this is
applied to the base of TR2. D1 prevents
TR2 from becoming reverse biased.
TR1 is a MOSFET device capable of
switching large current pulses for only a
small loading on the drive stages.
Pulses from TR2 turn TR1 on and off,
effectively forward biasing D2, 3,and 4.
These three diodes are infra-red de-
vices, and transmit light in the infra-red
band (940nM). When TR1 is turned on
these diodes appear connected be-
tween the supply rails, C1 discharges,
and the current drawn from the battery
would be high damaging the diodes and
battery. To prevent this happening TR1
is turned on then off very fast, so that
the ‘on’ time is far smaller than the ‘off’
time, producing a duty cycle of only a
few per cent. The mean current drawn
from the battery is therefore low, being
approximately 15mA, and well within
the 100mA rating of the TIL38 diodes.

C3 and RV1 set the transmission
rate/internal clock of IC1 at approxi-
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Figure 3. Component Overlay for Transmitter PCB.
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mately 150Hz. Scope measurements
can be made on pin 2 of IC1 with the
‘treble cut' key S7 operated.

Transmitter
Assembly And
Construction

Cut four pieces of wire for links,
bend to shape and insert. Fit diode D1,
followed by R1 to R4 and RV1. Mount ali
four capacitors. Note that C1 and C4 are
polarised, and must be fitted one way
only. C1 is marked with a negative sign
on the case, whilst C4 is marked with a
positive. Insert TR2, and ensure the
‘pip’ on the metal case aligns with the
symbol on the legend (figure 3). Next

-mount TR1, also noting correct posi-

tioning. Fit the DIL socket for IC1, and
proceed with soldering and trimming
all component leads. Do NOT fit infra-
red diodes D2-4 at this stage. Clean the
track with a suitable spiritand check for
bad joints and short circuits.

The ten-way contact strip can now
be fitted over the ‘pads’ on the track
face of the PCB. Above and below these
pads are two small ‘T’ symbols, which
should be lined up with the two grooves
situated along the centre line of this
strip, one at each edge. These symbols
do not connect electrically, and have
been added solely as a guide for
assembly. Use a contact type adhesive
paringly around the edges of the strip,
taking care not to spill over onto the
carbon contacts. Remember that the
glue will spread out once the strip is
placed in position and pressed home,
which might cover the PCB pads, so
don't be too generous!

If you are satisfied with your efforts
so far fit IC1 (SL490), and refer to the
component lead configuration drawing
for D2-4 description. All these LEDS
may be fitted directly to the PCB, or
connected with wires. Keep any wiring
as short as possible. Finally, fit the
battery clip. Check over allcomponents
and soldering once more before use.

Transmitter Use

Set RV1 wiper just past halfway, to
line up with the arrow printed on the
legend. Connect a 9v battery tothe clip,
but only on one stud contact. Place an
ammeter between the other battery
contact and clip, so that it is in series
with the positive rail. Press each bubbie
contact in turn. The ammeter reading
should be 15-20mA each time, and only
a few uA otherwise.

Ifthereis noreadingatall,ora much
higher reading, check TR1, 2 orienta-
tion, D1 and C1 polarity, and D2-4
orientation. Of course, the contact strip
may also be misaligned, and should be
rechecked.

Now place a voltmeter from the
negative rail (C1 neg. lead) to D4
cathode. A reading of 6.9v should be
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apparent. Press any one of S1 to S10
contacts, and the reading should drop
200mv to 6.7v. These readings can vary
slightly, but serve to give an indication
that all is well.

No particular box is recommended
for this project, but a flip-lid box type
601 (LQO3D) was used for the prototype.
The LEDS mount through the front, and
a suitable cut-out for the switches was
made in the lid. The PCB can then be
screwed or taped inside the lid, with the
battery suitably accommodated under-
neath. A screened switch panel
(RK36P) is available to fit over the
contacts S1-10.
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Figure 4. Circuit diagram of Infra-red Decoder.

16

Maplin Magazine September 1982



Decoder Circuit |
Description MAPLIN 8 fi2s tg" 6 10

9

R2

P.P.M. data transmitted by the hand 4c7 _ R27 -

controller are received by D10 (figure 1 — R2ane S - 4 14OO "%g

4), which is an infra-fred photodiode 1C6 15-?25— O 4} 2 ®

designed to react with signals of 940nM ﬂ : 1 .

wavelength. E + Jc2 R2 3 l
It is used in reverse bias mode and RS -E:—

R42, 41, and C29 help prevent signals Ca S8 W a— -—F BO 7 |

generated by incandescent or fluores- 2e¢ [ | T — e e P 3.6 O ‘

cent light from becoming amplified. x O cgs [ Je2 R1Z C5 ¢c6 O

Quite considerable gain is required, to ’ 1 O ca c7

bring the incoming signals to a level N

suitable for correct operation, and cir- + + :]

table fo 2]« T 35 e =z
cuit stability can become a problem. @ - + - e
o - ) O~ ~Fc0 2 T A (% =18
| I f 3 - £ —/— i
All viewed trom R21 = M} os+4 +
' b petow g = o] |2 ’[_C—::je TS +| 1'&
| e == I SN A —
by S —3 c12
e c 2 s | S o R22 A o6 °1Y )
BESS: B acos || . T sO) ~c1s
‘ © R13 D5 +
BC179 | | E R14 | cie Es A <
l d s e 0 "3 3 w7 + X
c2

' VN10KM [ | k33 R10 re L} —— 40
l iy e 3 T + D2

k k 3

5§
1} rn gt s S < ks -
J TIL 38 TIL100 | B naTs;R4 c29 ZO —=
| | . < D s L1 plVov oo
| : (O E=-%t ;= —= .0
’ R3a  Ras " 2 o U
fiat active

surlac i

| 8

|
i ‘ [

Therefore two gain stages, comprising [
TR2 and TR3, have been incorporated. ‘
TR1 inverts the recovered pulse train so
that it is in the correct sense and
amplitude for use by IC3. PPM prin- '
ciples have been explained in the text
previously, and reference can be made
as necessary. IC3 (ML922), is a PPM
decoder with one pulse, four digital,
and three analogue outputs. Aninternal
oscillator, with a clock frequency deter-
mined by C18 and R19, enables decod-
ing of incoming pulse trains. R20 and
C19 reset the decode circuits at switch-
on, and C20 and R21 set the rate at
which digital output codes step on. P16
controls bass, P18 controls treble, and
P2 controls speaker balance. Only
these three outputs step up and down i
about a 2.7v centre or ‘flat’ point, and
are analogue channels. D3-8, C15-17,
and R6-8 compress positive going volt-
age changes, thus producing a linear
control of these functions within IC1. L steReO

Pin 8 has a normally high output (+15v), AMP I/R

holding the bilateral switches IC2b and - el
¢ closed. IC4b, an inverter, holds IC2a
and d open. Input signals from the
MOSFET amplifier tone processing
stages on pins 9 and 11 are thus
connected via IC2 to pins 12 and 14
and, hence, to the power amp. stages
(figure 6). Pre-processed signals are
connected to input pins 6-8, and direct
to IC1, which is a voltage controlled ” paheiir
stereo, volume, and tone control IC.
IC3, on receipt of a VOLUME UP or
DOWN incoming pulse code, places a Figure 5. Component Overlay for infra-red Decoder PCB.
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low (Ov) on pin 8. IC4b switches IC2a, d
closed and IC2b, ¢ open. Processed
audio signals from IC1 are then trans-
ferred via C5,6, and IC2 to pins 12 and
14 and to the power amp stages.

Control of loudness (or contour) at
low volume levels is achieved by con-
necting a change-over switch between
pins 3, 4, and 5 as shown in figure 4.
The action is local, and remote control
of this facility has not been included. If
loudness control is not required, then
strap pins 4 and 5 together. C8 and 9
allow 15dB boost or cut at treble fre-
quencies of 16kHz, whilst C12 and C13
allow 15dB boost or cut at bass fre-
quencies of 40Hz.

ICs 4 to 7 are used to decode volume
level commands. At power on, IC3 pins
12 to 14 are high (logic 1). Pin 14
determines volume ‘direction’, and is
high for an increase or low for a
decrease. Pin 9 is normally high with a
negative going pulse output. Pin 13 is
normally high and remains so for an up
count switching low for a down count;
whilst pin 12 is high for a down count
and low for an up count. Table 2 should
explain this more clearly.

€3 CPINI2 PIN13 PIN14 PINO

Switch on Vel LR B

Volur -

increase a0y

decrease 1 0 0
TABLE 2

I1C6, a BCD up-down counter, gene-
rates a four bit binary output which is
converted to an analogue voltage by
R25 to 29, and fed via R30 to volume
control input pin 12 of IC1. The stepped
voltage ranges from Ov to +5.4v.

When a voltage step command is
received IC3 pin 9 output pulses con-
tinuously at 15Hz, via IC4a, to IC5. The
signal is then divided by four and steps
IC6 through the up/down sequence.
IC7, BCD todecimal decoder, examines
all output codes from IC6, and gates
IC4a output when one of two codes
corresponding to either minimum or
maximum volume are present. Other-
wise, the volume sequence would keep
running through max. to min. without
control.

Figure 8 shows a BCD decoder to
LED driver circuit, and has been in-
cluded purely as anaddition, not as part
of the system. Connection can be made
to pins 15-18 and +15v, Ov. Volume
level settings are then displayed as
numbers 0 to 9.

Finally, receipt of a ‘flat’ pulse code
sets IC3 pins 2,16, and 18 to 2.7v
internally. IC1 will interpret this as a flat
response of bass and treble and even
speaker balance.

Construction
Refer to parts list and figure 5.
Start by making and inserting all
sixteen links, diodes D1 to 9 (noting that
D1,4,6,and 8 are zeners), and resistors
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To Decoder PCB
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Figure 8. LED Volume Indicator.

R1 to 42. Some resistors are 1% toler-
ance, and should not be replaced by 5%
min. types. R1 may get hotin use, and it
would be advisable to mount this com-
ponent a few mms above the PCB.

Axial, polycarbonate elactrolytic,
and tantalum capacitors can be fitted
next. Note that these components are
polarised, and that tantalums have a
positive sign, whilst all others have a
negative sign. Fit all remaining capa-
citors, taking care not to bend the
polycarbonate leads, as they are easily
broken. Insert remaining transistors
and IC holders.

Solder all parts carefully, and clean
track surface to remove flux and pos-
sible short circuits. Faults are easier to
find this way. Insert Vero-pins, if used,
and fit all integrated circuits. A final
check over is always well-advised be-
fore applying power.

Assembly And
Testing

Photodiode, D10, has one active and
one insensitive side. Refer to the pin
configuration drawing for correct use of
this component, before fitting. On the
prototype, D10 was fitted to the track
side of the PCB, and inserted with the
active area to the front.

When applying power, note that D1
and R1 are fitted for use with the +32v
power supply from the MOSFET amp
P.S.U. If available, a +15v power supply
would be better for test purposes, and
R1 will need to be bridged with a wire or
clip, to avoide a large voltage drop
across it.

Current consumption of the decoder
should be approximately 55-60 maA,
and a check with an ammeter in series
with the positive supply will indicate
this.

Use a voltmeter and check the
following:

IC3
pins 2,16,18 +2.7v
pins 89,12,13,14 +15v
pinl +7v
pin 7 Ov
IC1
pin 11 +14.3v
pin7 +5.9v
TR2 collector +15v
TR3 collector +2.75v
TR4 collector +1.5v

all with respect to Ov

These voltage readings may vary by
up to 4%, depending on the +15v rail
regulation, so allow accordingly.

Connect the voltmeter to IC3 pin 7

clip on to), and the infra-red trans-
mitter can now be used. Hold the
transmitter two to three feet in front of
the photo-diode (no closer!), and press
S2, volume increase. A reading of
between three and five volts can be
expected, varying with alterations in
range. Transfer the voltmeter to the
common junction of R25 and 30, above
pin 19. Switch the decoder off, then on
again to reset. Repeat the transmitter
operation, and check the meter reading
steps as follows:

0.5v, 1.2v, 18v, 25v, 3.1v, 3.7v,
4.3v,4.7v, and 5.2v. Connect the meter
to IC3 pin 8. A reading of Ov will be
indicated. Press S10 onthe transmitter,
and +15v should appear. Press S1 or S2
and the reading will change to Ov.

Connect the meter to IC3 pin 2.
Switch off the decoder and re-apply
power to reset. The reading will be 2.7v.
Press S4 and the reading should swing
up to +5.4v. Press S3 and reading will
swing down to Ov. Repeat on IC3 pin 16,
using S5 and S6, and IC3 pin 18, using
§7/88 on the transmitter.

The decoder PCB is now ready for
use. If using in conjunction with our
25w MOSFET Amp project, refer to
figure 6 for wiring details. A connec-
tion is made to TPA (+32v) using hook-
up wire, for the positive supply. Do not
forget to remove the short across R1
before connecting to TPA, otherwise the
ICs will incur damage. All audio con-
nections are made using screened wire,
and should be kept as short as possible.
Figure 7 shows the decoder mounted
into the amplifier chassis above the
switchboard. Brackets or sticky pads
can be used for securing in position,
and D10 can be mounted on the front
panel as shown. Obviously, you do not
have to do this, and an external box,
with PSU, could be used instead; con-
nections being made with DIN
or PHONO plug leads and sockets.

Alternatively, the decoder may be
used with any other audio system that
has access sockets, either for tape
in/out or pre-ampto powerampin/out.
In this case wire pin8topin9,and pin 6
to pin 11. Signal inputs will then be on
pin 6/8, and outputs on pins 12/14.

Switching between remote control
and local control can then be effected,
although in some circumstances a ‘pop’
may be heard in the speakers whilst

STEREO AMP I/R CONTROLLER PARTS

LIST

Resistors — all %W 5% carbon unless specified.
R1 4k7

R2 2k7

R3 10k

R4 2k2

RV1 47k hor-sub min preset
Capacitors

C1 470uF 10V axial electrolytic
c2 10nF disc ceramic

Cc3 220nF polycarbonate

c4 4u7F 16V tantalum
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(R31 is the most convenient place to doing so. Continued on page 21
Semiconductors
o 1N4148 (QL8OB)
D234 TiL 38 (YH70M)
o S
(QB54J)
(M4K7) 4Gt SL490 (YHE6W)
(M2K7) j
(M10K) Miscellaneous
(M2K2) g}l 10inc. Switch contacts (10 way) (YR71N)
NICAD PP3 (HW31J)
Battery clip (HF28F)
(FB71IN) Veropin 2141 (FL21X)
(BXOOA) Flip-top Box 601 (LQO3D)
(WW45Y) P.CB. (GA99H)
(WW64U) Switch panel (RK36P)

For kit details see Decoder Parts List on page 21.



by Keith Baker

here are many car alarms avail-

able on the market, but none can

offer complete protection against
theft. Though no alarm will foil the
professional thief, it will act as a
deterrent to the small time thief or
joyrider. This circuit, like most alarms,
is triggered off by the déor contacts for
the courtesy light and will only work
when fitted to a 12V negative earth car.
The switch to the alarm is fitted on the
inside of the car as opposed to the
outside, thus ensuring that the switch is
not tampered with.

The idea is, that when leavingthe car
the alarm switch is turned to the on
position and the ‘arm’ buttonis pressed.
It is now safe to open the doors and get
out of the car. After pressing the ‘arm’
button a timer circuit allows approxi-
mately 60 seconds to leave the car and
shut the doors. After the 60 seconds,
providing the doors are shut, the circuit
will arm itself. If a door is then opened,
the horn will sound after 15 seconds.
This 15 second delay is sufficient time
for the occupant to turn off the alarm,
but not enough time for the thief to
tamper with the switch. The horn will
sound for a further 1% minutes and the
alarm will then arm itself again. If the
door is left open the alarm will sound
continuously.

The Circuit

Figure 1 shows the circuit diagram
of the alarm and this is based on three
timer circuits.

When the car door is opened the
negative side of C2 is biased negative,
C2 is charged and TR2 is biased hard
on. TR2 now conducts down to -V and
RLB changes over.

With RLB in its normal condition, itis
keeping C3 fully charged and TR3
biased hard on. When RLB changes
over, as described above, C3 starts
discharging as R4 goes positive. In this
state RLC is being shorted out, butas C3
discharges, the voltage drop across the
collector and emitter of TR3 becomes
larger until RLC ‘pulls in' (approxi-
mately 15 seconds from RLB change-
over). This causes +12V to be trans-
mitted to the horn and allows C2 to start
discharging.

When the base emitter voltage of
TR2 starts to decrease, the voltage drop
across RLB also decreases, until RLB
‘drops out’ cutting offthe supplytoRLC,
which in turn cuts off the horn.

When leaving the car, to prevent the
alarm circuit energising, C2 has to be
kept discharged. This is done by
making a break in the negative poten-
tial supplied by the door contacts for
20
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Figure 1. Circuit diagram.

the courtesy light. By turning on the
supply and pressing the push to make
button S2, C1 charges up, TR1 turns
hard on and RLA changes over, making
a break between the door contacts and
the negative side of C2.

R4 is in the circuit to provide a load
when TR3 is biased hard on. D1 isinthe
circuit to prevent C2 from discharging.
R1, R2 and R3 govern the discharge
rate of capacitors Cl, C2 and C3
respectively. These values can be
varied to alter the time delays.

Construction

The complete circuit fits into a small
plastic box 71.5mm x 49mm x 24.5mm
and it is therefore suggested that a PCB
is used. The track side and component
side of this can be seen in Figure 2. Fit
and solder into position the resistors
and the diode, then mount RLA, B & C,
TR1, 2 & 3 and solder in position. Lastly,
fit C1, 2 & 3 taking note of capacitor
polarity.

On the completion of the circuit

board, a small hole can be drilled inthe
box, as an exit for the wires and a piece
of plastic foam at the top and bottom of
the completed PCB will protect it when
installed. The supply switch is inserted
in the circuit between supplyand +12V.

For cheapness, a concealed switch
can be used, e.g. fitted under the
dashboard or inthe glove compartment
etc. A key switch proves quite effective
and is relatively easy to install. The
most novel ideais a combination lock, a
simple version of which is shown in
Figure 3.

The switch arrangement is achieved
by using three 1 pole 12 way rotary
switches. By connecting all of the
terminals of the switch together except
one, thereisonlyone position where the
switch will not conduct from the outside
terminals to the inside pole. By con-
necting the three switches as shown,
there is only one combination that will
cut off the supply. In the example it is
6, 3, 6. These threeswitches connected
in this way allow a possible 1728
different combinations.
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Figure 2. Track layout and component diagr;m.

Installation

With reference to Figure 2 proceed
as follows:

1. Find a convenient positive supply
source and fit one of the switches as
described in the previous para-
graph, between the supply and the
+12V of the circuit (pin 1).

of the circuit (pin 2) and connect it
to a metal part of the car body.

. Take a single wire from the negative
side of the courtesy light and con-
nect to INPUT (pin 5).

. Take a single wire from the positive
horn contact and connect itto QUT-
PUT (pin 6).

. Fix the ‘arm’ button to a convenient
position on the dashboard and con-

To 12V Circuit 1

2. Take a single wire from the negative nect tothe PCB at pins marked 3 & 4. Figure 3. Combination lock.
CAR BURGLAR ALARM PARTS LIST St inool QU3
[Tk 1, Maptin Code

gsséstovs S 59;:28 TN e s 2 off a‘(‘JZKz) RLAB Ultra-min relay SPDT 20ff  (YX94C)

R3 Tok v (M10K) RLC Ultra-min relay DPDT (YX95D)
S75R S1 See text _

s 75R (%W) 5750 32 Push switch (FH59P)

C1 1000uF 16V axial electrolytic (FB820D) ‘v’Zi"bfi,‘ 3 ?415 6 off %téig;

c2 2200uF 25V axial electrolytic (FB9OX) oo 2 (GA9SG)

c3 470uF 16V axial electrolytic (FB72P) Wire I e

Semiconductors e

TR1,2 BC161 2 off (QB49D) A complete kit of parts ts available for this project

TR3 BC108 (QB32K) Order As LW78K (Car Burglar Alarm Kit). Price £6.95

IR REMOTE CONTROLLER

Continued from page 19

Maximum range is quite good, and
may be improved by careful adjust-
ment of RV1 on the transmitter PCB.
Most average sized rooms should be
adequately covered, but close range

use (i.e. three feet or less) may not work
reliably, and local control is preferable
here. When first switching everything
on, the decoder will be in local control
remote control is effected by
pressing the volume buttons. Set bass,

treble, and balance to suit, or press
LOC/REM button for return to local
control. When changing control from
local to remote all other settings switch
‘flat’ and will need re-adjustment as
necessary with the appropriate button.

PARTS LIST — STEREO AMP I/R DECODER

Resistors — all ,W 5% carbon unless specified.

R1 270R (3W) wirewound
R2,3,31,3340  4k7

R4,5,37 41 1MO0

R6-11 3k9

R12,14-18inc.,22 56k

R13 16k (%W 1%)

R19 51k (%W 1%)

R20,24,39 100k

R21 68k

R23,32,36 10k

R25 130k (}2W 1%)

R26 62k (%W 1%)

R27 30k (%W 1%)

R28 16k (%W 1%)

R29 13k (%W 1%)

R30,34,35 220k

R38 82k

R42 2M2 (10%)

Capacitors

Cl 100uF 25V P.C. electrolytic
c2 470ufF 16V axial electrolytic
c34 470nF polycarbonate

C5,6 2u2F 35V tantaium
C7,21,22 100nF disc ceramic

8,9 10nF polycarbonate

Cl0 47uF 25V axial electrolytic

mode;

(W270R)
5off (M4K?7)
4off (MIM)
6 off (M3K9)
7 off (M56K)

(T16K)
(T51K)
3off (M100K)
(M68K)
3off (M10K)
(T130K)
(T62K)
(T30K)
(T16K)
(T13K)
3off {M220K)

(M82K)

(M2M2)

(FF11M)

- (FB72P)
20ff  (WW49D)
20ff (WW62S)
3off (BX03D)
20ff (WW29G)

(FB33N)

Cl1,12
C13
Ccl4
C15,17
C16,19,20,26
Cc18
c23
C24
Cc25
c27
ca8
Cc29
Sem.conductors

023579

Miscellaneous

390nF polycarbonate
10uF 35V P.C. electrolytic
10uF 25V axial electrolytic
3u3F 35V tantalum

1uF 35V tantalum

33nf polycarbonate

4u7F 63V P.C. electrolytic
1uF 100V P.C. electrolytic
470nF 100V P.C. electroiytic
2n2F caramic

1nF ceramic

47nF polycarbonate

BZX61C15v
1N4148
BZYB8C5V6
TiL 100
BC548
BC179
BC10%¢c
LM1035
4066 BE
ML922
4011 8€
4013 BE
4510 BE
4028 BE

Veropin 2141
P.C.B.

A complete kit of all the parts needed to build the Encoder and Decoder are available,
Order As LW77J (Amp Remote Control Kit). Price £26.95
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20ff

2off
4off

5 off
3off

2off

19 off

(WW48C)
(FFO4E)
(FB22Y)

(WW63T)

(WW60Q)

(WW35Q)
(FFO3D)
(FFO1B)
(FFOOA)

(WX72P)

(WX68Y)

(WW37S)

(QF57M™)
(QL80B)

(FL21X)
(GA97F)
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SAY IT WITH

SATELLITES

by Mike Wharton

Part 1: The historical
background

In 1945 a young engineer with an interest
in science fiction had an article published in
‘Wireless World' which was to change the
face of radio communication. At the time the
Editor concerned debated whether the ideas
contained in the article were more fancy
than fact, but he took a gamble and, one
supposes, hoped for the best. The article
explained how it should be possible for radio
communication to be extended over ranges
far exceeding those then available by the use
of a transmitter out in space. The author of
the article was Arthur C. Clarke, whose name
has since become world-famous.

At the time the original article was
published the technology required to build
and launch an artificial satellite into a
geostationary orbit barely existed. Clarke's
great foresight was to realise that the Second
World War had produced a variety
of machines and techniques which, de-
veloped in the right direction, could achieve
this goal. Forexample, the German V-rockets
had been brought to a stage of design where
a multi-stage version could have reached
New York from Europe; if it could do that,
then it could also put a satellite into orbit.

Such technology was not to be used for
this purpose immediately, although the
rockets were continually refined, but with a
view to improving the long range strike
capability of the American and Russian war
machines.

As the race to achieve space supremacy
between these two powers continued, the so-
called ‘Space Race’, the peaceful use of
satellites was eclipsed. It was not until
October 1957, when the Russians success-
fully put Sputnik 1 into orbit, that the
attention of the public was focussed onto
this ‘final frontier'. The thought that the
Russians might be winning the space race
galvanised the Americans into action, and
made it politically possible for the expendi-
ture of the billions of dollars involved in such
aventure. Initially, much of this money went
into putting men, rather than satellites, into
space, but this provided the necessary
hardware and technical back-up for the
delicate task of placing such a package into
a precise orbit.

The next step along the road towards the
present day proliferation of communication
satellites came in July 1962, withthe launch
of Teistar by NASA. This was a low-orbiting
satellite because the available technology
was unable to push it far enough out into
space to take up a geostationary orbit. Such
low orbit satellites need to be tracked as they
encircle the globe, and thisresults in the use
of expensive, computer-controlled antenna
systems, such as those which may be seen
on Goonhilly Downs in Cornwall. Telstar's
elliptical orbit and speed of 18,000 mph
made such tracking difficult, with possibly
only sixty minutes good communication
time per day between any two locations.

Some readers, however, may recall that it
was sufficiently eventful to inspire a pop
record by the Tornadoes, which even
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attempted to recreate the AOS (Acquisition
of Satellite) and LOS (Loss of Satellite) at the
beginning and end of the record

For a satellite to remain in orbit it is
necessary for it to revolve around the Earth,
so that the downward pull of gravity is
balanced by the outward centrifugal force,
as shownin Figure 1. Inorder for the satellite
to appear to remain stationary over one point
on the Earth's surface, it must rotate at the
same speed as the Earth, and in the same
direction. Figure 2 shows the orbital velocity
against altitude, and it can be seen that for a
satellite to remain in such a geostationary
orbit it must be pushed out into space to a
distance of about 36,000 km (22,400 mls).

W

72

~

One of the first satellites to be put into
such anorbit was INTELSAT 1, or ‘Early Bird’,
as it was originally called. it was launched in
July 1965 and measured 60 cms long by 72
cms diameter and weighed under 70 kg.
This sateilite could handle 240 voice chan-
nels or just one TV channel, and although
designed for a life of 18 months was still
going strong more than three years later.
There quickly followed further INTELSAT's,
despite the failure of the first of the INTEL-
SAT 2 and 3 series, so that by the time man
first set foot on the moon on 20th July 1969
INTELSAT was able to transmit live TV
pictures of this historic event around the
world. As a result of these satellites placedin

centritugal force z m.r.w?

Veloeity

N

Force due to gravity =m.g/ \

\

s

N—.——/

For a sateilite to remain in orbit, the force downwards
due o gravity must be bslanced by the outwerd

centtifugal force.

Figure 1.
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geostationary orbits at various points over
the globe, the term ‘live by satellite’ became
a TV catch-phrase increasingly familiar to
viewers across the world

Since those early days in satellite com
munications, the number in orbit around the
earth has increased enormously and there
are now literally thousands, with all manner
of different capabilities. These range from
what might be termed the commercial
communication types to the military ‘spy-in-
the-sky’ and navigation satellites. They have
become big business, and, besides the
conventional communications satellites
there are those like Meteosat and Tiros-N
which are used by meteorologists to observe

30 +

15 4

Period {Mours}
-l
3
1

o
!

the movement of weather patterns. Some of
this class of satellites have extremely good
imaging systems, like Land-sat, and are
used by geologists to seek out surface fea
tures in the search for oil and mineral
deposits. By gathering information from
such satellites over a period of time, it is
possible to build up a comprehensive pic-
ture of the whole globe.

This provides the means to predict what
the Russian grain harvest will be six months
before it is harvested, which has obvious
political implications. With such a potential
capability at its disposal, it is not sur-
prising that military interest in satellites has
grown considerably. There are now Ameri-

F
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Figure 2.
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can satellites out in space which are reputed
to be able to ‘read’ a newspaper head-
line. It may not be a joke that on the flat roof
of a CIA building in America are written the
words, in Russian, ‘when you can read this
you are five years behind'.

The next development in satellite com-
munication has already made a start in the
USA, that of Direct Broadcasting by Satellite
or DBS. Because of the size of the North
American continent it makes a lot of sense to
use small satellites for radio communication
due to the necessarily limited range of
ground-based transmitting stations. There
are in existence a number of such satellites,
like the Westar group, launched by Western
Union between 1974 and 1979. This is a
group of three satellites positioned over the
equatorin geostationary orbits; Westar 1 is in
line with San Antonio, Texas, Westar 2 with
San Francisco, and Westar 3 with Baton
Rouge, Louisiana. Together they give cover-
age for the transmission of data, TV, voice
and facsimile communications traffic
across the continent.

Although this type of satellite was not
originally intended for direct broadcasting to
the public at large, enterprising experi-
menters soon discovered that with a modest
amount of effort and equipment it was
perfectly possible to intercept the trans-
missions beamed to earth. The fact that one
was able to eavesdrop on what had hitherto
been regarded as ‘private’ communication
links probably had more to do with its
popularity than the actual programmes re-
ceived. One thing it did demonstrate, how-
ever, was that with a satellite in a geo-
stationary orbit, the need for extremely
sensitive and expensive steerable receiver
antennae could be done away with. This
immediately opens up a whole new field of
possibilities, and the American satellite
business was not slow to realise the
enormous potential involved.

For experimenters of a similar mind in
this country the picture is not quite the same
(pun not intended). As far as receiving TV
transmissions is concerned there is not, as
yet, anything to compare with those over
North America. The only one of this type
visible from Britain is the Russian Gorizont
satellite. Needless to say, even to receive it
one cannot just get a big antenna pointed in
its general direction and plugged into a
normal TV set. Differing standards of picture
transmission apart, one of the biggest prob-
lems to overcome is that of the frequency of
the down-link signal. To make the best use of
the available bandwidth, and because other
frequencies have long been allocated to
different uses, the signals transmitted by
these satellites lie in the Giga-hertz range;
for example, the North American standard
has a spectrum of 3.7 to 4.2 GHz.

The design of receivers and tuners at this
frequency seems to owe more to black
magic than maths, and the down-link fre-
quency for the proposed European DBS
transmissions will be around 12 GHz, in
order that smaller receiver dishes may be
used. On the other hand, for those interested
in receiving signals from a satellite, then the
various Amateur satellites probably offer the
best scope for experimentation. There are a
number of these in orbit, called OSCAR's
(Orbital Satellites Carrying Amateur Radio),
as well as the recently launched Russian
ones. Although they are intended to be used
as transponders to jncrease the range of
Amateur radio transmissions, the latest of
the series, OSCAR 9, has a TV camera and
voice synthesiser on board. Also, the down-
link frequency of these transmissions is 145
MHz, and the next article will iook at these
satellites in more detail.
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THE SEALED NICKEL
CADMIUM BATTERY

by W. D. C. Walker,
B.Sc., C.Chem., M.R.S.C.

ealed, maintenance-free rechargeable
batteries are becoming increasingly
readily available to the model maker,
handyman, radio enthusiast and electronics
engineer. Until recently they have served
the public in a somewhat hidden way, as
components of ‘rechargeable’ razors, calcu-
lators etc. Nowadays they can be obtained

off the shelf, and for most purposes only a

small amount of- knowledge on simple

charging techniques is necessary. Single
units are referred to as ‘cells’, and these can
be connected together into ‘batteries’.

We shall be considering the sealed
nickel-cadmium cells and batteries, which
are the ‘maids of all work’ in the small power
source field.

Probably the most important facts are:—
1. The cell discharge voltages are essent-

ially the same as those of ‘dry’ cells, i.e.

zinc/carbon or alkaline manganese;

2. Some nickel-cadmium cells have exactly
the same dimensions as the common dry
cells and can be interchanged;

3. Their discharge currents can be drawn
continuously, and very rapidly as required

4. They can be recharged and discharged a
great number of times; 500 or 1,000
times, or many more depending on use;

5. They can be left on continuous charge for
years, and thereby maintained in a
constant, fully charged state of readiness.
There are, of course, a few ‘ifs’ and ‘buts’

relating to the above and we shall consider

these below.

There are two basic types of sealed nickel
cadmium cell: the ‘cylindrical’ cells and the
‘button’ cells. A mixed group is shown in
Figure 1, and Figures 2 and 3 illustrate
construction differences and similarities.
Respectively tables 1 and 2 give details of
the available sizes of the two kinds.

Note that the nickel cadmium cells which
are interchangeable with dry batteries are to
be found amongst the cylindricals, and
Table 1 includes references to the non-
rechargeable zinc-carbon and alkaline-
manganese equivalents. We shall deal with
the cylindrical cells first.

Cylindrical Cells

As an example, consider a nickel
cadmium cell of penlight size, the AN 50. It
can be left permanently on charge at
currents of up to65maA,; it can deliver 10A for
30 seconds; 5A for 3 minutes; or 0.5A for
1 hour. All this can be done in any position,
and cycles of charge and discharge can be
repeated hundreds or thousands of times. It
has the same dimensions as the penlight
HP7 and MN1500, and can be used in
temperatures as low as -30°C, and as high
as +50°C, and attains at least half capacity at
the extremes.

How is this versatility achieved? The main
secret is in the ‘Oxygen Recombination
Reaction’, which means that the gas pro-
duced internally on overcharge is absorbed
continuously and re-used inside the sealed
24

Figure 1. Various Ni-Cad batteries
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W
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. Sintered nickel positive electrode.

. Electrodeposited cadmium negative
electrode.

. Separator.

. Top cover with resealing safety vent.
. Nickel plated steel can.

Electrolyte.

OUHW N

L

Figure 2. Construction of a 4.5 Ah cylindrical

cell in accordance with the reaction: —
02 +2 H20 + 2 Cd > 2 Cd (OH)2

The oxygen is given off at the positive
(nickel) electrode and reacts very quickly
with the cadmium in the charged negative
electrode. To help thisreactioninthe cell the
two electrodes are separated only by a thin
porous membrane. Cylindrical cells are
spirally wound (as shown in Figure 2),
whereas button cells consist of flat plates (as
shown in the sectional drawing in Figure 3).
The electrode ‘plates’ are made containing
finely divided ‘active’ materials, nickel
hydroxide for the positive and cadmium
hydroxide for the negative. These materials
are absorbed into a sintered or an electro-
deposited metal matrix, and this type of
construction gives the very low internal
resistances and the correspondingly high
short-circuit currents shown in Figure 4.

Note that the cylindrical cells are fitted
with a re-sealing one-way safety vent that
relieves any excess internal pressure caused
by a fault or abuse. It opens at about 200 psi
and closes again at about 175 psi. Typical
abuse conditions would be overcharging at
too high a current or excessive reverse
charging.

The electrical capacity of a secondary
(i.e. rechargeable) cell is expressed in
Ampere hours (Ah) or for small cells in milli-
Ampere hours (mAh). It depends on the rate
of discharge, and it is common practice to
measure it at the 5-hour rate. It will be seen
from Table 1 that the cylindricals come in a
wide range of capacities, from 110 mAh to
10 Ah.

Cells can be connected together in series
to produce batteries. Only celis of the same
capacity should be used. Connecting in
series increases the voitage but the resulting
battery has the same ampere hour capacity
as the individual cells. Thus ten 4 Ah cells

cell (AN450). connected in series will give a battery of 12
32 " :
e g | 2 | _ s By Barteries
P = o2 ] _ - 5< g (not rechargeable)
x o ° o 2 |12~ ]| £ 2
) = gs EE | mE | @ |E52[,. '
2538 IEC ) = 3 Lelog | 95 |oEE|dinc Alkaline
o338 No. size | 3 L33 SE | L | =2 [2565| carbon |Manganese
NCC18 KR/11/45 | AAA [1.2 0.18 1051 445 10.0 18 | HP16 MN2400
NCC12 KR/15/18 | '3AA [1.2 0.11 141|170 8.0 12
NCC24 %AA (1.2 0.24 143 | 28.1 140 24
AN45 | KR/16/29 | %A |12 | 045 | 167|281 | 190 45
Penlight
ANS50 KR/15/51 | AA 1.2 050 143 | 50.3 250 50 | HP7 MN1500
AN60 KR/17/51 | super 0.60 156 | 50.0 30.0 60
AA 1.2
AN140 KR/23/43 | RR 1.2 1.40 226 | 426 50.0 | 140
AN220 KR/27/50 | C 1.2 2.20 26.0| 49.0 70.0 | 220| HP11 I MN1400
AN260 KR/35/44 | %D 1.2 2.60 325 | 43.7 | 100.0| 260
AN400 KR/35/62 | D 1.2 4.00 325| 61.3 | 140.0{ 400
AN450 |R/35/62 [D  [12 | aso | 338|610 |1500| aso| M2 | MN1300
AN700 KR/35/92 | F 1.2 7.00 338 910 | 2250 700
AN1000 | KR/44/91 ’s:uper 1.2 10.00 415 91.0 | 345.0 | 1000

Table 1. Some typical cylindrical cells.
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Figure 3. Construction of a 250 mAh button cell (NCB25DA).
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Figure 5 Solder tag styles.
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Figure 6. Variation of capacity with temperature.
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volts (1.2 x 10) and the capacity is
unchanged at 4 Ah.

The charge or discharge currents (or
‘rates’) of cells and batteries are usually
expressed as multiples or sub-multiples of
the ONE HOUR or ‘C’ rate. This standard
convention makes for easier comparison
between batteries of different sizes.

For instance the C/10 rate will discharge
any cell or battery in 10 hours; the C/5 hour
rate wil! discharge it in 5 hours and the 2C
rate will discharge in % hour. The C/10 rate
is 1 A for a 10 Ah battery and 200 mA fora 2
Ah battery.

It is very important to grasp that the
charging/discharging cycie has an effi-
ciency coefficient of about 1.5, so that the
‘C/10’ current would in fact need about 15
hours (10 x 1.5) for a full charge.

It is worth dwelling a little on the cells
which have the same dimensions as ‘dry’ or
common non-rechargeable cells. For many
purposes e.g. tape recorders, transceivers,
torches etc., nickel cadmium cells can take
the place of the equivalent battery. They
have many advantages. They can give
heavier, continuous power if needed, and
their voltages are more uniform during
discharge. Their rechargeability makes
them very economical in use, and many
hundreds of recharges can be obtained at a
small fraction of a penny each.

Very often nickel cadmium cells are
soldered into circuits. This is desirable if
high currents are to be taken, or the battery
is to be kept on permanent charge in
readiness or standby for emergency pur-
poses. Cell manufacturers fit solder tags at
no extra cost, and the styles are shown in
Figure 5. When ordering cells the designa-
tion ‘CF’, ‘HH’ or *HB' should be used. This is
easy to remember if associated with the
terms ‘Contact Free', *Head-Head', ‘Head-
Base'. Note that soldering directly ontoa cell
case could severely damage the cell.

From the point of view of the tolerance of
electronic circuits, it is very important to
realise that the battery on-charge voltage is
higher than the discharge voltage. Thus, a
circuit may have totolerate 1.5 volts per cell
on charge at the C/8 rate and a mid-point
discharge voltage of 1.25 volts/cell at the
C/5 rate.

Sealed (i.e. gas recombining) cells
should not be charged in parallel as their
very low internal resistances and supressed
overcharge voltages can mean that one cell
or one row of cells is doing all the work and
getting more than its fair share of overcharge
current. It is also possible under these
parallel conditions for a row of cells to
receive very high ‘stray’ currents from
neighbouring rows. Diode protection be-
tween rows is sometimes incorporated to
reduce this possibility.

Temperature

A battery is by nature a chemical device
and therefore it is affected by temperature in
a variety of ways. The lower working limit of
the nickel-cadmium system is generally
taken to be the freezing point of the
potassium hydroxide electrolyte at about
-30°C. At low temperatures the charging
process becomes more efficient, and for
continuous charging under these conditions
an upper charge voltage limit of 1.55 volts
per cell is often imposed. By this, it is meant
the circuits are designed so that as this
voltage is approached the charging current
will decrease and the upper voltage limit
is not exceeded. This will greatly reduce the
possibility of gassing under these very
efficient charge conditions.

The battery capacity is also affected by
temperature and Figure 6 demonstrates
this. Note the differences between the two
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Figure 7. Charge retention versus storage temperature.

curves. Charging is more efficient at low
temperatures and less so at high tempera-
tures. These curves highlight this.

Another important aspect of battery
temperature is its influence on the retention
of charge on standing. Figure 7 demon-
strates the marked self-discharge brought
about by storing charged cells at elevated
temperatures. Compare, however, with the
button-cell performance shown on Figure 9.

Special Cylindrical Cells

When batteries have to be kept on
continuous charge under conditions of high
temperature, such as in emergency lighting
where there are electric lamps, trans-
formers, chokes etc. to generate heat, it is
now common practice to use specially
formulated cylindrical cells to withstand
these arduous conditions and to comply with
recent specifications. These batteries need
to have an expected life of at least four years
in use. (Specification BS 5266 and ICEL
1001.)

Button Cells

These cells are not fitted with a venting
mechanism, and their construction means
that they have a higher internal resistance.
They are very popular for relatively small
current, regular cycling, and infrequent or
limited overcharge applications. Their capa-
cities range from 60 mAh to 600 mAh, as
shown in Table 2. Aithough their energy
densities are somewhat less than that of
cylindricals (70 watt-hours per litre com-
pared with 100 watt-hours per litre), this is
often compensated for by the compact way
in which they can be stacked to form very
convenient battery packs, as illustrated in
Figure 8.

A cross-section of a button cell is shown
in Figure 3. Thisis of the 250 mAhsize and it
will be seen to have three electrodes; one
positive sandwiched between two negatives.
This is a typical so-called'D.A.' construction.
Other variations are the ‘Z.A." type with only
two electrodes and the ‘V.A’' with four
electrodes. The greater the number of
eleetrodes, the lower the internal resistance
for a given Ampere hour capacity (see
Table 2).

Button cells are of the ‘mass plate’ type of
construction, in which the electrodes are
produced by compressing the active chemi-

- cal ingredients into metal mesh pockets.
The big advantage of these pressed plate
cells is that they retain their charge longer
when stored (compare figures 7 and 9). This
very important property of button cells is
often utilised for memory protection in
electronic circuits.
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Figure 9. Charge retention of button cells.

Figure 8. A selection of button cell batteries.
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Figure 10. Simple charging circuits.
: Maximum | Maximum | Approx. | C/10Charge| internal
Capacity | Voltage Diameter | Thickness Weight Rate ¢ Resistance

NCB6ZA 60mAh 1.2 16mm 6.1mm 4g 6mA 280m §2
NCB11ZA 110mAh 1.2 23mm 4.5mm 68 11mA 140m g
NCB15ZA 150mAh 1.2 25mm 55mm 9g 15mA 120m g
NCB25ZA 250mAh 1.2 25mm 9.0mm 13g 25mA 100m g
NCB25DA 250mAh 1.2 25mm 9.0mm 13.5g 25mA 70m %
NCB60ZA 600mAh 1.2 35mm 10.0mm 30.0g 60mA 70m 9
NCB60OVA 600mAh 1.2 35mm 10.0mm 30.5¢ 60mA Im g

Table 2. Some typical button cells.

Continuous charging of button cells is
possible at normal temperatures, but it is
necessary to limit the charge current to
C/100. Thus, for the 250 mAh cell or battery,
the maximum ‘trickle’ current should be
2.5 mA.

As with other cells, solder joints must not
be made directly on to the cell cases, as
internal  plastic insulators could be
damaged. Manufacturers supply cells and
batteries with solder tags as requested.
Certain packs, for memory protection, are
often supplied with tags suitabie for fixing
directly to PC boards.

Charging
For most purposes a ‘constant-current’

charge system is used for sealed cells.
Figure 10 gives a couple of simple circuits
suitable for this purpose. For a satisfactory
constant current it is recommended thatthe
resistances marked ‘R’ drop a voltage about
equal to that of the battery being charged.

Other types include circuits for charging
from vehicle batteries, solar cells and
transistorised sources, and there are many
techniques employed for controlling such
refinements as fast charging, and correcting
for extremes of environmental conditions.

Simple, well designed, and convenient
chargers are readily available on the retail
market, to accept and charge cells and
batteries for domestic items such astorches,
tape recorders, and toys etc.
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